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GENERAL NOTICES AND
REQUIREMENTS

The General Notices and Requirements section (the General
Notices) presents the basi~ assumpti~:>ns, definiti~ns,.and
default conditions for the interpretation and application of the
UnitedStates Pharmacopeia (USP) and the National Formulary
(NF).

Requirements stated in these General Notices apply to all
articles recognized in the USP and NF (the "compendia") and
to all general chapters unless specifically stated otherwise.

1. TITLE AND REVISION
The full title of this publication (consisting of fi~e volumes

and including its Supplements), is. The P~a.rmacopela of t"'~
UnitedStates of America, Forty-Third Revislonand the Nauono'
Formulary, Thirty-Eighth Edition. These titles may be
abbreviated to USP 43, to NF38, and to USP 43-NF 38. The
UnitedStates Pharmacopeia, Forty-Third Revision, and the .
National Formulary, Thirty-Eighth Edition, supersede all earlier
revisions. Where the terms "USP,""NF," or "USP-NP' are used
without further qualification during the period in which these
compendia are official, they refer only to USP 43, NF38, and
any Supplement(s) thereto. The same titles, ~ith· no furt~er
distinction, apply equally to print or electronl~ presentation of
these contents. Although USP and NFare published under one
cover and share these General Notices, they are separate
compendia. .

This revision is official beginning May 1, 2020 unless
otherwise indicated in specific text.

Supplements to USP and NFare published periodically.
Accelerated Revisions, published periodically on the

Official Text section of USP's website (http://www.usp.org/
usp-nf/official-text), are designed to make revisions offi~ial.

more quickly than through the routine process for publishing
standards in the USP-NF. InterimRevision Announcements are
Accelerated Revisions to USP and NFthat contain official
revisions and their effective dates.

Revision Bulletins are Accelerated Revisions to official text or
postponements that require expedited publicat!on. Th~~
generally are official immediately unless otherwise spedfted
in the Revision Bulletin.

Errata are Accelerated Revisions representing corrections to
items erroneously published. Announcements of the
availability of new USP Reference Standards and
announcements of tests or procedures that are held in
abeyance pending availability of required USP Reference
Standards are also available on the "Official Text" tab of USP's
website.

2. OFFICIAL STATUS AND LEGAL RECOGNITION
2.10. Official Text
Officialtext of the USP and NF is published in the USP-NF

Online (www.uspnf.com) in the edition identified as
"CURRENTLY OFFICIAL" and in Accelerated Revisions that
supersede the USP-NF Onlineas described below.

Routine revisions are published in the USP-NF Onlineand
become official on the date indicated, usually six months after
publication. Accelerated Revisions supersede the USP-NF
Onlineand become official on the date indicated. Links to
Accelerated Revisions on the USP website can be found in any
superseded monograph or general chapter in the USP-NF
Online.

Print and USB flash drive versions of the USP and NFalso are
available. Routine revisions are provided with the same timing
as the USP-NF Online. Official text published in Supplements
supersedes that in the previously published print or USB flash
drive versions of USP-NF. These versions also are superseded
by Accelerated Revisions as described above.

In the event of any disparity between the print or USB flash
drive versions and the USP-NF Online, the USP-NF Onlinewill
be deemed to apply.

2.20. Official Articles
An officialarticle is an article that is recognized in USP or

NF. An article is deemed to be recognized and included in a
compendium when a monograph for the article is published
in the compendium and an official date is generally or
specifically assigned to the monograph.

The title specified in a monograph is the officialtitle for such
article. Other names considered to be synonyms of the official
titlesmay not be used as substitutes for official titles. For drug
products that incorporate a sensor to detect that the product
has been administered, the official title shall be the title
specified in the relevant drug product monograph plus the
words "with sensor".

Officialarticles include both officialsubstances and official
products. An officialsubstance is a drug substance, excipient,
dietary ingredient, other ingredient, or compo~ent of a
finished device for which the monograph title Includes no
indication of the nature of the finished form.

An officialproduct is a drug product, dietary supplement,
compounded preparation, or finished device for which a
monograph is provided.

2.30. Legal Recognition
The USP and NFare recognized in the laws and regulations

of many countries throughout the world. Regula~ory

authorities may enforce the standards presented In the USP
and NF, but because recognition of the USP and NFmay vary
by country, usersshould understand applicable laws and
regulations. In the United Statesunder the FederalFood, Drug,
and Cosmetic Act (FDCA), both USP and NFare recognized as
official compendia. A drug with a name recognized in USP-NF
must comply with compendial identity standards or be
deemed adulterated, misbranded, or both. See, e.g., FDCA §
501(b) and 502(e)(3)(b); also FDA regulations, 21 CFR §
299.5(a&b). To avoid being deemed adulterated, such drugs
must also comply with compendial standards for stre~gth,.

quality, and purity, unless labeled to show all respects In which
the drug differs. See, e.g., FDCA § 501(b) and 2~ CFR §
299.5(c). In addition, to avoid being deemed misbranded,
drugs recognized in USP-NF must also be packaged and
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7212 General Notices

labeled in compliance with compendial standards. See FDCA
§ 502(g). .

Adietary supplement represented as conforming to. .
specifications in USP will be deemed a misbranded food If It
fails to so conform. See FDCA § 403(s)(2)(D). .

. Enforcementof USP standards is the responsibility of FDA
and other government authorities in the U.S. and elsewhere.
USP has no role in enforcement.

3. CONfORMANCE TO STANDARDS

3.10. Applicability of Standards
Standards for an article recognized in the compendia (USP­

NF) are expressed in the article's monograph, applicable
general chapters, and General Notices. The, identity, stren~~h,
quality and purity of an article are determined by the official
tests, procedures, and acceptance criteria, and?ther .
requirements incorporated in the monograph, In applicable
general chapters, or in the General Notices. "Applicable
general chapters" means general chapters numbered below
1000 or above 2000 that are made applicableto an article
through reference in General Notices, a monograph, or
another applicable general chapter numbered below 1000.
Where the requirements of a monograph differfrom the
requirements specified in these General Notices o~ an
applicable general chapter, the monograph requirements.
apply and supersede the requirements of the General Notices
or applicablegeneral chapters, whether or not the monograph
explicitly states the difference.

General chapters numbered 1000 to ~ 999 are for
informational purposes only. They conta.1n no mandatory .
tests, assays, or other requirements applrcable to any official
article regardless of citation in a general chapter numbered
below'1000 a monograph, or these General Notices. General
chapters nu~bered above 2000 apply only to articles that are
intended for use as dietary ingredients and dietary
supplements. General chapter citations in NFmonographs
refer to USP general chapters.. ..

Early adoption of revised standards In advance of the official
date is allowed by USP unlessspecifiedotherwise. a~ the ti':'le
of publication. Where revised standards for an exlstlnq article
have been published as final approved "official text" (as
approved in section 2.70 Official Text) but ha~e n.ot yet
reached the official date (6 months after publication, unless
otherwise specified; see "official date", section 2.20 Official
Articles), compliance with the revisedstandard sha!1 not
preclude a finding or indication of conf?.rmance wl.th
compendial standards, unless USP specifies otherwise by
prohibiting earlyadoption in a particularstandard.

The standards in the relevant monograph, general
chapter(s), and General tJ0tices apply.at all t!mes in the life of
the articlefrom production to expiration. It IS also.noted that
the manufacturer's specifications, and manufact~rlng

practices (e.g., Quality by Design, Proce.ss A.n~lytl~al
Technology and Real Time Release Testing Initiatives),
generally ar~ followed to ensur~ ~hat th~ ar:ticle will comply
with compendial standards untlllt.S exp~ratl?n date, when
stored as directed. Every compendia! articleIn commerce shall
be so constituted that when examined in accordance with
these assays and test procedures, it meets allapplicable
pharmacopeiaI requirements (General Notices, monographs,
and general chapters). Thus, any official article isexp~~ted to
meet the compendial standards if tested, and any official
article actually tested as directed in the relevant monograph
must meet such standards to demonstrate compliance.

Some tests such as those for Dissolution and Uniformityof
Dosage Units,'require multipledosage un!ts i~ conjunction
with a decision scheme. These tests, albeit usmq a number of
dosage units, are in fact one determination. These procedures
should not be confused with statisticalsampling plans. The

USP 43

similarity to statistical procedures may seem to sugg.est an .
intent to make inference to some larger group of Units, but In
all cases statements about whether the compendial standard
is met apply only to the units tested. Repea~s, replicates,
statistical rejection of outliers, or extrap~latlons of resul~s to
larger populations, as well as the necessityand appropriate
frequency of batch testing, are neither specifiednor
proscribed by the compendia; such decisio~s are based o~ the
objectivesof the testing. Frequencyof testinq and sampling
are left to the preferences or direction of those ~erfor'"!1ing

compliance testing, and other users of USP-NF, including
manufacturers, buyers, or regulatory au~horities. .

Official products are prepared according to recognized
principles of good manufacturing practice and from
ingredients that meet USP or NFstandards, where standar?s
for such ingredients exist(fordietary supplements, see section
3.70.20 Applicabilityof Standards to MedicalDevices, Dietary
Supplements, and Their Components and In9redients). .

Official substances are prepared according to recognized
principles of good manufacturing practice an? from
ingredients complying with specifications designed to ensure
that the resultant substances meet the requirements of the
compendial monographs.

3.10.10. Applicability ofStandards to Drug Products, Drug
Substances, and Excipients .. .

The applicable USP or NFstandard ~pplres to.any .artlcle
marketed in the United States that (1) IS recognized In the
compendium and (2) isintended or labeledfor useas a drug
or as an ingredient in a drug. Such articles (drug products,
drug substances, and excipients)include both human drugs
(whether dispensed by prescription, "over the counter," or
otherwise), as wellas animal drugs. The applicablestandard
applies to such articleswhether or not the added
designation "USP" or "NF" is used. The standards apply
equallyto articlesbearing the official titles or ~~me~ derived
by transposition of the definitive words of official titles or
transposition in the order of the names of.two or more drug
substances inofficial titles,or where there IS useofsynonyms
with the intent or effect of suggesting a significant degree
of identity with the official title or name.

3.10.20. Applicability of Standards to Medical Devices,
Dietary Supplements, and Their Components and Ingrt;dients

An article recognized in USPor NFshall comply With the
compendial standards ifthe arti~le is a ~edi~al device,
component intended for a medical devlc~, dlet~ry .
supplement, dietary irigredient, or other ingredient that IS
intended for incorporation into a dietary supplement, and
is labeled as conforming to the USP or NF.

Generally, dietary supplements are prepar~d from
ingredients that meet USP, NF, or Food Chemicals Codex
standards. Where such standards do not exist, substances
may be used in dietarysupplements ifthey have been shown
to be of acceptable food grade quality using other suitable
procedures.

3.10.30. Applicability ofStandards to the Practice of
Compounding ,

USP compounding practice standards, Pharmaceutical
Compounding-Nonsterile ~reparati?ns (795) a~d
Pharmaceutical Compoundmg-St,enle Prep~ratlons (!~7), as
appropriate, apply to compounding pr~ctlce or activity
regardless of whether a monograph existsfor the
compounded preparation or these chapters are referenced
in such a monograph. In the United States, (795~ ~nd (797)
are not applicable to drugs ·com'pound~.d, by entltl~s
registered with FDA as outsourcing facllltles as defined by
FDCA § 5036, because such facilities ~re requir,ed to comply
with FDA's current good manufacturl~g pr~ctlce .
requirements. Compounded preparations, includingdrug
products compounded by outsourcingfacilities, mayalsobe
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subject to applicable monographs; see section 2.20 Official
Articles and section 4.70 Monographs.
3.20. Indicating Conformance
Adrug product, drug substance, or excipient may use the

designation "USP" or "NF" in conjunctionwith itsofficial title
or elsewhere on the label onlywhen (1) a monograph is
provided in the specified compendium and (2) the article
complieswith the identity prescribed in the specified
compendium.

When a drug product, drug substance, compounded
preparation, or excipient differs from the relevant USP or NF
standard of strength, quality, or purity, as determined by the
application of the tests, procedures, and acceptance criteria
set forth in the relevantcompendium, its difference shall be
plainly stated on its label.

When a drug product, drug substance, compounded
preparation, or excipient fails to complywith the identity
prescribed in USP or NFor contains an added substance that
interferes with the prescribedtests and procedures, the article
shall be designated bya name that isclearly distinguishing and
differentiating from any name recognized in USP or NF.

Amedicaldevice, dietary supplement, or ingredientor
component ofa medicaldeviceor dietarysupplement mayuse
the designation "USP" or "NF" in conjunction with itsofficial
title or elsewhereon the label onlywhen (1) a monograph is
provided in the specified compendium and (2) the article
complieswith the monograph standards and other applicable
standards in that compendium.

The designation "USP" or "NF" on the label may not and
does not constitute an endorsement by USP and does not
represent assuranceby USP that the articleisknown to comply
with the relevantstandards. USP may seek legal redress ifan
article purports to be or is represented as an official article in
one of USP's compendia and such claim isdetermined by USP
not to be made in good faith.

The designation "USP-NF" may be used on the labelof an
articleprovided that the label also bears a statement such as
"Meets NFstandards as published by USP," indicating the
particular compendium to whichthe articlepurports to apply.

Whenthe letters "USP," "NF," or "USP-NF" are usedon the
labelof an articleto indicate compliancewith cornpendlal
standards, the letters shall appear in conjunctionwith the
official title of the article. The letters are not to be enclosed in
any symbolsuch as a circle, square, etc., and shall appear in
capital letters.

If a dietarysupplement does not complywith all applicable
compendial requirements but contains one or more dietary
ingredientsor other ingredients that are recognized in USP or
NF, the individual ingredient(s) may be designated as
complying with USP or NFstandards or being of USP or NF
qualify providedthat the designation is limited to the
individual ingredient(s)and does not suggest that the dietary
supplement complies with USP standards.

4. MONOGRAPHS AND GENERAL CHAPTERS

4.10. Monographs
Monographsset forth the article's name, definition,

specification, and other requirements related to packaging,
storage, and labeling. The specification consists of tests,
procedures, and acceptance criteria that help ensure the
identity, strength, quality,and purityof the article. For general
requirements relating to specific monograph sections, see
section 5. Monograph Components.

Because monographs may not providestandards for all
relevantcharacteristics, some official substancesmayconform
to the USP or NFstandard but differ with regard to
nonstandardized properties that are relevantto their use in
specific preparations.To assure substitutability in such

GeneralNotices 721 3

instances, users may wish to ascertain functional equivalence
or determine such characteristics before use.

4.10.10. Applicability of Test Procedures
Asingle monograph may include more than one test,

procedure, and/or acceptance criterionfor the same
attribute. Unless otherwisespecified in the monograph, all
tests are requirements. In some cases, monograph
instructions allowthe selectionof tests that reflectattributes
of differentmanufacturers' articles, such as different
polymorphic forms, impurities, hydrates, and dissolution.
Monograph instructionsindicatethe tests, procedures,and/
or acceptance criteria to be used and the required labeling.

The order in which the tests are listed in the monograph
is based on the order in which they are approved by the
relevantExpert Committee for inclusion in the monograph.
Test 1 is not necessarily the test for the innovator or for the
reference product. Depending on monograph
instructions, a labeling statement is not typically required if
Test 1 is used.

4.10.20. Acceptance Criteria
The acceptance criteria allow for analytical error, for

unavoidablevariations in manufacturing and
compounding, and for deterioration to an extent
considered acceptable under practical conditions. The
existence of compendial acceptance criteriadoes not
constitute a basisfor a claim that an official substance that
'more nearlyapproaches 100% purity" exceeds"
compendial quality. Similarly, the fact that an article has
been prepared to tighter criteria than those specified in the
monograph does not constitute a basis for a claim that the
article "exceeds" the compendial requirements.

An official product shall be formulated with the intent to
provide 100% of the quantity of each ingredient declared
on the label.Where the minimum amount of a substance
present in a dietarysupplement is required by lawto be
higher than the loweracceptance criterionallowed for inthe
monograph, the upper acceptance criterion contained in
the monograph may be increased by a corresponding
amount.

The acceptance criteria specified in individual
monographs and in the general chapters for compounded
preparationsare basedon such attributes ofqualityas might
be expected to characterize an articlecompounded from
suitable bulkdrug substances and ingredients, using the
procedures providedor recognized principles of good
compounding practice, as described in these compendia.
4.20. General Chapters
Each general chapter is assigned a number that appears in

angle bracketsadjacent to the chapter name (e.g.,
Chromatography (621 ». General chapters may contain the
following:

• Descriptions of tests and procedures for application
through individual monographs,

• Descriptions and specifications of conditions and
practicesfor pharmaceutical compounding,

• General information for the interpretation of the
compendial requirements,

• Descriptions of general pharmaceuticalstorage,
dispensing, and packaging practices, or

• Generalquidance to manufacturers of official substances
or official products.

When a general chapter is referenced in a monograph,
acceptance criteria may be presented after a colon.

Somechapters mayserveas introductoryoverviews ofa test
or of analytical techniques. They may reference other general
chapters that contain techniques, details of the procedures,
and, at times, acceptance criteria.
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5. MONOGRAPH COMPONENTS
5.10. Molecular Formula
The use of the molecularformula for the official

substance(s) named in defining the required strength of a
compendial articleisintended to designate the chemicalentity
or entities, as given in the complete chemical name of the
article, having absolute (100%) purity.

5.20. Added Substances
Added substances are presumed to be unsuitable for

inclusion in an official article and therefore prohibited, if their
presence impairsthe bioavailability, therapeutic efficacy, or
safety of the official article; or they interfere with the assays
and tests prescribed for determining compliance with the
compendial standards (see section 3.20 Indicating
Conformance).

The air in a container of an official article may, where
appropriate, be evacuated or be replaced by carbon dioxide,
helium,argon, or nitrogen, or by a mixtureof these gases. The
use of such gas need not be declared in the labeling.

5.20.10. Added Substances in Official Substances
Official substances may contain only the specific added

substances that are permitted bythe individual monograph.
Such added substances shall not exceed the quantity
required for providing their intended effect. Wheresuch
addition is permitted, the label shall indicate the name(s)
and amount(s) of any added substance(s).

5.20.20. AddedSubstances (Excipients and Ingredients)in
Official Products

Suitable substances and excipients such as antimicrobial
agents, pharmaceutical bases, carriers, coatings, flavors,
preservatives, stabilizers, and vehicles may be added to an
official product to enhance its stability, usefulness, or
elegance, or to facilitate its preparation, unless otherwise
specified in the individual monograph.

Added substances and excipients employed solelyto
impart color may be incorporated into official products
other than those intended for parenteral or ophthalmic use,
in accordance with the regulations pertaining to the use of
colors issued by the FDA, provided such added substances
or excipients are otherwise appropriate in all respects. (See
also Injections and ImplantedDrugs Products (1), Product
Quality Tests Common to Parenteral Dosage Forms, Specific
Tests, Vehicles and addedsubstances, Addedsubstances.i

The proportions of the substances constituting the base
inointment and suppository products and preparations may
be varied to maintain a suitable consistencyunder different
climaticconditions, provided that the concentrations of
drug substances are not varied and provided that the
bioavailability, therapeutic efficacy, and safetyof the
preparation are not impaired.

5.20.20.1. In Compounded Preparations
Compounded preparations for which a complete

composition is given shall contain only the ingredients
named in the formulas unlessspecifically exempted herein
or in the individual monograph. Deviation from the
specified processes or methods of compounding, although
not from the ingredients or proportions thereof, may occur
provided that the finished preparation conforms to the
relevant standards and to preparations produced by
following the specified process.

Wherea monograph for a compounded preparation calls
for an ingredient in an amount expressed on the dried basis,
the ingredient need not be dried before use ifdue allowance
is made for the water or other volatile substances present in
the quantity taken. '

Specially denatured alcohol formulas are available for use
in accordance with federal statutes and regulationsof the
Internal Revenue Service. Asuitable formula of specially
denatured alcohol may be substituted for Alcohol in the
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manufacture of official preparations intended for internalor
topical use, providedthat the denaturant isvolatile and does
not remain in the finished product. A preparation that is

.lntended for topical application to the skin may contain
specially denatured alcohol, provided that the denaturant is
either a usual ingredient in the preparation or a permissible
added substance; in either case the denaturant shall be
identified on the label of the topical preparation. Where a
process isgiven in the individual monograph, any
preparation compounded using denatured alcohol shall be
identical to that prepared by the monograph process.

5.20.20.2. In Dietary Supplements
Additional ingredients may be added to dietary

supplement products provided that the additional
ingredients (1) comply with applicable regulatory
requirements, and (2) do not interfere with the assays and
tests prescribed for determining compliance with
compendial standards.
5.30. Description and Solubility
Onlywhere a quantitative solubility test is given in a

monograph and isdesignated as such is it a test for purity.
A monograph may include information regarding the

article's description. Information about an article's
"description and solubility" also is provided in the reference
table Description and Relative Solubilityof USP and NFArticles.
The reference table merelydenotes the properties of articles
that comply with monograph standards. The reference table
isintended primarily for those who use, prepare, and dispense
drugs and/or related articles. Although the information
provided in monographs and the information in the reference
table may indirectly assist in the preliminary evaluation of an
article, it is not intended to serve as a standard or test for
purity.

The approximate solubility of a compendial substance is
indicated by one of the following descriptiveterms:

Descriptive Term
Parts of SolventRequired

for 1 Part of Solute,

Very soluble Less than 1

Freely soluble From1 to 10

Soluble From10 to 30

Sparingly soluble From30 to 100

Slightly soluble From100 to 1,000

Veryslightlysoluble From1,000 to 10,000

Practically insoluble, or Insoluble
Greater than or equal to
10,000

5.40. Identification
Acompendial test titled Identification is'provided as an aid

in verifying the identity of articles as they are purported to be,
e.g., those taken from labeled containers, and to establish
whether it is the article named in USP-NF. The Identification
test for a particulararticle may consist of one or more
procedures. When a compendial Identificationtest is
undertaken, all requirements of allspecified procedures in the
test must be met to satisfy the requirements of the test. Failure
of an article to meet all the requirements of a prescribed
Identification test(Le., failure to meet the requirements of all
of the specified procedures that are components of that test)
indicates that the article is mislabeled and/or adulterated.

5.50. Assay
Assay tests for compounded preparations are not intended

for evaluating a compounded preparation before dispensing,
but instead are intended to serveas the official test inthe event
of a question or dispute regarding the preparation's
conformance to official standards.
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5.50.10. Units of Potency (Biological)
Forsubstances that cannot be completely characterized

by chemicalor physical means or that need confirmation of
functionality or tertiarystructure, it may be necessary to
expressquantitiesof biological activity in unitsof biological
potency, each defined by an authoritative, designated
referencestandard. Incaseswhere international reference
materials have been discontinued, international units of
potency may be defined in termsof molecularmass, such as
in the cases of vitamins A, 0, and E.

Where available, World Health Organization (WHO)
international biological standards define the International
Units (IU). USP monographs referto the units assigned by
USP Reference Standards either directlyas International
Units (IU) or as "USP Units." Forsome biological products,
units of potency are valueassignedagainst a corresponding
U.S. Standard establishedby FDA, whether or not
International Units or USP Units have been defined (see
Biologics (1041». Note that product-related labeling, e.g.,
on 'containers, need not use the full phrase "USP [product
name] Units" that appears inmany USP monograph labeling
sections.The term "USP Units" can be used on product
labelingconsistentwith USP compendial requirements,
provided it is clearfrom the context that the potency is
stated in terms of USP [product name] Units. Insuch
circumstancesit should be clear that "USP Units" and "USP
[product name] Units" share the same meaning.
5.60. Impurities and Foreign Substances
Testsfor the presence of impurities and foreign substances

are provided to limit such substances to amounts that are
unobjectionable under conditions in which the article is
customarily employed (see also Impurities in Drug Substances
and Drug Products (1086».

Nonmonograph tests and acceptance criteriasuitablefor
detecting and controlling impurities that may resultfrom a
change in the processing methods or that may be introduced
from external sourcesshould be employed in addition to the
tests provided in the individual monograph, where the
presence of the impurity is inconsistentwith applicablegood
manufacturing practicesor good pharmaceutical practices.

5.60.10. Other Impurities in USP and NFArticles
Ifa USP or NFmonograph includes an assayor organic

impurity test based on chromatography, other than a test
for residual solvents, and that monograph procedure does
not detect an impurity present in the substance, the amount
and identityof the impurity, where both are known, shall be
stated in the labeling (certificate of analysis) of the official
substance, under the heading Other Impurity(ies).

Thepresenceofany unlabeledother impurityinan official
substance isa variancefrom the standard ifthe content is
0.1% or greater. The sum of all Other Impurities combined
with the monograph-detected impurities may not exceed
2.0% (see OrdinaryImpurities (466», unlessotherwisestated
in the monograph.

The following categories of drug substances are
excluded from Other Impurities requirements:

• Fermentation products and semi-synthetics derived
therefrom,

• Radiopharmaceuticals,
• Biologics,
• Biotechnology-derived products,
• Peptides,
• Herbals, and
• Crude products of animal or plant origin.
Anysubstance knownto be toxicshallnot be listed under

Other Impurities.
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5.60.20. Residual Solvents in USP and NFArticles
All USP and NFarticlesare subject to relevantcontrol of

residual solvents, even when no test isspecified in the
individual monograph. Ifsolvents are used during
production, they must be ofsuitablequality. Inaddition, the
toxicity and residual level of each solventshall be taken into
consideration, and the solvents limited according to the
principles definedand the requirementsspecified in Residual
Solvents (467), usingthe general methods presented therein
or other suitable methods.

5.60.30. Elemental Impurities in USP Drug Products and
Dietary Supplements

Elemental impurities in official drug products are
controlledaccording to the principles defined and
requirementsspecified in Elemental Impurities-Limits (232).
Elemental contaminants in official dietarysupplements are
controlled according to the principles defined and
requirementsspecified in Elemental Contaminants in Dietary
Supplements (2232).
5.70. Performance Tests
Wherecontent uniformity determinations have been made

usingthe same analytical methodology specified in the Assay,
with appropriate allowances made for differences in sample
preparation, the average of all of the individual content
uniformity determinations may be used as the Assay value.

5.BO. USP Reference Standards
USP Reference Standardsare authentic specimensthat have

been approved as suitable for use as comparison standards in
USP or NFtestsand assays. (See USP Reference Standards (11).)
Where USP or NF tests or assays call for the use of a USP
Reference Standard, only those results obtained usingthe
specified USP Reference Standard are conclusive. Where a
procedure calls for the use of a compendialarticle rather than
for a USP Reference Standard as a material standard of
reference, a substance meeting allof the compendial
monograph requirements for that article shall be used. If any
new USP or NFstandard requires the use of a new USP
Reference Standardthat isnot yet available, that portionof the
standard containing the requirement shall not be official until
the specified USP reference material isavailable.

Unless a Reference Standard label bears a specific potency
or content, assume the Reference Standard is 100.0% pure in
the official application. Unless otherwisedirected in the
procedure in the individual monograph or in a general
chapter, USP Reference Standards are to be used in
accordancewith the instructionson the label of the Reference
Standard.

6. TESTING PRACTICES AND PROCEDURES
6.10. Safe Laboratory Practices
In performing compendial procedures, safe laboratory

practices shall be followed, including precautionary measures,
protectiveequipment, and work practices consistentwith the
chemicals and procedures used. Before undertaking any
procedure described in the compendia, the analystshould be
aware of the hazardsassociated with the chemicals and the
techniques and means of protecting against them. These
compendia are not designed to describesuch hazardsor
protective measures.

6.20. Automated Procedures
Automated and manual procedures employingthe same

basic chemistry are considered equivalentprovided the
automated system is properly qualified as being suitable to
execute the compendial manual method and the analytical
procedure isverified under the new equipment conditions.

6.30. Alternative and Harmonized Methods and
Procedures

An alternative method or procedure isdefined as any
method or procedure other than the compendial method or
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procedure for the article in question. The alternative method
or procedure must be fully validated (see Validation of
Compendial Procedures (1225» and must produce comparable
results to the compendial method or procedure within
allowable limits established on a case-by-case basis. Alternative
methods or procedures can be developed for anyone of a
number of reasonsnot limited to simplification of sample
preparation, enhanced precision and accuracy, improved
(shortened) run time, or being better suited to automation
than the compendialmethod or procedure. Onlythose results
obtained by the methods and procedures given in the
compendia are conclusive.

Forevaluation as a potential replacement or additionto the
standard, alternative methods and proceduresshould be
submitted to USP (see section 4.10 Monographs).

Certain general chapters contain a statement that the text
in question is harmonized with the corresponding, text of the
European Pharmacopoeia and/or the Japanese Pharmacopoeia
and that these .texts are interchangeable.Therefore, ifa
substance or preparation isfound to complywith a
requirement using an interchangeable method or procedure
from one of these pharmacopeias, it should complywith the
requirementsof the USP-NF. When a difference appears, or in
the event of dispute, only the resultobtained by the method
and/or procedure given in the USP-NF is conclusive.

6.40. Dried, Anhydrous, Ignited, or Solvent-Free Basis
All calculations in the compendia assume an "as-is" basis

unless otherwisespecified.
Test procedures may be performed on the undried or

unignited substance and the results calculatedon the dried,
anhydrous, or ignited basis, provideda test for Loss on
Drying, or WaterDetermination, or loss on Ignition,
respectively, isgiven in the monograph. Wherethe presence
of moistureor other volatile material may interfere with the
procedure, previous dryingof the substance isspecified in the
individual monograph and isobligatory.

The term "solvent-free" signifies that the calculation shall
be correctedfor the presenceof known solvents asdetermined
usingthe methods described in (467) unless a test for limit of
organic solvents is provided in the monograph.

The term "previously dried" without qualification signifies
that the substance shall be dried as directed under Loss on
Drying(731) or WaterDetermination (921) (gravimetric
determination). .

Wheredrying in vacuum over a desiccant isdirected, a
vacuum desiccator, a vacuum drying pistol, or other suitable
vacuum drying apparatus shall be used.

6.40.10. Ignite to Constant Weight
"Ignite to constant weight" means that ignition shall be

continued at 800 ± 25°, unless otherwise indicated, until
two consecutive weighings, the second of which istaken
after an additional period appropriate to the nature and
quantity of the residue, do not differ by more than 0.50 mg
per g of substance taken.

6.40.20. Dried to Constant Weight
"Driedto constant weight" means that drying shall be

continued until two consecutiveweighings, the second of
which istaken after an additionaldrying periodappropriate
to the nature and quantity of the residue, do not differ by
more than 0.50 mg per g of substance taken.
6.50. Preparation of Solutions

6.50.10. Filtration
Wherea procedure gives direction to "filter" without

further qualification, the liquid shall be passed through
suitablefilter paper or equivalentdevice until the filtrate is
clear. Due to the possibility of filtereffects, the initial
volumes of a filtrate may be discarded.
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6.50.20. Solutions
Unless otherwisespecified, all solutions shall be prepared

with Purified Water.Solutions forquantitativemeasures shall
be prepared using accurately weighed or accurately
measured analytes (see section 8.20 About).

An expression such as "(1 in 10)" means. that 1 part by
volumeof a liquid shall be dilutedwith, or 1 part by weight
of a solidshall be dissolved in, a sufficient quantity of the
diluent or solvent to makethe volumeof the finished
solution 10 parts by volume. Forexample, a 1 in 10 solution
isprepared by diluting 1 mL ofa liquid or dissolving 1 g of a
solid in sufficient solvent to make 10 mL of the solution.An
expression such as "(20:5:2)" means that the respective
numbers of parts, by volume,of the designated liquids shall
be mixed, unless otherwise indicated.

6.50.20.1. Adjustments to Solutions
When a specified concentration iscalledfor in a

procedure, a solutionof other normality or molarity may be
used, provided that allowance is made for the difference in
concentration and that the change does not increasethe
error of measurement.

Proportionately larger or smaller quantities than the
specified weights and volumes of assayor test substances
and Reference Standards may be taken,.provided the
measurement is made with at leastequivalentaccuracy.

Unless otherwise indicated, analyteconcentrations shall
be prepared to within ten percent (10%) of the indicated
value. In the case in which a procedure isadapted to the
working range of an instrument, solutionconcentrations
may differ from the indicatedvalueby more than ten
percent (10%), with appropriate changes in associated
calculations. Any changes shall fall within the validated
range of the instrument.

When adjustment of pH is indicatedwith either an acid
or base and the concentration is not indicated, appropriate
concentrations of that acid or base may be used.

6.50.20.2. Test Solutions
Information on TestSolutions (TS) is providedin the Test

Solutions portion of the Reagents, Indicators, and Solutions
section of the U5P-NF. Use of an alternative Test Solution
or a change inthe TestSolution used may requirevalidation.

6.50.20.3. Indicator Solutions
Where a procedure specifies the use of an indicatorTS,

approximately0.2 ml, or 3 drops, of the solutionshall be
added unless otherwisedirected.
6.60. Units Necessary to Complete a Test
Unless otherwisespecified, a sufficient number of units to

ensure a suitable analytical resultshall be taken.
6.60.10. Tablets
Where the procedure of a Tabletmonograph directsto

weigh and finelypowder not fewerthan a given number of
Tablets, a counted number ofTablets shall be weighed and
reduced to a powder. The portion of the powdered Tablets
taken shall be representative of the wholeTabletsand shall,
in turn, be weighed accurately.

6.60.20. Capsules
Where the procedure of a Capsule monograph gives

direction to remove,as completely as possible, the contents
of not fewer than a given number of the Capsules, a
counted number of Capsules shall be carefully opened and
the contents quantitatively removed, combined, mixed, and
weighed accurately. TheportionofmixedCapsules contents
taken shallbe representative of the contents of the Capsules
and shall, in turn, be weighed accurately.
6.70. Reagents
The proper conduct of the compendial proceduresand the

reliability of the results depend, inpart, upon the qualityofthe
reagents used in the performanceof the procedures. Unless
otherwisespecified, reagents conforming to the specifications
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set forth in the current edition of Reagent Chemicals published
by the American Chemical Society (ACS) shall be used. Where

- such ACS reagent specifications are not available or where the
required puritydiffers, compendial specifications for reagents
of ~cceptable qualit¥are provided (see the Reagents,
Indicators, and Solutions section of the USP-NF). Reagents not
covered by any of these specifications should be of a grade
suitableto the proper performance of the method of assayor
test involved.

Li~ting of these reagents, including the indicators and
solutions employed as reagents, in no way implies that they
have therapeutic utility; furthermore, any reference to USP or
NF in their labeling shall includealso the term "reagent" or
"reagent grade." USP may supply reagents if they otherwise
may not be generallycommercially available.

6.80. Equipment
Unless othervyise specified, a specification for a definitesize

or type of container or apparatus in a procedure isgivensolely
~s a recomm~ndation. Other dimensions or typesmay be used
If they are suitablefor the intended use.

6.80.10. Apparatus for Measurement
YVh~re volumetric flasks or other exact measuring,

weighing, or sorting devices are specified, this or other
equipment of at least equivalentaccuracyshall be
employed.

6.80.10.1. Pipet/Pipette
Wherea pipet/pipette isspecified, a suitableburet may

be s~~stituted: Where a "to contain" pipet/pipette is
speclfled, a SUitable volumetric flask may be substituted.

6.80.10.2. Light Protection
Where low-actinic or light-resistant containersare

specified, either containers specially treated to protect
contents from light or clear containers that have been
rendered opaque by applicationof a suitablecoating or
wrapping may be used.

6.80.20. Instrumental Apparatus
An instrument may be substituted for the specified

instrument if the substitute uses the same fundamental
prin~ipl.es of operation and is of equivalentor greater
sensitivity and accuracy. These characteristics shall be
qualified as appropriate. Wherea particular brand or source
of a material, instrument, or piece of equipment, or the
name and address of a manufactureror distributor,is
mentioned (ordinarily in a footnote), this identification is
furnished solely for informational purposesas a matter of
convenience,without implication of approval,
endorsement, or certification.

6.80.20.1. Chromatographic Tubes and Columns
The term "diameter" refers to internaldiameter (ID).
6.80.20.2. Tubing

The term "diameter" refers to outside diameter (OD).
6.80.20.3. Steam Bath

Whereuseofa steam bath isdirected, useactively flowing
steam or another regulated heat source controlledat an
equivalenttemperature.

6.80.20.4. Water Bath
Awater bath requiresvigorously boiling water unless

otherwisespecified.
6.80.30. TemperatureReadingDevices
Temperature reading devices suitablefor pharmacopeial

tests conform to specifications that are traceable to a
National Instituteof Standards and Technology(NIST)
standard ~r e~u~valent. Temperature reading devices may
be of the llquid-in-qlass type or an analog or digital
temperature lndlcatortype, such asa resistance temperature
device, thermistor, or thermocouple. Standardization of
thermometers is performed on an established testing
frequencywith a temperature standard traceable to NIST.
Forexample, referto the current issue of American Society

GeneralNotices 7217

of Testing and Materials (ASTM) standards E1 for
Iiquid-in-glass thermometers.

7. TESTRESULTS
7.10. Interpretation of Requirements
Analytical results observed in the laboratory (or calculated

from experim~nt~1 measure~ents) are compared with stated
acceptance criteria to determine whether the articleconforms
to compendial requirements.

The ~ep?r::able value, ~hi~h often isa summary valuefor
severallndlVld.ual determinations, is compared with the
acceptance Criteria. The reportable value isthe end resultof a
completed measurement procedure, as documented.

Whereacceptance criteria are expressed numerically herein
throu~h specifica~ion of an upper and/or lower limit,
permitted values Include the specified valuesthemselves but
no v~lues ou~si~~ the Iimit(s). Acceptance criteria are '
considered slqnlflcant to the last digit shown.

7.10.5. Nominal Concentrations in Equations
Where a "n~minal concentration" is specified" calculate

the concentration based on the label claim. In assay
procedures, water correction is typically stated in the
Definition and on the labelof the USP Reference Standard.
Forother proced~res, corre~tion for assayed content,
potency, or both IS made prior to using the concentration

.ln the equation provided in the monograph.
7.10.10. Equivalence Statements in Titrimetric Procedures
The directions for titrimetric procedures conclude with a

statement of the weight of the analyte that isequivalent to
each mL of the standardized titrant. In such an equivalence
statement, the number of significant figures in the
concentration of the titrant should be understood to
correspond to the number of significant figures in the
weight of the analyte.Corrections to calculations based on
the blankdetermination are to be made for all titrimetric
assays where appropriate (see Titrimetry(541».
7.20. Rounding Rules
The observed or calculated values shall be rounded off to

the number of decimal places that is in agreement with the
limitexpression. Numbersshould not be rounded until the
final calculations for the reportable value have been
completed. Intermediatecalculations (e.g., slope for linearity)
may be rounded for reporting purposes, but the original (not
rounde~) valueshould be ~se~ for any additional required
calculations. Acceptance criteria are fixednumbers and are not
rounded.

vyhen rounding is ~equired, consider only one digit in the
decimal place to the right of the last place in the limit
expression. If this digit is smallerthan 5, it is eliminated and
the preceding ~i9.it is.u~changed. Ifthis digit is equal to or
greater than 5, It IS eliminatedand the preceding digit is
increased by 1. .
8. TERMS AND DEFINITIONS

8.10. Abbreviations
• RS refers to a USP Reference Standard.
• CS refers to a Colorimetric Solution.
• TS refers to a Test Solution.
• VS refers to a Volumetric Solution that isstandardized in

accordance with directionsgiven in the individual
monograph or in the Reagents, Indicators, and Solutions
section of USP-NF.

8.20. About
"About" indicates a quantity within 10%.
Ifthe measurement is stated to be "accurately measured"

or "accuratelyweighed," follow the statements in Volumetric
Apparatus (31) and Balances (41), respectively.
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Compendial Requirement

Assay limit ~98.0%

Assay limit ::;1 01.5%

Limit test ::;0.02%

Limit test::;3 ppm

Illustration of Rounding Numerical Values
for Comparison with Requirements

Unrounded Value Rounded Result Conforms

97.96% 98.0% Yes

97.92% 97.9% No

97.95% 98.0% Yes

101.55% 101.6% No

101.46% 101.5% Yes

1()1.45% 101.5% Yes

0.025% 0.03% No

0.015% 0.02% Yes

0.027% 0.03% No

3.5 ppm 4ppm No

3.4 ppm 3 ppm Yes

2.5 ppm 3 ppm Yes

8.30. Alcohol Content
Percentages of alcohol, such as those under the heading

Alcohol Content, refer to percentage by volume of C2HsOH at
15.56°. Where a formula, test, or assay calls for alcohol, ethyl
alcohol, or ethanol, the USP monograph articleAlcohol shall
be used. Where reference is made to "C2HsOH," absolute
(100%) ethanol is intended. Where a procedure callsfor
dehydrated alcohol, alcohol absolute, or anhydrous alcohol,
the USP monograph article Dehydrated Alcohol shall be used.

8.40. Atomic Weights
Atomicweights used in computing molecularweights and

the factors in the assays and elsewhere are those established
by the IUPACCommission on IsotopicAbundances and
AtomicWeights.

8.50. Blank Determinations
Where it isdirected that "any necessarycorrection" be

made by a blank determination, the deterrnlnation shall be
conducted using the same quantities of the same reagents
treated in the same manner as the solution or mixture
containing the portion of the substance under assay or test,
but with the substance itself omitted.

8.60. Concomitantly
"Concomitantly" denotes that the determinations or

measurements are to be performed in immediate succession.
8.70. Desiccator
The instruction "in a desiccator" indicates use of a tightly

closed container of suitable size and design that maintains an
atmosphere of low moisture content by means of a SUitable
desiccant such as anhydrous calcium chloride, magnesium
perchlorate, phosphorus pentoxide, or silica gel. See also'
section 8.220 Vacuum Desiccator.

8.80. Logarithms
Logarithms are to the base 10.
8.90. Microbial Strain
Amicrobial strain cited and identified by itsAmerican Type

Culture Collection (ATCC) catalog number shall be used
directly or, ifsubcultured, shall be used not more than five
passages removed from the original strain.

8.100. Negligible
"Negligible" indicates a quantity not exceeding 0.50 mg.
8.110. NLT/NMT
"NLT" means "not less than." "NMT" means "not more

than."
8.120. Odor
"Odorless," "practically odorless," "a faint characteristic

odor," and variationsthereof indicate evaluation of a suitable

quantity of freshly opened material after exposure to the air
for 15 minutes. An odor designation is descriptiveonly and
should not be regarded as a standard of purityfor a particular
lot of an article.

8.130. Percent
"Percent" used without qualification means:
• Formixtures of solids and semisolids, percent weight in

weight;
• Forsolutionsor suspensions of solids in liquids, percent

weight in volume;
• Forsolutionsof liquids in liquids, percent volume in

volume;
• Forsolutions of gases in liquids, percent weight in

volume.
Forexample, a 1 percent solution is prepared by dissolving

1 g of a solidor semisolid, or 1 mLof a liquid, in sufficient
solvent to make 100 mLof the solution.

8.140. Percentage Concentrations
Percentage concentrations are expressed as follows:
• Percent Weight in Weight (w/w) isdefined as the number

of g of a solute in 100 g of solution.
• Percent Weight in Volume (w/v) isdefined as the number

of g of a solute in 100 mL of solution.
• Percent Volume in Volume (v/v) isdefined as the number

of mL of a solute in 100 mLof solution.
8.150. Pressure
Pressure isdetermined by use of a suitable manometer or

barometer calibrated in terms of the pressure exerted by a
column of mercury of the stated height.

8.160. Reaction Time
Reaction time is5 minutes unless otherwise specified.
8.170. Specific Gravity
Specific gravity is the weight of a substance in air at 25°

divided bythe weight of an equal volume of water at the same
temperature.

8.180.,Temperatures
Temperatures are expressed in centigrade (Celsius)

degrees, and all measurements are made at 25° unless,
otherwise indicated. Where moderate heat isspecified, any
temperature not higher than 45° (113° F) is indicated.

8.190. Time
Unless otherwise specified, rounding rules, as described in

section 7.20 Rounding Rules, apply to any time specified.
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8.200. Transfer
"Transfer" indicatesa quantitative manipulation.
8.210. Vacuum
"Vacuum"denotes exposure to a pressure of lessthan

20 mm of mercury (2.67 kPas), unless otherwise indicated.
8.220. Vacuum Desiccator
"Vacuum desiccator" indicatesa desiccator that maintainsa

low-moisture atmosphere at a reduced pressure of not more
than 20 mm of mercury (2.67 kPas) or at the pressure
designated in the individual monograph.

8.230. Water
8.230.70. Water as an Ingredient in an Official Product
As an ingredient in an official product, water meets the

requirements of the appropriate water monograph in USP
or NF.

8.230.20. Water in the Manufacture of Official Substances
When used in the manufacture of official substances,

water shall meet the requirements for drinkingwater as set
forth in the U.S. Environmental Protection AgencyNational
Primary Drinking Water Regulations or in the drinking water
regulations of the European Unionor of Japan, or in the
World Health Organization's Guidelines for Drinking Water
Quality. Additional specifications may be required in
monographs.

8.230.30. Water in a Compendial Procedure
When water iscalled for in a compendial procedure, the

USP monograph article Purified Water shall be used unless
otherwise specified. Definitions for other types of water are
provided in Reagents, Indicators, and Solutions and in Water
for Pharmaceutical Purposes (1231).
8.240. Weights and Measures
In general, weights and measures are expressed in the

International System of Units (SI) as established and revised
by the Conference generale des poidset mesures. For
compendial purposes, the term "weight" is considered to be
synonymous with "mass."

Molality is designated by the symbol m preceded by a
number that represents the number of moles of the
designated solute contained in 1 kilogram of the designated
solvent.

Molarity isdesignated by the symbol M preceded by a
number that represents the number of moles of the
designated solute contained in an amount of the designated
solvent that is sufficient to prepare 1 literof solution.

Normality is designated by the symbol N preceded by a
number that represents the number of equivalents of the
designated solute contained in an amount of the designated
solvent that is sufficient to prepare 1 literof solution.

The symbol for degrees (0) without a qualifying unit of
measure represents degrees Celsius.

Chart of Symbols and Prefixes commonly employed for SI
metric units and other units:

Units Symbol Notes

length

meter m

centimeter cm

millimeter mm

Previously referred to as a mi-
micrometer IJm cron

Previously the symbolmu (for
nanometer nm millimicron) was used

Angstrom A Equal to 0.1 nm

Mass

kilogram kg
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Units Symbol Notes

gram g

milligram mg

Thesymbol IJg is used in the
USP and NFto represent mi-
crograms, but micrograms
may be represented as
"mcg" for labelingand pre-
scribingpurposes.The term
"gamma," symbolized by y,
frequentlyis used to repre-
sent microgramsin bio-

microgram IJg chemicalliterature.

nanogram ng

picogram pg

Also referredto as the unified
atomic mass unit and is

dalton
equal to 1/12 timesthe mass

Da of the free carbon 12 atom.

kilodalton kDa

Time

second s

minute min

hour h

Volume

liter
1 Lisequal to 1000 ern! (cu-

l biccentimeters)

deciliter dL

milliliter
1 ml isequal to 1 ern', some-

mL times referred to as cc

microliter IJL

Tempera-
ture

Celsius °C

Amount of
Substance

Historically referred to as
gram-molecular weight or

mole mol gram-atomicweight

millimole mmol

micromole prnol

femtomole fmol

Also referredto as
gram-equivalent weight. It is
used in the calculation of
substance concentration in
units of normality. Thisunit
isno longer preferredfor use

equivalent
in analytical chemistryor

Eq metrology.

milli equiva-
lent mEq

Osmotic pressureof a solu-
tion, related to substance

osmole Osmol concentration.

milliosmole mOsmol

Pressure

pascal Pa

kilopascal kPa
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Units Symbol Notes

pounds per
square inch psi

millimeter of
mercury mmHg Equal to 133.322 Pa

Electrical
units

ampere A

volt V

millivolt mV

hertz Hz Unit of frequency

kilohertz kHz

megahertz MHz

electron volt eV

kilo-elec-
tron volt keY

mega-elec-
tron volt MeV

Radiation

SI unit of activity for radionu-
becquerel Bq elides

kilobecquerel kBq

megabec-
querel MBq

gigabecquer-
el GBq

Non-SI unit of activity for ra-
curie Ci dionuelides

millicurie mCi

microcurie !lCi

nanocurie nCi

Other

acceleration
due to grav- Usedto expressrate of centri-
ity 9 fugation

revolutions Used to expressrate of centri-
per minute rpm fugation

Selected SI Prefixes

Name Symbol Factor

giga G 109

mega M 106

kilo k 103

deci d 10-1

centi c 10-2

milli m 10-3

micro !l 10-6

nano n 10-9

pico P 10-12

femto f 10-15

USP 43

9. PRESCRIBING AND DISPENSING
9.10. Use of Metric Units
Prescriptions for compendial articles shallbe written to state

the quantity and/or strength desired in metric units unless
otherwise indicated in the individual monograph [see also
section 5.50.10 Units of Potency (Biological) above]. Ifan
amount is prescribed by any other system of measurement,
only an amount that isthe metricequivalent of the prescribed
amount shall be dispensed. Abbreviations for the terms
"Units" or "International Units" shall not be used for labeling
or prescribing purposes. Apothecary unit designations on
labelsand labelingshall not be used.

9.20. Changes in Volume
In the dispensing of prescription medications, slight

changes in volume owing to variations in room
temperatures may be disregarded.

10. PRESERVATION, PACKAGING, STORAGE, AND
LABELING

10.10. Packaging and Storage
All articles in US? or NFare subject to the packaging and

storage requirements specified in Packaging and Storage
Requirements (659), unless differentrequirements are provided
in an individual monograph.

10.20. labeling
All articles in US? or NFare subject to the labeling

requirements specified in Labeling (7), unless different
requirements are provided in an individual monograph.
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General Information
Chapters

General Information

The chapters in this section are information, and aside from excerpts given hereinfrom Federal Acts and regulations that
may be applicable, they contain no standards, tests, assays, nor other mandatory specifications, with respect to any
Pharmacopeial articles. The excerptsfrom pertinent Federal Acts and regulations included in this section are placed here
inasmuch as they are not of Pharmacopeial authorship. Revisions of the federal requirements that affectthese excerptswill be
included in USP Supplements as promptlyas practical. The official requirementsfor Pharmacopeial articles are set forth in the
General Notices, the individual monographs, and the General Tests and Assays chapters of this Pharmacopeia.

(1004) MUCOSAL DRUG PRODUCTS-PERFORMANCE TESTS

INTRODUCTION

Mucosal drug products deliver drug substances to the body via the mucosal route. Forthe purposes of this chapter, the
mucosal route of drug administration isdivided into seven membrane surfaces characterizedas otic, ophthalmic, nasal,
oropharyngeal, urethral, vaginal, and rectal. Mucosal drug products includea wide varietyof dosage forms such as solutions,
suspensions, emulsions, creams, ointments, gels, inserts, strips, aerosols, sprays, films, medicated chewing gums, lozenges,
tablets, and suppositories. Some of these dosage forms are also administered by other routes. Forexample, creams can be
administeredby the mucosalroute (vaginal) and alsoby the topical route.Twocategoriesof tests-product qualityand product
performance-are performed on these products. Thesetests provideassurances of batch-to-batch quality, reproducibility,
reliability, and performance of a drug product. Productquality tests are performed to assess attributes such as assay,
identification, and content uniformity and are part of the compendial monograph (see MucosalDrugProducts-Product Quality
Tests (4». Product performance tests are conducted to assess the drug release from the dosage form. Forcertain mucosal drug
products, determination of aerodynamicparticlesizeor globule size may serve as a product performance test.

Where a compendial performance test existsfor a dosage form administered by a nonmucosal route, such as a dissolution
test for an oral tablet, that test may have applicationfor the dosage form administered by a mucosal route (e.g., buccal tablets
or sublingual tablets).

PERFORMANCE TESTS FOR MUCOSAL DRUG PRODUCTS

The'performancetests for the various mucosaldrug products can be broadlydivided into two categories: 1) test procedures
that use or can adopt methodology in existing general chapters, and 2) tests that need additional developmentalwork before
they can be recommended. ,

The Dissolution Procedure: Development and Validation (1 092) should be a referencewhen developinga drug release test (e.g.,
selectingthe drug releasemedium,apparatus/procedure, or analytical method). Forseveral mucosaldrug products,drug release
procedures described in Dissolution (711), Drug Release (724), and Semisolid Drug Products-Performance Tests (1724) may be
applicable.

In some instances, mini-basket or mini-paddle apparatuses may be suitable.These apparatuses resemble Dissolution (711),
Apparatus 7 (Basket Apparatus)and Dissolution (711), Apparatus 2 (Paddle Apparatus), with dimensions scaled down to
accommodate medium volumesof <500 mL (7,2). Several designs are commercially available. However, as of now, these
apparatuses are not standardized.

Because of the varied and specific environmentscharacterizing the mucosal route of administration, researchers may be
inclined to use "physiological medium" for the drug releaseof the specific dosage form. It may not be essential to use such a
medium for the performance test of the product, and in many instances a simple buffermay suffice. Areference(3) for the
compositionof such media is providedfor additional information.
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Aerosols and Nasal Sprays
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Performancetests for nasaland lingualaerosolsand nasalspraysare largelyconcerned with-droplet or particlesizedistribution
and aerodynamic size distribution. The procedures in Inhalation and NasalDrug Products: Aerosols, Sprays, and Powders­
Performance Quality Tests (601) can be applied to products administered by mucosal routes.'When the drug substance is present
as a solidwith a modified-release mechanism in the administered dose, attempts should be made to determine the dissolution
of the particles(4).

Creams, Gels, and Ointments

Drug release tests for creams, gels, and ointments can be performed using a procedure described in (1724).

Emulsions

Performancetests for emulsionsinclude globule sizedetermination and dissolution/drug release testing. Globulesizecan be
determined using a procedure described in Globule Size Distributionin LipidInjectable Emulsions (729). The drug releasetest can
be performed using Dissolution (711), Apparatus 2 (Paddle Apparatus) or a vertical diffusion cell as described in Semisolid Drug
Products-Performance Tests (1724), Drug Release Rate Determination Using Vertical Diffusion CellApparatus.

Films

Drug Release (724), Apparatus 5 (Paddle overDisk)can be used to determine the drug release from film dosage forms. A
mini-basket can be used for drug release testing of films.

Gums

Forgum products, the performance test includes drug releasefrom the formulation. Adevice isdescribed in the European
Pharmacopoeia (5). The releaseof drug from the formulation requires masticatory activitythat renews the surfaceexposed to
the medium. The rate of releasewill be a function in part of the frequency of chewing that is simulated by the test apparatus.
Gumscan require conditioning at the temperature of the mouth to deform plastically under the action of the oscillating platens
of the test apparatus.

Important parameters for the apparatus include: dissolution medium volume, distance between upper and lowerchewing
surfaces, recommended rotation angle, temperature, and chewingfrequency. The dissolution medium chosen, the-test time(s),
and the volume sampled are also important considerations.

Inserts

Drug release testing for inserts can be performed using Dissolution (711), Apparatus 7 (Basket Apparatus) or Dissolution
(711), Apparatus 2 (Paddle Apparatus).

Lozenges

Drug releasetesting of lozenges can be performed using either Dissolution (711), Apparatus 7 (Basket Apparatus); Dissolution
(711), Apparatus 2 (Paddle Apparatus) at high agitation (175 rpm); or Dissolution (711), Apparatus 3 (Reciprocating Cylinder).

Suppositories

There are two types of suppositories: 1) hydrophilic (water soluble), and 2) lipophilic (oil soluble or melting). Drug release
(dissolution) for water-soluble suppositoriescan be performed using Dissolution (711), Apparatus 7 (Basket Apparatus);
Dissolution (711), Apparatus 2 (Paddle Apparatus); or Dissolution (711), Apparatus 4 (Flow-Through Cell). Drug releasetesting for
lipophilic suppositoriesmay need modification of the dissolution procedure to avoidanalytical interferencefrom the oilglobules.
Several alternative methods have been proposed (6-8). The flow-through cell apparatus using the cellfor suppositories may
be useful. The selection of the method will be dependent on the nature of the formulation. Figure 7 shows the schematic view
of a flow-through cell [Dissolution (711), Apparatus 4 (Flow-Through Cell)] specifically intended for dissolution of suppositories.
The lower part (1) is made up of two adjacent chambers connected to an overflow device. The dissolution medium passes
through chamber Aand issubjected to an upward flow. The flow in chamber Bis directed downward to a small-size boreexlt
that leads upward to a filter assembly. The middle part (2) of the cell has a cavitydesigned to collect lipophilic exclplents that
float on the dissolution medium. Ametal grid servesas a rough filter. The upper part (3) holds a filterunit for paper, glassfiber,
or cellulose filters.
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Figure 1. Flow-through cell designed for suppositories (dimensions in mrn).

Suspensions

The dissolutiontestfor suspensionscan be performed using Dissolution (711), Apparatus 2 (Paddle Apparatus). Asmall-volume,
mini-paddle apparatus may be used.

Sublingual Tablets and Buccal Tablets

Drug releasefor these dosage forms can be performed using Dissolution (711), Apparatus 1 (Basket Apparatus) or Dissolution
(711), Apparatus 2 (Paddle Apparatus). Mini-baskets or the mini-paddlescan also be used for drug release testing of buccal and
sublingual tablets.
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(1 005) ACOUSTIC EMISSION

INTRODUCTION
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Ultrasound techniques can be categorized into two distinct types: acoustic emission (passive mode) and ultrasound
spectroscopy(active mode). Both of these techniques have many applications.

The technique of acousticemission is based on the detection and analysis of sound produced by a processor system.This
is essentially equivalentto listening to the processor system, although these sounds are often well above the frequencies that
can be detected by the human ear. Generally, frequencies up to about 15 kHz are audible.

In the case of ultrasoundspectroscopy, the instrument isdesignedto generate ultrasoundwavesacrossa definedfrequency
range. Thesewavestravel through the sample and are measured using a receiver. An analogy can be drawn with UV-visible or
IR spectroscopyinthat the detected ultrasoundspectrum reflects changes invelocity or sound attenuation due to the interaction
with a sample acrossa range of frequencies. However, as the scope of this chapter is limited to acousticemission, ultrasound
spectroscopywill not be discussed further.

Acoustic emission iswell-known in the study offracture mechanics and therefore is used extensively by material scientists. It
is alsowidely used as a nondestructivetesting technique and isapplied routinely for the inspectionof aircraft wings, pressure
vessels, load-bearing structures,and components. Acoustic emission isalsoused in the engineering industryfor the monitoring
of machine tool wear.

In terms of pharmaceutical applications, the dependence of the acousticemission measurement on physical propertiessuch
as particlesize, mechanical strength, and cohesivity of solid materials allows the technique to be used for the control and
endpoint detection of processes such as high shear granulation,fluid bed drying, milling, and micronization.

General Principles

Acoustic emissions can propagate by a number of modes. Insolids, compressional and shear or transverse modes are
important. Compressional modes have the highest velocity and thus reach the acousticdetector (or acousticemission
transducer) first. However, in most process applications of acoustic emission, there are many sources-each producing short
bursts of energy-and, consequently, the different modes cannot easily be resolved. The detected signal, for example on the
wall of a vessel, is a complex mixtureof many overlappingwaveforms resulting from many sources and many propagation
modes.

At interfaces, depending on the relative acoustic impedance of the two materials, much of the energy is reflected back
towards the source. Ina fluidized bed, for example, acousticemissions will only be detected from particles directly impacting
the walls of the bed closeto the transducer. .

Aconvenient method of studying acousticemission from processes is to use the "average signal level". Aroot mean
square-to-directcurrent (RMS-to-DC) converter may be used to convert the amplitude-modulated (AM) carrierinto a more
slowly varying DCsignal. This is referred to as the average signal level (ASL). The ASL can then be digitally sampled (typically
at a sampling frequencyof about 50 Hz) and stored electronically for further signal processing.

The simplestwayofstudyingthe acousticdata isto examinechanges in the ASL. However, other information can be derived
from examiningthe power spectrum of the ASL. The power spectrum iscalculated by taking the complexsquare of the
amplitude spectrum and can be obtained by performing a Fast Fourier Transform (FFT) on the digitizedrawdata record. Power
spectra maybe averagedto produce a reliable estimateof powerspectraldensityor to givea "fingerprint"ofa particular process
regime. Interpretation of the power spectrum iscomplicated by the fact that the acousticsignal originating in the system is
distorted by several factors including transmission, reflection, and signal transfercharacteristics.

Theshape of the powerspectrumof the ASL record isa functionof the processdynamics. Periodic processes (e.g., mechanical
stirring or periodicbubblingof a fluidized bed) show high powerat certaindiscretefrequencies. Random processes show either
flicker type properties, where power is inversely proportional to frequency, or white noise type properties in which power is
independent of frequency. The amplitude of the power spectrum isalsoaffected by the energy of the acousticemissions
produced by the process. Forexample, if hard material is being processed, the acousticemission produced by particle impact
will be greater than that produced by soft material.

INSTRUMENTATION

Generally, piezoelectric sensorsare used to detect and quantifythe acoustic signals produced by a process. Piezoelectric
transducers are constructed from piezoelectric crystalline solids connected to transducer control circuitry by electrical leads.
When configuredas a detector, an acousticwave that impingeson the piezoelectric element is transformed into an electrical
signal in the transducer control circuitry. When configuredas an acoustic generator, an electrical signal applied to the
piezoelectric element by the control circuitry creates an acousticwavethat can propagate into the medium to which the
transducer isattached. Typically, this means that acousticemission detectors can also be operated as acousticwavegenerators
and this feature is used to ensure good sensor performanceas described later (see Qualification and Verification of Acoustic
Emission Instruments).

Ingeneral acousticemission applications, sensorswith different resonancefrequencies are often used (e.g., 70 and 190 kHz,
although higher frequencies may be more appropriate at smallerscales of operation), incorporating various band-passes. As
sound (ultrasound)of the appropriate frequency range reaches these sensors, an electrical signal isgenerated, the amplitude
of which isdirectly proportional to the energy (amplitude) of the incidentsound waves.

These" signals are processed through the following:
1. a pre-amplifier (which incorporatessignal filtering),
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2. an RMS-to-DC converter,
3. a variable gain amplifier, and
4. a PC-based data acquisition board.
The controlling software is also incorporated into the Pc.
Acoustic emission equipment generallyallows several sensors to be used simultaneously by incorporating multipleelectronic

channels into a single instrument.

Signal Processing

The signalfrom a resonant transducer resemblesan AM radio signal.Atthe resonancefrequency of the transducer, the signal
consists of a carrierwave that is modulated in amplitude by the process.An RMS-to-DC converter is used to demodulate the
signal. The output of this device is the modulation signal or envelope.

The envelope isdigitally resampled at a frequency appropriate for the process. Forexample, 50 Hzisa typicaldigitalsampling
rate for a fluid bed drier or high shear granulator.

FACTORS AFFECTING MEASUREMENT

The following factors can affect the acoustic data obtained and should be considered when installing an acoustic emission
system.

1. Failureor PhysicalDamage-As with any other type of sensor, acoustic emission sensors can fail with time or as a result
of physical damage. It is important to check the sensor function as part of routine maintenance of the instrument. If
multiplesensorsare installedon the same vessel, an activesignal can be generated from one sensor and this can be used
to check the detection on another sensor. This exercisewould ensure that the sensors are detecting the acoustic signals
generated by the process. Astatistically valid "minimum acceptable acoustic signal" for the sensor(s) should also be
determined and monitored at the start, middle, and end of aprocess to ensure the performance of the sensor(s)during a
process run. This may be established from the routine maintenance signal experiments or on the basisof historical data
for the sensors. '

2. Issues ofSensorInterfacing-Sensors are typically installed on the outer wall of the processvessel. Several types ofadhesives
(temporary or permanent) can be used to attach the sensor to the vessel wall.Through repeated cleaning and vessel
movement, it is possiblefor the bonding between the sensor and vessel to be compromised. Checking the integrity of
the installation should be part of routine maintenance. Similar to item 1 above, an active signal can be used to ensure
proper bonding between sensor and vessel and helps to confirm the matching of acoustic impedance.

3. Influence of Mechanical Noise-The use of high frequencies significantly reduces the contribution of mechanical noise to
the acousticsignal detected, especially at smallerscalesof operation, although it does not eliminate it completely.Testing
the effectofvariousmotor settings, for example, can determine ifthe acousticsignaldetected isa function of mechanical
noise. Ifthe effect is significant, using higher frequencies may be necessary. Awareness of the contribution of the
mechanical noise, no matter how small, is important to consider as the motors age or are replaced.

4. Influence of Vessel Wall Characteristics-~ecause the sensors are often placed on the outer vessel wall, wall thickness can
affect the quality of the signal detected. Ifthe vessel is jacketed, the amplitude of the acoustic signal may be reduced.
Adding more sensors on the vessel can improve signal quality. Alternatively, an increase in signal may be obtained by
positioningsensor(s) at a location where contact exists between the inner and outer walls, essentially providing a
waveguide between the sensor and sound source. Waveguides may also be incorporated into the design of
manufacturing equipment to enable utilization of acoustic emission monitoring. Appropriate validation is required to
ensure that this does not adverselyaffect the performance of equipment.

5. Effectof Material Properties-During operation, the acoustic signal collected is a summation of variousevents occurring
within the process. Forexample, the acoustic signal generated as particles hit the wall in a granulator isa function of the
material properties of the granules (Le., density, size,porosity). Therefore, significantchanges to any of these parameters
can affect the acoustic signal and the quality of the ensuing prediction.

6. InfluenceofProcess-Related Factors-Similar to item 5 above, the process-relatedproperties (Le., force of impact, frequency
of impact, amount of material) can also affect the acoustic signal and the quality of the ensuing prediction.

7. Impact of Environmental Conditions-Finally, the influenceof environmental factors (l.e., temperature, humidity) must
also be considered.

The acousticemission data collected isvessel/equipment specific. lt.is not advisable to apply a model generated on one piece
of equipment to another because the acoustic information can differas a result of the issues discussed in items 3, 4, and 5
above.

Qualification and Verification of Acoustic Emission Instruments

Asystem suitability approach should be taken around instrument performance, establishing optimum measurement
configuration, then comparing the instrument performance to the valuesobtained during routine use to those obtained during
installation qualification (IQ).

Thisapproach effectively answers the issues related to sampling because, unlike other on-line analytical systems, the
transducers can be optimally positioned and attached to receivethe maximum signal without vessel modification.

Sample rates need to comply with the Nyquistsampling theorem, which states that a signal must be sampled at a rate that
is twice the highest frequency component in the signal.Alow-pass filter should be used to remove the frequency components
greater than halfthe sampling frequency (Nyquistfrequency). Failure to·comply with this criterionwill result in aliasing.
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Owingto the nature of the piezoelectrictransducers and because resonance frequencies are natural properties of the crystals,
it is not necessaryto test the variation (reproducibility) or drift in the frequency domain. Ifother types of transducers are used,
this may be necessary. Any gross change in the frequency domain will be recorded as a drop in the power intensity at the
resonance frequency, and therefore is covered by the power intensity tests.

The two main areas for instrument performance verification are power intensityand timings. Any change in the signal
intensitywill affect the raw signal and the ASL and, therefore, will also affect the power spectrum. Changes in power intensity
can occur as a result of changes in the process (e.g., variation in hardness or moisture in the particlesimpacting the vessel wall)
or changes in the acoustic conduit from the process to transducer.

Reproducibility of the acousticconduit should be tested usinga second transducer to input a pulseor "ping" at the resonance
frequency of the receiving sensor. This reproducibility value represents the noise of the signal and can be used in calculations
of limitof detection (LOD) and limitof quantitation (LOQ), where LOD is defined as three times the noise of the signal and
LOQ is ten times the noise of the signal. The noise on the background signal level (in acousticemissionthis background signal
is mainly due to amplifier noise) should be calculated from twenty sequential ASL values acquired at the sampling frequency
used for normal operation. This test should be repeated in reverse in order to establish that statistically similar intensity values
can be obtained on both channels.

Short term reproducibility allows the calculation of noise. However, it does not give a measure of integrity of acoustic conduit
over time or, more specifically, of changes caused by the process (e.g., variations in adhesive properties with process changes
such as heating/cooling). The noise test should be repeated whileexecuting the normal processingparameters (using an empty
vessel) and the drift in the ASL should be calculated.Care should be taken to makesure that signaldrift (due to normal variation
in processing parameters) does not impact chemometric models used for endpoint determination. Fortrend plots, it should be
shown that drift is not statistically significant; otherwise, drift correction will need to be applied. Values for noise, drift, and
absolute ASL should be recorded and logged, and the tests re-executed ifchanges are made to the processing equipment or
to the acoustic emissionsystem. Ifno changes are made, then the tests should be re-executed every month. In this way the
qualityof the acoustic conduit can be shown to be intact and any changes to the signal intensity isolated and attributed to the
process itself.

During routine use, it is recommended that the noise test be executed (as above) before each process run, and that power
intensityand noise be calculated. These valuesshould be logged and compared to those generated both during previous use
and during installation. Impact of the deviationfrom previousvalueswill be a function of the prediction model and should be
addressed by method validation.

The noise data (from above) can also be used to calculate the time of flight of the pulse. Ifthe pulse activation and signal
reception are synchronized, the time taken for the pulse to transmit acrossthe vessel can be measured.This isa good indication
of the measurement electronicsas well as the overall condition of the acoustic conduit. However, this test should be regarded
as a measure of the "system" condition and needs to be executed only ifchanges have been made to the process equipment
or the acoustic emission system, or every 6 months. Correlation of the measured timings with the historical ones should be
statistically valid. Ifnot, it is an indicator that the acoustic emissionsystem may need requalification by the instrument
manufacturer or supplier, or that there are chanqes in the acoustic conduit.

All of these tests require the use of an acousticpulsegenerated electrically. Failure inany of the above tests could be attributed
to the signalgeneration itself. It is recommended that the electrical pulse generation system be requalified and certifiedagainst
National Institute of Standards and Technology (NIST) traceable standards every 12 months.

DATA ANALYSIS

Acoustic emissionfrom granulators and fluid bed driers is known as continuous acoustic emission. Continuous acoustic
emission is aphasic (Le., there are no starts or stops to the signal). This means that it is unnecessaryto use signal processing
techniques that preserve phase. Powerspectral analysis is a useful technique in processing acoustic emission signals. The
information in the power spectra, unlike the raw acoustic emission signals, is coherent in the short term, allowing signal
averaging to be performed. This provides a better estimate of power spectral density than that provided by a single power
spectrum.

To detect endpoints in batch processes(e.g., granulation or drying endpoint), a qualitative multivariatemodel isappropriate
(e.g., PCA or SIMCA). The following sequence of operations is performed:

1. Training/Calibration-Acoustic emission spectra that are representative of the endpoint condition are obtained.
~. Modeling-A multivariate model describing the distribution of acoustic emission signalsat the endpoint condition is

created.
3. Prediction-Acoustic emissionspectra are compared against the model. The fit to the model (usually expressed in terms

of a number of standard deviations) is monitored. As the system approaches the endpoint, the fit improves and
completion of the process isestablished once the model fits predefined criteria. The prediction model isgenerated from
acoustic emission spectra obtained from the process operating under normal conditions. Upsets (e.g., unwanted
agglomeration in coaters) are detected by observing statistically valid deviations from the model.
Adaptive modeling hasalsobeen proposed for upset detection. Thisinvolves generating multivariatemodels continuously
as the acoustic emissionsignalsare acquired. Unusual deviation of the acoustic emission signal indicates the occurrence
of a process upset. The advantage of adaptive modeling isthat it is not necessary to perform a separate calibrationstep.

GLOSSARY
Acoustic Emission Transducer: Asolidstate device usually incorporating a piezoelectric element to convert the acoustic

emission wave to an electrical signal.
Acoustic Impedance: Acoustic impedance (Z) is defined as Z =pv (where p isdensity and v isthe sound velocity). It isan

important quantity and gives the proportion of sound energy transmitted from one medium to another and the amount of
energy reflected at the interface.
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Adaptive Modeling: Amethod that predictsthe state of a processwithout the use of a previously generated model (i.e.,
there is no prior training or calibration step).

Aliasing: Spurious lowfrequency components, appearing in the signal, that are really frequencies above the Nyquist
frequency.

Amplitude: The magnitude or strength of a varying waveform.
Average Signal level (ASl): Ameasure of the average power in an acousticemission signal.
Band-Pass: The range of frequencies within which a component operates.
Compressional Mode: Alongitudinal mode of acoustic transmission encountered in solids, liquids, and gases.
Continuous Acoustic Emission: Acoustic emission signals that cannot be separated in time and are typical of

pharmaceutical processes such as granulation and fluid bed drying.
flicker Type Properties: Atype of signalassociatedwith many natural processes. The characteristics of flicker noiseare

that the power of the noise isdirectly proportional to the signal and has approximately a 1If (f = frequency) spectral density
distribution.

Cain: The amplification factor for a component usually expressed in terms of decibels (dB).
Gain in dB=20 log,o (VoltageoutVoltagein)'
Nyquist frequency: The Nyquist frequency isdefined as halfthe digital sampling rate and isthe highest frequency that

can be reproduced faithfully.
Piezoelectric: Amaterial which generates an electric field when compressed. Piezoelectric materials are used in the

construction of acoustic emission sensors.Acommon material is PZT (leadzirconium titanate).
Power Spectrum: Apowerspectrum of a signal isa representationof the signal poweras a functionoffrequency. Apower

spectrum iscalculatedfrom the time domain signal by means of the Fast Fourier Transform (FFT) algorithm. It isuseful to study
acoustic emission signals in the frequency or spectral domain, as the spectrum isoften characteristic of the mechanism.
Improvements in signal-to-noise ratio can be obtained by averaging a number of power spectra, as they are coherent.

Power Spectral Density: The measure of acousticemission power in each resolution element of the power spectrum.
Resonance frequency: Thefrequency at which an acousticemission sensor is most sensitive. Resonant acoustic emission

sensors have a clearly defined resonancefrequency, but are usually sensitive to other frequencies.
RMS-to-DC Converter: An electronicdevice that converts an alternating signal to a voltage level proportional to the

average power in the signal.
Shear Mode: Atransversemode of acoustic transmission, encountered only in solids.
Signal fil~ering: Filtering a signal means attenuating frequencies outside a prescribed range. In acousticemission work,

band-pass filtering is used to improvethe signal-to-noise ratio by attenuating noiseoutside the bandwidth of the sensor.
low-pass filtering is used to removefrequencies higher than the Nyquist frequency in order to prevent aliasing.

Transverse Mode: Amode of wave propagation where the displacementof the material is perpendicularto the direction
of propagation. These modes are only encountered in solid materials.

White Noise: Thecharacteristic of white noiseisa power spectrum of uniform spectraldensityand isassociated with purely
random processes.

(1010) ANALYTICAL DATA-INTERPRETATION AND TREATMENT

Changf? to read:

~1. 'INTRODUCTION
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ithsome

This chapter providesinformation regardingacceptable practices for the useofanalytical proceduresto makedecisionsabout
pharmaceutical processesand products, Basic statistical approaches for decision making are described, and the.comparisonot
analyti~al procedures isdiscussed in some detail. '.. ....

[NOTE-:-lt should not be inferred that the analysis tools mentioned in this chapterform an e~haustive Iist.Other, equallyvalid,
statistical methods may be used at the discretion ofthe .manufacturerand other usersof this chapter.]

AssuranceoUhe qualityof pharmaceutic~ls isaccomplished by combining a numberof practi s~ including r' or
and formulqtiondesign, validation; and development and execution of a robust control strate Each s
on reliable analytical procedures. Inthe development process, analytical proceduresare utilized t re a e manufactured
products are thoroughly characterizedand to optimizethe commercial manufacturing process. Final:-p estin
assurancethat a product isconsistently safe, efficacious, and in compliancewith itsspecifi ·ons. Sou
can be included int commercial control strategy to further ensurethat qu~lityispreserv rough

While not meant a complete account ofstatisticalmethodology,this chapter will re on so
paradi .. Key am e are population parameters, statistical design andsampling, and' paramete .
pararn s are the unknownvalues of a scientificcharaderistic of interest. While nown, thes
using. stical des. . . mpling. Statistical design is used to fullyrepresent the popul ofinteres
uncertain y of a.result,whilethe random acquisition of test samplesas wellastheir introduCtion into the
helps to mitigate biqs. lastly uncertcdntyshOUld be acknowledged between the true popUlation paramet
process. Uncertaintycan.be expressed as either a probabilistic margin. between the true and estimated v
par ,a 95% confidenc' I) or as thecert~lnty that th~ population parameter is, complia
e cceptance criterio " tive probability). ..

pter provides direction. cientifi<;:ally acceptable administrationof pharmaceutical studies usinga data;
Focus . . n investigational studies \-Yhere analytical data are generated fr()m carefully planned and executed ex nts; as
wellas confirmatorystudieswhich are strictly regulated with limited fleXibility in design and.evaluation. This is in contrast ~<?
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exploratorystudieswhere historical data are utilized to identifytrendsoreffetts \t\Ihichare~ubjecttofuttherin

qualityof decisions made from either investigational or confirmatory studies isenhancea tnrOL[gh adHere
method,and to the application of sound statistical principles.'Thesteps of the scientific metnod~can be ~u

Study objective. A pharmaceutical study can be as simpleas testing and 'releasing a batc commerCl
complexas a comparisonofanalytical procedures.Thesameconsiderationsa I' to .
study. Each study isassociatedwith a population parameter whichis used t .r
parameter might be the batch mean. Forthe analytical procedurecomparis st{J .
means produced by the analytical procedures. In each ease an appropriate ac.:cep
is used to make a decision from the study.

Study design. The study should be designed with a structureand 'replication .s
consideration of the study objective, and which manages the risks associatedwith
consideration of the study objective entails inclusion.of samplesand conditionsw
in release ofa manufactured lot, sa,mples aqosstherange of manafacturemight b. '. lu
each type and level of test sample might be considered. Similar consideration should be
appropriate factors should be included in the procedure. The designshould alsoacknoWle
basis for managing study risk isthe reduction of the uncertainty in the estil11ation,of t

Study conduct. Once the study has been designed, samples,areco' nd dat. ,.e
procedure. Effective use of randomization should be consideredto,rni . pact of sy
should be taken during data collection to properlycontrol theanalyti' and to en
preservation of information. An adequate number of significantdigits
the calculations. Deviations from the study planshould be captured

Study analysis and decision. Prior to the final analysis, thed
outliers. The analysis of the data should proceed according to the s a
analysis of the data and the repo'rting of study results should includeproper c
interval estimatesshould be usedto communicate the robustness ofthe results (VIZ.,
communicationof the study decision.Adecision can be .madewhen the objective0

make such a decision (e.g., as in an investigationalor confirmatory study). Thestud
estimate or describesome characteristic of a population. Cautionshould be taken 'in mak
of the data. This is called"data snooping" and can lead to inappro 'atedecisions;

This chapter has been writtenfor the laboratoryscientistandth atistici
in the analytical procedures and the usesmade.of those proceduresandshou
analysis in their practices. The statistician is primarily skilled inthe design of
reliable decisions and should appreciate the scienceand con nts within
their understanding acrossspecialties, both disciplines shoul valuethe esse
data;

Moredetailed discussion related to the steps of the scientific method will be given iri Secf
will be illustrated with an example in Section 5, AnalyticalProcedureComparison. Prio
Prerequisite Laboratory Practices and Principles, and Section 3 will describeand iIIustra
Uncertainty. Aseriesof appendices is provided to illustrate topics related to the gener
charts, equivalence and noninferiority testing, the principleof uncertainty, and Bayesian st
fra'mework withinwhich the resultsfrom a compendial test are interpreted isclearly, outline
Results. Selected references that might be helpful in obtaining additional information on th
chapter are listed in Appendix 6: References at the end of the chapter. USPdoes notendorse ,
represent an exhaustive list. Further information about many of the methods cited inthis c~apter maya
statistical textbooks.

2. PRER~QUISITE LABORATORYPRACTICES,ANDPRI~CI
, .

The sound application of statistical principles to analytical data requires theassumption'th
in a traceable (i.e., documented) and unbiased manner. To ensurethisi the following practic,

Sound Rec()rdKeeping

Laboratory recordsare maintainedwith sufficient detail, So that other equallyq
experimentalconditionsand review the resL!lts obtained~When collecting.data, the
placesthan the specification or study acceptance criterion requires. Rounding of re ,ts
occur only after final calculations are completed as per the General Notices. Studyproto
adequately documented so that a reviewer can understand the basesofthestudy desJg, '

Pro'cedure Validation

ES

hdatahave been collected
beneficial.' ' , " L,

Analytical procedures used to release and monitorstabilityof clinical 'and commerCiarmaterials, are approp .
as specified in Validation of Compendial Procedures (1225) or verified as noted'in Verifica~io' '.
Furtherguidance isgiven in StatisticalTools for Procedure. Validation (1710) and Biological
procedures publishedinthe USP~NFshould be validatedand meetthe Current~ood Manufact
requirementfor validation as established in the United StatesCodeof Feqeral Regulations-.:Whe
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in',anon:'GMPstudy, it's good practiceto ensure that the analytical -procedure I~ adequatel}' tit for. use tosupporfthe study
obje~tive.

Analytical Procedure and Sample Performance Vedficatior\

Verifying an acceptablelevelot performance Tor an analyticalproce~ure in routineorco
This" omplished'by analyzing antrol sample at appropriate' interv. .' ..

itoringvariation' g the standards, backgroundsi .
ntionto the measured'performanceattribute,such as
angein 0 ce that requiresadjustmentqf '
roc~du n~eare provldedinAppendik1
e,should ,'. .rified during routine useof an
edfic performanceattributesare usedto ensureth,e reli

sam , rforma . requiremeritcan resultiha retestofthe sampleafteran ap
of an analytical procedure. run.'

3~ BASIC STATISTICAL: PRINCIPLES AND UNCERTAINTY

roduces the concept of uncertainty, and couplesthis with familiar tisti
cal de;tta. Attfle coreof these principles and tools is derstarid of

cisions basedon analyses using measurement dat e consequences
signifi '. uld be factored into considerations related to both gn of a study, an '. .
The, understanding of uncertaintyisnot new to the pharmaceutical industry, or more broadlythroughou us
decisions fromanalytical data. Thestudy of measurementand measurementuncertaintyfalls formally intotheiiel metrology
(see App?ndix 4: The Principle ofUncertainty). This section will frame the concept of uncertaintyand illustrate somewell-known
statistical tools.

Uncertainty

Astudy isdesignedto, reduceuncertainty in order to make more reliable decisi()ns~. .' '" . " ." .
Uncertainty is associated with variability and communicatesthe dosenessof a. resultto its true value.Afundam,ental aspect

of uncertaintyisprobability which issometimesexpressedas confidence; T' 0lTlbination of thevariability.·~ftheresurtfrom a
study and confidence provides a powerful means to manage pharmaceuti I. decisions; . . . .. "

Uncertainty isdirectly relatedto risk. Risk may be expressed as a probability, but ismoreformallytranslatedintocost,where
cost isthe opportunity loss due to making an incorrectdecision timesthe probability of that loss. Here a loss maybe quantifiable
outcome such as the valueof a lot of manufacturedmaterial, or less quantifiable such as the loss of patient benefitfrom a drug
or biological, '. .'. . ." " . ,. . ' ' ,

Key to the concept of uncertaintyis its rela~ionship to the structure of variability. The overall variabilityof the ,result isa
composition of many individual sourcesof variability. In a general sense one can manage the overall variabilitythrough,
refinementin one.or some of those sources, or through strategicdesign (e.g., replication and blocking). Ineithercasethe effort
results in higher certainty.and lower risk. .

Basic Statistical.Principles

All results'from studies usinganalytical data are, at best, estimatesof the true value because they contain uncertainty.' Basic
stati~tical principles related to estimationand uncertaintywill be iIIustrat~d for the population'mean of a manufactured lot.

STATISTICAL MEASURES

Statistical assumptionsshould be justified with respect to the underlyingdata generation process 'and verified llsing ,.
app priatemaphical or statisticaltools~ If one or more of these assumptions appear to be violated, alternativ~ methods may
be .... Uired in the evaluation ofthe data~ Inparticular, most ofthe statistical measures and tests 'citedIn,thO . ter rely on
the assumptions thatthe underlying populationof measurementsisnormally distributedand ,thatthe meas esultsare
i' , . free from aberrant valuesor outliers. Assessment of the statistical assumptions and alternati, hods of

ssed io Appendix2:' Models and Data Considerations; .. .. . -

f

STATISTICAL'ASSUMPTIONS

statist' I measures used to estimate the center and dispersion9f apopulationincliJdethem
expressi derived there from, such as the percent coefficient of variation (%CV), sometimes I'
standar viation(%RSD).Suchstatistical measures can be used to calculate confidenceinterv . r '.'

. the process gen~rating the data,prediction intervals for capturing a 'single future measurement withspe
tolerance intervals capturing a specified proportion of the individual measurementswith specifiedconfidence.
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The dfspersionca,nbe ~stimatedfrom the
dispersjon is thedeterminationgtthes.am .

..The most ~omnion and usef
pie standard deviation is cal~u

sment'of the
as.

The sample %CViscaJcylateg,as

PrfL8::58sUBl=100x(1:,:,,'a)%'.'(4)

This leads,tq~he construction. of .~ 109 x (lC 'a)% tWo:sided confide.riceiri.ter:vaJ oJ:1aj:ioplil,ati6rtme:an:

)

onlY,if the propeitybeing measured is 'an absolute
ed as a percentage (e~g., percent purity)orwhich'are
010);:

~TATISTICALJN. II-W\(A'LS

population' parameters ()f bena"ior ofinqividual' ali:iesJ
als,ahd confidence intervals. ,Prediction.an anee"

%cv='§.. X'100~
.i ..•. :.... ·.Y·.;·.. :'.

It should be noted that %CVis an appropriate measure of v .
quantity such as mass. It is incorrect to report %C .for estimat
in transform_~d uriits(e.g.; pH'or other logarithmic . ;.see T

int
bo

where'; isthesamJire'siieana't;:~a;;:n-listhel-al2th quantile'"
~. to the left and n:;.: 1 degrees offreedom.One-sided intervals bas
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",.Thesampling and calcl.llatior:l,process described,abovewill provide'a confidence interval that containsthe true parflrnetric
value.100 ~ (l-a)%of the time. Alternatively one can utilize a Bayesian approach toqerive an intervalwhich contains;\iVith
proba.bility1 OO,x (1 - a)% thetru.e value of the mean ( 72).

4~'STUDY CONSIDERATIONS

There are a numberof scientlfic and statistical considerations in conducting a study. These will be discu5.sedin tnecontext
of the stages of the scientific method (see Introduction).

Study Objective

(6)

. ,Thestudyobjective is a statement of the goal(s) of the study. Generally, the goals are placed into two. . 1)
estimation, and (2)Inference. Estimation isthe goal when the investigatorwishes to report resultsthat est uantitles
thatiJnderlie the data gener~ting processand are the subject of thestudy.ln statisticsthese true qu,mtitiesare cal . pulation
para,meters.lnferenceindudes the additional step of using these estimates to make a decision about the unkno, , true. value
of the population parameter. . , . , ." . ' . '

Numerical estimates can either be single numbers (point estimates), a range of numbers(interval estimates)" or distributions
(distributionalestimates). A point estimate is a single number that "best" represents the unknown true value of a.population
parameter.The computed average or standarddeviation of a data set sampled from the study population areexa f point
e . 'Best" in this context means the estimate is in some sense dose to the unknown parameter value, alt the

. parameter will varyfromsample to sample.
ttle utility because it do'esn't reflect theLmcertafntymanifestedb

n the es irnateand the true value.Statistical intervals can be usedfor this purpos'c.r, UI,)\..l.l,),)II\.11

. ound in Basic Statistical Principles and Uncertainty" StatisticallntelVals. 'Intervalestim
de .' •ay be useful for risk based decision making. .

Distributional estimates are used in Bayesian analysis to define expectations when the population parameter is viewed'as,a
random variable. In particular,,posteriordistributionsformed by combining prior and sample information are used to assIgn
probabilitiesthat.the unknown parameter will fall in a givenrange. AppendixS:Bayesian Inference describesthe utilityof
distri . I estimates in more detail.
, . I paradigm used to express the objectiveof an Inferential study is a ~tatistical hypothesi'

expressed asa pajrof statements calledthe nullhypothesisHoand the alternativehypothesis(Ha)~ Both s
some u'nknown population parameter. Population parameters are often denoted with Greekletters.The Greek. e
will be used for illustration. Atwo-sided·hypothesis test can'bewritten as

Ho: e=80

Ha: e:j:. eo

(S)

(7)

Ho:fJ~ 0
Ha:fJ < 0

It should be noted that this iscalled a two-sided hypothesisbecause the direction of the differenceis unspeCifie Id
se.ifthe study soughtto determine eithera positivechange (increase i(l purity) or a negative change {d

, ut this isunlil<ely to be the desired objectiveof the study. It's more plausiblethat the study would stri
rinine ifthere is evidence that average purity decreases over time. Thiswould be expressed as a one-sided

as follows

where eo represents the hypothesized valuefore. The alternative hypothesis issometimes called the research'hypothesis
because it represents the objective of the study; As an example; consider the true slope of a linear model representing the
average change in the pu'rityof a compound over time. Traditionally, this parameter is represented with the Greek letter b~ta

(fJ). An investigator intends to determine ifthere isevidence that the average change in purity is a function of time. That is, if
it can be shown that the true value of the slope is non-zero. Accordingly, equation (6) iswritten as

Ho: fJ= 0
Ha:fJ:j:.'O

The choice of two-sided or one-sided hypothesis test should be made when formulating the study objective,andprior to
design and execution of the study; It should be based on a plausiblescientific objective and shouldnevet be decid nJhe
bflSls of the study results. Examples of two-sided and one-sided hypothesistests will. be given in Comparison ofAna al
Procedures.

An additional consideration informulating a study objective is the use ofequivalenceornoninferiori
procedures require that the investigator formulate their hypotheses with a scientifically or practic;ally me .

,The illl;>e illustrated in Comparison ofAnalyticalProcedures and is discussed in detail in Appendix 3: Equival
No eriorityTesting.
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Table 2~Probabilitles of a wrong conclusion
~rong~oriclLlsion ProbabilitYcifpccurn~nce

'tYPe I error «(called the levelof signifiCance)

TypeII. errol' It(1"-: Pisc;alled tilepower)

Study-ConCluct

. iflsin)po'
unintention
randomiiati'
desi an
entir 'n·the "I .

appropriate way Of sele

www.webofpharma.com

https://nhathuocngocanh.com/



USP 43 General Information / (1010) 7239

The'most straightforward type of random sampling is, calledsimple random samplfng. However/sometimesthismethod6f
selecting a random sample is not desirable because it cannot guarantee equal representationacrossstudy.factors.Thedesign
of a ,studyto release manufactured lots might incorporatefactors such as selected times, locations/or parallel manufacturing
,streams (e.g., multiplefilling lines). tn this casea stratified samplewhereby unitsare randomlyselectedfrom within eachfactor,
can be utilized. Regardless of the reasonfortaking a sample, a sampling plan should be establishedto providede.tailson h()~

the sample is to be obtained to ensure that it is representativeof the entirety of the population of interest.
Randomization should not be restricted to sampling. Study samples should be strategically entered into ananatytical, "

procedure using randomization, while blocking can be utilized to avoidconfounding of the study objective with assayrelated
factors;

Sometimes it's impossible to uti.lizesamplirig planswhich are random ,orsystematic in nature. Thisis,espe'
thepopul n is infinite. Inthis case representativeness isaddressed through study design incl~ding bloc .
which a ' ,'ivn to be the key structuralcomponents of the population are usedto represent th '. .. , """.

The, ',al sampling and analytical testing strategy will depend on knowledgeof the manufa , ,', nalytical
measurement, and/or study related processes. In the case of sampling to measure a propertyofa mclnufactured lot,ifis likely
that the samplingwill includesome element of random selection.There should be sufficient samplescollectedfor the original
analysis, subsequent verification analyses, and other supporting analyses. In the case of sampling to address a more complex
study, representativeness should be addressedthrough strategic: design. It isrecommended that the subjectmatterexpert work
with a statistician to help select the most appropriate sampling plan and design for the specified objective.

An additiohal consideration in the conductof a study isdata recording. Manyinstitutions store data i
Information M gement System (L1MS). That data maybe entered to the number of significant digitS' (
repo rthe test procedure. While this practice is approprifor the purpose of reportin
Ce . sisor in a regulatory, dossier), it is inappropriatefor, a which may be for su
no , M E29where it isstated "Asfar as is practicablewith the calculating deVice or used,
with the test data exactlyand round onlythe final result". Rounding intermediate calculated results con rt u e erall
errorin the final result. More on rounding is included in General Notices, 7.20 Rounding Rules and in Appendix 2: Models and
Data Considerations.

StudyAnalysis

The culminationof a study isa statistical analysis of the data, and a decision inthe case of an inferential study. Simple
summariessuch as group averagesand appropriate measures of variability, as well as plots of the data and summary results
facilitate the analysis and communicationofthe study results and decision. Summaries should be'supplementedwith confidence
intervalsor bounds, which expressthe uncertainty in the summary result (see Basic Statistical Principles and Uncert . ty). ",
Transformations based'oneither scientific information or empirical evidence can be considered, andscreening fo lying
values and subsequent investigations completed(see Appendix 2: Models andData Considerations); ,

Manycommon statistical,analysis tools are found,in calculation programs such as spreadsheets and instrument software.
Software which is dedicated to statistical analysis and modeling contain additional tools to evaluate assumptions associated
with the analysis tools, such as normality, homogeneityof variance, and independence. Those with limited or no statistical
training should consult a statistician throughou~ the process of conducting a study, including study design and analysis. Their
statistical skills complement the laboratoryskills in ensuring appropriate study design, analysis, and decisions;

The study considerationsoutlined in this sectionwill be illustrated hereafter.

5. COMPARISON OF ANALYTICAL PROCEDURES

or better
re
is

tion
rites

ed

It isoften necessary to compare two analytical procedures to determine ifdifferences in accuracyand preCision areless:than,
an amount deemed practically important. Forexample, General Notices 6.30 describes the need to produce compara ults
to the:compendial method. Transferof analytical proceduresas described in Transfer of AnalyticalProcedures (122 for
comparativetesting as an acceptable process. Achange in a procedure includesachange intechnology, a change i tory
(called transfer), or a change in the referencestandard,in the procedure. . ' ' , "

Forpurposesof this section, the terms old procedureand new procedure are usedto represent a procedurebe
,change. Procedures with differencesless than the practically important criterionaresaidto be eqUivalent or b,ette
3: Equivalence and Noninferiority Testing). This sectionfollows the outline described.in StudyConsiderations high Ig
scientific method of (1)'study objective, (2) study design, (3) study conduct, and (4) study analysis.

Study Objective of a Procedure Comparison

__The study objective ofa procedure comparison isto.demonstrate thatan.ew procedure performse
than 'an old proceclure. There are Divoconceptual study populations:All future measurements made
on a particularprocess, and allfuture measurements made with the new procedure on the same.process:
described in terms of the meanand standard deviation of the population of,measurements.The mean:and
;ofthereportable valueof the new procedureare denoted by the GreeksymbolsPNand aN respectively. Thes
th~ "new" procedure popUlation. The mean and standard deviation of measurements usingthe "old" pro
Po and ,ad respectively. These means arid standarddeviations are unknown, butconclusions concerning th ,,' ntlal
equivalence or noninferiority (the newprocedure is not inferiorto the old procedure) are informed by estimates resultingfr.om
the experiment.Characteristicsfor comparison .are most generallyaccuracy and precision acrossthe range of the a~say,' and
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across conditionsexperiencedduring longterm routine analysis. Ariskanalysissh6uld,b~J)erfofmedtoiC:fentify'suchconditions:
Discussion of accuracyand precision are found in (1225). '

ACCURACY

Tocompareaccuracyof two procedures,one compares the procedur~rpe~ms. ,In par:Pcular;~accuracy js~c9mp(lre(f usingtHe
absolute valueof the true difference in means,

IPol =1,uN -Pol·

The objective of such a study isto demonstrate thatl,uDr Is lessthan 'a v
example,d mayrepresenta numerical valuethat issmall enough so that an i
impact decisions concerning lot disposition (Le., conformance tospecifica
are

(10)

Ho: l,uol~ d
Ha:l,uol<d (11)

(see Appendix 3: Equivalence and NoninferiorityTesting). .' '. ,,'
Probably the most difficult aspect of conducting an equivalence t~st is determination of d. Typi

partnership betwe.en the analytical chemist and the statistici"n based on com . .
Definitions of d varyacross companiesbased on differing' risk profil .
of legacydata that may inform the decision, while in other'cases t
on requirementsof a manufacturing processfollows in the se,c.tion D

PRECISION

Tocompare precision of two procedures,one comparesth~ procedure standarddeviations.Whereas a.comparisonof means
involves adifference, a comparisonof standard deviations involves the ratio

The study objective isto demonstrate that the ratio in equation (12) is less than a 'pracficaJlYII11Portanfvalue k.The
noninferiority hypothesesare

aN '
HO:a~k

o
aN

Ha:-· - < k
0'0

(see Appendix 3: Equivalence and NoninferiorityTesting). The selection .ofk should be in alignllientwith.the selection ofd for
the accuracyassessment. This process isdemonstrated in the following section. '

DETERMINATION OEd AND.k

Values of d and k for the tests of accuracyand precision should be internally Consistent; To
where historical measurements using an old procedure fora monit
combined processand analytical varianceoiaz +a~ = 0.80 her

process. Historic measurementsof a referencestandard

variance is dE = 0.80 - 0.16 = O~64.The processspec:ific ons are'the I
specification limitVSL =104 units.The same manufacturing processm , sure
havingmean,uN =,uo + d and total processand analytical varianceaz +(T~ = aEo.: ki,!~.

Kringle et al. (2001) recommend selectingvaluesof d andk consistentwit e tha
falls outside of specification (005) when measured with the new procedure i ptabl
the process is in control and measuredwith the new procedure for several va
symmetric around ,uo, negative v91ues of d prOVide the same005 r~tes

Table 3. OOSrate with new procedure fo'" values ofd and/(
d n:::;1 1¢;::1.5

'.
Ti#2,

0 0.001% 0.0196 ()Jj4~

1 0.04% 0.14% 0.-40'%
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d

2

Tabr 3. qOSi'ate::th "ew prOc"dlu....fOdia(..e~::5d,a..dk (contred)

.. 1.27% .. 2.28% ..

k;'1

3.85%

'Table] assurDestheprocessisnormal and the probability in any cell is giveni:bythe equation

Pr(OOS) = 1 - Pr(96~Sampled process value~·

;'1 -~(J:':4-+(~~Ox:;Jw( ~:- (100: Od~q

where<I>(.yrepr~sehts the cumulative ·probability function ofthe standard normal distribution: Suppose th~(theris~ prOfile
allb_"Ys~nO()S;rate no greater than. 1.0%. Bas~don Table 3, aconsrstent setof.criteriaare r:l=land_~=2.

Study Design of -a.,Procedure Comparis()n!

Thestudydesigri forcomparing the old and new analytical procedures is comprised of the: selection of test materia'ls; .
experrmentaldesign,' and. sample size determination (the so-called power calculation). Results for two scenarios areprovid,ed
in this section. The first 'scenario considers s~mples from homogeneous test material, and thesecono scenario considers test
mat~rial wi,th variation across sample units.

SCENARIO 1:H'OMOGENEOUS~EST MATERIAL

In this scenario, test samples of homogeneous material are selected and measured using oneofthepmc::e-duresoneachtest
sample: There are no samples measured with the old procedure al)d nN·samplesmeasured withthe nt;!wprocedure; Itis
recornmend~d to design the study so that no=nN" Table 4 presen~s thisdesign which isreferred to asanirldeperider}t
two-sample design. .

Tab'e 4. Independent two,:,silmple design
Sample 10 New Procedure 91d Procedure

2

O'
- [=. 1
y=.o . . ~o

For tbe'corripari~ori of means the. estimator of interest is the differericeofsarnple ineims~Y"';-_Yowhlcn nasvarian'ce

Var yo} =(j~/nN + CT~/no '

calculations are needed to ensure~hesample size is great enoughto find-evide
esting th~_eq~ivalencehypotheses in equation (11) assuming (IN =(IQ,Bristol,(l

SampleMean
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_,Tile,inlormation' provIde
equ' l.e'nceormeans; itis
56 ing fJ =0.1oand a=
'equ, n(1!)is . . ,

{

., "2 2
• ' ", '. 0: .: (10k
1 ~ P,=P E.<,. 2-.

. ,aN

s noted.ear Is
79).~ab"r~ ortS

1':5520.388

0,264

4

48

14

ar'able following the F-distiibution wi
the samplesize is the greater 0

binations u~ing previous informa Ion

Table 5.' Power. ccilculation for itonlriferioritYtestwith;q= '0:0.5

14

8

wnere Fi
re'cQmmend
the'poyVerf ,

0.808

0~89P

.1~61()

1,8450;461

OA034

4

4

sampl~ otsize irreq~lr"
wer ~ 0~528).This isb
ndictatesthat one se
texample; Pis select

20

15

2()

lS

19

s
o .
hatllre aredescrioedfn.(121 0),
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SCENARIO 2: VARIATION ACROSS TEST SAMPLES

__ It isoften desirableto compare proceduresacross manufactured lotsor use different manufactured levels of an allalyte. This
is imp9rtantifthe study objective is to ensure the range of the procedure in the new laboratory,' or when t~e procedure,is
int~nded :tomeasure degraded s~mples. Thisselection of test material iIJtroduces a new ourceof variation t() Scenario. 7that
must be considered during the study d~sign in order to most efficiently compare the" procedures. "", _, ' __ ,
" The recommended design in Scenario 2isa paired design in which each test sample s llleasuredindeperidently by. both

procedures, instead of having each test sample randomlymeasured by only one procedure as in Scenario 1. Theterm "Test
Sample" is referredto as a blocking factor because observations within the same block are differenced (see Study
c:onsjderations)~ Thishas the effectof removing the,variation acrosstest samplesfromthe analysis. Table 6 presents asthematic
illustration of the paired design using n. test samples.

Table 6. Paired de$ign

TestSa'mple New Procedure Old Procedure Difference

2

YO,i

YO,2

n

Sample Mean

Sample Variance NA

YO,n

NA

paireddesig'n with nlotS,thevariance of 75 is (O"~ + O"~)/n because the variability due to lots:disappears V\Ihe~

results on he same lot are differenced. The unbiasedestimator of O"~+ O"~ iss1~

Th~ sample sizeformula for satisfying the mean test requirementsfor a paired design, adjusting for thefact that 0"1 can be
as gr as k20"~ is ,-- '

(20)

(21)

which is, rounded uptoS test samples(whichare each measured once by each procedure). When uSing a.paired ignfor
on-inferiority, the ability to find a good,estimate ofO"~ iscritical. Good estimates of O"~ are oftenClv~i1abl, ." m

method validation studies or repeated·measurements of?\n assaycontrol. If no such estimate exists, it is necessary to
he design inTable 6 and recordtwo independent measurementswith each procedureon each test sample. Independent

fboth O"~and (J'~ c:an then be computed fromthedifference~ofthe tvyopaired\lalues asshown inthesectiQn Study
a Prdcedure'Comparisonth,at follows. _ . . . ... . ..... '
destimate for O"~ isavai'labJe; the required.sample sizefor the noninferiority testis derived iterativelyfromthe

n= ((Zl-a~;~~DI1"~+<r~r+ 1

= ((Zl_.+ Z~-!r~:r"~ +"~r + 1

((z, ,+z)X 0" ,]2 '
=(1 +k') x l-ad_~~i 0+1

whkhis the same formula shown in equation (J7). " " _ " ' , • '
Using the same planning data from Scenario 1, the test for equivalenceof means with j3= 0.10 when flD= 0 and a =0.05 is

as before

equation'
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~'Qffr"

a~

n

.8 '2.5'

17 2.5

.f8 2.5

22 2.5

23 2.5

7:962

8.672

11S91

12.338

5.418

19.994

21.679

28~978

30~845

0;17,5

o.ao~

0.885

0.9Q]

h'tlietwostaodard deviations are equal, .a sainpleof,lf3 te' ~

que. ForexClrnple/:ifsamples are.bein'gselected,from three I.
ote~tn~at

dselect

$tudyConduct ofaProcedure ComparisolJ

.Twoexamples ar
'pop 'on wh
suffi t.un

r'6vldedlodemonstratethe' described formulas. Data in the e
=100and O'~= (}'~~These values wereselected to demons ra e

conditions; .

SCENARIO 1.: HOMOG'ENEOUS TEST MATERIAL

Table ~Tepoi-t$a saf11ple data set withnN '= nod::. 15.

Table $'.:Data from simulated twq,-:sam'ple Independentdes~gn

Y,,= 99.85

Sample Mean SampleVariiince

ola

New

A.cc~racY istesfecfusing ~he~ypotheses il1eqtJittionrl1) ,byc()rlstiiicting a1 00(1 - 2a)%~C?nfid~n~eint~p;~r6'nAo usingth~
,equation
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(24)

df=

S2, 52
...!!.+-!!..
nN no

100.08-:- 99.85 ± 1]03 0.;~4 +O'i~9[~ 0.04 ;0.50].

quantilefromacentralt~distribution with areal -:- ato the leftaDd degrees offreedom df.
'on (1 rejected, dequivalencedemonstrated, ifthe entire confidence intervalcompute

om',-dtb +d. sis theTOST described inAppendix 3: EquivalenceandNoninferiority
erro .'With some software packages suchas Excel,non-:integerdfvalues are not'accepted nci mining the'
t-va .' n .IS case, simply round to the nearest integer. ..' . '. . ." . . ' .

The 90% two-sided confidence interval that provides a Type I error 'rate of 0.05 computed from equation (23) is

(
0.214 +0.159)2

. 15 15 '
2 . 2 =27.4 ~ 27 (rounded)

0.214 + .•0.159

152(15 ..,. 1) . 152(15 -1)

Since the computedc'onfidence interval falls entirely iri the range between' -1 and +1 (i,e.; -d to'+o') equivalence .ofmean~
has been demonstrated.

Precision is tested using the hypotheses in equation (13) by constructing a 100(1 - a)% one-sided upper confid~nce bound
en theratio aN/aOusing the formula

(25)

whereFet,nN.:.. 1.n
o

_ 1 is the F-quantile with area a to the left and degrees of freedom nN - 1 ,and no: Ifthe upper bound

computed,with equation (25)is less thank, the null hypothesis is rejected and one concludes noninferiority'ofthestandard
deviation of the n~w procedure. This test has a Type I error rate of a.

The 95% upper bound on aN/aOcomputed from equation (25) is

.jO.214~1u= ·~5. 0402 = 1.83vO.b 9 .
(26)

Sincethis upper bound is less than k =2, non inferiorityof the standard deviation of the,new procedure has been
demonstrated.

SCENARIO 2: VARIATION ACROSS TEST SAMPLES

Table 9provides summary results for 18 test samples in a paired design with 75 =YN - Yo.

Table 9. Data from simulated paired design with n=18

S?lmple Mean Sample Variance

2
0=0.39 SD=O.350

I

The 90% confidence interval on the difference in means for a paired de'sign used to test equivalence of means with the
d~ta from .Table~~ is

D+to9'5'n-l- ., n

0.3Q ± 1.74 o.~~o
[0.15 to 0.63] (27)

Since the computed cohfiderite interval falls entirely in the range between"";l arid +l.equivalerite of means has been
demonstrated;

The n,oninJeriority hypotheses in equation (13) can be tested by constructing a 100(1 ....; a)% upper confidence bound'on ad
a~ using the f~rmula '
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nstrated.
ample.

,where X~m _lisa percentile fromthechi:-squarecf distributionwi,
upperbound is less than k, the null hypothesis is rejected and noni

From historical data used to plan the sampl~ size"agoodestinla
confidence bound in equation (28X the 95%'upperconfidencebotJ~do

V=V(1~1-,1)O.3;O-1

u= 1.~1 (29)

Since thisupper bound isless than k=2, noninferiorityof the standard d' . .'
Ifa good estimate of a~ is not available, the design requiresre

Independent estimates of the analytical variances are computed using

where }jN1 is the first measurement on testsample fwith methodN, }jN2 i the sec§rid measur~mentontest sampleIWith
method N, }jOl isthe first measurement on test sample j with method 0; an s the cond measurement on test sampleJ
withmethod (). The resulting 100(1 -a)% one-sided upper cOI1~iden<:eboun ont~d)~

SDN
SDO ,-=-~--

where Fa,n- l .n- l is the F-quantile with area a to the leftanddeg
samples (eachwith four independent measures). Ifthis formulation
the test for mean equivalence.

om·n -lan~ n ":'l~'and nis th~ number of test
, thendefln~Dj='«}jN1 t }jNi> - Ojo~ +}joz)/-v2 in'

APPENDIX 1: CONTROL,CHARTS

sses ~ndanalytic~1
ulatiot)s,

is.This appendix
are commonly

Controlchartsare used inthe pharmaceuticaliridustrytomoriitor-the performan
procedures. Using the vernacularof the scientific method, control cha
requiring a carefully developed objective,a strategicdesign, plansfor i
will discuss and illustrate the designand analysis of variouscontrol chart tools, a
used to makedecisions.

Through its Iifecycle a processor a procedure can be influenced by know
manufacturing processthis might impact the qualityof the,productori .
procedure which is routinely used to aid decision-making, this might in
stUdy or likewise indicate the need for action.Thus, it is important toc
as~uranceof a state of control. To. this end, dat~from a manufacturingpro
collected and analyzed. Fora manufacturingprocessthese may includepr
materials. Foran analytical procedure.they can include analytical resultsfor
systemsuitability data. It's important to note that thecontrol samples are us
and are not an indicatorof the product performance or characteristics FDA IS ,,', , PlJrpo~
processwill be used to refer to both a manufacturing processa nalytical procedure.

Although various trending methods exist, control charts are one Q the most simpleand effectivegraphkafto'olsfor' such
analysis. There are many types of control charts including the follo\iVing:

• Individual (I) chart for plotting individual values over time,
• X~bar chartfor plotting samplemeans.ov,ertime,
• Ra-nge (I~rchart for plotting sample ranges over time,
• Moving range (MR),chart for plotting moving ranges over time,
• S-chartfor plotting sample standard deviations over time, and
• Exponentially weighted moving average (EWMA) andcu!T'ulativesum (CUSUM) charts~ which'are useg,""hen srJ1-~lr shifts

in the mean of the procedure are of interest.
Atypical control chart consists ofa centerlineand lower.anduppercontr mits.'The c'enterlinerepresentsthe'ce fth~

distrib.ution of a variable measured in the process. ThebAlo control limits a . eterminedsuchthat ifthe process p as
intended, nearlyallresultswill fall withinthe two limits. Observations qutsidethe limits or pointswit~in the Ih:nits tha _ kate a
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systematiC orrion-:-random patternare indicative of a potential performance issue~. Non..systematic·patfernshavebeerldefinea
by\i\lECO (whichstands for Western Electric Company)and Nelson (1984) that can beuse~inevaluating acontrol.chart.:
Historical data (the "control data") are typically used to obtain the centerline anp .Iowedmd upper .control·limits; The.control
chart provides a visual.means for identifying shifts, trends, and variability indicativeofp9tential performanteissues. Aclarifying'
example ispresented'inthe next section based on the Individual or I:.chart.

Shewhar1:I-Chart

TodevelopatontroL'chalt fqriridividual obserVations, it iscustomal)'~to set cOhtrol.limits.at

Process Meant 3.x Process.Stanqard Deviatior, .

;rhese limits are. .basedon Glssuming the process data followa normal probability d
deviations about the mean containsrOl.Jghly 99.7% ofall the data. c:;iven a$ampleof
pr()c~ss, the processmean (average) is estimated usingthe formula

Lltlon and thata rarigeof~'staridaid
"', Yn observatkms from ~ controlled

The s dard deviationcan be estimated in a <:ouple of ways, but for
rnovillg e·.statistlt(MR). This estimatorconsiders the "short term".v bilit
aretoo,/!/I e ifan unexpectedtrend existsin the data. Specifically; the MR repre
o~servationsandisdefined as

nr~lrti('l:> is. to bas the estimate·on tne
.no 9 . against limits that

the av rage diff rence·of successive

n. .

L IY;-Yi-ll
MR~. ;=2' .

. n-l

and:the estimator for the' prOcess standard deviation·is

MR

~

9 rangecalciJlation'(rri) ..in
is.10128. The upper control

. 2.18.'
LCL =31.2 - 3 x 1.128 =25.4

UCL~ 3L2+3 x.1~;288 == 37.0.:

Theassodated I~chartissho'wninFigure 1.

where d2 isa COIlstant that depends on the number of observations associated with'th
equation04)m =2 since the range isbased onadjacentobservations.The. valueof d2 wh
Iimit(UCL) and lower.control limit(LeL) for the I,:,chartare then' .. .

... ":,,, MR
LCL = Y,....3 Xy

UCL~Y -+ 3~R .
2

Todemonstrate( considera sample of 20 obserVations with Y= 31.2and MR=2.18. Fromequation (3l?)the computed
contr()llimits are .
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Aftera contr,oJ chart isconstructed, Qut-of-control. resul
are provided in Table: 1O. The relevance of these rules dep
an I-cha[t,.and.selectionof the parti~lJlarrules depend~,o

ECCfor Nelson: rules. The Nelson Jules
art. All eight ruJes>~an, be appJiedto

.e cortrol:process~

~ule

1

2

3

4

Description

OnepOint, exceedseitherthe lCt: or ueL

Nin~.points inarow. on the same side of the.centerIrrie

Six'pointS in a roWsteapily increasing or decreasing

14Jl()lnts in'a TOW alternating up and down

Onep~intls ol,it ofcontro!

There isameansniftinperrormanc¢

Atrena exi~ts

;There isanegativecorrE!lation. bej:Ween l1eigh~oririg points

5

1

A possible'increase ir'i'assay vanabilitjl

Apossible increase in assayvaria6ilitY

'l5points in a rowwitliin hne standaraaevlationof the mean ApossibledeCrt:i~sejn7assay variapflttj

a roW on botli siQes of the mean'With none
ndarddeviation of the mean Non-raridQm sample

figure 1 presents an I:-,chartfor..which a RUle 2 violation, isobserved b.ecaUse t~~last nineobservations ar~ all'gre~ter tnan
the mea'n~

figu"~2.r.rldividualcor:it[olchartwith rneanshjffgetes~ed~(Jsjrig Nelsori 'rl.le 2~

ASTM 1:2587 (20'{6), Montgomei)t (2012j,'and;Wneefer (2012)proYide references for h~merous~cohtrol chartSaiid example
applications.

Stiti's ;'
simple ( . "a
in complexpharmaceu~ic

ndC

as~umptions-assoCia't

... ae r :vyitha reportablevalue) .
Jngs). Assumptiqns I)lonitoreg with residualsJrom
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yariarice, an'd indeperiden'ce. This appefldixfocuses on adequacy ofmodels that are.fitto analytical data, as'well as data
considerations such as significant digits, transformations, and outliers.

Models

,Ill statistics; a model represents a functional descriptionof some property(s) ot.apopulation~ Theterni population refers to
,theset ofall possible values of an attribute. Amodel parameter, also referredto as a population'parameter, isthe true but
unknownvajueof a property, which is typically the subject of the statistical inquiry.

Ameans model characterizes the center of a univariate population, arid can be written as

(38)

~here' Y;is,Hle' jth.observation in, aSi;lmple of sizen from the,population,Jl isa,modelparameter representing'the population
mean, and E; the error.This error representsthe effectof all factorsthat explainwhy the measuredvalue is not always equal to
Jl'. Suchfactors typically'indude lot-to-Iotvariation in product oranalytical method error.The means model is the basis of
statistical inquiries related to a population mean, usually estimated by the sarnple me?ln

n
I Yj

- 'i=1
Y=-,­

n

with errors estimated by residualsRj = Y; - Y.
. Anotherfamiliar model isthe simple linear regression model. This model characterizes the linear,trend in the population

mean with some covariateXi (e.g., time or dose), and can be written as

(40)

where (Xi' Yi)isthe J'thobservation ina sample ofsize.nfrom the bivariate population,the parametersaandp are the intercept
and the slope, respectively, that definesthe functional relationship and E{the error;Note that Jl inmode/(38) has been .
re with a *fiXi in model(40Yto allowthe mean to change as a function of Xi' The parametersa and pare estimatedfro111
s ata' s in mode/ (38). . . .,

delsmight be nonlinear, can includequalitative factors (e.g., analysts in on),orfl1ightindude
random rather than·fixedvalues(e,g,~ another measurement Zimade to . ith Xi)'

Significant Digits

LOG TRANSFORMATION

9, USP
its in a

Transformation

The number of digits used for calculations and the number of digits appearing, ina reportabl
s importan 0 recordand carrymoredigitsduring calculation than will be reported

ith as many digitsas practical. Rounding should be used only as a fi
'litatesthe acquisition ofnumerQusdigits,whiledatabases should be desigl!ed

fuithercalculations from the data.
its reported can sensiblybe based on the standard deviation of the·reportable value.AST

oRounding Ru/es, and (23) provideguidance on rounding and determination of significant

Atransformation isa functional re-expression of a measurementin orderto better represent aknown s entific relationship
or to satisfy the assumptionsof a statistical model. Transformations can also be discovered empirically wi representative
set of the data using residual plots. One particularly useful transformation with analytical data isthe logarithmic (log)
transformation described in the next section.

Examples of transformatiolls.usingscientific knowledgeof the measurement systemcome from many biological syst~ms. In
particular, variationaround the responsespredicted by a means model isoften,proportional to the response. Forthese systems,
itis useful to workwith the logofthe original responsewhichwill havenearly constant varianceacrossthe range ofthe response.
The shape ofthe, transformed distribution will also be more symmetric as shown in the lower panel of Figure 3, Alog
transformation can be conducted using any base including Napierian (base e),. common (base 10), or base2:.
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Figure~3. ,A sk~wea Jog::~()rm~! :distribtJ~j6n of poteriti(llpper
(loWerpa

el)'ariq'(i',sYrninetric n6rrn~ldi~tributiari'oflog,potency

alseale to
'nonlil)ear first

"'formation
d:resp()_~se,on

ekio'the ori
oreforl11all

nge anonlineaffLinetionalfo
'o.g, transform~atio~nean be~use~

~d'responses can befransforme'
n (G, n the original seal '
alue. i.'Tben

Thestandarddeviationof ,. ansfoimed~re~pon$es,(ST)ca'n tikewlse~behac&-transformedas 'exp(St).This,t~rni i(~efer/'ed

to as the ge()rnetrie ~taJ1(.tar . tion'(GSD) by Klr~w9,od (1979).1hatisj , , .-~.

GSD ,;. exp(5r) '(42)
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~ecause Srisnori;.neg"tive, GSD?:.land representsa fold-variation in the responsescale.While asummai)ifor ·thmetkallY
scaledresponses can be written as± 5,this might be summarizedas GM x/+GSD,.or GM/GSD toGM xGSDfo em etriCalIy
scaled respon'ses. Iffor example GSD:::; 125 and GM =1.0, a range might be summarized as 1,.011.25 :::;O.80to r.Oxl.25=
L25~ It should be noted that this represents a l-standard deviation range. A more appropriate'range might ~ecalculated in.
the log transformed scale (see below).

Kirkwood also defines the percent geometric coefficient of variation as

%GCV:::; 1OOx (GSD ..;.1)% (43)

An alternative measureof variability derivedfrom the arithm~tic momel1ts 6fthelog-normal distribution inthe original
$caleis

%Cv~~exp(s~) -1 x 100% , (44)

(45)'

Numerically, %GCVand %CV of the log-normal distribution are close to each other when both are lessthan 20% (see tan;
2005). Tbeirusealong with GSDshould be dearly specifiedwhen reporting the measureofvariability or intervals for log-normal
data. Interpretationof these measures' are described more fully in Biological Assay Validation(1033), Appendices, Appendix T:
Measures of Location and Spread forLog Normally Distributed Variables;

From equation (5) in Basic Statistical Principles and Uncertainty, a 100(1 - a)% two-sidedconfidenceinterval on the mean. in.
the.Jog,scale i~s

_ . ST
LB(T) = T..,.. t1 _ aj2:n:"'1{ii"

_ ST
UB(T) = T + t 1 _ aj2:n -lJii

where n is the sample sizeand tl-a/2:n-l is the 1 - al2th quantileof the cumulativeStudent t aistribution haVing area1 -a/
2 to the left and n .,.. 1 degrees of freedom. , ,-. . ~ -
. The q:mfidence ihte.ival on the geometric mean in the original scale isobtained from the bounds in equation (45) as

LB(Y) =exp(LB(T»)
UB(Y) =exp(UB(T»). (46)

Transformationsbther than logarithmsmaybe consideredfor other types of data. Forexample,when working with
proportionsbetween 0 and 1 (or percentagesbetween 0% and 100%), either the arcsine or logit transformation is useful. The
arcsinetransformation where Y is represented as a proportion is

and the legit transformation is

T=2 x sin-l(~ (47)

(48)

~ Thesetra'hsformations are particularly useful when a majority of the data are pushed against the upper bound ofl.0 or the
lower boundqf 0.0; Count data may be transformed usinga square root or a log transformation of the count.

Powertransformations, the,most common of which are Box-Cox transformations, are also useful re-expressions. Thes.e
transformations are of the form

it
T=Y;l,.t;t:O

=In(Y) A.;t: 0 (49)

where,.t isselectedto best transformthe data set to normality. Information on Box-Cox transformations isprovidedin Sectio'n
6.5.2 of the NIST/SEMATECH e-Handbookof.Statistical Meth()ds.

Regardless of the transfo'rmation, summary measures and intervals calculated in the transformedscale~an be
b,ack-transformed to the original scale.,lnall cases the data should be examined to establish ifthe transformed measurements
e><hibit almostuniform variability and are approximately normally distributed.

Assessing Model Adequacy

All models involve assumptions about the processes that generate the data and the dat~ itself..(naddition,tot
functionalform, the distributionof the error term in equations (38) and (40)js of primaryimportance.Typical,ass e
,that the error terms are independent, normally distributed, and have constant varianceacrossthe,range ofresp ,
these assumptions are reasonable, statistical modelsare usually readily interpretable and powerful (Le.,' able to measure subtle
effectswith good precision and discrimination between groups). As attractive as any model mightbe,it i~ imperativeto check
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forand addressviolations ofthe assumptionsupon whichthese modelsrely. Assessing modeladequ9cyisthe processofverifying
these assumptions. , " . .. '

There are both graphical and quantitativemethodsfor assessing modeladequacy.lnrpan)' dataanal 'ro' hereare
multipleiterations of conversations between researchers and statisticians beforeseleCtin' . mod .
includeappropriate transformations of the data, the treatment clOd design factors ofint' tentia can. I rid
assessmentof model fit.

Useful tools for assessing model fit include residual plotswith both ra
detection methods, and regression leverage and influence .measures. Plo
most common format isa plot of the residuals on th~ vertical axis,an
the observations on a residual plot increase'ordecrease in spread ,alon e h
assumption of constant variance. Anylinearor non;.linear trend in the reslduals5ugges
not be correct, or that an important,treatment factor is missing from the aet Fore
indicate the need for a quadratic term inthe model. Additionally, fesidu at faU ou
be an indication of an outlier. As noted previously, some of these proble, aYl::>e
transformation.

Normality of the error terms isan especially important assumption ifthe mode '
methods that can be used to monitor this assumption includedot plots,.b()x
(sometimescalledquantile-quantile or QQ plots).Thesegraphiealtools are. aval
packages.Statistical tests of normality are described in Section 1.3.5 ofthe previ
in statistical software packages.

Lack of independence typically occurswhen data are in some manner.'~batched"i
that are taken from the same plates on an assayare more similar than d
intragroup correlation can be properlyrnodeled by including·a "batch

Care should be taken in the assessmentof model assumptions.'Stati
sample. Forsmall samplessuch tests may be insensitive for detecting departu
large samples, they may detect an assumption violation even though visual a entsugg t e assu , sare
reasonable. Acombinationofscientific understandin9 of the measurell1ent processgenerating the data, graphicalanalyses. and
statistical tests can be used togetherto address model adequacy.

Outliers

Table 11. Concentrations for three vials of 'drug product

Occasionally, observedanalytical results are verydifferentfromexpededanalytical results. Ab~rranfo
calledoutlying results. Theseoutlyingresults sho~ldbe documented, 'interpreted, and ma ged.Suc
measurements of the property being measured but are verydifferentfrom what ise .
the analyt";:al system,the results may not be typical, even though the property bei
obtaining an outlyinganalytical result is applicationof an appropriate set of syste
1: ControlCharts).

When an outlying result isobtained, systematic laboratory and process investigations are co
assignable causecan be establishedto explain the result. Factors to be consideredwhen investi
human error, instrumentation error, calculation error, and product or componentdeficie
consider the precision and accuracyof the procedure, the USP or in~houseReferenceSta
analytical trends, and the specification limits. Ifan assignable cause due to the analytical pr
retesting may be performedon the same sample, ifappropriate, or on a new sample. Based
data may be invalidated and eliminatedfrom subsequent calculations.

"Outlierlabeling" is informal recognition of outlying results that shoul ' furtherinve ods.
Outlier labeling is most often performed visually with graphical technique h asresi<;fu ots;
Of box and whisker plots. "Outlier-identification" is the use of statistical significance'tests "
iriconsistent with the known or assumed data distribution. The selectionofthe correct outlier I

depends on the initial recognitionof the.number and location ofthe values., .._ ',. ," . , '.
Asimpleexample ispresented to demonstrate this process. Ananalytical procedure requires measurementsfrom thr Is

of liquid drug product whichare used to providea reportableconceritration value(mg/ml)forth~ lotfromwhich th.evial ere;
selected. When measuring the third vial, the analystnoted a slightdeviationin thesample preparationwhichWas notdiscusseej
in the protocol. The three measurements are reported in TablelT; Vial 3 isthe viatin questio~;

Vial Concentration (rI19/'inl)

1 49~!J-

2 49.8

3 51.8

The residual plot for the mean model described in equation (38) isshown- in Figure 4. Here the residualisth~ ~easured v,!lue
minus the sample mean of the three vials (50.5 mg/ml).
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Figure 4. Residual plot of the data.

The residual for vial 3 visually residesfar from the other two valuesand is accordingly labeledas an outlier.
One statistical test that can be used to determine ifvial 3 can be identifiedas an outlier isdUE;!to Dixon (1950,1951). This

test is based on a ratio of differences betWeenthe observations. Forthis particularapplication where interest is in determining
ifthe maximum value isanoutlier,a single test statistic iscomputed and compared to a critical value based on a normal
probabilitydistribution. The minimum value In the data set is49.8 mg/ml, the middlevalue is49.9 mg/ml, and the.maximum
value is51.8mg/ml. The teststatistic is defined as

Maximum-Middle
Maxlmum--Minlmum

51.8 - 49.9 _ 0 95
51.8 - 49.8 - '. (50)

The calculated value in equation (50) is then compared to a table of values based on the distribution of order statisticsfora
normal probabilitydistribution~ The critical value that must be exceeded to be identifiedas an outlierwith three es using a
type 1 error rate of 0;05 and assuming a normal distribution is0.941: Sincethecomputed value of 0:95 e 41, the
m,easurernentof vial 3 is identified as an outlier. Actions to be taken willdepend on resultsof furth .

As noted, this particular version of the Dixon test requires an.assumption of normality. which can
small sample. Rather, one would need to relyon previous measurements made with the procedure 0

support this argument. In general, the critical value as well astheratiothat one constructs forthe Di est depends on the
number of measurements in the data set and the type 1 error rate. Acomplete set of critical valuesfor sample sizes lessthan
30 (Ire available in Bohrer(2008). . . .
, As:noted previously, the processof identifying a statisticaloutliergenerally requiresscientificsupport foran assignablecause.

For tbe applications performed in an analytical. lab, candidate outlier tests are typically univariate.Two questions to consider
when selecting a method are

1. Can the distribution be assumed to be normal, or should a test be applied thafdoes not require this particular
distributional, form?

2. Do we suspect more than one outlier, and which observation(s) have been labeled?
With regard to question 1, outlier tests can be categorized as either parametric (mod~!':based) or non-parametric~ The,

parametric structure selected by such methods istypically the normal distribution. Question 2 considerswhether there isone
or more labeled outliers, and the relative location (i.e. greater or lessthan the bulk of the measurements). If. more than one
outlier is suspected, then sequential approaches may be needed to perform the test.

US€ful references on this topic include Barnett and lewis (1994), Hawkins (1980), ASTM E178,and a literature review by
Beckman and Cook (1983).

APPENDIX 3: EQUIVALENCE AND NONINFERIORITY TESTING

General Notices describes the need to produce comparable resultsto thecompendial method. Severaloptions were identified
to address this as noted in Hauck et. al. (2009). Among these was performance equivalence. Performance equivalence is used
to establish the equivalence of the two procedure means, and noninferiority of the new procedure variability to that of the old
procedure, as the basis for demonstrating comparability between two procedures; '. ','

The article goes on to describe an approach for demonstrating comparabilityu~ing statistical hypothesis. testing. This.
appendix describes the general principles of statistical hypothesis testing, as applied to equiyalencetesting of procequre means
and noninferiority testing of procedureyariabilities. " " ," .
.In classical statistical hypothesis testing, there are two hypotheses, the null and the alternative,. Fore){ample, when
comparinga new andari oldprocediJre, the null may be that two means are equal andthea.lternative that they differ.This
may be expressed as

Ho:PN=PO
Ha: PN :f:: Po (51)
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or equivalently

Ho: /-IN =P;=-0
Ha:/-lN -:-/-lo.:F 0 (52)

ectively.
f the alternative ifthe evidence issLifficient against the

s are,different. Beca~se of this interpretation, this',is

null hypothesisina.difference t~stis evidenc~ thattbe
t means the evidence against the nul' was notsufficient

large, or the number ofdeterminations too small to.detect a

ure means, it is necessaryt6pl?,ce the claimof eqUivalence in,
pqt . eqUivalence is referred to as aneql,livalence test. It is
q~a . . uivalenceshouldbeunderstood as "sufficiently
ffjcie . "similar" is something to be decided a priori based on

ivehypothesis. Chatfield and Borman (2009) .offersome. helpful

be considered equivalent, the m'eans of two procedures can differ
onlycaJled the equivalence margin~ The hypotheses for the

wherepN andpo are the means for tnenew
With this classical approach, one rejects th ~

nulL In such a case we acceptthealterriative
sometimes called a difference test

A common misinterpretation is t
riLiI/.istrue (Le., the means are equal)
to claim the means are different. Thi .
difference in the means.

Thus, when one seeks to demonstratee'quivalenc'
the alternative hypothesis. Astatistic est for an
important to understand that"equi
similar" for the Useof the new proce .
scientific considerations, and becomes the basis 0

suggestions for this rQcess.
Asa specific Ie suppose it is decided a priori tha

by no more tha itive value, d.Thisvalue is co
equivalence tes

(53)

eW

dure can
ypotheses

(54)

ivale'nceof procedure
dure. This requires a

Y ,ceptable. What one needs t ,s
s, variabilityComparisons are conducte

ariabilities places the, desired
. al properties ofstandard

t the standard deviations 0

be fit for use, the standard deviation of th
'1., Thefactork is called the noninferiority in

rocedu
n a fado

Note the alternatiye hypothesis.is acW"lIitwo individual one-sided hypotheses:
1. Ha~: /-lN~/-lo<'d,and

2. H~2: /-IN - /-l~ >-d.
Fo

wit
iti f
e

Unliketheeq . is a singlehypothesis which can be address
a (typically, bu the nUl/hypothesis is'rejected in favor of t
hypothesis if th UN/! .•. less than k. When the nul' hypot .
it is concluded . , . ior to t of the old procedure.

Hauck,. etal. offers other optioQs toac;fdres ndard of uivalent or better":
1. iTlinirriumpelformanc:e requirements'for acceptable procedures,
2. results'equivalence, and
3. decision .~q·uivalence.
The option of 'minimLiinperfotmance reqUirements has evolved into the conc~ptof tne analyticaltarge nlch

has been introduced in Pharmacopeial Forum (Barnett eta!. 201,6). Results eqUivalence is addressed using
correlation coefficient or the concorqancecorrelation coefficient. Atolerance interval ?lPproach using totalvaria .ewise
used tO'address results. Decision equivalence relates to dichotomous outcomes such as pass/fail, and can be addressed through
the kappa coefficient or receiver operating characteristic curves. Using these options (as with performance equivalence), care
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(55)

must be taken to properlyformulate the statistical hypothesesand to address the comparisonthrough meaningful acceptance
criteria.

While this appendix has.highlighted approaches for establishing procedure comparability,these applyto other sc~narios
involving comparisons of two groups; e.g:, procedure transferor'standard qualification; Placementof theclai,m One desires to
support into the alternative hypothesis results in an appropriate statistical conclusion.

Although the benefits of equivalence testing are apparent, in some situationsone may not be able to collectasufficient
sample.slze to providethe necessary power to establish eqUivalence. Insuch asituation, use of the difference test may be the
onlyoption. However, one is reminded that failure to rejectthe null hypothesis of equalityjs notevidence that the procedure
means are equal. Aconfidence interval should nonetheless' be reported to communicate the difference of means between the
two procedures. '

APPENDIX 4: THE PRINCIPLE OF UNCERTAINTY

While this chapter has concentrated on statistical studieswhich are performed using measurement data, the principles and
practicesare identical to those in the field of metrology. These are unified by a common understanding ofthe concept of
uncertainty. This appendix introduces concepts relatedto the metrological. principle of measurement uncertaintyand unify
these with the practicesdescribed for the scientific method.

The understanding of study uncertainty is not new to the pharmaceutical industryand has been employed more broadly
throughout industries that make decisions from studies using measurements.The study of measurement uncertaintyfalls
formally into the field of metrology.A measurement process like a study isdesigned to re ce.uncertaint i orde akea
more informeddecision. No measurement or study resultcan prOVide exact knowled per interpret
of analytical data requires an understanding ofthe inherent sourcesof uncertainty in m ementoutto ,
on the information they provide. Recognition of the principles of uncertaintyfacilitates this understanding, as descrl e
JointCommittee for Guides in Metrology in the Guide to the Expression of Uncertainty in Measurement (GUM).

Results from all studies, including qualitycontrol testing are uncertain. Uncertainty arises, from sources ofvariability inherent
in the measurement process, as well as from statistical sampling and study factors. The principles fromthe field of metrology
are consistentwith the statistical principles described in this chapter and providefurther insight into the quantification of
uncertaintyfrom studies supported by measurements.

Atthe core of these principles isan understanding of risk. Morespecifically, this understanding considers the risks ofmaking
incorrectdecisions based on studies utiliZing measurements., The consequences of these risks can be minor or significant,. and
thus should be factored into considerationsrelated to the design of a measurement system, the design of studies using the
measurement system,and the interpretation of study results.The conceptsof Target Measurement Uncertainty (TMU) and the
study objective can be unified as a basisfor managing the risks associatedwith makingdecisions from, studies. Infact, TMU isa
special case of a study hypothesiswhich drives the design of allstudies using analytical measurements. '

To increase knowledge, two of the fundamentalforces of metrological and statistical thinkingare the desireto minimizethe
uncertaintyin the measured value (an indication of the quantity being measured) and to ensure allsourcesof uncertainty have
been evaluated and mitigated. In metrology the quantity intended to be measured is termed the measurand~ This iscalleda
population parameter inthe broader sense of a study. Measurementor parameter uncertaintyquantifies one's doubt about the
true value that remains after making a measurement or estimating a parameter. . . '

While the metrological concept of measurement uncertaintyappliesexclusively to a reportable value, this can be aligned
with the concept of study uncertainty by viewing the qualitycontrol process asa study of a commercial lot. Employing the
steps of the scientific method, the study of the commercial lot has an objectivewhich can beformulated as a hypothesis test

Ho:)l ~ LSL orp2: USL
Ha:LSL < Ii < USL

wh~re p. isthe commercial lot mean and LSL and USL are the lowerand upper specification limits respectively. The study can
be designedusing blocking and replication to satisfy the TMU,' which should besu'chasto minimize the risks 'associated with
the object of the testing (I.e., to support the alternative hypothesis, Ha) . As part of study conduct, samplingandrandomization
can be utilized tO'mitigate the risks due to the introduction of bias. Finally, and perhaps most importantly, the data should be
analyzed and reported with acknowledgement of the uncertainty in the reportableyalue.

Metrological Principles Specific to Measurement Uncertainty

The reliability of study resultsare only as good as the fitnessfor use of the measurement processused to generate' data for,
the study. The metrQlogical concept of measurement uncertainty helps to ensu're fitl1ess for use.This and other principles are
worth noting as a fundamental way to viewa measurement process. '.

Figure 5 representsseveral potential sources of random variation in a measurement process, whic esult in the combined
standard uncertainty (the estimated standard deviation of the measurement):Anex.ample of inher' ndom var' . n iswhen
the same chromatogram isgiven to several different analysts for peak integration. Slightly different value~ will b .
which might also be affected by a laboratory'schoice of software. In addition; the definition of the. surand'can never be
complete. Thisis known as definitional uncertaintyor uncertaintyof knowledge. Ideally the measur isd' ufficientry
sothat the definitional uncertainty is relatively small when compared tothecomb.ined standard uncertairit . ample of
lack of knowledge iswhen a component of the.measurementprocess has associated uncertainty~ Forexample" .might
purchasea pHstandard solutionthat iscertified aspH = 7.00 ± 0.02 wherethe 0.02 isthe expanded uncertaintyinthe assigned
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valuebfthe standard solution.Expanded uncertaintyisa measureof uncertaintythatdefines aq intervql about the measurement
resulty withinwhich the valueof the measurand Ycan be confidently assertedto lie.

FigureS. Various componentsof uncertainty(u) comprisethe combined standard uncertainty. The figure isnot
comprehensivearid is meant to illustrate the major uncertaintycompon~nts.

Table.12. A tutorial list of uncertalnty:components hi analytical laboratory practice

ixon calibration slope
erature on the volume

lankcorrection. '

Effect of the manual peak integrationVariability due to analysts

Variability due to measurer:nent process

Effect of
Between~u

Purity pf the
Variability due to analytical proceduredesign Effect of the 'tions Failure to recogryize ruggednessfactors

Variability due to algorithms
Linear talib ced through zero
Line fitting ing weightedor unweighted algorithms

Variability due to'sample Effect of takinga sub-sample froma laboratory sample

Adetailed discussion of measurement uncertaintyin the pharmaceuticalindust..y that expandsupon the metrological
principles introduced hereand provides detailed definitions is providedin Weitzel et al. (2018). Inaddition, a workedexample
for a drug substance is provided in Weitzel et al. (201 7).

APPENDIX 5: BAYESIAN INf~RENCE

When, describingstatistical intervals in Section 4/ Basi Statistical Principle and
Bayesian approach to derivean .interval whichcoritai' h probabi 100 x (
Thisisimportant bee . turns astatetnent that t , oratoryfr .tly i
inference.and contr uentist inference which .is more commonly
industry. Frequent inferenc~son probability statements about
p , 'on peters. Population parameters
( . f mea . ndstatistics are summa e
esti... ardsparameter values fixed and
uncertainty usiqg pr tions. For. instan~e th ent ",
population means 0 0.1" is meaningless' r . frequentist
perspective. The a on,offers a wayfor. scientists needing to
also incorporateprio aboutstatis . aram~ters together with
parameter. Theabili te justified, inf ation potentially Ie etter ecislon
orwhenafactoris n ..., represented I he udy design. ,.'. ..,. ._.',., .. _ . __ ._.

Thepurpose of ~hls endixis to providea sic intrqduetlonto Bayesian ,Inference applied to statlstical~tlJdiesandto

analyti<;;al measurer:nents. Gelman et aI., (201 3) provides a sourcefor more information.,
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Parameter Uncertainty versus Sampling Variability

pqrametersare unknown'hypothetical or population quantities, such asthe mean or standard deviation of a population, or
the difference in means between procedures. While unknown·a parameter can be estimated. The estimation of a parameter
and the inherent uncertaintyof that estimation isthe basis of Bayesian thinking.
, Statistics are observed quantitiesor summariesof observed quantities in a sampletaken from a population or processof

interest. Examples of statistics include an analytical result (a measurement), a sample mean, a sample standarddeviation, a
difference in observed means between procedures, ortheir estimated tonfid~nce bounds. On repeated samplingoUhe
population, the observed values of statistic-swill differbecause of sampling variability.

Frequentiststatistical methodologyconsidersparametersto be fixed valuesthatdo no change. It employs probability theory
to model the sampling variability of statistics randomlyobtained from the population.These samplingdistributions are then
lJsed to make inferences about the fixed vah,le of the parameter. Ac;:ommon frequentistmethodology isthe calculation of a
confidenceinterval.The process ofcomputing a 95% confidenceinterval ensuresthatthe realized interval will contain(or cover)
the'unknownparameter95% of the time on repeated use. . '

The 95% refers to the reHabilityof the methodology (Le., itscoverage),and not the probability that the parameterfallswithin
the interval.

Forexample, supposeacomputed 95% confidence interval on amean isfrom 980 to 990 mg/g. It is not correctto state
there is a 95% probability that the population mean is between 980 and 990 mg/g .. To associatea probability with a fixed
interval suchas 980 to 990 mg/g, one must assume uncertainty isassociatedwiththeunderlyingparameter(Le., it is not a
fixed quantity). Rather, the 95% description of theconfidenc;:einterval means that the interval will correctly contain the true
parameter value in 95% of repeated sampling applications from the population. The 95% refers to' the success rate of the
sampling processand not the parameter (which isassumed fixed). '..' '

Bayesian statistical methodologyconsidersa parameter valueto be uncertain (not fixed); and models its likely levels usinga
probability distribution. It extends frequentist statistical methodology, using probability theoryto model both the sampling
variability of statistics and the decision maker's uncertaintyassociated with parameters;Bayesian modelsare sometimescalled
"complete" probability models because they quantifythe uncertaintyassociatedwith the parametersof interest,given the
assumed samplingvariability of the observed statistics, any relevantprior information, ,and the observed data. For instance, it
iscorrect to say that a given Bayesian 95% credible interval (Bayesian analogue of the confidence interval) contains the value
of a specific parameter of interestwith 95% probability (conditional on the observed data and other modelingassumptions).
Thesame principles apply tothe Bayesian analoguesoffrequentist toleranceand predictionintervals. Unlikefrequentist interval
methodology in whichthe probability level must be fixed in advance (e.g., 95%) and the resulting interval is ran , Bayesian
methodology offersthe opportunity to fix the interval in advance, and estimate the probability that the parame value lies
within that interval. Suchan application is extremelyuseful for,determining the probability that an analytical procedurewill
provide a signal' outside a givenrange.

Prior and Posterior Distributions

Bothfrequentist and Bayesian methodologies express models using probability distributiqns. Bothusethe same modelfor
sampl,ingvariabilityknown as the likelihood. The particularlikelihood. model choice is based on prior knowledgeconcerning
statistical variability.

Bayesian, inferencealso requires a probability model for parameter uncertainty, prior to observing the data, called the prior
distribu~ion. As with the likelihood, the prior distributi6nis a choice based on priordata, reliable. knoWledge, or common sense
(e.g., the values of many parameters, such as a standard deviation, must be positive). Bayesian methodology requires care to
assurethat the chosen priordistributions are scientifically justified and do not unduly influence the inference. Use of
appropriatelyjustified knowledge of a prior distribution can potentially reducesample size requirementsfor decision .making.
However, when there is little availabletheory, historiCal data, or expert knowledgeavaila priordistribution can be
const~ucted that give minimal preference to any particularparameter value, and thus ha . inimal i ct 0 e inference;
Such prior distributions are often referredto as "non,:,informative". When non-informative prior distri ons a mployed,
inferences typically agree with the frequentist counterparts since both are solely. dependent on elihood.

Bayesian methodology combines likelihood and priordistributional models with observedda. produce an updated
distributional modelfor parameteruncertaintycalledthe posteriordistribution. The posteriordistribution providesthe pr bility
that the population parameter valuelieswithin any interval of interest.Suchintervals are cal!ed credibleintervals~ Whe rtain
classes of non-informative, priordistributions (e.g., a Jeffrey prior used with'a normal likeliho6d) are employed, a .Bayesian
ccredible interval can be calculated from the posterior distribution, and may sometimes be numerically equal to the
corresponding traditionalconfidenc~ interval. However, as previously noted, the interpretations of these intervals are different.
The probability associatedwith the credible interval quantifies uncertaintyin an estimated parameter valueconditional on'
observed data, while the probability associatedwiththe confidence interval quantifies the probability of coyerage of the
estimated parameter on repeated estimation over many data sets. '. '. .

From the ,Bayesian perspeCtive, all knowledgeabout th<: parameter of interest is based on the posteriordistribution. The
posterior distribution from a previous study can inform the prior distribution for a subsequent study. Updatingthe prior
distribution in this manner as newdata become available, provides a 'paradigmfor knowledge bUilding, and thus a statistical,
basisfor applyingprior knowledge during pharmaceutical development (see ICH' Q8(R2), ,Pharmaceutical Deyelopment)~

The posterior distribution of p"rameters may also. be re-combinedwith the likelihood to obtain a posterior predictive '.'
distribution offuture observeddata or stati~tics. As 'withthe posteriordistribution, 'the Bayesianperspective bases~11 knowledge
abo-ut future valueson this posteriorpredictivedistribution, which can.be used to cOl1struct Bayesian analogues of freq'uentist
tolerance 'and prediction intervals. Unlike the freqiJentist analogues, theBayesi~mintervals do not requirea pre-specified fixed
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probability level. A posterior predictive distribution can be used, for example, in.estimating the probability of occurrence of
futu re out-of-specification results.

An Illustrative Example

a

f

To represent
bution gives

Consider an analytiCal procedure for strength of drug product.The output of the procedure isa reportable value (mg/g) that
estimates the mean strength, p,for the tested lot of drug product. For the lotto be considered safe and effective, /l must be
between 980 and 1020 mg/g. The observed reportable result, Y, is 101 mg/g.. '. .

Atypical rule used for disposition is to release the lot if980 ~ Y:51 02. wever, this rule is
result that includes measuremehterror from the analytical proce.dure: What we really wantt
the specification limits. This question can be informed using a Bayesianrule that releases. the 10
980:5p :51020 is above someJower .limit(e.g., 0.95). That is, we release the lot if the probabiJ
specifications is at least 0.95. Such a rule'might be called a minimum posterior probability (MPP
probability based metric for acceptance of the lot under test. '.' .

The estimation of this posterior probability requires definitions of the likelihood model and its pa'rameters, the prior
distributions of these parameters, and the data. For this illustration, the follovving are assumed:

• Likelihood: reportable results follow anormal distribution with two unknown parameters: thepopulation mean (P) and
intermediate precision standard deviation (t:r). [NOTE-It is assumed the lot is homogeneous.]

o Prior distributions:Priordistiibutionof /I-There is no prior infol'mationon the st
this lack of knowledge assume a' . orm distribution' over the analytical range.
equal probability to any range. 0 ength regardless of loc~tion.

o Prior distributio . va' 'on'resulted inanes .
(a~) of 25 based re brevalues. Based'on
scaled-inverse-chi-squared n (a common prior distributional choice f
prior degrees of freedom an, rior scale parameter of 0'0 =125 =5 mg/g.

• Data: a reportable value, Y= 101Orng/g
Given the above information, th rule leads to a Student-t posterior distribution for

freedom. The integration of this p 'stributlon over the fixed range
ob' using commonly av 'Iable s , eet functions. For exam .
=T. 020-1010)/5,9, E)- T.DIST«980-10 ,TRUE):T
the es e ot is 0.96. That I ere is . 0 x O. chance t '
limits. Because 0.96 > 0.95, the lot woul be ac . ed upon
serves as a quantitative risk-based measure of the quality of the lot.

In this example, the parameter of interest i's p, a measurand quantity value. An analogous approach is used for Bayesian
inference of other model parameters, such as the estimation of the difference in population meansfortwo procedures, the
underlying slope and intercept in a simple linear regression model, or performing .. eq' e.

In.more complex situations (e.g., for complex, non-normal, or non-linear mod en
computer simulation referred to as Markov-Chain Monte-Carlo (MCMC) simulation w I ",'s con. cte , iali
software. MCMC technology requires care to assure that the MCMC iterations converge properly to the population posterior
distribution.

A Comparison of Frequentist and Bayesian Methods

Table 13 Characteristic differences between frequentist and Bayesian inference

Both frequentist and Bayesian approaches to inference are useful. Frequentist approaches a
straightforward, and offe"r the reliability of k coverage probability. Bayesian approache
urJ'certainty in parameters of interest which c upport quantitative risk based decision ma
challenging to apply,. Bayesian MCMC meth logy can often be applied to problems that
approaches. When informative prior distributions can be justified, Bayesian methods may req '. ,,01

decision making than frequentist statistical methods. Table 13 prOVides a comparison of some characteristics,
frequentist and Bayesian perspectives.

Characteristic Frequentist Inference Bayesian Inference

Statistics Sampling varicibilitymodeled prob,abilistically

Parameters Treatedas fixed and unknown Uncertainty. modeled',probabilistically

Coverageprobability Known from theory(usually) Mustbe'determinedviacomputersimuliltion(usually)

Introducedviasamplingvariability model
Introducedviasall1plingvariability moqel andpri()lT<distri-

Prior information butionsof par~meters

Pointand interval
Posterior distribution (fromwhkhpoint and,inter\ialesti~

Typesof estimates mates can be derived)

Treatedasone realization ofa hypothetical series of repeat-
Treatedas fixedvalues onwhkhinferer:Jceis basedObserveddilta ed samples
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Table 13. Characteristic differences between frequentist and Bayesian inference (continued)
Characteristic Frequentist Inference Bayesia:nlnference

~ixed probabilities basedonrepeatedsamplingcoverage Parametervaluesquahtified'propabilisticallyJrom posteri-
ParametricInference probability or'distribution

Impadof statistical design Mayimpactrepeated samplingcoverage probability Less critical

MUltiple comparisbns Mayimpact repeated samplingcoverage probability Less critical

Risk assessment Indirectrisk assessment Estimated probabilities appropriate for quantityingrisk

Priorknowledgeof parameter values Excluded from the inference Apriordistributionfor modelparanieters is required.

Continuousknowledgebuilding InforrnalClssessment of hlstortcal.studies
Posteriordistributionfromhistoricill stlJdyinforms priordis.
tributionforsubsequent rtudy

Prediction of future observed values Indirectinferencebasedon toleranceor predictionintervals
Directprobabilis~ic inferencebased OIl the posterior'pre~
dictivedistribution

SoftWare Widely available routines Specialized expertise required
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(1024) BOVINE SERUM

INTRODUCTION

Bovine serum isthe liquid fraction of clotted blood, obtained from an ox (Bos taurus, among others), that has been depleted
of cells, fibrin, and clotting factors. Sincethe advent of modern cell culture, manufacturers of biological products. have used
bovine serum extensively as a cellculture growth supplement. Its rich nutritionalcomposition of proteins, growth factors,
hormones, amino acids, vitamins, sugars, lipids, trace elements, and other components supports a broad range of cell culture
applications in research and commercial manufacture of vaccines, natural source and recombinant biologics(hereafter
biologics), engineered tissues, and other emerging cell-based therapeutic products intended for human or veterinary use. The
predominant type of serum used in research applications is Fetal Bovine Serum. (FBS). Calfserum (from newborn and older
animals) is used much lessfrequently, but because of its lower cost it may be widely used in commercial manufacturing.

Asisthe case with other animal-derived products, bovineserum carries a potential risk of introducing extraneous agents into
cell culture. Serum manufacturers and regulators must adopt rigoroussourcing and testing procedures and strict processing
and production guidelines to ensure the quality of bovineserum.

The objective of increasingthe qualityand safetyof biologics produced with bovineserum, coupled with attempts to mitigate
regulatory burden, have caused developers to investigate alternativesto serum supplementation, resulting in
application-specific serum-free medium formulations. Although it is recognized that bovine serum should be avoided when
there is an option to use serum-free medium, there are cases where this is technically impossibleor impractical.

Thischapter describes issues related to sourcing, production, and characterizationof bovine serum to ensure its safe use. A
list of relevant regulatory and quidance documents is presented in Appendix 1. Serum manufacturers and serum end users
(manufacturers of biological products) should considerand applyas needed the controlsand procedures outlined inthis chapter
to ensure the safe use of bovineserum components in research and pharmaceutical manufacturing.

Types of Bovine Serum

• FBS isobtained from the fetuses of healthy, prepartum bovinedams that had been deemed fit for human consumption
through ante- and postmortem inspectionby licensedveterinarians. Itiscollected ingovernment-inspected and -registered
slaughterhouses.

• Newborn calfserum (also known as newborn bovine serum) isobtained in government-inspected and -registered
I slaughterhouses from animalsaged lessthan 20 days.
• Calfserum isobtained ingovernment-inspected and -registered slaughterhouses from animalsaged between 20 days and

12 months.
• Donor bovine serum (also known as donor calfserum) is obtained by the repeated bleeding of donor animalsfrom

controlled government-inspected and -registered donor herds. The animals are 12-36 months old.
• Adultbovineserum isobtained ingovernment inspected and -registeredslaughterhousesfrom cattle older than 12 months

that are declared fit for human consumption.

BOVINE SERUM: HISTORY AND TYPES OF USE

History of Bovine Serum Use

Animal serum and other complex biological materialshave been employed in the cultivation of mammalian cells for
approximately 100 years. Several factors led to the wide adoption of bovineserum as a standard tissue culture supplement. In
comparison to serum from other animal species (horse, goat), bovineserum iseasily sourced, and thereby more affordable.
Many investigators choose to use fetal serum in their experimental systems because of concerns associated with antibodies
present" in newborn and adult serum that could cross-reactwith cells in culture and cause celllysisthrough
complement-mediated pathways.Toeliminatethat concern, heat was introduced to inactivatecomplement that was potentially
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present in the serum. Studiesof FBS undertaken in the 1950s on the cultivation of low-density human cells to elucidate
mechanismsofcellgrowth found that (1 ) the albumin component mayserveas a carrierofessential small molecules; (2) fetuin, a
glycoprotein present at high levels in the alpha globulin fraction, facilitates cell attachment and 'stretching; and (3) fetuin
markedly inhibitstrypsin, and this antiproteolytic activity may playa role in the ability of fetuin to stimulate cell growth.

In the 1960s and 1970s, serum supplementation of tissue culture media became the norm, thus facilitating biomedical
research as well as the first large-scale vaccine manufacturing processes. Serum supplementation reduced the requirement for
optimizing medium formulationsfor different cell types. FBS was shown to provide a varietyof polypeptide growth factors.
Albumin promoted cell growth presumably because of its abilities to function as a carrierprotein for small molecules or lipids,
to bind metal ions, to serve as a pH buffer, and to protect cells against shear. Similar functions were found for other serum
components such as transferrin, hormones, and other serum-derivedattachment factors such as fibronectin, vitronectin, and
laminin.

Uses of Bovine Serum

Serum isa complex mixture of macromolecules that is required for cell growth and virus production, and its use as a raw
material presents a number of challenges. These include its batch-to-batch composition and the risk of contamination by
adventitious agents. The development of serum-free media has replaced serum in some new biotechnology manufacturing
applications, but many cell lines used in manufacturing have not been adapted to these serum-free media. Regulatory
constraints and scientific challenges generally make it impractical to alter existing manufacturing processes in which serum is
used as a raw material.

FBS sometimes is required in cell and tissue bioprocessing,which often involves the cultivationof cells from tissue explants
and biopsies. Some bioprocesses may also require the maintenance of specific cellularcharacteristics during cultivation. FBS
often appears to facilitate such procedures and may affect the biological behavior of fastidious cell types. FBS has been shown
to affect the transcription of developmentally important genes, apoptosis, and apoptosis-related gene expression, and to
provide neuroprotective and antioxidativefactors, all of which may be beneficial to the survival and development of cells in
culture. Therefore, FBS will continue to play an important role as a cellculture supplement for production of cell-and
tissue-based therapies.

In most viral vaccine manufacturing processes the media used for cell culture expansion and virus infection/production are
supplemented with differenttypes of serum at differentconcentrations. Inthese processes,bovineserum helps generate a mass
of cells in an optimal physiological state for efficient viral replication.

BOVINE SERUM HARVESTING AND PRODUCTION

Blood Collection

Forall types of bovine sera, blood should be collected in government-inspected and -registered premises (slaughterhouses,
abattoirs, and donor farms). Blood should be collected by trained operators following the written procedures approved by the
serum manufacturer and using either single-use disposable collectiondevices or reusable collection equipment for which
cleaning procedures have been validated.

DONOR BOVINE SERUM

Foreach lot of serum from donor animals, serum manufacturers should ensure traceability to the donor herd of origin via
production records and animal health and origin certificates. Donor animalsare subjected to regularveterinary inspections and
are bled multiple times following established procedures. Animals introduced into the herd should be traceable by source,
breeding, and rearing history. Collectors should introduce new animals into the herd following specified and approved
procedures that include prepurchase animal inspection and testing, proper transportation, a quarantine period, veterinary
examination and testing during the quarantine period, and animal releasecriteria from quarantine to serum production. The
collectors should not vaccinate donor animalsfor bovine viral diarrhea (BVD). Collectors should test animalsfor any agent and
antibody from which the herd is claimed to be free.

NEWBORN CALF SERUM, CALF SERUM, AND ADULT BOVINE SERUM

Certificates of animal health and origin and/or serum production records should ensure that serum manufacturers can trace
bovine serum derivedfrom slaughtered animals back to the abattoir. Serum manufacturers should requireabattoirs to maintain
documentation of the origin of animals for slaughter. Blood should be collected from animals that have been slaughtered, for
human consumption, in abattoirs inspected by the competent authority of the country of origin. Inspectorsshould routinely
inspect animals both antemortem and postmortem to checkfor the clinical appearance of infections and parasiticdiseases and
other animal health-related problems or conditions. The animals must be free of clinical evidence of infectious diseases at the
time of slaughter. Blood collection procedures must be in place to prevent cross-contamination with other tissues and body
fluids and the surrounding environment. The standard procedure of slaughter consistsof an approved method of animal
stunning followed by exsanguination.

FETAL BOVINE SERUM

FBS product specifications and test procedures are presented in the proposed general chapter Fetal Bovine Serum-Quality
Attributes'and Functionality Tests (90). Serum manufacturers should collect fetal bovine blood from bovinefetuses whose dams
have been slaughtered. The dams must have been deemed fit for human consumption and must have been slaughtered in
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abattoirs that were inspected by the competent authorityof the country of origin. Inspectors should examine all animals both
antemortem and postmortem to check for the clinical appearance of infectionsand parasitic diseasesand other animal
health-related problems or conditions. The animalsmust be free of clinical evidence of infectious diseasesat the time of
slaughter. The uterus is removed and transported to a dedicated space for fetal bovine blood harvest, where blood collection
personnel evaluate the fetus for signs of fetal death, including bloating, skindiscoloration, odor, deformation, and hair
sloughing. Collectors also should check the amnioticfluid for color, quantity, and clarity. Serum manufacturers should collect
blood from acceptable fetuses by cardiac puncture into a closed collectionsystem under conditions designed to minimize
microbial contamination. Manufacturersshould have in place procedures that will prevent cross-contaminationwith other fetal
tissuesand bodilyfluids and the surrounding environment.

Serum Harvesting and Processing

Trained personnel should perform serum separation (harvesting) and further processingactivities following written and
approved procedures. Serum isfirstseparated and pooled, followed byfiltration and filling into cleanand disinfectedcontainers.
Ifthe serum issubjected to one or more virus inactivation treatments in the production process, serum manufacturers should
validate the virus inactivation processes against a range of relevant viruses. It is recommended that bovine viral diarrhea virus
(BVDV) be included in any virus validation study because it is ubiquitous.

SERUM SEPARATION AND HARVESTING

Bovine blood should be processed and serum separated (harvested) in such a way as to minimize bacterialand mycoplasmal
contamination, which in turn minimizes endotoxin levels in serum product. 'Gentle, quick blood processing helps to minimize
hemolysis, further enhancing the quality of the serum product. Aftercollection, blood isfirst allowed to clot for a specified
period of time and under controlled conditions, then centrifuged in a refrigerated centrifuge. Serum isthen removed from the
clot, typically by centrifugation; pooled and mixed in a pooling vessel; transferred to labeled containers; and frozen, unless it
isfilter-sterilized immediately.Serummanufacturersshould describeeach processstep and carryout serum processingactivities,
includingsample collectionand in-processquality control testing, following the manufacturer's approved procedures.

POOLING BEFORE FILTRATION

Because limitedamounts of blood can be collectedfrom individual animals, serum manufacturers pool the raw serum from
many animals in order to create commercial-sized lots. Serum is pooled, after raw serum thawing and before filtration, in a
pooling vessel and mixed at a controlled mixingrate and temperature. Pools or lotsofdonor bovineserum may consistof many
separate collections from individual members of the herd. Lots of FBS may consist of pooled serum from thousands of animals.
Serum manufacturers should describe each prefiltration pooling process step and should carryout serum thawing, prefiltration
pooling, and mixingactivities following the manufacturer's approved procedures.

FILTRATION

Pooledserum is mixed and aseptically passed through filters of pore size 0.2 urn or smaller, depending on the intended
application. Filtration processes should be validated. Triple filtration using filters of pore size 0.1 urn has been shown to result
in a high degree of mycoplasma removal.Althoughfiltration may remove some large viruses and viral aggregates from the
serum, generallyviruses cannot be completely eliminated in this manner. Furthermore, the filters are not known to eliminate
the causativeagent of bovine spongiform encephalopathy (BSE). Following filtration; serum manufacturers fill filtered serum
into sterilecontainers by aseptic processing in a suitablycontrolled environment. Serum manufacturers should describe each
filtration processstep and should perform serum filtration, filling, and sample collection activities following the manufacturer's
approved procedures.

ULTRAVIOLET (UV) TREATMENT

Serummanufacturersmay use UV treatment to inactivateviruses, mycoplasma,and bacteria, but manufacturersmust validate
the processto demonstrate itsefficacy. Inaddition, manufacturersmust be aware that UV treatment may have an adverse effect
on serum quality and accordinglyshould consider the effects of UV treatmentfor each application, as should serum end users.
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Heat inactivation involves elevating the temperature of the serum to >560 for at least 30 minutes to inactivate complement.
Heat inactivation may also inactivateviruses, mycoplasma, and bacteria; but it may have an adverse affecton serum quality,
and manufacturers must validatethe procedure's suitability for specific applications. Heat inactivation providessignificantly less
assurance of virus inactivation than does irradiation. .

VIRAL CLEARANCE STUDIES

ViralSafety Evaluation ofBiotechnology Products Derived from Cell Lines ofHuman orAnimalOrigin(1050) and other regulatory .
documents give guidance about conducting viral clearance studies that help validate removal/inactivation processes. Serum
manufacturers should also performformal spiking studieswith relevant and representative(model) viruses, and should test and
compare inactivated spiked serum samples, negative controls, and positive controls.

CHARCOAL STRIPPING

Some serum manufacturers use charcoal/dextran treatment to reduce the levels of hormones in serum.

DIALYSIS

Some manufacturers use dialysis or diafiltration to remove low molecularweight components from serum.

CLEANING AND STERILITY OF EQUIPMENT

Stainless steel systems and tubing used in the manufacture of bovine serum must be cleaned and sterilized to prevent
cross-contamination and growth of adventitious agents. Serum manufacturers must validate their cleaning processes for
removing and inactivatingagents ofconcern. Thereafter, manufacturersshould implement processcontrolsthat routinelyverify
cleaning cycles. Steam sterilization-in-place is a common and effective sterilization technique. Serum manufacturers that use
this technology must validatesteam cyclesto demonstrate their uniformity and ability to destroy heat-resistant bacterial spores.
Alternatively, manufacturers can use sterile disposable systems that do not require cleaning validation.

Quality Control

TRACEABILITY

Abattoir Collection: Materials collected in the U.S. should originate from U.S. Department of Agriculture (USDA)-registered
facilities. Serum manufacturers should maintain documentation that traces a given serum sub-lot to the abattoir where it was
collected. Slaughterhouses maintain records of animal source. General industry practice is to keep this information as part of
the Device Master Record. General record-keeping requirements at USDA-licensed abattoir facilities are outlined in 9 Code of
Federal Regulations (CFR) 320.

Materials collected from countries approved' by the USDA for importation of bovine products into the U.S. should meet the
requirements of the competent authority of the country of origin. Inaddition, serum manufacturersshould keep USDA-required
safety testing records of imported materials (ifapplicable) as part of their Device History Record.

Serum manufacturers should consult 9 CFR 309 and 9 CFR 310 about requirements for inspection of animalsfor various
diseases pre- and post-slaughter. These requirements are recommended for materialscollected outside the U.S.
Donor Herd Collection: Serum manufacturers should maintain traceabilityto the donor animal farm where blood was
collected from donor animals. In most cases, manufacturers individually identifyfarm animals and keep records for bleed and
processing dates, making it possibleto trace blood collectionto an individual animal. Alicensedveterinarian or a designee
under the guidance of a veterinarianshould inspect animals regularly and should certify that the animalsare free of disease and
fit for. human consumption, consistent with 9 CFR 309.

PRODUCT STORAGE AND STABILITY

Serum should be stored in the frozen state at -1 00 or below. Serum isfrozen as quickly as possible to preserveproduct quality
and isstored under controlled storage conditions. Serum manufacturers should establishserum product stabilityin support of a
proposed expiration date. Typical expiration dating for bovine serum is5 years from the date of filtration and filling. Useof any
type of bovine serum beyond the stated expiration date depends on the application, and the serum user must establish the
product's continued suitability for use.

Labeling

Finished product labels must contain the following information: product description, lot number, storage conditions, name
and address of manufacturer, and a statement indicating the intended use. Materials intended for researchpurposes are exempt
from labeling regulations (21 CFR 801). Typically, serum manufacturers supply a lot-specific Certificate of Analysis (COA) that
is classified as part of the product's labeling. See COA requirements in the followinq section.

www.webofpharma.com

https://nhathuocngocanh.com/



7264 (1024) / General Information

Certification/Documentation

CERTIFICATE OF ANALYSIS

USP 43

The COA should provide information about a specific lot of serum, includingtests performed and test results (according to
the serum manufacturer's specifications for release), as well as critical labeling identifiers such as lotnumber, catalog number,
description of type of bovine serum, country of origin, and either or both dates of manufactureand expiration. This document
is distinct from the certificateof health issued by the competent authority of the country of origin.

CERTIFICATE OF ORIGIN AND CERTIFICATION OF ANIMAL STATE OF HEALTH

The Certificate of Origin establishes the country in which the bovine blood was collected and veterinary certification of the
health of the animals pre- and postcollection(9 CFR 327.4).

IMPORT/EXPORT DOCUMENTS

Import/export documents contain formal certification of animaldiseasestatus ofthe country oforiginand negotiated/agreed
certification statements. These varyfrom country to country. Each country defines import/export requirements in order to
control introduction of exotic animaldiseasesand their economic impact as wellas product safetyassessments (risk vs. research,
diagnostic, and/or therapeutic benefits).

PRODUCTION REPORTS

Production reports typically are batch recordsthat document the raw materialsin identifiable and traceable ways,production
methods (centrifugation or filtration) used in manufacturing, equipment and facility cleaning, quality control testing, and
personnel performing required activities. Raw materialwith Certificates of Origin or serum production records facilitates
traceability to the source of the blood that was used to create the serum. When serum is used as a raw material for further
manufacturing, process documentation also helps demonstrate controlled manufacture of the bovine serum.

BSE RISK ASSESSMENT

Despite the low risk potential of transmissible spongiform encephalopathies (TSEs) in bovine serum, various U.S. and
international regulatory agencies have developed guidance to help manage and further reduce the potential risks of
transmission. Inthe absence ofappropriate test methods of detecting the infectious agent influids such as blood, the consensus
recommendation from various regulatory agencies is to adopt good risk assessment strategies. This section of the chapter
provides some background informationon the diseaseand current methods of detection; it also highlights risk assessment and
risk reduction strategies to potentially prevent transmission of the disease through the use of serum in the manufacturing of
medicinal products.

, Description of the Disease

TSEs are transmissible animal and human diseasesthat are characterized by degeneration of the brain, associatedwith severe
neurological signs and symptoms. Sincethe outbreaks of TSE in cattle, termed BSE, which were transmitted to other species,
public health officials have been concerned about the risk of TSE infection, includingthe possibility of TSE transmission by the
use of therapeutic products manufactured using bovine serum. Incattle infected with BSE, lower titers have been found in the
cerebrospinalfluid, lung, lymphtissue,spleen, kidney, liver, and ileum.Studieshaveshown that transfusion of blood from sheep
infected with either BSE or scrapie but without evident diseasecan infect naivesheep. Although the risk of cross-contamination
isalwayspresent, to date no studies haveshown that blood can transmit diseasefrom cattle with BSE. Embryos from BSE-affected
cattle have not transmitted diseasesto mice.Calves born of dams that receivedembryos from BSE-affected cattle have survived
for up to 7 years, and examination of the brains of both the unaffected dams and their offspring revealed no spongiform
encephalopathy.

Detection Strategies

No currently available procedures have been validated as being sufficiently sensitive for routine antemortem screening of
asymptomatic animals, although analytical methods are under development for detection and quantitation from low-infectivity
materialssuch as blood. The classic diagnostic test for TSEs is postmortem histological examination of brain tissue to confirm
characteristic vacuolar degeneration. Other testing options include immunohistochemical tests that can confirm the presence
of PrPSc, the abnormal disease-specific conformation of prion-related protein (PrP), in the vacuolated regions of the brain;and
immunochemical tests such as Western blots and enzyme-linked immunosorbent assays that can detect PrPSc in tissues with
hiqhor moderately high titers.Thesetests typically take lesstime to performthan histological examination (6-8 hours vs.weeks,
respectively) and can be partially or fully automated. Although most of these are postmortem tests, studies have demonstrated
the feasibility of antemortem testing of lymphoid tissue samples from the tonsilsor from the third eyelidof infected animals.
Immunochemical tests require extensivesample collection and preparation and can be cost prohibitive for routine testing and
monitoring the disease state of large herds. Diagnostic strategies must consider the sensitivity of testing in certai.n tissuesas
well as. the test's ability. to detect infectivity in animals before the development of clinical signs of disease. Negative results do
not ensure the absence of infectivity. Detection of infectivity is possible ifsuspect tissue is inoculated into experimental animals
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intracranially where the causativeagent can amplify. This approach for detection of low infectivity can take months to years to
yield a positive result.

Risk Assessment and Risk Reduction Strategies

. Serum manufacturers should employ risk reduction strategies to eliminate the danger of cross-contamination of fetal blood
with other tissues, including appropriate sourcing of animal-derived articles and using practicesthat have been shown to
eliminate or minimize the risk of transmitting TSE, via either foods or health care products. Serum end users should perform a
risk assessment of their sourcing strategy that takes into account the amount of bovineserum used in their application and
should conduct supplier audits to ensure traceability of sourcing, handling, and appropriate quality control systems.

SOURCE AND AGE OF ANIMALS

Serum manufacturers should monitor the traceability of each lot of serum to ensure the qualification of bovine serum, as
described previously in the two sections Serum Harvesting and Processing and Quality Control. Inaddition to traceability, careful
selectionof source materialsisthe most important criterionfor the safetyof medicinal products. Certification of the origin must
be available from the supplier, and manufacturers should keep this informationon file. The U.S. Food and Drug Administration
(FDA) recommendations prohibit the use in FDA-regulated products (except gelatin) of any bovine-derived materials that
originate from countries that report indigenous cases of BSE. The current proposed rule qualifies FBS as an unlikely source of
BSE infectious material, because current evidence suggests that cow-to-calf transmission of BSE is unlikely. The proposed rule
also states that prohibited cattle materials do not include materialssourced from fetal calves of cows that were inspected and
passed, as long as the materialswere obtained by procedures that can prevent contamination with specified risk materials. For
veterinary biologics, current regulations enforced by the USDA's Center for Veterinary Biologics (CVB) indicate that ingredients
of animal origin should be sourced from countries with no or low BSE risk, as defined by the U.S. National Center for Import
and Export and 9 CFR 94.18.

The most satisfactory sources of materialsare from countries with the following:
• No reported cases of indigenous BSE
• Compulsory notification of positive tests
• Compulsoryclinical and laboratory verification of suspected cases
• Prohibition of the use in ruminant feed of meat and bone meal containing any ruminant protein
• No importation of cattle from countries where a high incidence of BSE has occurred
• No importation of progeny of affected females
BSE infectivity may increasewith animal age. Although bovine serum isconsidered a low-risk materialfor TSE transmission,

some end users consider it prudent to source serum from dams below a set maximumage. If manufacturers cannot determine
the date of the dam's birth, they should consider both the implementation date of the feed ban in the country of origin and
the incubation period of BSE in order to determine the safety of the source. A ruminant feed ban was imposed in the United
Kingdom in July of 1988. These considerations are lot specific, so audits of the raw material supplier should include a review of
records.

PRODUCTION PROCESS

End user manufacturing systems should be in place for monitoring the production process and for batch delineation
(definition of batch, separation of batches, and cleaning between batches). Of primaryimportance is control of the potential
for cross-contamination with possible infectious material. Because of the documented resistance of TSE agents to most
inactivation procedures, controlled sourcing is the most important criterion in achieving acceptable product safety.

Whenever possible, manufacturers should identify steps that theoreticallyor demonstrativelyremove or inactivate agents
during the manufacture of the material. Manufacturers should continue their investigations into removal and inactivation
methods to identifysteps/processes that will helpensure the removal or inactivation ofTSE agents. Manufacturersshould design
production processes using available methods that have the greatest likelihood of inactivating or removing TSE agents. For
example, prolonged exposure of tissues to high moist heat and high pH inactivates the BSE agent. Such treatments, however,
are inappropriate for the extraction of many other types of bovine-derived articles, such as serum, because these treatments
lead to the destruction of the material. Conventional chemical and biochemical extraction and isolation procedures may be
sufficient to remove the infectious agent. Similar techniques may be effective for other bovine-derived articles. Further research
will help to develop an understanding of the most appropriate methodology for validation studies. Issues to consider during
validation of a process for removal of TSE agents include the following:

• The nature of the spiked material and its relevanceto the natural situation
• Designof the study (including scale-down approaches)
• Method of detecting the agent (in vitro or in vivo assay) after spiking and after the treatment
• Characterization and standardization of reference materialsfor spiking
• Data treatment and analysis (see Design and Analysis of Biological Assays (111»
Because no studies have successfully validated analytical methods for the detection of small amounts of the TSE agent, TSE

clearance validationstudies typically employ the intracranial injection of in-process material into rodents for amplification and
detection of potential residual infectivity.

www.webofpharma.com

https://nhathuocngocanh.com/



7266 (1024) / Genera/Information

TESTING AND CONTROL Of ADVENTITIOUS AGENTS

Introduction

USP 43

Rigorous testing procedures, strict processing and production guidelines, and appropriate risk assessments help ensure the
safetyof the differenttypes of bovineserum. This section discusses specific tests that can detect and control adventitiousagents.

Adventitious Agents Testing

The adventitious agents testing required for the evaluation of master seeds, master cells, and bulk and final products is
described in 9 CFR 113.53 and by directives from the European Agencyfor the Evaluation of Medicinal Products(EMEA) (EMEA/
CVMP/743/00 and EMEA/CPMP/BWP/1793/02). The testing methods outlined in these documents can detect a wide range of
bovine microbial agents in serum products. These testing methods meet the requirements for most of the world's regulatory
agencies. Serum manufacturers should test a representativesample of each batch of serum to determine the presence of
adventitious agents. Testing is performed after filtration but before any further processing that is intended to inactivateor
remove viruses.

Filtration with 1OO-nm (0.1-J.lm) pore sizefilters isan accepted method for removing mycoplasmasand gamma irradiation
(> 25 kGy while frozen), and chemical treatments (e.g., with betapropiolactone) are accepted methods of inactivating viruses
and mycoplasmas; serum manufacturers routinely use these tools in both production and testing facilities. These treatments do
not remove antibodies that may interfere with some applications. Additionally, the treatments do not ensure complete viral
removal or inactivation, but can significantly reduce the risk of viral activity. The testing series to screen bovine serum for the
absence of adventitious agents typically includesthe following:

• Bacterial and fungal sterility testing as described in 9 CFR 113.26
• Mycoplasma testing as described in 9 CFR 113.28
• Viral testing as described in 9 CFR 113.53
The procedures described in Sterility Tests (71) confirm the absence of bacterial and fungal infection. Forviruses, only

cultivation using suitable substrate cells can indicate viral infectivity and replication. Those who use serum for research or
production should test the serum for the absence of adventitious agents in a manner that isconsistent with the product's
intended application, bearing in mind that testing indicatesonly presence or absence of adventitious agents within the limits
of the test procedures used.

Mycoplasma Testing

Mycoplasma contamination in tissue culture. can arisefrom many animal origin sources, includingserum, but more
commonly it resultsfrom cross-contamination of infected cultures. Mycoplasmas are particularly insidious contaminants in cell
culture because they

• cannot be visualized by light microscopyeven at high density (>107 colony-forming units/mL);
• cause no observable change in turbidity.or pH of the culture fluid;
• cannot routinelybe removed by singlesterilizing filters, although removalcan be obtained through a tripleseriesof 0.1-J.lm

filters;
• are unaffected by traditional antibiotics used in cellculture; and
• exert an extremely wide varietyof adverse effects in tissue culture.
Classical mycoplasma detection is described in Mycoplasma Tests (63).
In addition to these methods, more recent detection procedures include luminescent and polymerasechain reaction (PCR)

assay procedures. Nucleic Acid-Based Techniques-Amplification (1127) describes the general principles of PCR assays. The
sensitive 20-minute luminescent assay measures a specific enzyme activityof mollicutes that converts adenosine diphosphate
to a,denosine triphosphate via a luciferase/luciferin reaction. Results are unequivocal and semiquantitative. PCR methods are
quickand sensitiveand displaywith good reliability, but occasional falsepositiveresults are a source ofconcern with commercial
testing service labs. PCR may detect mycoplasmal DNA fragments that are non-infectious.

Viral Testing

The virus testing procedures for serum products are outlined in 9 CFR 113.52 and 9 CFR 113.53. Inaddition, there are other
documents that may include equivalent or relevant testing such as EMEA/CVMP/743/00-Rev.2 from the Committee for
Veterinary Medicinal Products (CVMP) Revised Guideline on Requirements and Controls Appliedto Bovine Serum Used in the
Production of Immunological Veterinary MedicinalProducts and EMEA/CPMP/BWP/1793/02 from the Committee for Proprietary
Medicinal Products (CPMP) Note for Guidance on the Use of Bovine Serum in the Manufacture of Human Biological Medicinal
Products. Serum manufacturers should perform virus testing in compliance with this regulation, using at least two differentand
sensitive detector cell lines, one of which should be of bovineorigin.The tests includecultivation of detector cellsin cell culture
media supplemented with 15% test serum for at least 21 days. Cells are subcultured at least twice during this period, usually
7 and 14 days postinoculation. At the conclusion of the lastsubculture (after a total of at least 21 days of incubation), cells are
examined for general signs of virusamplification. The followlnq end points are used for general virus detection: microscopic
cell examination for cytopathogenic agents such as infectious bovine rhinotracheitis virus, cellstaining and microscopic
examination for inclusion bodies; and hemadsorption test to detect hemadsorbing agents such as PI-3. Inaddition to this series
of testing and at the conclusion of the last subculture (after a total of at least 21 days of incubation), cells are stained with
specific fluorescent antibodies against the following specific viral agents:
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• BVDV
• Bovine parvovirus
• Bovine adenovirus
• Bluetongue virus
• Bovine respiratorysyncytial virus
• Reovirus
• Rabies virus
In addition to the viruses listed above, other viruses can be causative agents of diseaseand may require testing in various

bovine serum applications.The serum end user is responsible for determining whether full 9 CFR testing is sufficient, and if
other specific viral agents should be tested for. Examples of specific viruses not covered by the current virus testing guide may
includeakaban-e, bovineherpesvirus 1 (BHV-l), Parainfluenza-3 virus (PI-3), bovine leukemia, bovinerotavirus, bovinecircovirus,
bovine polyomavirus, coronavirus, torovirus, bovine enterovirus, bovine astrovirus, foot-and-mouth diseasevirus (FMDV), and
rinderpest. Appendix 2 providesa general description of some of these viruses as well as the ones for which testing is required. A
serum end user's thorough risk analysis should determine the scope of testing and serum treatment options.

Risk Assessment and Detection Strategies

Serum manufacturers and serum end users should carry out a comprehensive, science-based risk assessment (e.g. Failure
Modes and Effects Analysis) in order to better understand the safety profile of the serum product. Thefollowing risk assessment
elements can be taken into consideration, but other elements can be included as appropriate: country of origin, region of the
country, animal disease status of the country/region of origin, animal age, blood collection process, animal stunning method
and exsanguination method, serum manufacturing process,type of production qualitysystem, production in-processcontrols,
final product testing, virus inactivation, equipment segregation, equipment cleaning procedure, personnel training, serum use/
application, pharmaceutical product type, and intended use.

The species barrier provides a degree of protection against infection by some animal etiologicagents. This barrier is not an
alternative to proactively ensuring that pharmaceutical products are manufactured onlyfrom raw materials of animal origin
that have undetectable levels of adventitious agents. Inoculation of viable organisms into a nonhost species carries a risk that
the organisms could cross the species barrier.An appropriate test regimen of serum material should therefore include
examination for potential contaminants associated with the species of origin and the species of intent. Serum treatments to
inactivate viral agents are a factor in establishing the appropriate test regimen for a particularmaterial. Lowest risk of
contamination isassociated with biological materialsthat are terminallysterilized.

Zero risk is neither possible nor reasonable. The serum manufacturers should fully describe specific testing regimens in the
product specifications, and these will vary depending on the type and source of the serum. Therefore, the guidelines for
screening described in this chapter are examples only, and screening for all viruses listed may not be required for a particular
material. Some manufacturers may perform certain tests on the finished product or on in-process materials rather than on
individual component(s). Manufacturers must also evaluate the dilution effect in relation to the limitof detection of the test
procedure. Interference with growth or neutralization of viral activity by serum may be an indication of a specific antibody or
certain nonspecific factors in serum masking the viral agent. It is recommended that serum manufacturersconsider this
possibility when determining an adequate levelof treatment in their viral inactivation studies or in virus testing applications.

Serum manufacturers should confirm that the species of origin is bovine to ensure that no other nonbovine agents may be
present. Manufacturers should perform extraneous virus testing in appropriate cellcultures (see Virology Test Methods (1237)
for appropriate cell line choices dependent on assayand targeted agent). Ifnecessary, seroconversion studies should be
conducted in susceptible animal species using a host species immune antibody response as the method of detection. Studies

). should use this procedure following an inactivation step to detect whether the virus was present before the virus inactivation
process.

Serum manufacturing processes should be conducted in a consistent manner, following the established manufacturing
procedures, with adequate quality systems built into the production process. Furthermore, equipment segregation (by species
of origin), equipment and facility cleaning procedures, and personnel training are important elements in the risk assessment of
the process.

Safety Considerations

End usersof donor bovine serum may require serum that does not have detectable antibodies against BVDV or other specific
agents so that the users can propagate cell cultures used in vaccine production, diagnostic testing, and test kit preparation,
especially for the maintenance of master seed and master cellstocks. More than 40 cell types are available for the production
of veterinary biologicals, but fewer than 10 media types are available for their propagation. Some researchers have proposed
serum-free media as an alternative in propagating certain cells and viruses; but this means adapting culture procedures, which
may alter the cells and change production results. Ifnew or differentsera are imported into the U.S., serum end userswill require
confirmation of source, species, and documentation of the origin of the sera in countries that are free of FMD and rinderpest.

CHARACTERIZATION OF BOVINE SERUM

Introduction

In the absence of end product-specific requirements, each lot of FBS should be tested to confirm that the serum meets the
requirements of the proposed general chapter Fetal Bovine Serum-Quality Attributesand Functionality Tests (90). Forall other
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types of bovine sera, this section describes several key procedures for characterization. These procedures are not mandatory
but are guidelinesthat manufacturers may consider for their individual applications. The table in the Hemoglobin section shows
samples of specifications for the different types of bovine sera.

Species Identification

Both inter- and intraspecies identification assays should be performed on bovine sera to confirm species identity and the
integrity of the serum products, and to ensure that nonbovine agents are not present. The most commonly used assayfor the
identificationof bovine species identity is based on the electrophoretic profile of specific serum proteins. With electrophoresis,
the serum proteins usually separate into as manyassixfractions: albumin,alpha 1, alpha 2, beta 1, beta 2, and gamma globulins.

Other procedures used for bovine speciation include radial immunodiffusion (RID) and the double diffusion Ouchterlony
method. These procedures alloweither qualitativeor quantitative measurements of the immunoglobulin G levels in serum. The
RID method isbased on the diffusion of an antigen from a circularwell into a homogeneous gel that contains specific antiserum
for each particular antigen. Acircle of precipitated antigen and antibody forms and continues to grow until it reaches
equilibrium.The diameters of the rings are a function of antigen concentration. The Ouchterlony method isa double gel
diffusion test wherein antigen and antibody diffuse toward each other in a semisolid medium to a point in the medium where
optimum concentration of each is reached, forming a precipitate. The Ouchterlony plates contain cylindrical wells-a central
8-mm diameter antigen well, surrounded by six 3-mm antisera wells-which make possible the simultaneous monitoring of
multiple antigen-antibody systemsand the identification of particularantigens in a preparation. The proposed general chapter
Fetal Bovine Serum-QualityAttributes and Functionality Tests (90) describes the accepted procedure.

Hemoglobin

Hemoglobin isa multi-subunit protein that forms an unstable reversible bond with oxygen in the red blood cells. The
oxygen-loaded form iscalled oxyhemoglobin and is bright red. The oxygen-unloaded form iscalled deoxyhemoglobin and is
purple-blue. Oxyhemoglobin is the predominant form in red blood cells.

Low hemoglobin content in sera is widelyaccepted as a good general indication of rapid and careful processing of blood
that will be used for serum. Red blood cellsare fragileand rupture easily, releasing hemoglobin into the serum. Rough handling
of the harvested blood, poor temperature control, or delayed processing elevates hemoglobin content in serum. Acceptable
levels of hemoglobin may varywith intended application. The hemoglobin levels are measured using spectrophotometric
procedures (see Ultraviolet-Visible Spectroscopy (857») as described in the proposed general chapter Fetal Bovine Serum-Quality
Attributes and Functionality Tests (90).

Donor Adult
Newborn Calf Bovine Bovine

FBS Serum Calf Serum Serum Serum

No growth No growth No growth No growth No growth
Sterility test detected detected detected detected detected

Mycoplasma Not,detected Not detected Not detected Not detected Not detected

Virus testing Not detected Not detected Not detected Not detected Not detected

Hemoglobin (mg/dl) <30 <30 <30 <30 <30

Total protein (g/dL) 3.0-4.5 3.5-6.0 5.0-8.0 5.0-8.0 6.0-10.0

pH 7.00-8.00 7.00-8.00 7.00-8.00 7.00-8.00 7.00-8.00

Osmolality (inOsmoI/Kg) 280-360 240-340 240-340 240-340 240-340

Chemical Profile

The testing of components such as cholesterol,alpha globulin,beta globulin,gamma globulin,albumin, creatinine, bilirubin,
glucose, alanine aminotransferase, aspartate aminotransferase, phosphorus, potassium, calcium, and sodium usually is not
considered a criterionfor bovine serum lot release. Some manufacturers do not perform the tests on a routine basisbut only
as auxiliary tests. In some instances hospital clinical laboratories may run the tests. The levels of these chemicals in serum are
important to end users and may also be used to assess lot-to-Iotvariability.

Endotoxin levels

Although high endotoxin levels are not suitable for applications involving injectables, acceptable levels in bovine sera vary
depending on the intended application. Some manufacturers may overlook the importance of low endotoxin levels in bovine
sera used in cellculture applications. Endotoxin influences more than 30 biological activities. Some of these are macrophage
activation, mitogenic stimulation, and induction of interferon and colony-stimulating factor (for some applications, these may
be positiveactivities). Endotoxin can also lead to cytotoxicity by initiating complement activation. The most commonly used
methods for endotoxin detection are the semiquantitative gel clot Limulus amebocyte lysate procedure and the quantitative
kineticchromogenic method described in Bacterial Endotoxins Test (85). For both the gel clot and the kinetic chromogenic
assays..valid endotoxin assays require appropriate treatment by heat or dilution in order to avoid adverse effe~ts of interfering
substances in serum. Researchers should include a positive product control in each assayto confirm that any Interference has
been overcome by the heat or dilution treatment.
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).

The osmolality test is designed to evaluate the electrolyte concentration in bovine serum. Chemicalsthat affect serum
osmolality includesodium, chloride, bicarbonate, potassium, proteins, and glucose. Serum manufacturers should measure the
osmolality of each serum batch to verify compliance with product specifications, using equipment calibrated with standards
that are traceable to the National Institute of Standards and Technology. Osmolalityand Osmolarity(785) describes how
osmolality is determined by freezing-point depression of the bovineserum solution. Scientists use at least two standards to
calibrate the instrument. The osmolality of each sample is calculatedand related to the serum water content and is expressed
as mOsmol/kg H20 .

Total Protein level

The total protein level in serum is measured to verify animal age and compliance with product specifications.
Biotechnology-Derived Articles-Total Protein Assay (1 057) describestwo procedures, the Biuretand Bradford methods, for
determining protein concentration. The acceptable level of protein in serum should be assessed by the end user based on the
intended application.

Cell Growth Properties

Each lot of serum should be tested for its ability to support invitrogrowth of specific cell lines.Bovine sera are highlyvariable,
and different lots may yield different results. Because of this variability, end users should characterize and standardize the cell
linesthat they will use for this type of testing. End users should design cellgrowth procedures that will help them check the
efficacy of bovine serum in promoting cellgrowth. Serum manufacturerswill benefit from monitoring growth promotion over
several generations of subcultures to detect any evidence of cytotoxicity or changes in cell morphology. Different serum
manufacturers use different cell types, and the growth studies and cell lines used by serum manufacturers also may differfrom
those applied by serum end users. When serum manufacturersevaluate the growth properties of a specific cell line in response
to a specific lot of serum, they should take into account plating efficiency and/or growth promotion or some other functionality
tests that qualify the serum lot for its intended use.

Platingefficiency at low celldensity is a preferred method for analyzing the proliferative capacity and survival of single cells
under optimal growth conditions.Thisprocedure can reveal differences in the growth rate within the population and iscapable
of distinguishing between changes in growth rate (colonysize) and cellsurvival (colony number). The growth kinetic isanother
important aspect in the design of cell-based experiments. Determining the growth curve of each cell line helps define optimal
culture conditions, because variation in serum and other growth additivesmay influence growth parameters, which may affect
the experimental outcome.

Inthe absence of specific tests designed for their particularproducts, serum userscan refer to the functionalitytests described
in the proposed general chapter Fetal Bovine Serum-Quality Attributes and Functionality Tests (90) to determine whether a lot
of serum issuitable for their application. This chapter providesguidance about how to perform growth promotion and plating
efficiency tests.

. In Vitro Cytotoxicity

Serum manufacturers should use an appropriate cell linefor testing each lot of serum, and should perform growth studies
through several subcultured generations to ensure that the serum has no cytotoxic effect on the cells. The choice of cell line
depends on the intended use of serum. The cellgrowth and cytotoxicity assays should be performed on the final batch of serum
after any viral inactivation step or any further processing.

CONCLUSION

Bovine serum is likely to remain an important component in the manufacture of many biologics, particularly those relying
on cell culture. As with similar materials, bovine serum displays inherentlyvariable quality. As a result, serum end users must
establish suitable tests, procedures, and acceptance criteriafor introduction of materials into a particular application process
that uses serum. This may mean screening multiple lots of bovineserum to determine which lots meet the specification (see
the section Characterization of Bovine Serum).
, Manufacturers of therapeutic products using bovine serum are responsible for ensuring and documenting its quality and its
impact on the quality, safety, and efficacy of the final product. Inaddition, it is important to ensure that each lot of serum
performs in an equivalent manner during manufacturing. Serumcan also interfere with final product purification; therefore it
is important to understand the effect of bovine serum on the manufacturing process in order to understand the effect that
variousprocessesmight have on the final product. Finally, risks can alsobe mitigated through the design of processesto include
steps to adequately remove the bovine material through dilution, separation, or inactivation as well as the development of
analytical assays to assessthe bovine-derived residual content during processesand in the final therapeutic product. Anumber
of sensitiveassays can provide a quantitative means of detecting bovine material at picogram levels.
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Appendix 1: Relevant Regulatory References
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Bovine sera and serum-related products used in the manufacture of biological products are regulated in the context of
Requirements for Ingredients of Animal Origin Used for the Production of Biologics, 9 CFR 113.53. Currently, individual serum
manufacturers perform detection studies to identifycontaminating viruses. Because of the potential international market for
serum, serum manufacturers need to be mindfulof other regulatory requirements. Manufacturerscan use the documents listed
here as guidance for screening bovine sera for contamination by adventitious agents. Because of the risk carried by
animal-derivedserum products, serum manufacturers and end users should ensure that the country of origin of the material
complies with applicable regulatory requirements. Although no cell performance assays currently demonstrate lackof BSE in
serum, serum manufacturers must comply with the regulatory requirements of countries where the serum is sourced and
marketed to ensure a minimal risk of infection with BSE/TSE.

Beyond relevant US?chapters referenced in this chapter, the following listof documents includes regulatory documents as
well as best practices in product and process development, manufacturing, quality control, and quality assurance.

CFR
• 9 CFR 94.18 (CVB, 2001)
• 9 CFR 113.46
• 9 CFR 113.47
• 9 CFR 113.52
• 9 CFR 113.53
• 9 CFR 113.55
• 9 CFR 320
• 9 CFR 327.4
• 21 CFR 211 Subpart E
• 21 CFR 801.1
• 21 CFR 809.10
FDA
• FDA. Center for Biologics Evaluation and Research (CBER). 2000. Letter to manufacturers of biological products. Available

at: http://www.fda.gov/BiologicsBloodVaccines/SafetyAvailability/ucml05877.htm
• Use of materials derived from cattle in medicinal products intended for use in humans and drugs intended for use in

ruminants (Proposed Rule). Federal Register. 2007; 72(8): 1582-1619. Available at: http://www.reginfo.gov/public/
International Regulations and Guidance Documents
• CPMP/Biotechnology Working Party/EMEA (CPMP/BWP/EMEA). 1996. Note for quidanceon virus validation studies: the

design, contribution and interpretation of studies validating the inactivation and removalof viruses. Available at http://
www.ema.europa.eu/docs/en_GB/documentJibrary/Scientific_guideline/2009/09/WC500003684.pdf.

• CPMP/BWP/EMEA. 2003. Note for quidanceon the use of bovineserum in the manufactureof human biologicalmedicinal
products. Available at http://www.ema.europa.eu/docs/en_GB/documentjibrary/Scientific_guideline/2009/
WC500003675.pdf.

• EMEA/CVMP/743/00-Rev.2 from the Committee for Veterinary Medicinal Products (CVMP). Revised guidelineon
requirements and controls applied to bovineserum used in theproduction of immunologicalveterinary medicinalproducts.
Available at http://www.ema.europa.eu/docs/en_GB/documentJibrary/Scientificguideline/2009/1 0/
WC500004575.pdf.

• CPMP/CVMP. Note for guidanceon minimising the riskof transmitting animal spongiform encephalopathy agents via human
and veterinarymedicinalproducts. Available at http://www.ema.europa.eu/docs/en_GB/document-'ibrary/

I Scientific_guideline/2009/09/WC500003712.pdf.
• World Health Organization (WHO), Office International des Epizooties. Terrestrial animal health code. Available at http://

www.oie.int/doc/ged/Dl0905.pdf.
• WHO. 2006. WHO guidelines on tissue infectivitydistribution in transmissible spongiform encephalopathies. http://

www.who.int/bloodproducts/cs/TSEPUBLISHEDREPORT.pdf.

Appendix 2: Viruses to Consider when testing Bovine Serum

Following is a general description of viruses that manufacturers can consider when testing bovine serum for the absence of
adventitious agents. The list is intended only to provide general information. The listof required testing is described in this
chapter in the section Viral Testing.

AKABANE

An insect-transmitted virus that causes congenital abnormalities of the central nervous system in ruminants. Disease due to
Akabanevirus has been recognized in Australia, Israel, Japan, and Korea. Antibodiesto it have been found in a number of
countries in Southeast Asia, the Middle East, and Africa. The disease affects fetuses of cattle, sheep, and goats. Asymptomatic
intection has been demonstrated serologically in horses, buffalo, and deer (but not in humans or pigs) in endemic areas.
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An infectious, noncontagious arthropod-borne viral disease primarily of domestic and wild ruminants. Infectionwith
bluetongue virus is common worldwide but is usually subclinical or mild. Bluetongue virus is the type-species of the genus
Orbivirus in the family Reoviridae. Worldwide, 24 serotypes have been identified, although not all serotypes exist in anyone
geographic area: e.g., only 5 serotypes (2, 10, 11, 13, and 17) have been reported in the U.S. Distribution throughout the
world parallels the spatial and temporal distribution of vector species of Culicoides biting midges, which are the only significant
natural transmitters of the virus.

BOVINE ADENOVIRUS

Associated with a wide spectrum of diseases. Bovine adenovirus type 3 is the serotype most often associated with bovine
respiratory disease. Bovine adenoviruses are DNA viruses that have been separated into two genera: the Mastadenovirus, or
mammalian odenoviruses, and the Aviaden0 virus, or avian adenoviruses. Withinthe genus Mastadenovirus are numerous
species-specific serotypes, nine ofwhich have been identified in cattle. Epitheliotrophic adenoviruses have also been isolatedfrom
ruminants, and usually are clinically unapparent. Clinical disease is dictated by variousfactors, including the strain of virus,
concurrent infection, stress, environmental conditions, and management practices.

BOVINE HERPESVIRUS 1 (BHV-1)

Associated with several diseases in cattle, including infectious bovine rhinotracheitis, infectious pustular vulvovaginitis,
balanoposthitis, conjunctivitis, abortion, encephalomyelitis, and mastitis. BHV-1 infections are widespread in the cattle
population. Infeedlot cattle the respiratoryform is most common.

BOVINE LEUKEMIA

An exogenous C-type oncovirus in the family Retroviridae. Bovine leukemia is a viral disease of adult cattle characterized by
neoplasiaof lymphocytes and lymph nodes. Infection occurs by iatrogenic transfer of infected lymphocytes and isfollowed by a
permanent antibody response. The prevalence of infection in a herd may be high, but only a few animals develop fatal
lymphosarcoma. Infection is spread by contact with contaminated blood from an infected animal.

BOVINE REOVIRUS

Double-stranded ribonucleic acid (RNA) (dsRNA) viruseswith nonenveloped spherical virions 60-80 nm in diameter. They
cause bovine respiratory diseases.

BOVINE RESPIRATORY SYNCYTIAL VIRUS (BRSV)

An RNA virusclassified as a pneumovirus in the Paramyxovirus family. Thisvirus was named for its characteristic cytopathic
effect-the formation of syncytial cells. Inaddition to cattle, sheep and goats can alsobe infected by respiratorysyncytial viruses.
Human respiratorysyncytialvirus (HRSV) isan important respiratorypathogen in infantsand young children. HRSV has antigenic
subtypes, and preliminaryevidence suggests the existence of antigenic subtypes of BRSV. BRSV is distributed worldwide, and
the virus is indigenous in the cattle population. BRSV infections associated with respiratory disease occur predominantly in
young beef and dairy cattle.

BOVINE ROTAVIRUS

AdsRNA spherical virion 60-80 nm in diameter without an envelope. It is the most common viral cause of diarrhea in calves
and lambs.

BOVINE VIRAL DIARRHEA VIRUS (BVDV)

An RNA virusclassified as a Pestivirus in the family Flaviviridae. BVDV can cross the placenta and appears to be capable of
inducing immunosuppression, which allowsthe development of secondary bacterial pneumonia. BVDV has been reported to
be the virus most frequently associated with multiple viral infections of the respiratory tract of calves.

FOOT-AND-MOUTH DISEASE (FMD)

A highly infectious viral disease of cattle, pigs, sheep, goats, buffalo, and artiodactyl wildlife species. In a susceptible
population, morbidity approaches 100%. The disease is rarelyfatal except in young animals. FMD is caused by an Aphthovirus
of the family Picornaviridae. Sevenimmunologically distinct serotypes are known, and within each serotype exist a large number
of strains that exhibit a spectrum of antigenic characteristics.

PARAINFLUENZA-3 VIRUS (PI-3)

An RNA virusclassified in the Paramyxovirus family. Although PI-3 iscapable of causing disease, the virus usually isassociated
with mild to subclinical infection. The most important role of PI-3 is to serve as an initiator that can lead to the development
of secondary bacterial pneumonia. Infections caused by PI-3 are common in cattle.
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PARVOVIRUS

USP 43

Arelatively heat-stabilesingle-stranded DNA virus approximately20 nm in diameter that has been recoveredfrom cattle but
under natural conditions is not known to cause disease.

RABIES

An acute viral encephalomyelitis that principally affects carnivores and bats, although it can affect any mammal. Rabies is
caused by Lyssaviruses in the Rhabdovirus family. Although they are usually confined to one major reservoir species in a given
geographic area, spillover to other species is common.

RINDERPEST

A Morbil/ivirus, closely related to the viruses that cause canine distemper and measles. Strains may vary markedlyin host
range and virulence. Serafrom recovered or vaccinated cattle cross-reactwith all strains in neutralizationtests, but minor
antigenic differences have been demonstrated. Thevirus isfragileand becomes rapidlyinactivated by heat and light but remains
viablefor long periods in chilled or frozen tissues. Rinderpest isendemic in many countries in Asia and Africa. Historically, the
virushas been widely distributed throughout Europe and Africa but to date has not established itself in North America, Central
America, the Caribbean Islands, South America, Australia, or New Zealand. Rinderpestis included in the WHO's Office
International des Epizooties list ofcommunicable diseasesthat have the potential for veryseriousand rapid spread, irrespective
of national borders; that are of serioussocioeconomic or public health consequence; and that are of major importance in the
international trade of livestock and livestock products.
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1. INTRODUCTION

Pancreatin isa pancreatic enzyme preparation containing amylase, protease, and lipaseenzymes isolatedfrom the pancreas
gland of the hog, Sus scrofa L. var. domesticus Gray(Fam. Suidae). The pancreas isa secretory organ that playsa crucial role in
the digestive process by producing bicarbonate to neutralize the acidicenvironment in the duodenum, hormones to regulate
variouscatabolic functions, and a varietyof digestiveenzymes to degrade food in the small intestine. Pancreatin and
pancreatin-containing medicinal products are used to aid digestion and absorption of food (carbohydrates, fat, and proteins)
in patients with exocrine pancreatic insufficiency (EPI) caused by cystic fibrosis, chronic pancreatitis, and other conditions that
might cause a deficiency in the secretion of pancreatic enzymes.
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Pancreatic enzyme products (PEPs) of porcine origin have been marketed in the UnitedStatesfor the treatment of EPI before
the enactment of the Federal Food, Drug, and CosmeticActof 1938. Supplemental pancreatic enzymes are available in
prescriptionand non-prescription forms. Since 2004, the U.S. Food and Drug Administration (FDA) has required that all
pancreatic enzyme drug products marketed in the United States obtain FDA approval via a New Drug Application (NDA).
Although over-the-counter pancreatic enzyme products are available without a prescription, they are classified as dietary
supplements rather than drugs. Pancreatin and pancrelipase share similar functions and indications; however, pancrelipase,
which isavailable only as a prescription drug, contains more of the active lipaseenzyme and also more purified pancreatic
extract than pancreatin does. .

This chapter describes best practices related to the sourcing and manufacturing of pancreatin raw materialsused in both
pancreatin and pancrelipase drug products; these best practices help to ensure the safety and efficacy of the drug products
made from this active pharmaceutical ingredient (API). Alistof applicable regulatory guidance documents is provided in
Appendix 7: Regulatory Bibliography.

2. PANCREAS COLLECTION AND PANCREATIN PRODUCTION

The animal-sourced raw material (pancreas glands) intended for pharmaceutical processing is a by-product of meat
production and iscollected in slaughterhouses that are approved by the national competent authority and inspected by the
relevantveterinaryauthority. The animalsfrom which pancreatin isderived must fulfill the requirements for the health ofanimals
suitable for human consumption.

An example of a typical manufacturing process issummarized in the description and flow chart (Figure 7) below.
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Pancreas glands from porcine origin

!
Frozen pancreas glands (raw material)

!
Grinding of the frozen material

!
Enzyme activation

with an appropriate protease (where applicable)

1
I Quenching of activation with appropriate solvents 1

1
Separation from insoluble matter (where applicable)

I ...

1
Pancreatin precipitation with solvents, e.g., IPA,

ethanol, etc (where applicable)

Removingsupernatant

1
Washing and separation

1

USP 43

Insoluble residue (discarded)

Drying of solid residue
(precipitated enzymes)

1
Dried Pancreatin (API)

Figure 1. Flow chart showing the steps in the manufacturing processfor pancreatin.

The pancreatic glands should be kept frozen to prevent a loss of enzymatic activity during holding and transport. After the
manufactureraccepts the frozen materials, the pancreatin isextracted and purified under conditionsthat reduce microbiological
load and other potential impurities. To accomplish this, the frozen pancreatic glands are macerated into fine slurryand treated
with activatorsto convert the inactive pancreatic enzyme precursors (zymogens) into active enzymes.The activation iscarried
out under controlled conditions; factors such as time, temperature, ionic strength, or concentration are controlled as defined
by each manufacturer's process.Once the activation iscomplete, the activationstep isstopped by the addition of solventssuch
as acetone, isopropyl alcohol, or other enzyme-compatiblesolvents.Afterseparation from insoluble matter (where applicable),
the mixture iscombined with solventto precipitatethe pancreatin. The supernatant isseparated, and the solidresidueiswashed
with solvent. Finally, the pancreatin is dried at appropriate temperature and vacuum. The biological activity may be adjusted
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and/or stabilizedby adding suitablefillers, such as lactose;sucrose containing not more than 3.25% starch; pancreatin of lower
digestive power; microcrystalline cellulose; maltodextrin; or sodium chloride.

3. QUALITY CONTROL

Each lot of pancreatin is subject to appropriate quality control testing. Qualitycontrol testing needs to address the
requirements of the applicable monograph, as well as other identified qualityparameters. Suchtests should include appearance,
identification, purity, and activity of the pancreatin. Process- and product-related impurities, such as residual solventsfrom
extraction and precipitation and fat, should be considered.

Water is critical for enzyme activity and stability, and thus the limitof water content should be specified and monitored by
appropriate analytical methods such as losson drying (LaD) (see chapter (731) Loss on Drying).The activity assays are applied
to confirm that pancreatin meets predefined limits for activitylevels of lipase, amylase, and proteases, which are considered
critical quality attributes.

Because pancreatin isof biological origin, qualitycontrol includesmicrobial testing as wellas testing for the absence ofcertain
adventitious agents that are pathogenic to humans.

4.lABEUNG

Product should be labeled in conformance to monograph and regulatory requirements but also should conform to customer
requirements as applicable. The labelcontains informationsuch as the name and address of the manufacturer, manufacturing
date, retesting date, expiration date, lot number, storage conditions and specific precautions (e.g., "protect from moisture"),
and a statement indicating the intended use.

5. CERTIFICATION AND ,DOCUMENTATION

The product must be accompanied by required certificates and documentation, as applicable. This documentation should
include a certificateof analysis (COA) or other certificatedocumenting conformance to monograph requirements and quality
control test results; a certificateof origin indicating the animal species; and certifications related to adventitious agents,
including,where applicable,Transmissible SpongiformEncephalopathy/Bovine Spongiform Encephalopathystatements. Other
pertinent and required information, such as retest or expiration date, storage, and packaging recommendations, should also
be included as applicable.

The manufacturer/supplier should also be able to provide documentation for regulatory purposes containing the following
information:

• Informationon the regulatoryagency's approval/licensenumber and the full address of the pancreatin manufacturing site.
• Astatement that the animal-sourced raw materials intended for pharmaceutical processing were collected and delivered

under oversight of the responsible/competent authorities.
• A listof the countries of origin of the collected raw materials.
• Astatement that during transportation, the pancreas glands can be identifiedfor animal by-products intended for

pharmaceutical purposes by appropriate documentation according to the corresponding legal regulations(such as animal
health certificates from official veterinariansor a- technical trade documentation).

• A statement that the pancreas glands are collected in approved slaughterhouses, and the animalsfrom which pancreas
glands are collected have undergone inspection in compliance with the current applicable legislation and were declared
as suitable for human consumption, or no visible signs of diseasestransmittable to humans or animalswere detected at
the time of slaughter.

6. TESTING AND CONTROL OF ADVENTITIOUS INFECTIOUS AGENTS

6.1 Overview

Although there have been no reports documenting any infectious illness subsequent to the use of pancreatin-derived
medicinal products, there is a theoretical risk of porcine pathogen transmissionfrom pancreatin.

. The safety of porcine-derived PEPs should be enhanced by implementation of multiple complementary and/or overlapping
strategies for adventitious agent containment, clearance, and control. Manufacturers should take an ongoing, risk-based
approach to enhancing the safety of these products with regard to adventitious agents that includes incorporation of risk
assessment, risk mitigation, and process materials management strategies. Testing should be included, when appropriate, to
providemaximum possibleassuranceofa sufficiently lowrisk of harm that issignificantly outweighed bythe therapeutic benefits
and concurrent assurance of availability of the drug to patients.

6.2 Risk Assessment Strategies

The FDA's "Guidance for Industry: Exocrine PancreaticInsufficiency Drug Products" encourages a risk-based approach to the
potential for viral contamination of pancreatic enzyme products, in agreement with ICH Q5A(R1) and chapter (1050) Viral
Safety Evaluation of Biotechnology Products Derived from Cell Lines ofHuman or Animal Origin. The adventitious-agent risk profile
of biological products in general iscontingent upon a varietyof factors including the origin of the biological, the type of raw
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materialsused, manufacturing processes, and the route of administration. As sourcing and manufacturing may vary between
manufacturers, each manufacturer should establish and implement an individual, full adventitious-agent risk assessment.

Although the scope of ICH Q5A(R1) covers the viral safety evaluation of biotechnology products derived from cell lines of
human and animal origin, the principles and risk assessment approaches can provide the basisfor a risk evaluationstrategy for
the pancreatin products. Applying the principles of ICH Q5A(R1), the risk minimization strategy to protect patients against
inadvertent adventitiousagent exposure should reflecta combination of three components:

1. Sourcing: Use of diligentsourcing to limitadventitiousagents' accessto the manufacturing process. Because pancreatin
material isa by-product of the meat industry, it is important to ensure that pancreatin API isproduced onlyfrom animals
suitable for human consumption.

2. Clearance: Incorporation of robust clearance steps into the manufacturing process. The efficacy of these strategies
depends on the adventitious agents' resistanceto the type of physical and chemical inactivation used.

3. Testing: The control and testing of adventitious agents at suitable stages of the manufacturing process to provide
assurance that any remaining load of potentially harmful adventitious agent is at sufficiently low levels. This is
accomplished by usingsuitable screening assays against a relevanttest virus panel. In this part of the risk assessment, the
potential of porcine viruses to pose a risk to humans should be taken into account.

To identifythe potential adventitiousagents that might be present ina pancreatin preparation, manufacturersshould identify
adventitious agents that are present in the pig and assess the probability of their presence in the starting materials and API.
Chapters (61) Microbiological Examination of Nonsterile Products: MicrobialEnumeration Tests and (62) Microbiological Examination
of Nonsterile Products: Tests for Specified Microorganisms address testing for specific microbiological contamination, as defined
in the relevant pancreatin-related product monographs. Additionally, manufacturers should specifically evaluate the potential
presence of porcine viruses. In this evaluation, the manufacturing steps capable of removing or inactivating viruses should be
identified, and the efficiency of the processfor removing and/or inactivating viruses should be demonstrated by viral validation
studies that follow applicablequldelines. Once a listof critical viruses potentially present in the starting material and/or in the
API isestablished, manufacturerswill decide on the appropriate processstages for viral testing and the level of viral testing to
be performed on a batch-to-batch basis.Tests for specific viruses should be developed and validated, and acceptance criteria
should be established and used in making accept/reject decisions about pancreatin API batches.

The potential zoonotic or non-zoonotic character of the virus should be taken into account when setting acceptance criteria.

6.3 Identification of Relevant Virus Panel Test

The risk assessment strategy described above requires the identification of potential viral contaminants of porcine-derived
starting materials. Table 7 givesan overviewof enveloped and non-enveloped viruses known to be present in pigs that may
present a contamination risk when using pigs deemed fit for human consumption as source animals.The risk assessmentshould
address at least the viruses listed; however, depending on the origin of animals and the manufacturing process capability, the
list may be adapted, and additional viruses may be considered (see the example in Figure 2). Manufacturers should implement
systems to identifyemergence of potentially relevant new viruses.

Table 1. Hazard Identification: Viruses Known to be Present in Pigs

Enveloped Viruses Non-Enveloped Viruses

Classical swine fever virus Encephalomyocarditis virus (EMCV)

African swine fever virus (ASFV) Swinevesiculardisease virus (SVDV)

Influenzavirus Foot and mouth disease virus (FMDV)

West Nile virus (WNV) Reoviruses (REO)

Vesicular stomatitis virus (VSV) Swinehepatitis Evirus (swHEV)

Eastern equine encephalitisvirus (EEEV) Porcinerotaviruses (pRotaV)

Rabies virus (RABV) Porcineenteroviruses (PEVs)

Porcinereproductive and respiratorysyndrome virus (PRRSV) Porcineparvoviruses (PPV)

Transmissible gastroenteritisvirus (TGEV) Porcinecircovirus types 1 and 2 (PCV1/2)

Pseudorabies virus (SuHV-1)

Nipah virus

Porcineendogenous retroviruses (PERVs)

6.4 Virus Clearance by Manufacturing Process Steps

Demonstration of viral clearance isa critical component of ensuring the overall safety of pancreatin-derived products. The
objective of virus-clearance evaluation studies is not only to evaluate the abilityof the manufacturing process to clear known
viral contaminants and to estimate quantitativelythe overall level of virus reduction obtained by the manufacturing processbut
also to estimate the capabilityof the manufacturing process steps to clear viruses in general. Viral clearance studies for the
manufacturing processof pancreatin should be performed in accordance with the applicable, current guideline, ICH Q5A(R1).

Current pancreatin production processes are considered to be effective for inactivating enveloped viruses, following the
results'of virus clearance studies. However, non-enveloped viruses are more resistant to physico-chemical inactivation, making
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their inactivation more variable. Examples of viruses that are classified as having a high viral resistance toward treatment and
that show moderate to limited inactivation include PPV and PCV1/2 (see Figure 2).

Viruses
present In

swine
tissues ~,....l.·~ :!~~~:

~, geographical origin,
sourcing measures,

etc.
Risk Assessment

Viralresislance
towards physico.

chemical inactivation

EMCV,
Enveloped SVDV,

viruses PEVs,
pRotaV,
swHEV

SeeICHQ5A(R1) forthedescription of Ihelevelsof resistance.

PPV,
PCVII2

Figure 2. Example of a risk-assessment approach to virus identification for the test panel.

6.5 Viral Testing

Atesting strategy is needed when the ability of the process to remove or inactivate a specificvirusto appropriate levels has
not been demonstrated. The potential zoonotic or non-zoonotic character of the virusshould be taken into account when
setting acceptance criteria, in terms of both assaysensitivity and specification limitsetting. API batches that test positive for
zoonotic viruses should be rejected. As a part of quality control, viral testing should be performed on each lot of API. The tests
used should allowexclusion of any detectable load of potentiallyharmful levels of adventitious agent. The 9 CFR describes
testing requirementsfor porcine biological products includinglive virus vaccinesand antibody products but does not specifically
address pancreatin. Applying the principles of 9 CFR, assays to detect porcine viruses can, for example, be based on cellculture
monitoring for cytopathogenic effectsfor an appropriate incubation time, hemadsorption testing, virus-specific staining
techniques, or appropriate combinations thereof (alsosee chapter (1237) Virology Test Methods). Inaddition to the technologies
and viruses covered by 9 CFR, new molecularbiology-based technologies may be used, and other viruses with zoonotic potential
that are identified may require testing. Examples of specific viruses not covered by the current virustesting guide may include
swHEV.

The definition of the test virus panel, selectionofthe appropriate processstage, suitabilityof the test method, and test method
sensitivity should be justified by the manufacturer. All tests for specific viruses should be developed and validated in compliance
with current guidance, for example, chapters (1225) Validation of Compendial Procedures and (1033) Biological Assay
Validation, as applicable, and acceptance criteriashould be established and used for accept/reject decisionsof pancreatin API
batches.

7. CHARACTERIZATION OF PANCREATIN

7.1 Description and Physico-Chemical Properties

Pancreatin is a slightly brownish to tan amorphous powder with a raw meat odor and taste. Pancreatin is partly soluble in
water, forming a weak turbid solution, and insoluble in alcohol and ether. The following conditions may degrade pancreatin:
mineral acids, alkali hydroxides, oxidizing agents, many metallic salts, and high humidity and temperatures.
Pancreatin-containingsolutions should be filtered with caution, due to potential retention of the lipaseand proteases on the
filter. The enzymatic activity reaches a maximum in neutral-to-weakly alkaline solutions. The activitydecreases quickly in acidic
or strong alkaline solutions. The same applies to boilingof pancreatin-containing aqueous solutions. In non-enteric-coated
formulations, exposing the product at a pHof4.5 or lessisnot recommended, because a nearlycomplete loss of lipolytic activity
has been observed. .

Because pancreatin is of biological origin, other components are present in addition to enzymatically active proteins. These
other components include proteins, amino acids, peptides, nucleicacids and fragments thereof, tissue components, fat, and
inorganic substances. These components may have an impact on the quality of the final material.

7.2 Protein and Enzyme Contents

Pancreatincontains different digestive enzymes, most of which are produced and stored as zymogens (inactive precursors)
in the pancreatic acinar cells. Under physiological conditions, pancreatic zymogens are transformed into active enzymes once
the pancreatic secretion reaches the upper small intestine. An intestinal protease, enterokinase, triggers the activation process
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by cleaving the zymogen of trypsin, which further activates the other proteases. During the production process, the enzymes
present in pancreatin are activated by trypsin'(see Figure 1).

Table 2 summarizes some of the important characteristics of the main pancreatic enzymesfound in pancreatin.

Table 2. Characteristics of Known Enzymes Present in Porcine Pancreatin
UniProtKB/
Swiss-Prot Produced Molecular

E.C. Accession as a Mass Sequence Isoelectric
Name Number Number Substrates Precursor (kDa) length Point

231 a.a, (zymo-
23.8 (zymogen), gen), 223 a.a, (ac- 9.3 (zymogen),

Trypsin 3.4.21.4 P00761.1 Proteins Yes 23.5 (activated) tivated) 10.5 (activated)

268 a.a. (zymo-
29.1 (zymogen), gen), 221 a.a. (ac-

Chymotrypsin 3.4.21.1 G1ARD6]IG Proteins Yes 25.6 (activated) tivated) 8.7

250 a.a, (zymo-
gen), 240 a.a, (ac-

Elastase 3.4.21.36 P00772.1 Proteins Yes 25.9 (activated) tivated) 8.5

Carboxypepti- 308 a.a.
dase A1 3.4.17.1 P09954 Proteins Yes 34.7 (activated) (activated) Not known

Carboxypepti- 305 a.a,
dase B 3.4.17.2 P09955.5 Proteins Yes 34.7 (activated) (activated) 6.0

246 a.a, (zyrno-
Kallikrein, glandu- gen), 239 a.a. (ac-

lar 3.4.21.35 P00752.4 Proteins Yes 25-28 kDa tivated) 4.2-4.3

50.1 (two glyco-
Triacylglycerol Triglycerides, sylation isoforms, 450 a.a. 4.9 (lipase A), 5.0

lipase 3.1.1.3 P00591.2 diglycerides No Iipases A and B) (mature) (lipase B)

No enzyme activi- 10.3 (porcine pro-
ty, cofactor of colipase A), 10.1 93 a.a, (procoli-
pancreatic (porcine procoli- pase A), 95 a.a,

Colipase P02703.3 lipase Yes pase B) (procolipase B) Not known

146 a.a, (zymo-
14.7 (zymogen), gen), 123 a.a. (ac-

Phospholipase A2 3.1.1.4 P00592 Phospholipids Yes 14 (activated) tivated) 4.4-4.5

Cholesterol Inconsistent val-
esterase, ues in the litera-

also named car- ture
boxyl ester Cholesterol esters, ranging from

lipase (CEl), car- vitamin esters, 65 to 98 kDa.
boxyl ester hydro- monoglycerides, While proteolytic Complete amino

lase (CEH)or Complete amino phospholipids, forms have been acid
bile-salt stimulat- acid galactolipids, identified, the ex- composition still

ed sequence still un- someactivity on act mass is unknown
lipase (BSSl) 3.1.1.13,3.1.1.1 known in pig triglycerides No still unknown. in pig 4.2-4.8

496 a.a. 5.95 (amylase I),
a-Amylase 3.2.1.1 P00690.3 Polysaccharides No 55.3 (mature) 5.45 (amylase II)

7.2.1 PANCREATIC PROTEASES

Proteasesare enzymesthat digest proteins intosmallerpeptide fragments and amino acids by hydrolyzing the peptide bonds.
Pancreatincontains five major proteases: trypsin, elastase, chymotrypsin, carboxypeptidase A1, and carboxypeptidase B.
Trypsin, chymotrypsin, and elastase are classified as both serine proteases and endopeptidases because they cleave peptide
bonds at the C-terminalside of an amino acid and also have a catalytically important serine residue in their active sites.
Carboxypeptidases catalyze hydrolysis of the amino acids from the C-terminalend position in polypeptides and thus are
classified as exopeptidases. Carboxypeptidasessequentiallyreleaseresiduesfrom the C-terminusof proteins and peptides with a
well-defined specificity.

Trypsin acts specifically on the C-terminal side of the positively charged amino acid residues lysine and arginine.Trypsinogen
issecreted by the pancreas as an inactiveprecursorand discharged into the duodenum where enterokinaseconverts trypsinogen
to active trypsin. Enterokinase is secreted in the duodenum by cells of the duodenal mucosa. Enterokinase removes a terminal
octapeptide from trypsinogen and yieldsa polypeptide chain of active trypsin cross-linked by sixdisulfide bridges. Trypsin
contains one high-affinity calcium binding site that is required for enzyme stability.

Chymotrypsin acts preferentially on the C-terminal side of tyrosine, phenylalanine,and tryptophan residues. It issecreted as
an inactivezymogen, chymotrypsinogen, which undergoes proteolytic processing by trypsin to form the active enzyme.
Chymotrypsin binds one calcium ion per molecule. '

Elastase acts on small, neutral amino acid residues, such as glycineand alanine, but also hydrolyses amides and esters and is
distinctive in that it acts upon elastin. Elastase isproduced as a zymogen and the activated form contains four disulfide bridges.
Elastase binds one calcium ion per molecule. '

Carboxypeptidase A1 is an exopeptidase hydrolyzing the peptide bond adjacent to the C-terminal end of a polypeptide
chain, thus releasing the C-terminal amino acid. It cleaves aromatic and bulkyaliphaticamino acid residues and shows littleor
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no action with aspartic acid, glutamic acid, arginine, lysine, and proline amino acid residues. It contains one zinc ion per
molecule.The zinc ion isessentialfor activity; ifremoved during dialysis it must be replaced.Thus,carboxypeptidase A1 isalso
classified as a metalloprotease.

Carboxypeptidase Bcatalyzesthe hydrolysis of the basicamino acids lysine, arginine,and ornithinefrom the C-terminal end
of a polypeptide chain. It may also have a function in the further degradation of products of tryptic digestion. The enzyme
binds one zinc ion per molecule, which is a necessaryfunctional part of the enzyme for activity, and thus carboxypeptidase B
is also classified as a metalloprotease. .

7.2.2 PANCREATIC LIPASE AND COLIPASE

Pancreaticlipase(PL, also known as triacylglycerol acyl hydrolase)isa glycoproteinand produced directlyas an activeenzyme
by the pancreas. Two glycosylation isoforms of PL, lipaseAand lipase B, are present in pancreatin. These two isoforms have
identical amino acid compositions but differslightly in their glycosylation patterns, with lipaseAas more acidic than lipase B.
PL is a water-soluble enzyme that acts on insoluble lipid substrates, triglycerides, at the lipid-water interface. Its activityis
dependent on the substrate-specificsurface accessible to the enzyme, and it increases with the state of emulsification of the
lipids. PL preferentially hydrolyzes ester bonds at the C-1 and C-3 positions of triglycerides and exhibitsa broad spectrum of
fatty acid chain length specificity. Therefore, PL is active against a wide varietyof the triglycerides that are typically present in
the diet. It also acts on diglycerides, but its activity on monoglycerides is veryweak. It mainly converts triglycerides into
monoglycerides and free fatty acids; the more polar lipolysis products are absorbed in the small intestine. In the presence of
variousamphiphiles such as bilesalts at micellar concentrations, the PL adsorption at the lipid-water interface can be hindered,
thus decreasing lipolytic activity.

Asmall protein cofactor also produced by the pancreas, colipase, helps PL to anchor to interfaces in the presence of
competitive amphiphiles, and thus restores PL activity. Colipase isalso produced by the pancreas as a precursor, procolipase.
Procolipase is activated by trypsin.

7.2.3 PANCREATIC PHQSPHOLIPASE A2

Phospholipase A2 (also known as type IB secretory PLA2) is a heat-stable, water-solubleenzyme that catalyzes the
calcium-dependent hydrolysis of the 2-acyl groups in 3-sn-phosphoglycerides. It is produced as a precursor that isactivated by
trypsin.

7.2.4 PANCREATIC AMYLASE

Porcinepancreatic a-amylase (1,4-a-o-glucan glucanohydrolase) catalyzesthe hydrolysis of internal 1,4-0.-0 glucosidic
linkages in polysaccharides containing three or more 1,4-a-linked o-glucose units to yield a mixture of dextrins, maltose, and
glucose. Amylase exists in two forms (I and II) that have similarenzymatic properties but that differin their isoelectric points.
Both molecularforms of amylase are glycoproteins that contain fucose, galactose, mannose, and differentcontents of
glucosamine. Both amylases consist of a single polypeptide chain with four disulfide bridges and contain a tightly bound
calcium ion.

8. ENZYME ACTIVITY MEASUREMENTS

Although pancreatin contains a varietyof enzymes, it is usually characterized by measuring the activities of the three main
enzyme classes, lipase, protease, and amylase.

8.1 Lipase Activity

The lipaseactivityof pancreatin on triglycerides with long-chain fatty acids is mainlydue to PL, which requires the presence
of its specific cofactor, colipase, to act on triglyceride emulsions in the presence of bilesalts that are competitors for lipase
adsorption at the surface of lipiddroplets. Colipase and lipaseform an active complex with a 1-to-1 stoichiometry. Commercial
preparations of pancreatin usually contain colipase; however, it is recommended to check that the API manufacturing process
providesenough colipasefor the lipaseactivity. This control should be part of a proper characterizationto be performed during
process validation of the API.

Besides PL, pancreatin also contains pancreatic carboxyl ester lipase(CEL), which hydrolyzes several lipid substrates. CEL
activity on triglycerides isusually considered very low, compared with that of PL, and itscontribution to pancreatin lipaseactivity
is negligible, as measured by the USP lipaseassay.

The lipaseassaydescribed in the USP Pancreatin monograph is based on the enzyme's rate of digestion of oliveoilemulsified
with acacia (also known as gum arabic). The activity of the test sample iscalculated by comparing it to a standard preparation
of enzyme with known activity. Olive oil contains triglycerides with long-chain fatty acids that are representative of dietary
triglycerides. Lipase activity is measured on the basisof the titration of the free fatty acids releasedfrom oliveoil upon lipolysis
by the lipasepresent in pancreatin. This titration by sodium hydroxide is performed at a constant pH of 9.0 by pH- or
potentiostatic titration, at which long-chain fatty acids are totally ionized. It isworth noting that this pHvalue does not
correspond to physiological conditions (the mean pHof the small intestine contents isclose to 6.0 during a meal), but it allows
measurement of optimum lipase activity in vitro. Because the USP lipaseassay solution contains USP Bile Salts Reference
Standard (RS), the detection of enzyme activity requiresthat both lipaseand collpaseare present in pancreatin. One USP Unit
of lipase isdefined as the amount of enzyme that, under the defined conditions with the defined substrate, liberates 1 urnole
of fatty add per minute. .
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Other lipaseassays are available for monitoring lipaseactivityin pancreatin. When using lipaseassays with non-natural
substrates, such as tributyrin, it is recommended to confirmthat the pancreatin sample tested is also active on long-chain
triglycerides, particularly using the USP lipaseassaywith olive oil-acacia emulsion.

8.2 Protease Activity

The proteolyticactivityof pancreatin on polypeptides and proteins isdue to the inherent enzymes trypsin, chymotrypsin,
elastase, carboxypeptidase A1, and carboxypeptidase B. The two major pancreatic proteases are trypsinand chymotrypsin, and
along with elastase, these endopeptidases generate small polypeptidesfrom larger proteins. The further action of the
exopeptidases carboxypeptidase Aland Bleads to single amino acids during digestion.

The USP spectrophotometric assayfor protease activity from pancreatin is based on the enzyme's rate of digestion of casein
under test conditions. The activityof the test sample iscalculated by comparing it to a standard preparation of enzyme with
known activity. Casein is composed of a (sl) and a (s2)-caseins, p-casein, and K-casein, which are phosphorylated on serine
residuesand lackdisulfide bridges. The conformation of casein issimilar to that of denatured globular proteins with littleor no
tertiary structure. It is recommended that users evaluate suppliersof the casein substrate for consistencyof dispersion.

The hydrolysis of casein by pancreatic proteases generates single amino acids and small peptides, and their releasecan be
quantified by measuring their absorption at 280 nm. Before this measurement, non-hydrolyzed proteins and large peptides
have to be separated by a selectiveprecipitationwith trichloroacetic acid, followed by filtration. The filtrate is then used for the
spectrophotometric assayof protease activity, using tyrosine as a calibrant. One USP Unitof protease activityis contained in
the amount of pancreatin that hydrolyzes casein at an initial rate such that the amount of peptides liberated per minute and
not precipitated by trichloroacetic acid gives the same absorbance at 280 nm as 15 nmol of tyrosine.

Other assays are available for monitoring the activity of individual and total proteases in pancreatin, and the unit assignments
are specific for each substrate. N-Acetyl-l-tyrosine ethyl ester is commonly used for both titrimetric and spectrophotometric
(A. =237 nm) assays of chymotrypsinactivity. Similarly, N-benzoyl-l-arginine ethyl ester is commonly used for both titrimetric
and spectrophotometric (A. = 253 nm) assays of trypsin activity. In both cases, the titrimetric assay is based on ester hydrolysis
by proteases and the releaseof acid groups, whereas the spectrophotometric assay is based on the chromogenic properties of
these acids.Toluene-sulfonyl-l-arginine methyl ester isanother chromogenic substrate (A. = 247 nm) used for measuringtrypsin
activity. Thesesubstrates are, however, not proteins, and the assays involve the cleavageof a carboxylic ester bond instead of a
peptide bond.

Other assays using chromogenic peptides as substrates have been developed for improving specificity and sensitivity. More
specific and sensitive protease assays have been developed using short synthetic peptide substrates (3-5 amino acid residues)
with a chromogenic group (4-nitroaniline) coupled to the C-terminal end by an amide bond. The chromogenic group is
specifically removed by proteases and is measured photometrically. The change in the absorbance at 405 nm isdirectly
proportional to the protease activity. Specific substrates are commercially available for trypsin
(carbobenzoxy-valyl-glycyl-arginine-4-nitril-anilide acetate) and chymotrypsin(methyl-O-succinoyl-arginyl-prolyl-tyrosine­
4-nitril-anilide chlorhydrate). Fluorescein isothiocyanate(FITC)-Iabeled casein is also used as a general protease substrate. The
assay is based on the quenching of the fluorescein label bound to casein. When FITC-casein is digested into smallerpeptides
by proteases, fluorescence at 530 nm (excitation at 485 nm) is increased and can be measured to determine protease activity.

8.3 Amylase Activity

The glycolytic activityof pancreatin isdue to a-type amylases. Such enzymescatalyzethe hydrolysis on internal a-1,4-glucan
links in polysaccharides containing three or more a-1,4-linked D-glucose units, yielding a mixture of maltose and glucose. The
two major isoforms (I and II) of porcine amylases have identical enzymatic properties. Inthe last decades, several methods have
been developed for assaying amylaseactivity; many of these are based on the detection of starch hydrolysis, as this polymer is
the natural amylasesubstrate. Starch consistsof two types of molecules, amylose(usually 20%-30%) and amylopectin (usually
70%-80%}. Both polymers result from the assemblyof glucose units connected via a-1,4-glucan links; in addition, in
amylopectin, about 1 residue in every 20 or so, is also linked 0.-(1-6), forming branch-points.

The USP Amylase assay in the Pancreatin monograph is based on the enzyme's rate of digestion of starch, and the activity
of the test sample iscalculated by comparing it to a standard preparation of enzyme with known activity. Starch ishydrolyzed
by amylase; the reducing groups resultingfrom the hydrolysis react with iodine in alkaline solution; and the excess iodine is
titrated with thiosulphate. One USP Unitof amylaseactivity isdefined as the amount of pancreatin that decomposes starch at
an initial rate such that 0.16 IJEq of glycosidic linkage is hydrolyzed per minute under the conditions of the assay.
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(1027) FLOW CYTOMETRY

INTRODUCTION

Flowcytometry is an analytical method that plays a critical role in the quantitative and qualitative assessment of cell
populations in patient and cellularproduct samples. The power offlowcytometry lies in itsabilityto rapidly and reliably analyze
multiple attributes of individual cellswithin heterogeneous cell populations. Despite the value of flow cytometry data, method
validation is challenging-perhaps more so than for other analytical methods-because of errors and artifactsfrom multiple
sources.

Although flow cytometric methods can also be used to sort and isolate cellsas part of the manufacturing process for cell­
and tissue-based biological products, the scope of this chapter is limited to the use of flow cytometry as an analytical method.
This chapter presents the technical aspects of the method, including instrumentation, sample handling and staining, and data
analysis" Sourcesof error are considered in the context of technical features, as wellas in the discussion of qualitycontrol, quality
assurance, and standardization. Finally, current applications and assay troubleshooting principlesare presented. Foradditional
information on the basicsand practical aspects of flow cytometry, see the current edition of Practical Flow Cytometry (Shapiro,
2003). .

Flow ~ytometry iswidely used to characterize cell and tissue-based products, but most assay methods are not yet
standardized. Inaddition to issuesrelated to technical complexity,there are alsochallenges to standardization offlow cytometric
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methods for specific product classes or types related to the heterogeneous nature of these products, even among those with
similarmanufacturing processesand clinical uses.Current and future innovations in instrumentation, analyticreagents, analytic
algorithms, and automation are likely to improve the technoloqy's capabilities but are unlikely to eliminate challenges (e.g.,
bioassay, identification tests, and other applications).

PRINCIPLES OF OPERATION, METHODS, QUALITY, AND STANDARDIZATION

The process of flow cytometry requires that cells move past a fixed light source consisting of one or more lasersso that
individual cells can be observed or interrogated for characteristics such as size, granularity, and presence of surface membrane
or intracellular antigens or molecules. The cells are suspended in fluid in which movement iscontrolled by the size and
configuration of tubing, chambers, and pumps specific to the flowcytometry instrument.The pattern of light signals produced
from the laserlight's interaction with the cells iscaptured bya detection system, alsospecific to the instrument, and the detected
signals are transformed into data elements that can be analyzed and combined with data from other cells in a given sample.
Data from a cellsuspension can then be expressed and presented in one-, two-, or three-dimensionalvisual formats, or in
numerical formats, to characterize the cellular sample and its subpopulations both qualitatively and quantitatively.

Flow Cytometry Instrumentation

Flow cytometers, which incorporate fluidic, optical, and electronic signal processing elements, are described below.

FLUIDICS

The fluidics system moves a bulk mixture of cells so that a stream of single cells isformed. Within the flow cytometer, the
single-cell suspension passes through a confined region where each cell issequentiallyilluminated by a uniform light source at
the observation point (interrogation point). Most instruments use a flow chamber (flowcell)that, after the cellsample isdrawn
into the sample injectiontip, combines the cells with isotonicsheath fluid, using a conical nozzleassemblythat isgeometrically
designed to produce a laminarflowof fluid (Figure 1). fhe fluid outlet nozzletypically has an orifice of 50-250 urn in diameter
through whichfluid exits at a high flow rate. Differential pressures between the sample stream of cells (lower pressure) and the
sheath stream (higher pressure)draw the cells/particles out into a confined stream. The resulting coaxial stream within a stream
is highly efficient, and the sample stream at the observation point is typically only slightly larger than the cells or particles
contained within. At least one manufacturer uses an alternativeapproach in which the coaxial stream strategy is replaced by
the use of microcapillaries to focus and direct the cells. The light signal deflected or emitted by the cell is then measured and
analyzed.

Figure 1. Schematic diagram of a flow cell.

OPTICS

When cells are stained with fluorescent dyes or with fluorescent-labeled antibody reagents, light emitted from the laser
interacts with the fluorescent dye to produce a stimulated emission that has coherent (parallel) wavesof light of uniform
wavelength, phase, and polarization. Fluorescent light signalsgenerated from the interaction of the laser light with the cells
are collected by an array of detectors oriented in direct lineWith, and at 90° to, the incoming laser beam. The most common
commerciallyavailable flowcytometer lasers (withcorresponding wavelengths) are the blueargon laser(488 nm), the red diode
laser (635 nm), and the violet laser (405 nm).
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ELECTRONIC SIGNAL PROCESSING AND DATA OUTPUT

When a cell passes through the optical system of a flow cytometer, the light-scattering patterns or fluorescence from any
fluorochrome on or in the cell are detected by various types of photodetectors or photomultiplier tubes (PMT) that transform
the information about the characteristics of the cell into a computerized readout. Each analyzed cellgenerates an event in each
parameter (forwardscatter, side scatter, fluorescence) for which it ismeasured. Figure 2 shows an example of a typicaltwo-color
flow cytometer configuration. Different celltypes have distinctive sets of signals in the various parameters. Forexample, when
the cellpasses through a beam of light, the light deflected in the forward direction (usually about 20°from the forward direction
of the laser) iscalledforward scatter and iscollected by a detector known as the forward scatter channel (FSC). The amount of
deflection in the FSC is proportional to cell size. Light deflected at a 90° angle is known as side scatter and iscollected by the
sidescatter channel (SSC). Thisprovidesa measure of the cell'sstructuralcomplexitycaused by granules, membrane roughness,
or nucleus, all of which are associated with higher SSe. The light deflected by other PMTs using a specific band-pass filter is
collected by specific fluorescence channels (FL1 and FL2 in Figure 2). The electrical pulses, originating from light detected by
the PMTs, are processed by a seriesof linearand log amplifiers. Logarithmic amplification isoften used to measure fluorescence
in cells. Figures 3-7 show histogramsfor cells stained with antibodies conjugated with specific fluorochromes (see Table 1).The
antibodies are specific to some of the cluster of differentiation (CD) markersdiscussed in Immunophenotyping (see below).

Laser beam
flow cell FSC detector

Figure 2. Typical 2-color flowcytometer with detectors for FSC, SCC, and fluorescence.

Table 1. Fluorochromes Commonly Used in Flow Cytometry
Typical

Excitation Emission
Fluorochrome laser (nm) Peak (nm)

Cascade Blue 375; 401 423

Pacific Blue 403 455

R.Phycoerythrin 480; 565 578(R-PE)

PE-Cy5conjugates 480; 565; 650 670

PE.Cy? conjugates 480; 565; 743 767

Red 613 480; 565 613(Texas Red)

Peridinin
Chlorophyll 490 675
(PerCP)

Fluorescein 495 519(FITC)

Allophycocyanin 650 660(APC)

APC-Cy7 conjugates 650; 755 767

The versatility of flow cytometry comes from the ability to attach fluorescent tags to the cell's surface, cytoplasm, or nucleus
or to products of the cell. Fluorescentmarkersattached to the cellcan be excited by lasers to emit light of specific wavelengths,
and this light is then detected and analyzed in the manner described above. The type and amount of fluorescence detected
provide both quantitative and qualitative information about the cell.

The photodetectors convert light into an analyzableoutput by generating a smallcurrent of which the voltage has amplitude
proportional to the amount of light. The voltage is amplified and converted into electrical signals large enough to be plotted
by the computer in several different ways.Thus, the FSC, SSC, and fluorescent detectors collect the light and convert it into
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electrical signals that can be analyzed by the computer. In this way, the signals coming from each photodetector can be
measured for their intensity (low to high) and sorted into channels. The channels are arranged as a continuum so that a cell
population with many large cells will have many events in the higher channels, and one with many small cells will have many
events in the lower channels.

DATA ANALYSIS

Data output from the flow cytometer can be represented in several ways, the most basic of which isthe single-parameter
histogram (Figure 3), in which events with similar intensityof light (forward scatter, side scatter, or fluorescence) are collected
in channels and then plotted. This plot demonstrates the number of cells with similaroptical characteristics. Figure 4 is an
example of graphs that displaytwo measurement parameters, one on the x-axisand one on the y-axis, and the cellcount as a
density (dot) plot or contour map. The parameters could be SSC, FSC, or fluorescence. These parameters can be collected in
one channel.
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Figure3. Single-parameter histogram showing expression of the cellularantigen CD3 in a mixture of cells.
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Figure4. Bivariate dot plot of cells displayed by FSC and sse.
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Adot plot displays a dot for each cell, and density plots and contour plots show a heat map or a topographical linear map,
respectively, based on the relative number of cells in each channel. The forward versus side scatter histogram is the most
common method of identifying different hematopoietic celltypes. Figure 5 shows a contour plot that isa 3-dimensional
representation of the relative number of cells in the various channels.
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Figure 5. Bivariate contour plot showing relative numbers of cells present in each channel that co-express 2 CD markers.

When cells are stained with antibodies for differentepitopes carrying two differentfluorochromes, the data are presented
as a plot of the two parameters plotted against each other. Cursors can be set on each axis to separate positive populations
from negative populations for each of the attributes. This results in a graphic representation of cells that are positive for both
markers, negative for both markers, and positive for only one of the two markers (Figure 6).

Figure 6. Schematic presentation of a 2-parameter histogram.

The flow cytometer allows the user to set the limits of positive and negative for each marker. Flow cytometric data are
collected in listmode, where each electronicsignalfrom a respectivecell isdisplayed in the sequence in which it was acquired.
List mode files can be edited at a later time to include or exclude any event. A basicadvantage of flow cytometry is the ability
to separate the data about the cells of interest from both the background and dead cells (e.g., noncellular particles or debris)
when dealing with forward and side scatter and cells of other populations. The user must decide which signals are the actual
light outputs from the cellsand must construct an electronic gate to tell the computer to count as positiveonly the events that
fall within the gate. Cell populations can varywidelydepending on the tissue or cell source and the characteristicsof the flow
cytometer used. Gating allows the user to determine which outputs to consider actual events, so this process is of prime
importance in standardizing flow cytometry data (Figure 7).
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Figure 7. Gating of a cell population with low side scatter and high forward scatter, which is distinct from other cell
populations in the sample.

Atechnique known as compensation can be used to separate spectral overlap of fluorochromes that have similar emission
wavelengths. Foranalog-styleflow cytometers manufactured before the late 1990s, compensation must be set before data
acquisition. In modern digital instruments, compensation can be set either before or after data acquisition. The adjustment of
compensation can be more of an art than a science, and considerable literature has been focused on the relative merits of
various methods to determine the correct compensation for cell types or experimental conditions. The analyst should have
considerable knowledge of the celltype under analysis in order to prevent errors in phenotyping that can resultfrom improper
adjustment of compensation.

The number of events counted should be adequate for statistical confidence in the results. The instrument can be set so that
data are collected until a certain number of events in a channel have been measured. Thisfeature allows the operator to vary
the length of time or number of events from the sample so that statistically reliable data are generated. Thus, a sample that
measures a rare event will analyzemore total cellsthan one that measuresa common event. Use of listmode files, the electronic
data files that represent the most uncensored data, providesan advantage because these files can be further analyzed afterdata
acquisition. Investigatorsneed to ensure that all raw data, documentation, protocols, specimens, and final reports are archived
at the dose of the study. To ensure the integrity and quality of raw data collected, researchers need to abide by U.S. FDA
Regulations for Good Laboratory Practices (GLP) as prescribed in 21 CFR Part 58, Good Laboratory Practice for Nonclinical
Laboratory Studies; and Part 11, Electronic Records and Electronic Signatures.

Flow Cytometry: Elements of a Procedure

Flow cytometric methods incorporate sample handling, preparation, and staining; instrument setup and operation; data
collection, analysis, and storage; and associated quality control measures.

SAMPLE HANDLING AND STAINING

Sample Collection, Handling, and Anticoagulation
Inorder to make accurate conclusionsabout the cell-baseddrug product, the analystshould ensure that samplesfrom cellular

products are as representative as possibleof the whole product. Blood, apheresis samples, and cellsuspension products should
be well mixed before sampling, and care should be taken to obtain adequate sample volumes. ,

Cellular samples containing human blood/plasma must be anticoagulated. Citrate-based anticoagulants (e.g., Anticoagulant
Citrate Dextrose SolutionA) or heparin are recommended more highlythan EDTA because they will optimally preservesamples
being heldfor more than a few hours. Forlonger-term samples,specific transport/storage media may be required, and validation
studies should be performed to ensure that those samplesare equivalentto fresh samples at the time offlowcytometric analysis.

Samples intended for whole blood lysis and surface antigen staining should be transported and stored, preferablyon a slow
oscillating mixer, at room temperature. Fixed samples or live cell preparations should be stored at 4°. When the sample may
be exposed to extreme temperatures, temperature-control materials(room temperature packs, wet ice/cold packs, and
insulation)may be necessary, and validation studies should be performed to ensure sample integrity. Forcritical or high-value
samples,_temperature-monitoring devices may be needed during transport. '

After acquisition, specimens should be analyzed as soon as possible. Special attention should be given to situations in which
cellular proliferation and metabolic'depletion of energy sourceswithin the transport/storage media can leadto apoptosis. When
accurate counting isnot required or if infectiousagents are suspected, a commercial lyse/fix solution can increasestorage time
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and reduce the risk of disease transmission. Forspecimens separated by density-gradient centrifugation, storage in a solution
of buffered paraformaldehyde (0.1 % to 2.0%) is recommended after cell labeling has occurred.
Sample Processing, Staining, and Fixation

Reagents used in sample processing, staining, and fixation should be qualified for their intended use. Further guidance is
available in ICH Q6B, Specifications: Test Procedures and Acceptance Criteriafor Biotechnological/Biological Products. When using
reagent kits, follow the manufacturer's sample processing instructions.

Sample processingthat involves centrifugation,washing, red blood cell(RBC) removalor lysis, or density-gradientseparation
iscommonly done during many flow cytometric applications but can introduce error and artifact. Several techniques and
reagents are available for RBC removal and lysis. Clinical grade [in vitro diagnosties (IVD) or analyte-specific reagents (ASR)]
reagents are recommended for optimal quality, but artifactscan still occur. Density-gradientcentrifugation can introduce error
associated with variablecell losses among subpopulations that are being measured. These sources of error and artifact can be
avoided by analyzing live whole blood whenever possible.

Most whole blood lysate instructions recommend staining at room temperature and in the dark. Many methods include a
dilute fixative to prevent capping and internalization of fluorochrome. In contrast, cell preparations (density-gradient cell
preparations, apheresis specimens, tissue culture) should be stained at 4°, washed with cold buffer, and stored cold until
analyzed.

Fixation that also preservescellsurface antigens can be accomplished using commercial leukocyte preservatives or with
bufferedformaldehyde or paraformaldehyde.Very littlevalidation ofstorage times, antibody binding, or fluorochrome intensity
has been reported. Any laboratory that considers batch analysis offixed specimens should validatethese techniques thoroughly
before implementing.

USE AND CHOICE OF FLUOROCHROMES

Fluorochromes
Fluorochromes are used for direct staining of cells or as agents bound to antibody or other reagents to stain cellular antigens

or other structures. Table 1 lists examples of common fluorochromes used for flow cytometry and their excitation and emission
wavelengths. Wavelengths(nm) mayvaryslightly depending on the environment. Syntheticprobes fromspecific manufacturers
are also available.' Fluorochromes must match the spectral range for the lasers and filter sets specific to the user's flow
cytometer.

When choosing fluorochromesfor multicolor phenotyping, the operator should refer to established methods for the
particular instrument. In general, the brightest fluorochromesshould be matched with the antigens that are expected to have
the lowest expression on the cellsurface. The brightness of tandem dyes can also be reduced by the use of certain fixatives,
some of which are less problematic than others. When designing a multicolorflow and tandem dye procedure that has not
been previously validated, the operator should consult the manufacturer's technical service, compare tandem dye/fixative
combinations, and validate the final fluorochrome combination to ensure sample-to-sample consistency.

Tandem fluorescent dyes are dual-conjugated fluorescent molecules. When the two labelsare in close proximity, energy
produced by the laserexcitingthe donor fluoristransferredto the acceptor fluor, releasinga photon at the emissionwavelength
of the acceptor fluor (also known as fluorescence resonance energy transfer, or FRET). Forexample, PECy5 will excite at the
excitation wavelength for PE (565 nm), transfer energy to Cy5, and emit at the emission wavelength for Cy5 (670 nm).
Fluorescently Labeled Antibodies

Most commercially available antibody reagents are monoclonal, but polyclonal reagents may be available, and desirable,for
some applications.The qualityand specificity of an antibody can varywidely. Antibodiesdirected at a given antigen may differ
in their binding specificity for different antigenic epitopes or in the strength of binding to the same epitope. Ifpossible, use
directlyconjugated fluorochrome-antibody combinations that are IVD or ASR grade. Optimization of antibody concentration
for the desired cell population is protocol specific but isgenerally accomplished by using increasingconcentrations of antibody
with a fixed number of cells to bracket the optimal brightness between autofluorescence and quenching. Quenching iscaused
by the prozone phenomenon, which occurs when excess antibody leads to immunoprecipitation and loss of fluorescence
intensity. Further details are available in methods manuals such as CurrentProtocols in Immunology (Coligan et al. 1994).
Cell Surface Antigen Staining

Techniquesfor surfaceantigen staining varywith the type ofspecimen. Wholeblood lysis techniques generallyrequiresurface
labelinq at room temperature in darknessfor 15-30 min, followed by RBC lysis and, ifdesired, fixation. Published techniques
use ammonium chloride (NH4CI) lysis of whole blood or marrowspecimens followed by washing before antibody labeling for
leukemia immunophenotyping. Mononuclear cell or cultured cell samples that are stained live should be kept at 4° or in an
azide-containing buffer to prevent capping and internalization of the antibodies.
Intracellular Staining

Several standardized procedures also existfor labeling intracellular antigens and cytokines. The operator should consult the
manufacturer's protocol and standardized reagents for these procedures. Because permeabilizing reagents vary among
procedures and manufacturers, do not mixand match reagents. Forcytokine labeling it isoften necessary to use an activating
step and a Golgi blockto allowa sufficient amount of cytokine to accumulate for detection. Ifstandardized reagents or
procedures are not available from the manufacturer or ifanalysis of specialized functions is required, manycommon procedures
and techniques can be found in sources such as CurrentProtocols in Immunology (Coligan et al., 1994).
Quantitation of Antigens .

Some applications require quantitation of the average number and density of antigen molecules per cell in order to give a
more complete picture of the immunological behavior of cells (e.g., in studies where extracellular antigens are expressed
dlfferentlally in relation to activating stimuli). The intensityof an antibody/fluorochrome labeled cell preparation iscompared
to the intensity of a set of microbead fluorescencestandards collected at the same PMT voltage settings. The standards are

1 AlexaFluor series (InVitrogen/Molecular Probes) or the Cyseries (GEHealthcare).
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calibrated in moleculesof solublefluorescence (MESF) units, from which one can determine effective fluorescence to antibody
(F/P) ratio,the number of antigen molecules per cell, and the density of available sites per cell.

INSTRUMENT SETUP AND OPERATION

Compensation
Most instrument manufacturers supply softwareand test reagents (usually fluorescent beads) to set PMTs and compensation

in order to target valuesfound with the most common clinical tests (e.g., lymphocyte phenotyping, CD34 analysis). The
operator should also use a biological control such as preserved blood or mononuclear cells, which are commercially available.
Compensation must be set before acquisition on analog instruments. Digital instruments' PMTs must be set correctly because
the values for these settings cannot be changed once the listmode file has been generated. When rare events are examined
and/or intracellular dyes (e.g., 7-amino actinomycin D [7-MD], propidium iodide [PI], Syto-16, etc.) are used in conjunction
with fluorescently labeled antibodies, the balance of PMT voltage and spectral overlap must be closely monitored.

Autofluorescence (AF) isfluorescence above baseline in the absence of fluorochrome staining. Thisoccurs in some cells,
typically myeloid cells(especially alveolarmacrophages) and cultured primarycells. If desired or necessary, AF can be measured
directly on a fixed PMT voltage or can be calculated from a referencestandard of fluorescent reference bead preparations (see
Quantitation ofAntigens, above). Avoid use of the 488 or 532 nm excitationwavelength and subsequent spectral compensation
of the AF as an additional fluorochrome.
Data Acquisition and Gating Strategies

When possible, all events.should be acquired in listmode, Le., without selectivegating of events. Livegating, defined as
selectivegating ofevents during acquisition,should be employed onlywhen the desired subset issufficiently rare that >2 million
total events must be analyzed in order to count a significant (100 or greater) number of events of the desired population. List
mode data can be acquired uncompensated when digital instrumentation isused, but most operators find that analysis is much
lessdifficult and time-consuming ifthe data are in the range of proper compensation before acquisition. Inaddition, it isoften
desirable to set thresholds for exclusion of debris. Setting a forward scatter threshold, for instance, excludesevents below a
predetermined size in order to prevent the large listmode file size that can occur when these events are counted.
Use of Controls .

Fluorochrome-conjugated bead preparations are used for standardizing PMTs and compensation and for quantifying the
expression of specific markers.The use of biologiccontrols isalso highly recommended. Stain the cellsamples with an isotype
control and primary and secondary antibodies to assess nonspecific binding unless the laboratory has ascertained by rigorous
validation procedures that nonspecific binding does not interferewith assay results.

Antigen-positive and -negative cell populations (prepared and stained in a manner identical to that for the test articles)
provide internal system suitability standards. Suchcontrol cellpopulationsalsoallowthe laboratory to assess lot-to-lotvariations
in antibody preparations and staining reagents.
Use of Dyes and Gating for Cell Viability

Cell viability dyes such as 7-MD, PI, and TO-PRO iodide are commonly used to determine the proportion of dead cells in a
celltherapy product. Thesedyes are typically excludedfrom live cells but passthrough the cellmembranes ofdead cells, staining
their DNA. Cell viability staining can be combined with surface membrane or intracellular staining to evaluate subpopulations
and the proportion of live and dead cells stained with a given marker. Viability staining can also be used in conjunction with a
membrane dye in flow cytometry-based cytotoxicity assays. These viability dyes should not be confused with the many
apoptosis-detection reagents now available. Validation techniques for non-IVD viability dyes involve the preparation of a dead
cellpopulation that isadded inserial dilution to a live cellproduct, and the cellmixture isthen assessedfor fidelity to the known
proportion by staining with the dye of interest.
Cell Enumeration

Absolute cell count, expressed as the number of cells in a given sample volume, can be determined by dual- and
single-platform methods. The dual-platform method relies on a separate automated cell-counting instrument or manual
counting method to first enumerate the cell population. The percentage of a subset(s) of interest is then determined by flow
cytometry, that percentage ismultipliedby the cellcount, and the resultisdivided by 100. Single-platform methods enumerate
the cell population and subset counts directlybycounting the cells in the sample simultaneouslywhilecounting reference beads
that have been added to that sample volume ina knownconcentration. Reference beads are often providedasa bead suspension
that is'added to the specimen. Alternatively, a given volume of sample may be added to a known number of reference beads
provided as a solid phase matrix in polystyrene tubes. These approaches are subject to pipetting error, so extra care must be
taken to ensure accuracy and reproducibility.
Instrument Setup and Quality Assurance

Each laboratory should have a quality plan that defines the standard operating procedures for instrument setup and
calibration, as well as regular instrument monitoring, maintenance, and cleaning. Instrument logs should document these
activities and operators. In general, the instrument manufacturer's quality program should be followed unlessa suitable
alternative has been established.

Instrument parameters such as lasercurrent, voltage, output, and PMT voltages during calibrationshould be monitored and
recorded whenever the instrument is in use. Careful monitoring of instrument setup parameters can be helpful in detecting
trends and predicting laseror PMT failure. Biological control testing resultsshould also be monitored and recorded to detect
and prevent analytical method drift. .

The laboratory should also participate in a proficiency-testing program that reflects the test menu. Depending on need, this
could range from a formal program such as the one administered by the College of American Pathologists (CAP) to simple
sharing of specimens and analysis with another laboratory. Ensuring that operators are trained, qualified, and periodically
evaluated for proficiency to perform specific procedures will also help ensure the consistency of techniques and controls.
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Data Management and Storage
Qualitycontrol assays and sample test assays (in list mode) should be stored in a manner that complies with regulatory

requirements applicableto the laboratory.This can be accomplished by transfer to fixed drives, removable media, or to a server
such as a commercial laboratoryinformationsystem. Storage of resultsshould always be traceable to the original FCS listmode
file, instrument settings, and quality control parameters for that particularspecimen. Data should be backed up to avoid loss
of files. Storage and backup procedures should also be establishedfor manual (paper) records that may be used for calculations
and summary data.
Data Analysis and Statistical Considerations

For most flowcytometry applications, data analysis involves displaying the data from list mode files or live gating in a plot
(single-parameter histogram plot, two-parameter dot plot with regions, or three-dimensional plot), and measuring the
distribution of events within that plot. Further analysis of data within selected populations can be done by gating on specific
cell populations. Description of the data typically includes the percentage of events within the population with a given
characteristic(forwardscatter, side scatter, fluorescent marker). The numerator isthe number of events with the characteristic,
and the denominator iseither the number of total events counted or the number of gated events counted. Fortwo-dimensional
plots, analysis is typically done using computer software that analyzesand reports regional (e.g., quadrant) statistics. Because
cell population clustersmayshifttheir positionsfrom one data file to the next, software has been developed for clusteranalysis.

Statistical analysis of quantitativeflowcytometry applicationsdiffers from qualitativeapplicationsinwhich a cellisconsidered
either positive or negative for a given marker. Fora typical quantitative application in which the number of moleculeson the
cell surface isestimated, the mean or median fluorescence intensityof the sample cells labeled with a fluorescent antibody
bound to the molecule of interest can be compared to appropriate controls, includingstandard curvesof cells or particles with
known quantities of that molecule/antibody.

Acommon practicalconsideration for flow cytometric analysis of cell therapy products, especially autologous and related
donor allogeneic products, is that sample sizefor analytical testing isoften limited because of the limited cell content of the
therapeutic product itself. This creates specialchallenges ifcells containing the flow marker of interest are rare events. In these
cases, before makinga decision about sample size,the user must consider the expectations for detecting the rare eventswithina
given number of total cells (l.e., prevalence, variability, sampling error) in relationshipto the desired precisionof the estimate.

Quality and Standardization

Standardization of flow cytometry practices and equipment requires validation, quality assurance (QA), and quality control
(QC) practices. Althoughflow cytometry is used Widely in both research and clinical laboratories, testing of cells for the
development of clinical diagnostic and therapeutic applications is increasing, leading to more comprehensive regulatory
requirements and attention to standardization. As an example, flow cytometry operators have traditionally used fluorescent
microspheres(beads) or cells for instrument setup and QC,frequently based upon manufacturers' recommendations. However,
consistent instructionsabout how these control standards should be applied to instrument setup and QC remain elusive.

Properlyapplied, validation providesdocumented evidence that the manufacturing or testing processconsistently produces
product that meets predetermined specifications. Based on a thorough understanding of critical process parameters, validation
helpsto define product qualityand helps to ensure a consistent and well-controlled manufacturing or testing process.Validation
of flow cytometric methods should incorporate instrument qualification, analytical method validation, and operator
qualification.

DOCUMENTATION

GLP and GMP processes require appropriate documentation such as standard operating procedures (SOPs) for all lab
processes..SOPs must also be periodically updated and approved to reflect current practices. Training and qualification are
required so that laboratorystaff have the appropriate level of competence for their assigned responsibility. Operator
competencies must be continually reviewed and assessed in relationship to SOPs and policies.

Integrating both internal and external quality processes is an important element of quality assurance. These involve
equipment validation, manufacturing controls and limits, and product specifications. Process and equipment validation
processes generally require installation qualification (IQ), operational qualification (OQ), and performance qualification (PQ).

EQUIPMENT AND ASSAY QUALIFICATION

IQ establishesthat the instrument is received as designed and specified, and that it is properly installed in a suitable
environment. This generally means checking physical and facility requirements to determine whether the flow cytometer can
be suitably installed. Qualification factors verified typically include temperature, humidity, space, and electrical facility
capabilitiesin relationship to the instrument manufacturer's requirements. IQ procedures also ensure that all hardware and
software components purchased are installed properly by the instrument manufacturer's representative.

OQ demonstrates that an instrument will function according to the manufacturer's specifications. Thisgenerally means
component-level testing by the instrument manufacturer's representative or using a manufacturer's validation package that
guides the end user to perform this function. Where possible, these tests should have specifications with corresponding
quantitative control limits. This testing ensures that the instrument hardware and software are operational by comparison with
the manufacturer's specifications.

PQdemonstrates that both the instrument and the assayconsistentlyperformaccording to specifications. Forflowcytometry,
these specifications are generallydetermined by the laboratory performingthe flowcytometric testing and usually includedaily
instrument and assay control test specifications. Forspecific assays, PQ should incorporate standardized methodology,
application-specific setup and compensation, and specifications for linearity, precision, and accuracy of reported assayresults.
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On some digitalflow cytometers, a baseline instrument setup may be necessary in order to determine the optimal instrument
settings for a given assay.

INSTRUMENT PERFORMANCE

Performancespecifications may be identified by the flow cytometer manufacturer and may not address all of the operator's
specification requirements. After identifying the manufacturer's specifications, the laboratory must establishspecifications that
are appropriate for the hardware configuration(s)that will be used, and the specifications must be standardized. As an example,
the manufacturer may have a base specification for a four-color dual-laserflowcytometer. Ifthe base specification calls for the
standard red diode 635-nm laserbut a helium-neon air-cooled633-nm laserissubstituted, the base specifications are no longer
valid for the system. Similarly, if the specifications are based on the use of a 660-nm band-pass filter but a 675-nm long-pass
filter is substituted, the base specifications are not valid because of differences in the emission filter characteristics.

PERFORMANCE MONITORING

Instrument performance can be monitored on a daily basis, using commercially available fluorescent beads. Lightdetectors
such as PMTs, photodiodes (PO), and avalanche photodiodes (APDs) are used in most systemsto detect signals,and their gains
can be changed to increase or decrease the sensitivity of the detectors. Therefore, monitoring the settings of these detectors is
as important as monitoring the signals, and these settings should be associated with each raw data file. The easiest approach
is to maintain the same instrument detector settings from day to day and to measure the intensity of the fluorescencesignals.
Thisapproach should be implemented for all parameters that must be validated using the appropriate beads. Instrument
sensitivity is based on the abilityof the detection system to resolve dim cellor bead populations. Forthis reason, measuring the
coefficientof variation (CV) of dim to moderately intense fluorescent bead populations isa means to monitor fluorescence
sensitivity on a daily basis. The instrument manufacturer's recommendations should be used to monitor performance.

Ambient high temperature can affect laser and PMT performance and should also be monitored on a daily basis.
Incorrectcompensation for spectral overlap can strongly affectdata during multicoloranalysis. Manyapproaches have been

established for this purpose, and recently mathematical algorithms' have been used rather than analog circuitry. Algorithms,
such as those that use matrixalgebra, enable the operator or investigatorsto apply objectivecriteria to compensate for spectral
overlap after alldata have been collected. On older systems,the standard approach has been to compensate using a subtractive
hardware adjustment to the observed preliminary data before all data have been collected. Thisapproach can be subjective
and isnot as likely to produce accurate resultsas compensation by newer methods. Antibody-bound capture beads are valuable
compensation tools because they can be used with the same antibody and tandem dyes for all fluorophores that will be used
on cells. Validate the use of beads in place of cells for compensation purposes.

STANDARDS

Microsphere-based fluorescence standards for flow cytometry have been categorized by their purpose:
• Type Istandards are alignment standards that are used to make adjustments to the instrument's optical alignment. These

are typically used byfieldserviceengineers and by usersof operator-adjusted systemsto check the optical signal alignment
in order to improve instrument sensitivity. These particlesare typically small (:::: 2 IJm) and bright, and they provide the
most uniform illumination. .

• Type II standards are reference beads and are the most commonly used bead standards. These typically are used on a daily
basis, have dim to moderate fluorescence intensity, and can be obtained with variousattached fluorophores. These can
be used to mimic cells and, with dedicated software, to determine relative instrument sensitivity.

• Type III standards are used for fluorescencecalibration.These are used for specialized applications that require calibration
of one or more fluorescence detectors for quantitation of molecules of fluorochrome. Determination of the ratio of
fluorophores to antibody (F/P ratio) allows subsequent calculation of the number of antibodies bound per cell.

INSTRUMENT SETUP AND QUALITY ASSURANCE

Instrument setup and quality assurance should be activities independent of the biological assay. Manyvariables related to
instrumentation can lead to artifacts in the biological assayresults. Two activities can be used for instrument quality assurance:
baseline setup and dailysetup.
Baseline Setup

On newer digital instruments it isdesirableto establish a baselinesetup of instrument settings that provideoptimal sensitivity.
Thissetup is not a daily procedure but should be performed if the instrument configuration is changed or ifthe instrument is
serviced. Because PMT voltages and instrument configuration can strongly affect instrument sensitivity, this method should be
used to provide objectivity as well as improved sensitivity. PMT voltages can be increased to a range that provides a lowerCV
(Figure 8). These settings can be, but may not always be, used for the biological assay. .
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Figure 8. PMT voltages can be increased to a range that providesa lower CV.

Daily Setup
Type II standards, as reference particles, can be used to monitor signal intensity, separation of moderately bright and dim

particles, and signal resolution. Fluorophore-matched beads provide a compensation tool as wellas a means of knowingthat
the instrument is able to detect those wavelengths. Fluorophore-matched beads, however, do not have the fluorescence
uniformity required for measuring CVs. Based on the optical performance of the instrument, CVs are best measured using dim
and moderately bright hard-dyed beads such as coumarin-dyed microparticles that fluoresce in a broad spectral range.

It is easy to confuse assaycontrols and instrument controls. Beadsprovide a fluorescence uniformity and consistencythat
cannot be obtained with cells, and, accordingly, beads are useful for monitoring instrument performance. Forthis reason, it is
better to use a process control cell preparation to verify compensation and fluorophore acceptability.

Instrument settings for dailysetup are generallythe same settings used for assays. Not all assays can be used with the same
instrument settings, and it is not always necessaryto perform these activities for every instrument setting unless it is required
by validation.

Daily activities include consistent instrument setting from day to day, use of a broad range of dim to moderate intensity
beads, and monitoring key parameters, including bead fluorescence intensity (absolute and % CV), PMT values, temperature,
laser power, and laserwavelength.

ASSAY QUALITY CONTROL AND QUALITY ASSURANCE

Assay-specific instrument settings should be establishedto demonstrate that allcellpopulations can be identified in bivariate
plots for fluorescence and light scatter. Most importantly, positivepopulations must be on scale and properly compensated.
This is critical when exciting cells with red lasers, which do not cause cells to generate significantautofluorescence. Forthis
reason, it is important to verify appropriate PMT settings so that the positivepopulation is in the upper part of its fluorescence
scale, because it may be extremely difficult to identify the negative cells.

Fluorescence compensation isa critical adjustment. Digital instruments provide objectiveoffline adjustments during analysis,
and detailed instructionsfor proper compensation settings are available. Using cells or capture beads stained with a single
antibody-fluorochromeisgenerally the best approach, but specialized fluorochrome-labeled bead mixturescan alsoworkwell
to compensate for multicoloracquisition and analysis.

ISOTYPE CONTROLS

An isotype control is a negative-control antibody that should not react with the antigen of interest and is the same isotype
as the test antibody. Myelomaprotein or immunoglobulin that has no specificity to the species being tested and has the same
Ig chain class and subclass as the test antibody isconjugated to a fluorochrome identical to that on the test antibody. Ideally,
very littleor no binding occurswhen the isotypecontrol isused in parallel with the test. Idiotypic nonspecific bindingfrequently
occurs, however, and is independent of the isotype of the antibody. This is most likely related to other differences in antibody
chemistryand can be especially problematic with rare-event detection assays, such as those for hematopoietic stem cell assays
in peripheral blood.

FLUORESCENCE MINUS ONE CONTROLS

Fluorescence minus one (FMO) controls are used to control nonspecificstaining during a multicolorassay. After
compensation has been set, a tube containing allofthe fluorochrome-labeledantibodies, except one, isrun. Ifthe compensation
has been properlyset, any positive fluorescence in the parameter corresponding to the missing fluorochrome-labeled antibody
iscaused by nonspecific staining and can be an indicationof antibody excess or degradation of related tandem dyes. Although
FMO controls are very useful for estimating the sensitivity of a particular detector in the context of other reagents, the controls
do not take into account nonspecific binding that can occur with the addition of the test antibody. FMO control tubes are most
appropriately used for troubleshooting or when establishing a new multicolor reagent cocktail.
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Process controls, also known as system suitability standards, account for sample preparation and data acquisition. They can
include commercially available preserved control cells, cell lines, or primary cellssuch as normal peripheral blood. Process
controls can also be used to test new lots of antibody reagent against old lots.

BIOLOGICAL CONTROLS

When treated or stimulated cellsare compared to untreated or unstimulated cells, the untreated or unstimulated cells may
in some cases be the most useful control for setting a positive/negativeboundary. However, use of isotype controls may also
apply to these situations, because stimulation may lead to Fc receptor upregulation, leading in turn to increased background
staining, the presence of which can be elucidated by an isotype control.

FLOW CYTOMETRY APPLICATIONS FOR CELLULAR SAMPLES AND CELL THERAPY PRODUCTS

Awide varietyof flow cytometry applications have been developed for research, clinical diagnosisand monitoring, drug
development, and cellularproduct characterization and qualityassessment (i.e., control to allowbatch release).Traditional
clinical applications include monitoring HIV disease and diagnosisand monitoring leukemia and lymphoma. Both
pharmaceutical and academic research laboratories have increasingly broadened the application of flowcytometry from
immunophenotyping to functional cellularassays, as wellas microsphere-based multiplexassays capable of measuring multiple
functional parameters on individual cells. Current functional assays include those that allowdirect study of cellularactivation
status by measuring intracellular cytokine production or secretion of chemokines or cytokines, usinga ligand-binding sandwich
assay on microspheres. '

Immunophenqtyping

Flow cytometry allows the characterizationof leukocytesubtypes by labelingcells with fluorochrome-conjugated monoclonal
antibodies. The CDsystemdefinesmonoclonal antibodies that recognizeunique cell-surface antigens. Manyclinical applications
take advantage of flow cytometry's unique capabilities to measure multiple CD antigens on thousands of individual cells.

CD4 ENUMERATION

Inthe early1980s, investigatorsdiscoveredthat HIV infectsCD4Tcells and that a patient's peripheralblood CD4Tcellcount
is a useful indicator of immune status. CD4 enumeration has become the most commonly used diagnostic test in HIV-infected
patients to determine the need for anti-retroviral (ARV) therapy and for monitoring the effectiveness of ARV drugs. T cellsubset
counts are typically expressed in terms of cells per microliter and as a percentage of lymphocytes,usinga standardized reagent,
software, and instrument system.

LEUKEMIA AND LYMPHOMA

Multidimensional flow cytometric analysis enables identification of aberrant cell populations in bone marrow, lymphatic
tissue, and peripheral blood of patients with leukemia or lymphoma. This is accomplished with oncology-relevantand
lineage-specific cocktails of monoclonal antibodies. With optimal fluorophores and improved optical/electronic configurations
in flow cytometry instrumentation, additional cell markers can be detected to more precisely identify leukemia or lymphoma
cell phenotypes and to improve the physician'sassessment of patient status. Rare-event detection methods have improved the
abilityto detect minimal residual disease.

DENDRITIC CELLS

Dendriticcells(DCs) act as antigen-presenting cells that can influence the nature and strength of the immune response to
specific antigens. This finding has led to the development of DCs as cell-based therapies for cancer, infectious disease, and
autoimmune disease. DCs are morphologicallyand phenotypically diverseand can be derivedfrom several celltypes. Two major
DClineages, knownas myeloidand plasmacytoid DCs, can be segregated on the basisof their expressionof CDll c and CD123,
respectively. Additionally, the expression of the costimulatorymolecules CD80 and CD86 can be monitored to determine DC
maturation state.

STEM AND PROGENITOR CELLS

CD34 expression is commonly used to characterize hematopoietic stem cells(HSCs) in peripheral blood, cord blood, bone
marrow, and purified HSC preparations from these sources. Flow cytometric identification and enumeration of HSCs is possible
by using monoclonal antibodies specific to the CD34 class III epitope, along with other well-characterized reagents, analysis
software,and protocols. The reagent combination of anti-CD45, anti-CD34, and a viability dye such as 7-AAD iswidely used
for clinical applications. Increasing interest in developing cell-based therapies from embryonic, fetal, and adult tissue sources
has led to the use of a wide varietyof conventional and novel phenotypic markersfor characterizationof source cellsand their
more differentiated progeny. Flow cytometric assays are being developed as part of assay batteries to assess differentiated
cellularproducts derived from pluripotent stem cellsources. These assays will help define appropriate numbers and types of
desired cell-populations, as well as help detect undesired cells such as residual pluripotent cells that could prove tumorigenic
in the recipient.
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Leukoreduction of blood products isa process used to produce blood products with a residual leukocyte content of less than
5 x 106 per unit. Clinical data suggest that nonhemolyticfebrile transfusion reactions can be prevented by leukodepletion.
Leukodepletion also prevents alloim.munization to HLA antigens in patients who will repeatedly require transfusion of blood
products. Flow cytometry is routinely used to quantitate leukocytecontamination in leukocyte-depleted blood products.

PLATELETS

Flow cytometry isa rapid and useful method for diagnosing many primarythrombocytopathies related to defects instructural
or functional glycoproteins (e.g., abnormal expression of gpllb/illa in Glanzmann thrombasthenia or gplb in Bernard-Soulier
disease).The use of thiazole orange, a fluorescent dye that binds RNA, allows immature platelets (reticulated platelets) to be
quantified.The reticulated platelet count can be used to determine the rate of thrombopoiesis. This measurement can separate
unexplained thrombocytopenias into those with increased destruction and those with defects in platelet production.

ERYTHROCYTES

Rhesus D-negativewomen receive prophylactic Rh-immunoglobulin to prevent alloimmunization from Rh(D)+ erythrocytes
(RBCs). If fetomaternal hemorrhage issuspected, the mother's blood istested for the presence and quantity of fetal RBCs, using
fluorescently labeled antibodies to the Rh(D) antigen or to hemoglobin F.

The reticulocyte count is used to help determine whether the bone marrow is responding adequately to the body's need for
RBCs and to help classify different types of anemia. Reticulocyte counts are based on the identification of residual ribosomes
and RNA in immature nonnucleated RBCs. Flow cytometric enumeration of reticulocytes and their discrimination from mature
RBCs usesfluorescent dyes that bind the residual RNA (e.g., thiazole orange).

Bead-Based lmrnunoassays

Multiplex microsphere-basedflowcytometricassays combine a seriesof particles of discretesizeand/or fluorescenceintensity
with matched antibody pairs to allowsimultaneous detection of multiple soluble analytes on a flow cytometer. The flow
cytometer's capacity to discriminate particleson the basisof sizeand color enables determination of multiple resultsfrom a
single tube or well. Many investigators use such assays to measure secreted chemokines or cytokines, kinases, and anti-HLA
antibodies.

Proliferation Assays

DYE INCORPORATION INTO DNA

Bromodeoxyuridine (BrdU) is a thymidine analog that can be incorporated into the DNA of cells during S phase, and then
can be detected using specific, labeled monoclonal antibodies. By pulsing a stimulated cell culture with BrdU, cells can be
identified that have proliferated (passed thr.ough S phase) during the time of the pulse. Thisassay has become a useful
alternativeto 3H-thymidine incorporation as a measure of proliferation because it isnonradioactiveand can identifyphenotypes
of proliferating cells by the use of multiple markers and flow cytometry.

DYE INCORPORATION INTO CELLULAR PROTEINS OR CELL MEMBRANE

Cell-tracking dyes such as carboxyfluorescein succinimidyl ester (CFSE) and PKH26 have proven useful in the assessment of
cellproliferation. CFSE binds covalentlyto cytosoland membrane proteins, and PKH26 binds non-covalentlyto cellmembranes.
When cells divide, CFSE/PKH26 labeling ispartitionedequallybetween the daughter cells, which are therefore halfasfluorescent
as the parents. The fluorescence of each cell isfurther halved with each succeeding generation. This property makes CFSE/
PKH26 assays useful not onlyfor determining the fraction of cells that have proliferated in a stimulated culture but also, under
ideal conditions, the number of generations that have elapsed. In this manner, the precursor frequencies of small populations
that have proliferated over several days in culture can be calculated.

Functional Assays

INTRACELLULAR CYTOKINE EXPRESSION

Cell surfaceand intracellular labelingtechniques have been applied to the identification ofcellsubsets with specific functional
characteristics. Forexample, briefstimulation of cells such as PBMC with protein or peptide antigens can result in the expression
of activation markers and cytokines that can then be measured along with other phenotypic markers on the surface of the
responding cells. The use of a secretion inhibitorsuch as brefeldin Aor monensin allows the intracellular accumulation of
cytokines. The cells are then fixed, permeabilized, and detected by a flow cytometric method. Such assays are useful for
monitoring T cellsubpopulations that respond to vaccines, infectious disease agents, or cancer. Functional properties of other
cell types, including monocytes, DCs, and NK cells, can also be monitored usingfunctional assays with appropriate stimuli.

www.webofpharma.com

https://nhathuocngocanh.com/



USP 43

I<INASES

Genera/Information / (1027) 7295

Phosphorylation-specific cellactivation intermediates can be identified using phospho-specificantibodies and flow
cytometry. These reagents are useful for mapping intracellular signaling mechanisms, often in the context of other cell-surface
phenotypic markers. Thus, multicolorflow cytometry can provide single-cell assessment of intracellular activationstates in
complex cell populations. These assays may have utility in detecting altered signaling states in cancer cells or in directing
appropriate therapies based on the signaling properties of a patient's tumor cells.

APOPTOSIS

Apoptosis, commonly described as programmed cell death, is the processof cell death caused by regulated, physiologic
processes. The apoptotic process manifests itselfas a series of morphological, biochemical, and molecularchanges to the cell
and can be initiated by external or internal stimuli.Acentral event during apoptosis is the activation of caspases, a family of
proteolytic enzymes. Caspases are synthesized as inactive proenzymesand are activated by other caspases or by similar
molecules.Theyform a cascade that can lead to the cleavage of various cytoplasmicor nuclear proteins. One of the caspases
that is reported to be crucial for the apoptotic process is caspase-3, which is activated during the earlystages of apoptosis.

Flow cytometric methods for detecting apoptotic cells include measuring morphology, changes in membrane structure,
DNA cleavage by endonucleases, and mitochondrial membrane potential. Natural or artificial caspase substrates or antibodies
against the activated form of the enzyme have also been used for this purpose.

CELL VIABILITY

Flow cytometry isoften used to discriminate live cells from dead cells. The principleof nucleicacid dye exclusion isthe basis
of this application. Anucleicacid dye such as PI or 7-AAD isadded to cells in suspension. Duringflow cytometric analysis, cells
that fluoresceabove background are considered nonviablebecause they cannot exclude the dye, whichfluoresces when it binds
to cellularDNA.

Flow Cytometry Immunoglobulin Assays

FLOW CYTOMETRY CROSS-MATCHING

Before organ transplantation, flow cytometry cross-matching (FCXM) is performed on recipients to screen for anti-HLA
antibodies that can cause rejection.Anti-HLA antibodies are detected by incubating HLA-defined leukocytes, B-celliines, or HLA
antigen-coated beads with the serum sample, followed by anti-human immunoglobulin fluorescently labeled antibodies.
Leukocytes are immunostained to identifyT and Bcells in order to distinguish between anti-HLA class I and II activity,
respectively. In addition, screening of blood donations for anti-HLA antibodies isalso increasingly employed to identifydonors
whose blood products may have increased risk of causing transfusion-related acute lung injury(TRALI) in recipients.

ANTI-HUMAN NEUTROPHIL ANTIBODIES

Anti-human neutrophil antibodies (HNA) can'cause neutropenia and have been implicated in TRALI.Autoimmune
neutropenias may develop in patients who have autoimmune disorderssuch as Felty syndrome, systemiclupus erythematosus,
and Hashimoto thyroiditis. The absence of anti-HNA antibodies narrowsthe differential diagnosis to nonimmune causes such
as bone marrow failure, myelodysplasia, or marrow-infiltrative processes. Flow cytometry can detect anti-neutrophil antibodies
and can confirm the origin of neutropenia or TRALI.

ANTI-HUMAN PLATELET ANTIBODIES

Anti-human platelet antibodies (HPA) are detected by both indirectand direct flow cytometry-based platelet-associated
immunoglobulin assays. In autoimmune thrombocytopenic purpura, free serum antibodies are not found as frequently as are
platelet-bound antibodies. In cases of alloantibody formation, serum antibodies may be detected without evidence of
platelet-associated antibodies.

FLOW CYTOMETRY ASSAY TROUBLESHOOTING

When developing a flow cytometry method, first determine the ultimate purpose of the assay. Forassays intended for
research, the cell samples, reagents, and protocols may be difficult to standardize. Assays intended for patient diagnosis or to
qualify a cellularproduct for releasebefore administrationto a patient demand more stringent assayand sample standardization.
Regulatory guidelines, the type and stage of clinical investigation, and the ultimate purpose of the assaydetermine the level of
assay rigor required.

Flow cytometry assaydevelopment should include the establishment and qualification of staining, handling, instrument, and
analysis parameters and limits. Assuming that the method has been well developed, the operators are properly trained, the
instrument has been properly setup, appropriate assayand instrument controls have been applied, and, if necessary, the
instrument and method validations have been performed, operators may encounter and address instances when
troubleshooting is necessary. '

The most common flow cytometry challenges are high fluorescence or side scatter background, abnormal event rates, high
fluorescence intensity, and lowfluorescence signal. Approaches to alleviating these issues are described below.
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High Particulate Background

USP 43

Excessive cell handling (e.g., vortexing), improper fixation, and bacterial contamination of the cells can all increasethe
particulate background. In addition, ifthe instrument's forward threshold is set too low, cell debris will be detected as events.
Gentle cell handling, fresh reagents, and appropriate instrument settings help ensure consistent side scatter profiles.

High Fluorescence Background

Highfluorescence intensitycan be attributed to excessive antibody concentration, inadequate cell washing, or inadequate
Fcreceptor blocking. In addition, improperly high instrument PMT gain can also result in a high background. Consistent
antibody concentration and cell density, adequate washing and blocking, and appropriate instrument settings will help avoid
abnormally high fluorescence background.

High Event Rate

Abnormally high event rates are often attributed to high cell densities during antibody staining or in the final cellsample.
Inadequate mixing and settling of the cell sample can result in high cellevent rates, as can improper or inconsistent gating.

Low Event Rate

Cell clumping, lowfinal sample cell densities, blockages in the instrument fluidics, or improper gating can often result in
abnormally low event detection. Proper cleaning, maintenance, and setup of the instrument, as well as consistent staining
protocols, can help achieve consistent resultswith sufficient sensitivity.

High Fluorescence Intensity

As in the case for high fluorescence background, high mean cellfluorescence can resultfrom too much labeled antibody,
inadequate or inconsistent cellwashing, or inadequate blocking. Including detergent in the wash buffer, especially during
intracellular staining, can help prevent nonspecific antibody binding.

Weak Fluorescence Intensity

Manyfactors can result in weak fluorescence intensity. Instrument parameters such as poor laseralignment, improper
compensation, improper setup, inconsistentgain settings, and weak laseroutput can all negativelyaffectfluorescence intensity.
In addition, cell physiology or reagent preparation issues, such as insufficient antibody concentration, labile or secreted target
antigen, poor-quality or improperlystored reagents (resulting in fluorochrome fading), or inaccessible target antigen, can all
result in a weak signal. Adequate assay development, proper instrument maintenance, and adherence to qualified protocols
can all improve the fluorescence signal intensity.

Flow cytometry enables investigators to analyze cells for many different applications. Typesof immunophenotypic and
functional assays are increasing in number and in scope. The presence of proteins and cellular processesand detection of rare
or abnormal cellpopulations can be studied. The reader is referredto the technical literaturefor applicationand method details.

REFERENCES

Coligari JE, Kruisbeek AM, Margulies DH, Shevach EM, Strober W. CurrentProtocols in Immunology. Fourth ed. Hoboken, NJ;
john Wiley and Sons; 1994.

.Shaplro HM. Practical FlowCytometry. Fourth ed. Hoboken, Nj; john Wiley and Sons; 2003.

(1029) GOOD DOCUMENTATION GUIDELINES

INTRODUCTION

Purpose

Documentation can be viewedas the foundation of all qualitysystems because clear,complete, accurate recordsare essential
to all operations and procedures. Thisgeneral chapter providesguidelines on good documentation practicesfor the Good
ManufacturingPractice(GMP)-regulated industries, to be used in the production and control of pharmaceutical products, active
pharmaceutical ingredients (APls), excipients, dietary supplements, food ingredients, and medical devices. This chapter
describes the underlying principles of proper documentation for GMP operations to assist the user whileworking with GMP
activities. These guidelines should be helpful for building the basicfoundation of a qualitysystem that will ensure proper
documentation as well as record integrity and control.
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Thischapter coversdifferent levels and types of documentation, including paper and electronic records that consist of raw
data, reports, protocols, and procedures related to manufacturing controls and analytical data. The chapter also includes
recommendations on information that should be recorded for varioustypes of GMP documents. Electronic systems should be
developed to meet guidelines described in this chapter.

Thischapter does not provide information about all applicable current legal requirements, nor does it affect any applicable
current requirements under GMP regulations.

PRINCIPLES OF GOOD DOCUMENTATION

All steps related to the manufacturing, testing, packing, or holding of pharmaceutical products, APls, excipients, dietary
supplements, food ingredients, and medical devices should be documented.

Good documentation principles for manual or electronic records include the following, as applicable:
• Records should be clear, concise, accurate, and legible.
• Data entries should be recorded promptly when actions are performed.
• Backdating and postdating are not allowed.
• All corrections to the originalentries should be initialed and dated (or captured within an electronic audit trail), with an

explanation included in cases where the reason for the change is not obvious.
• Data entries should be traceable to the person who made the entry.
• Uncommon abbreviations and acronyms should be defined.
• Controls should be in place to protect the integrityof the records.
• In the event that ink may have faded over time (e.g., thermal paper), a copy can be used with verification of its accuracy;

the copy should be initialed and dated.
• Notebooks, data sheets, and worksheets should be traceable.
• An adequate documentation system is needed to ensure data integrity and availability of current and archived records.
• Records should be retained per regulatory requirements and be readable during the retention period.
• All pages should be paginated. Attachments (supporting documents) should be paginated with a reference to the parent

document.

DATA COLLECTION AND RECORDING

Formatsfor data collection and recording include, but are not limited to, the following:
• Paper forms, data sheets, and worksheets
• Notebooks and logbooks
• Instrument printouts
• Electronic data obtained with a system such as an electronic data system, laboratory information management system

(L1MS), or electronic laboratory notebook (ELN)
All data should be permanently recorded directlyand legibly when the activity is performed. Ifit is paper record, then it

should be recorded in indelibleink.All data entriesshould be traceable to who made the entry and when. Additionally, electronic
records must meet the requirements of the Code of Federal Regulations Title21 (21 CFR), Part 11.

Any change to an entry should be made in a waythat does not obscure the original entry, with an explanation in cases where
the reason for the change is not obvious. Changes should be traceable to who made the change and when the change was
made. Forclarity, predefined correction codes may be used, for example, WD = wrong date.

Notebook pages and worksheets should be used consecutively, and information should be recorded chronologically. GMP
recordssuch as batch records, test methods, and specifications should be given unique identifiers and use version control for
the documents.

All data entry fields should be completed. Asingle lineand/or "N/A" should be drawn through portiones) of a page that are
not used. If the record is in an electronicsystem and the system providestraceabilityof who filled each field and when, the field
can be left blank.

Decimals lessthan one should be preceded by a zero. Rounding rules and guidelines on significantfigures are described in
Ceneral Notices, 7.20 Rounding Rules.

All dates should be expressed in a format that clearly indicates the day, month, and year.
All GMP records for data collectionshould undergo appropriate reviewand signature by a second person to confirm the

accuracy, compliance, and completeness of the entries. Additional signatures may be required on the basisof local Standard
Operating Procedures (SOPs) for different levels of review (e.g., performed by, verified by, checked by, reviewed by, approved
by) as accountabilitysteps.

Anofficial record of signature and initials should existfor each employee or can be contained within the document. Controls
should be in place for assigning signature approval requirements and delegation of signature authority, when needed ...

In the event that verified copies of raw data have been prepared, the verified copy may be substituted for the originalsource
as raw data.

All multiple-page data sheets or instrument printouts in paper form should be signed/initialed on the firstor last page with a
note indicating the total number of pages. The first page and all subsequent pages should be uniquely identifiedto the activity
being performed, such as the notebook reference, study number, or worksheet reference.
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DIFFERENT TYPES OF GMP DOCUMENTS

The following or similar documents should include the following information, but are not limited to these items.

Laboratory Records

USP 43

Laboratory records should be organized to ensure that the records are concise, clear, legible, and accurate, and detail the
following:

• Description of materials, such as reagents. This information typically includesthe material name, manufacturer and lot
number, titer or concentration, expirationdate, grade (ifknown), and a referenceto the lab notebook ifprepared in the lab

• Identification of equipment used. This information typically includes equipment name, unique control number, and
calibrationexpiration date, as applicable

• Procedures used
• Measurements
• Formulae and calculations
• Results and conclusions

Equipment-Related Documentation

All equipment used in manufacturing, testing, packing, or holding of a raw material, component, API, finished product, or
other similar item should be maintained and qualified for its intended use. The documentation related to equipment includes:

• Policies and procedures for operation and maintenance
• Equipment use
• Maintenance records
• Calibration or qualification records
• Instrument labeling

Deviations and Investigations

All aberrations, anomalies, and exceptions related to manufacturing, testing, packing, or holding of a raw material,
component, API, finished product, or other similar item should be documented. Once documented, the deviation should be
evaluated and investigated, as appropriate. Proceduresshould be in placefor documenting, evaluating, and investigatingsuch
events. Documentation of the investigation should include the following:

• Description of the event
• Root-cause investigation
• Evaluation of data trend
• Responsibilities of people involved in the investigation or deviations
• Impact assessment
• Corrective Action and Preventive Action (CAPA) with timelines
• Review and approval

Batch Records

A Master BatchRecord (MBR) iscreated as a template for the manufacture of a specific product. An ExecutedBatch Record,
based on the MBR, is used to document the steps and materials involved in the production of a specific batch of a raw material,
component, API, finished product, or other similar item. Typically, the following sections are included in a Batch Record, and
should be approved by an appropriate representative from the manufacturing site or packaging site:

• Header information (e.g., product name, batch number, manufacturing site)
• Unitof operation (e.g., blending, coating, filling)
• Manufacturing process

o Target weights (raw materials)
o Conditions (time, temperature)
o Deviations and investigations

• In-process sampling or testing
• Other critical information, as applicable
• Sampling plan for release, stability, and retention
• Review and approval
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The purpose of the Certificate of Analysis ("C of A" or CoA) isto report analytical results for a specific batch of a raw material,
component, API, finished product, or other similar item. Typically, the following sections are included on a C of Aand should
be approved by an appropriate representative from the testing site:

• Vendor, supplier, or manufacturer information (as applicable)
• Product information (name and strength)
• Results for the specific batch, with name of test, acceptance criteria, and result for each test
• Conformance statement or equivalent
• Reference to procedure and specification document
• Reference of data source
• Approval and date
• Expiration date or retest information

Standard Operating Procedures

The purpose of an SOP is to provide directions to trained personnel regarding a given set of activities. SOPs should be clear
and concise. The following sections are typically included in an SOP:

• Purpose and scope
• Instructions and procedure
• Responsibilities and roles
• Materials or equipment, as appropriate
• Definitions or references, as needed
• Review and approval
• Revision history

Protocols and Reports

Many tasks and activities are executed on the basisof a predefined, preapproved protocol. The resultsof these activities are
then documented in a final report with conclusions. Examples of such activities are as follows:

• Equipment qualification
• Analytical method validation or verification
• ManufactUring process validation
• Analytical method or manufacturing technology transfer
• Cleaning validation
• Stability study or testing
• Comparability study
Both the protocol and the report should typically include the following sections:
• Purpose .
• Plan or instructions
• Predetermined acceptance criteria
• Deviations or investigations, or a reference to (for report only)
• Assessment or evaluation (for report only)
• Data reference (for report only)
• Review and approval
• Revision history

Analytical Procedures

Analytical procedures provide direction to an operator on how to perform a given analytical test. The following sections will
typically be included in the analytical procedure:

• Purpose
o Test information
o Product information

• Safetyinformation, if applicable
• Materials and equipment
• Procedure, as applicable

o Systemsuitability
o Preparation of solutions and reagents
o preparation of standards and samples
o Instrument parameters
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a Calculations and reporting
• Review and approval with approval dates
• Revision history

Training Documentation

USP 43

Personnel should be trained to perform their assigned tasks.The training should be documented, and the training records
should be retained and kept readily accessible. Ingeneral, training documentation should include:

• Training description including name of training, version, and mode (self-training or instructor led)
• Completion date
• Information on the trainer, as applicable

Retention of Documents

Anadequate policyfor record retention and archiving should be established for the above records. The required length of
time depends on the regulatory requirements or company procedures; however, it should be at least 1 year after the batch
expiration date.

(1030) BIOLOGICAL ASSAY CHAPTERS-OVERVIEW AND GLOSSARY

USP-NF contains four general chapters regarding the development, validation, and analysis of bioassays (biological assays):
Design and Analysis of Biological Assays (111), Design and Development of Biological Assays (1 032), Biological Assay Validation
(1033), and Analysis of Biological Assays (1034). This proposed new chapter, Biological Assay Chapters-Overview and Glossary
(1030), providesan overviewand some material common to chapters (1032), (1033), and (1034), including a glossaryof
bioassay-related terms.

The suite of USP bioassaychapters focuses on relative potency assays. These assays recognize the inherent variability in
biological test systems (whether animals or cells) that may be seen from laboratory to laboratory and from day to day. That
inherent variability compromises the reliability of an absolute measure of potency. In relative potency assays, the biological
activity of a Test material is compared to the activity of a Standard in an assaysystem wherein the use of a Standard reduces
the influence of the inherent variability of the systemon the estimation of relative potency. Relative potency assays also provide
focus on important variability in response because of differences between the Test and Standard materials(ifsuch a difference
exists). The Test is expected to behave as a dilution or concentration of the Standard and should exhibit the property of
similarity. Although they are intended for relative potency bioassays, the principles and practices developed in these chapters
may have wider application-for example, to immunoassays and receptor-ligand-binding assays used to determine relative
potency.

Chapter (1 032) provides informationfor scientists developing a new biological assay. As seen in Table 7, the chapter coversa
range of activities across the life cycleof the assay, with emphasis on development leading to validation, including the choice
of test system and design considerations (e.g., plate layout). It also addresses data analysis strategies that should be considered
during development (before validation) but that are not routinelyaddressed later. Among these strategies are the choice of
weighting scheme, data transformation, ifany, and choice of statistical model. Statistical details in support of these sections
of chapter (1032) are found in chapter (1034).

Table 1. Primary Sections of Design and Development of Biological Assays (1032)

Section Section Title

1 Introduction
I

Purposeand Scope1.1

1.2 Audience

2 Bioassay Fitness for Use

2.1 Process Development

2.2 Process Characterization

2.3 Product Release

2.4 Process Intermediates

2.5 Stability

2.6 Qualification of Reagents

2.7 Product Integrity

3 Bioassay Fundamentals

3.1 In Vivo Bioassays

3.2 Ex Vivo Bioassays
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Table 1. Primary Sections of Design and Development of Biological Assays (1032) (continued)

Section Section Title

3.3 InVitro (Cell-Based) Bioassays

3.4 Standard

4 Statistical Aspects of Bioassay Fundamentals

4.1 Data

4.2 Assumptions

Variance Heterogeneity, Weighting, and
4.3 Transformation

4.4 Normality

4.5 Linearity of Concentration-Response Data

4.6 Common Bioassay Models

4.7 Suitability Testing

4.8 Outliers

4.9 Fixed and RandomEffects in Modelsof Bioassay Response

5 Stages in the Bioassay DevelopmentProcess

Design: Assay Layout, Blocking, and
5.1 Randomization

5.2 Development

5.3 DataAnalysis during Assay Development

5.4 Bioassay Validation

5.5 Bioassay Maintenance

Chapter (1 034) providesinformation about the data analyses appropriate for common relative potency bioassays, including
parallel-line, slope-ratio, parallel-curve, and quantal models.The chapter also includes analyses supporting system and sample
suitability assessmentand methods for combining results from independent assays (see Table 2). This chapter is the most
statistically advanced of the three chapters but isdesigned to be suitablefor both biologists and statisticians. The conceptual
material requires only a minimal statistical background. Methods sections require a statistical background at the level of
Analytical Data-Interpretation and Treatment (1 010) and familiarity with linearregression.

Table 2. Primary Sections of Analysis of Biological Assays (1034)

Section Section Title

1 Introduction

2 Overview of Analysis of Bioassay Data

3 Analysis Models

3.1 Quantitativeand Qualitative Assay Responses

3.2 Overview of Modelsfor QuantitativeResponses

3.3 Parallel-Line Modelsfor QuantitativeResponses

3.4
l Nonlinear Modelsfor QuantitativeResponses

3.5 Slope-Ratio Concentration-Response Models

3.6 Dichotomous (Quanta!)Assays

4 ConfidenceIntervals

4.1 CombiningResults from Multiple Assays

4.2 CombiningIndependent Assays (Sample-Based ConfidenceInterval Methods)

4.3 Model-Based Methods

5 Additional Sourcesof Information

Chapter (1 033) isintended to follow chapters (1032) (assay development)and (1034) (development of data analysis plans).
That is, chapter (1 033) assumesa fully developed bioassay (including a data analysis plan and at leasttentative values for system
and sample suitability criteria and the bioassay format) and provides guidance about the validation of that assay. The chapter
addresses the validation characteristics relevant to relative potency bioassays and provides more detail regarding the statistical
methods u~ed in validation than does Validation of Compendial Procedures (1225). Principles and practicesdeveloped in chapter
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(1033), although they are intended for relativepotency assays, may have wider application. The chapter emphasizesvalidation
approaches that provide flexibility in adopting new bioassay methods, new biological drug products, or both (see Table 3).

Table 3. Primary Sections of Biological Assay Validation (1033)

Section Section Title

1 Introduction

2 Fundamentalsof Bioassay Validation

2.1 Bioassay Validation Protocol

2.2 Documentation of Bioassay Validation Results

2.3 Bioassay Validation Design

Validation Strategiesfor Bioassay Performance
2.4 Characteristics

2.5 Validation Target Acceptance Criteria

2.6 Assay Maintenance

2.7 Statistical Considerations

3 A Bioassay Validation Example

3.1 Intermediate Precision

3.2 Relative Accuracy

3.3 Range

3.4 Useof Validation Results for Bioassay Characterlzation

Confirmation of Intermediate Precision .md
3.5 Revalidation

4 Additional Sourcesof Information

Measures of location and Spreadfor lognormally
Appendix Distributed Variables

GLOSSARY

Thisglossary pertains to biological assaysand providesa compendial perspective that is consistent across USP-NPssuite of
bioassaychapters, is complementary to previousauthoritative usage, and providesa useful focus on the bioassaycontext. In
many cases the terms cited here have common, though undocumented, usages or are defined in Validation of Compendial
Procedures (1225) and in the International Conference on Harmonization (ICH) Guideline Q2(R1), Validation of Analytical
Procedures: Text and Methodology.' (Chapter (1225) and ICH Q2(R1) agree on definitions.) The Glossary is intended to be
consistent with these precedent usages, and notes are provided when a differencearises because of the bioassay context.
Definitions from (1225) and ICH Q2(R1)are identifiedas, for example, " (1225)" iftaken without modification, or "adapted
from (1225)" iftaken with minor modificationfor application to bioassay. Most definitions are accompanied by notes that
elaborate on the bioassaycontext.

The terms are organized alphabeticallywithin five topic sections:
I. General terms related to bioassays
II. Terms related to performing a bioassay
III. Terms related to precision and accuracy
IV. Terms related to validation
V. Terms related to statistical design and analysis

Table 4 shows each term and the Glossary section in which it can be found.

Table 4. Terms Listed in the Glossary
Term Section Term Section

Accuracy III Mixed-effects model V

Analysis of variance(ANOVA) V Modeling, statistical V

Analytical procedure I Nested V

Assay I Out of specification II

Assay data set I Parallelism V

Bioassay I Partially crossed V

, Available at: http://www.ich.org/fileadmin/PublicWeb_Site/ICH_Products/Guidelines/Quality/Q2_Rl /Step4/Q2_Rl_Guideline.pdf. Accessed 29
March 2012.
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Table 4. Terms Listed in the Clossary(continued)
Term Section Term Section

Biological assay I Pointestimate V

Blocking V Potency I

Completeblock design V Precision III

Confidence interval V Pseudoreplication V

Crossed V Pvalue V

Design of experiments (DOE) V Quantitation limit IV

Dilutional linearity IV Random effect V

Directbioassays I Random error III

Equivalence test V Random factor V

Errors, types of III Randomization V

Expected mean square V Range IV

Experimental design V Relative bias III

Experimental unit V Relative potency I

Factor V Repeatability III

Factorial design V Replication V

Fixed effect V Reportable value I

Fixed factor V Reproducibility III
-

Formatvariability III Robustness IV

Format, bioassay II Run I

Fractional factorial
design V Sample suitability II

Full factorial design V Significance probability V

General linearmodel V Similar preparations I

Geometric coefficient ofvariation III Similarity (algebraic) I

Geometric standard deviation III Specificity III

Incompleteblock Standarderror of
design V estimate V

Statistical process
Independence V control (SPC) V

Indirectbioassays I System suitability II

Interaction V Systematic error III

Intermediateprecision III Truereplicates V

Level V Truncation bias III

Linearity, dilutional IV TypeIerror V

Lognormal distribution V TypeII error V

Lower limitof
quantitation IV Validation, assay IV

Meansquare V Variance component analysis V

I. General Terms Related to Bioassays

ANALYTICAL PROCEDURE [ADAPTED FROM Q2(Rl)]

Detailed description of the steps necessary to perform the analysis.
[NOTE.:.-l . The procedure may include but is not limited to the sample preparation, the Reference Standard, and the reagents;

use of equipment; generation of the standard curve; use of the formulae for the calculation; etc. 2. An FDA Guidance- provides a
list of information that typically should be included in the description of an analytical procedure.]

2 Analytical Procedures and Methods Validationfor Drugs and Biologics, Guidance for Industry. 2015. http://www.fda.gov/ucm/groups/fdagov-public/
@fdagov-drugs-gen/documents/document/ucm386366.pdf. Accessed20 April 2016.
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ASSAY
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Analytical procedure to determine the quantity of one or more components or the presence or absence of one or more
components.

[NOTE-1. Assay often is used as a verb synonymous with test or evaluate, as in "1 will assaythe material for impurities." In
this glossary, assayisa noun and issynonymouswith analytical procedure (q.v.), 2. The phrase to run theassaymeans to perform
the analytical procedure as specified. 3.ln common practice, assayand run(q.v.)often are used interchangeably. Inthisglossary,
they are different. Also see bioassay and bioassay dataset.]

ASSAY DATA SET

The set of data used to determine a single potency or relative potency for all samples included in the bioassay.
[NOTE-1. The definition of an assaydata set can be subject to interpretation as necessarily a minimal set. It may be possible

to determine a potency or relative potency from a set of data but not do this well. It is not the intent of this definition to mean
that an assaydata set is the minimal set of data that can be used to determine a relative potency. In practice, an assaydata set
should include, at least, sufficient data to assess similarity (q.v.). It also may includesufficient data to assess other assumptions.
2. It is also not an implication of this definition that assaydata sets used together in determining a reportable value (q.v.) are
necessarily independent from one another, although it may be desirable that they be so. When a run (q.v.) consistsof multiple
assaydata sets, independence of assaysets within the run must be evaluated.]

BIOASSAY, BIOLOGICAL ASSAY (these terms are interchangeable)

Analysis (as of a drug) to quantify the biological activity or activities of one or more components by determining its capacity
for producing an expected biological activity on a culture of living cells(in vitro)or on test organisms (in vivo), expressed in
terms of units.

[NOTE-1. The components of a bioassay include the analytical procedure, the statistical design for collecting data, and the
method of statistical analysis that eventuallyyieldsthe estimated potency or relative potency. 2. Bioassays can be either direct
or indirect.

Direct bioassays-Bioassays that measure the concentration of a substance that is required in order to elicita specific
response. Forexample, the potency of digitalis can be directlyestimated from the concentration required to stop a cat's
heart. In a direct assay, the response must be distinct and unambiguous. The substance must be administered in such a
manner that the exact amount (threshold concentration) needed to elicita response can be readily measured and
recorded.
Indirect bioassays-Bioassays that compare the magnitude of responsesfor nominallyequal concentrations of reference
and test preparations rather than test and referenceconcentrations that are required to achievea specified response. Most
biological assays in USP-NF are indirect assays that are based on either quantitative or quantal (yes/no) responses.]

POTENCY [21 CFR 600.3(S)]

The specific abilityor capacity of the product, as indicated by appropriate laboratorytests or by adequately controlled clinical
data obtained through the administration of the product in the manner intended, to effect a given result.

[NOTE-1. Awholly impotent sample has no capacity to produce the expected specific response, as a potent sample would.
Equipotent samples produce equal responses at equal dosages. Potency typically is measured relative to a Reference Standard
or preparation that has been assigned a single unique value (e.g., 100.0) for the assay; see relative potency. Attimes, additional
qualifiers are used to indicate the physical standard employed (e.g., "international units"). 2. Some biological products have
multiple usesand multiple assays. Forsuch products there may be different reference lots that do not have consistentlyordered
responses across a collection of different relevant assays. 3. [21 CFR 610.10] Testsfor potency shall consist of either in vitro or
in vivo tests, or both, which have been specifically designed for each product so as to indicate its potency in a manner adequate
to satisfy the interpretation of potency given by the definition in 21 CFR 600.3(s).]

RELATIVE POTENCY

Ameasure obtained from the comparison of a Test to a Standard on the basisof capacity to produce the expected potency.
[NOTE-1. Afrequently invokedperspective is that relative potency is the degree to which the Test preparation isdiluted or

concentrated relativeto the Standard. 2. Relative potency isunitless and isgivendefinition, for any test material,solely in relation
to the reference material and the assay.]

REPORTABLE VALUE

The value that will be compared to an acceptance criterion.
[NOTE-1. The acceptance criterionfor comparison may be in the USP monograph, or it may be set by the company, e.g.,

for product release. 2. The term reportable value is inextricably linked to the "intended use" of an analytical procedure. Assays
are performed on samples in order to yield results that can be used to evaluate some parameter. Assays may have different
summary values or formats for different purposes (e.g., lot releasevs. calibration of a new reference standard). The reportable
valuemay be different even ifthe mechanicsofthe test itself are identical.Validation isrequired inorder to support-the properties
of each choice of reportable value. In practice there may be one physical document that is the analytical procedure used for
more than one application, but each application must be detailed separately within that document. Alternatively, there may
be separate documents for each application.3. When the inherent variability ofa biological response, ort~at of the log potency,
precludes a single assay data set's attaining a value sufficiently accurate and precise to meet a specification, the assayformat
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may be changed as necessary. The number of blocks or complete replicates needed depends on the assay's inherent accuracy
and precision and on the intended use of the reported value. It is practical to improve the precision of a reported value by
reporting the geometric mean potency from multiple assays. The number of assays used isdetermined by the relationship
between the precision requiredfor the intended use and the inherent precision of the assay system.]

RUN

The performanceof the analytical procedure that can be expected to have consistent precision and trueness; usually, the
assaywork that can be accomplished by a single analyst in a set time with a given unique set of assayfactors (e.g., standard
preparations).

[NOTE-l. There is no necessary relationship of run to assay data set (q.v.).The term run is laboratoryspecific and relates to
the laboratory's physical capability and environment for performing the workof an assay. An example of a run isgiven by one
analyst's simultaneous assayof several samples in one day'sbench work. During the course of a single run, it may be possible
to determine multiple reportable values. Conversely, a singleassay data set may includedata from multipleruns. 2. From a
statistical viewpoint, a run isone realization of the factors associated with intermediate precision (q.v.), Within-run variability
is thus repeatability. It isgood practice to associate runswith factors that are significant sources of variation in the assay. For
example, ifcell passage number isan important source of variation in the assay response obtained, then each change in cell
passage number initiates a new run. Ifthe varianceassociated with all factorsthat could be assignedto runs isnegligible, then
the influence of runs can be ignored in the analysis, and the analysis can focus on combining independent analysis data sets.
3.Whena run containsmultipleassays, caution isrequired regardingthe independence of the assay results. Factors that typically
are associatedwith runs and that cause lackof independence include cell preparations, groups of animals, analyst, day, a
common preparation of reference material, and analysis with other data from the same run. Even though a strict sense of
independence may be violated because some elements are shared among the assay sets within a run, the degree to which
independence iscompromised may have negligible influence on the reportable values obtained and should be verified and
monitored.]

SIMILAR PREPARATIONS

The property that the Test and the Standard contain the same effective constituent, or the same effective constituents in
fixed proportions, and allother constituents are without effect in some specific assay context.

[NOTE-1. Having similar preparations isoften summarized as the property that the Test behaves as a dilution (or
concentration)ofthe Standard.2. Similar preparationsarefundamental to methods fordeterminationof relative potency. Given
similar preparations, a relative potency can be calculated, reported, and interpreted. In the absence of similar preparations, a
meaningful relative potency cannot be reported or interpreted. 3. The practical consequence of similar preparationsisalgebraic
similarity (q.v.), (Also see Parallelism, section V.)]

SIMILARITY (ALGEBRAIC)

The Test and Standard concentration-responsecurves are algebraically related in a manner consistentwith similar
preparations.

[NOTE-1. Examples of similarity are parallelism (q.v.) of concentration-response curvesand equalityof intercepts in slope
ratio models. 2. Failure to statistically demonstrate dissimilarity between a Reference and a Test does not amount to
demonstration of similarity. To demonstrate similarity an equivalence approach isappropriate; see (1032) and (1034). 3.
Similarity istypically a samplesuitability (q.v.)criterion. Note, however, that suitability isa necessary but not sufficient condition
for preparations to be similar. In practice, absent knowledge of differences between the Test and Standard materials,
demonstration of similarity isaccepted as demonstrating similar preparations.]

II. Terms Related to Performing a Bioassay

FORMAT, BIOASSAY

The intra- and inter-run replication strategy for replication of assay data sets that has been determined by varianceanalysis
to support the use of the bioassay.

[NoTE-l. Modifications to bioassay format mayoccuras new information regardingsourcesofvariability becomes available.
Suchmodifications do not includechanges to the dilution scheme ofTestsamplesor Standard, or the replication strategy (part
of what issometimes called bioassay configuration). Assay configuration can include nested dimensions like plate design,
multipleplates per day, single plates on multipledays, etc. 2. The geometric mean relative potency determined from the
bioassay format is the reportable value, which may be used to assess conformance to specifications or as a component of
subsequent analysis (e.g., stability evaluation).]

OUT OF SPECIFICATION (ODS)

The property of a reportable valuethat falls outside its specification acceptance criterion.
[NOTE-Outof specification is not a property of the bioassay but rather a property of Test samples. The term is introduced

into (1033) in conjunctionwith setting validation acceptance criteria which limitthe risk of producing out-of-specification test
results because of bioassay performancecharacteristics.]
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Asample issuitable (may be used in the estimation of potency) ifits response curve satisfies limits on critical properties that
are stated in the assay procedure.

[Nors-Response curve properties are to be taken generally; i.e., includesoutliersand variability. The most significant of
these properties for bioassays issimilarity (q.v.) to the standard response curve. Inaddition, all assaysystems have limits on the
range of valuesthey can report. Forsamples that fail one or more sample suitability criteria in a bioassay, the potency estimate
from those samples should not be used as a reportable value or as a contributor to a reportable value. Also see truncation bias
in this Glossary and the sections Sample Suitability and Range in general chapter (1032).]

SYSTEM SUITABILITY

An assay system issuitable for its intended purpose if it is capable of providing legitimate measurements as defined in the
assay protocol.

[NOTE-System SUitability may be thought of as an assessment of whether there isany evidence of a problem in the assay
system. An example is provided by positive and negative controls,where valuesoutside their normal ranges suggest that the
assaysystem is not working properly.]

III. Terms Related to Precision and Accuracy

ACCURACY (1225)

The closeness of test resultsobtained by the procedure and the true value.
[NOTE-1. ICH and USP give the same definition of accuracy. However, ISO specifically regards accuracy as having two

components, bias and predslon.' That is, to be accurate as used by ISO, a measurement must both be on target (have low
bias) and be precise. In contrast, ICH Q2(R1)states that accuracy issometimes termed "trueness" but does not define
trueness. ISO defines trueness as the "closeness of agreement between the average value obtained from a large seriesof test
results and an accepted reference value" and indicates that "trueness is usually expressed in terms of bias." The 2001 FDA
Guidance on Bioanalytical Method Vatldation" defines accuracy in terms of "closenessof mean test resultsobtained by the
method to the true value (concentration) of the analyte" (emphasisadded) and thus isconsistent with the ICH usage. This
glossaryadopts the USP/ICH approach. That is, accuracy isdefined as the agreement between the mean (or expected results)
from an assayand the true value, and uses the phrase accurate andprecise to indicate low bias (accurate) and lowvariability
(precise).2. Considerablecaution isneeded when using or reading the term accuracy. Inaddition to the inconsistencybetween
USP/ICH and ISO, common usage is not consistent. 3. For purposes of bioassayvalidation, the terms accuracy and bias have
been replaced by relative accuracy and relative bias.]

ERROR, TYPES OF

Two sources of errors that affect the uncertainty of resultsof a biological assayare systematic error and random error.
Asystematic error isone that happens with similar magnitude and consistent direction repeatedly. Thisintroduces a bias
in the determination. Effective experimental design, including randomization and/or blocking, can reduce systematic
error.
A random error is one whose magnitude and direction varywithout pattern. Random error isan inherent variability or
uncertainty of the determination. Conversionof systematic into random error, through experimental design or
randomization, increasesthe robustness of a biological assayand allows a comparativelysimple analysis of assaydata but
may require a larger sample size.

FORMAT VARIABILITY

. Predicted variability for a particular bioassayformat.

GEOMETRIC COEFFICIENT OF VARIATION

Found as antilog(S)-l, where S is the standard deviation determined in the log scale.
[NOTE-The geometric coefficientof variation is usually reported as a percentage (%GCV). Itis important notto confuse the

%GCV with the %CV. The %GCV is a measure of spread relevant to data analyzed in the log-transformed [Y= log(X)] scale,
and the %CV is a measure relevant to data analyzed in the original (X) scale.]

GEOMETRIC STANDARD DEVIATION (GSD)

The variability of the log-transformed values of a lognormal response expressed as a percentage in the untransformed scale.
It isfound as antilog(S),where S is the standard deviation determined in the log scale.

[NOTE-For example, ifthe standard deviation of log potency is S using log base 2, the GSD of potency is 100 * 25.]

3lS0.lnternational Standard5725-1. Accuracy (Truenessand Precision) of MeasurementMethods and Results-Part 1: GeneralPrinciples and Definitions.
Geneva, Switzerland; 1994.
4 FDA. Guidancefor Industry. Bioanalytical Method Validation. May2001. http://www.fda.gov/downloads/Drugs/
GuidanceComplianceRegulatorylnformation/Guidances/UCM0701 07.pdf. Accessed 7 December 2011.
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INTERMEDIATE PRECISION (ADAPTED FROM (1225»)

Within-laboratory precision associated with changes in operating conditions.
[NOTE-1. Factors contributing to intermediate precision involve anything that can change within a given laboratoryand

that may affect the assay, including differentdays, differentanalysts, differentequipment, etc. Intermediate precision is thus
"intermediate" in scope between the extremes of repeatability (intra-assay) and reproducibility (inter-laboratory). 2. Any
statement of intermediate precision should identify the factorsthat varied. Forexample, "The intermediate precision associated
with changing equipment and operators is...." 3. Investigators can benefitfrom separatelyidentifying the precision associated
with each source (e.g., inter-analyst precision). This may be part of assay development and validation when there isvalue in
identifying the important contributors to intermediate precision. 4. When reporting intermediate precision, particularly for
individual sources, care should be taken to distinguish between intermediate precision varianceand components of that
variance. The intermediate precision variance includes repeatability and thus must be at least as large as the repeatability
variance. Avariancecomponent, e.g., associatedwith analyst, also isa part of the intermediate precision variancefor analyst,
but it could be negligible and need not be larger in magnitude than the repeatability variance.]

PRECISION ( (1225»)

Measure of agreement among individual test results when the procedure isapplied repeatedly to multiple samplings of a
homogeneous sample.

[NOTE-1. Precision may be considered at three levels: repeatability (q.v.), intermediate precision (q.v.), and reproducibility
(q.v.). 2. Precision should be investigated using homogeneous, authentic samples. However, if it is not possible to obtain a
homogeneous sample, precision can be investigated using spiked samples that mimica true sample or a sample solution. 3.
Precision may be expressed as the variance, standard deviation, coefficient of variation, or geometric coefficient of variation
(q.v.).]

RELATIVE BIAS

Measure of difference between the expected (or mean) valueand the true value, expressedas a percentage of the true value.

REPEATABILITY ( (1225»)

The precision within a laboratoryover a short interval of time, usingthe same analystwith the same equipment.
[NOTE-1. ICH Q2(R1) says that repeatability is alsotermed "intra-assay" precision. In the bioassay context, the better term

is intra-run, and a "short interval of time" connotes within-run. 2. The idea of a "short interval of time" can be problematic with
bioassays. Ifa run requires multiple weeksand consists of a singleassay set, then intra-run precision cannot be determined.
Alternatively, ifa run consists of two assaydata sets and a run can be done in a singleday, repeatability of the relative potency
determination can be assessed.]

REPRODUCIBILITY (1225)

The precision between laboratories.. '.
[NOTE-1 . Reproducibility includes contributionsfrom repeatability and allfactors that contribute to intermediate precision,

as well as any additionalcontributionsfrom inter-laboratory differences. 2. Reproducibility applies to collaborative studiessuch
as those for standardization or portability of methodology. Depending on the design of the collaborative study, it may be
possible to separatelydescribe variancecomponents associatedwith intra- and inter-laboratory sources of variability.]

SPECIFICITY (1225)

The ability to assess unequivocally the analyte in the presence of components that may be expected to be present.
[NOTE-1 . Typically these components may include impurities, degradants, matrix, etc. See chapter (1225) for further

discussion. 2. This definition isalsoassociatedwith selectivity inother guidancesfor analytical methods. 3. Specificity can mean
the measurement of the specific analyte of interest and no other similar analyte.]

TRUNCATION BIAS

Bias that occurswhen some portion of the distribution of responses is not observed or recorded.
[NOTE-1 . When there is truncation bias, the distribution of recorded observations does not match the true distribution of

responses. 2. Truncationbiasmayoccur ina bioassay that does not report estimatesof log potency outsidea set potency range.
Forexample, a sample with a true potency at an edge of this range isexpected to fail to yield (report) a potency estimate in
approximately halfof the assays inwhich it appears. Inthis example, the mean of the observed potencieswill be biasedtoward
log potency 0.]

IV. Terms Related to Validation

DILUTIONAL LINEARITY (ADAPTED FROM (1225»)

The ability (within a given range) of a bioassay to obtain measured relative potencies that are directly proportional to the
true relative potency of the samptes.
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[NOTE- 1. To determine dilutionallinearity, sometimes called bioassayanalytical linearity, across a range of known relative
potency values, analysts examine the relationship between known log potency and mean observed log potency. Ifthat
relationshipyieldsan essentially straight linewith a y-intercept of 0 and a slope of 1, the assayhas direct proportionality. Ifthat
plot yieldsan essentially straight line but either the y-intercept is not 0 or the slope is not 1, the assay has a proportional linear
response. 2. To assesswhether the slope is (near) 1.0 requires an a prioriequivalence or indifference interval. It is not proper
statistical practice to test the nullhypothesis that the slope is1.0 against the alternativethat it is not 1.0 and then to conclude a
slope of 1.0 ifthis is not rejected. Bioassay analytical linearity isseparate from consideration of the shape of the concentration­
response curve. Linearity of concentration-response isnot a requirement of bioassay analytical linearity since bioassayanalytical
linearity is possible regardless of the form of the concentration-response curve. 3. Dilutionallinearity isfurther addressed in
(1033).]

QUANTITATION LIMIT (LOWER LIMIT OF QUANTITATION; ADAPTED FROM (1225»)

The lowest known relative potency for which the assay has suitable precision and accuracy.
[NOTE-1. This applies to assay results (log potency) rather than the reportable value. 2. The quantitation limit is not

commonly determined for relative potency bioassays. Animal assays with serologicendpoints are examples of the use of
this term.]

RANGE (ADAPTED FROM (1225»)

The interval between the upper and lower known relative potencies (and including those relative potencies) for which the
bioassayis demonstrated to have a suitable level of precision, accuracy, and bioassayanalytical linearity.

[NOTE-This applies to reportable values (typically a geometric mean) rather than the individual assay results.]

ROBUSTNESS ( (1225»)

Ameasure of an analytical procedure's capacityto remain unaffected bysmallbut deliberate variations in method parameters
listed in the procedure documentation.

[NOTE-1. Robustnessisan indicationof a bioassay's reliability during normal usage. Forexample, a cell culture assaysystem
that is robust to the passage number of the cells can provide potency valueswith acceptable accuracy and precision across a
consistent range of passage numbers. 2. ICH Q2(R1) states:

The evaluation of robustness should be considered during the development phase and depends on the type of procedure
under study. It should show the reliability of an analysis with respect to deliberate variations in method parameters. If
measurements are susceptible to variationsin analytical conditions, the conditions should be suitablycontrolled or a
precautionary statement should be included in the procedure. One consequence of the evaluation of robustness should
be that a series of system suitability [q.v.] parameters (e.g., resolutiontest) isestablished to ensure that the validity of the
analytical procedure is maintained whenever used.' ]

VALIDATION, ASSAY

Assay validation isthe processof demonstrating and documenting that the performance characteristics of the procedure and
its underlying method meet the requirements for the intended application and that the assay is thereby suitable for its
intended use.

[NoTE-Formal validationsare conducted prospectively according to a written plan that includesjustifiable acceptance criteria
on validation parameters. See (1033).]

V. Terms Related to Statistical Design and Analysis

ANALYSIS OF VARIANCE (ANOVA)
I

Astatistical tool used to assess contributions to variability from experimental factors.

BLOCKING

The grouping of related experimental units in experimental designs.
[NOTE-1. Blocking often is used to reduce the contribution to variability associated with a factor not of primaryinterest. 2.

Blocks may consist, for example, of groups of animals (a cage, a litter, or a shipment), individual 96-well plates, sections of
96-well plates, or whole 96-well plates grouped by analyst, day, or batches of cells. 3. The goal isto isolate, by statistical design
and analysis, a systemic effect, such as cage, so that it does not obscure the comparisons of interest.

A complete block design occurs when all levels of a treatment factor (in a bioassay, the primary treatment factors are
sample and concentration) can be applied to experimental units for that factor within a single block. Note that the two
treatment factors sample and concentration may have differentexperimental units. For example, ifthe animalswithin a
cage are all assigned the same concentration but are assigned unique samples, then the experimental unit for
concentration is cage and the experimental unit for sample isanimal, and cage is a blocking factor for sample.
Anincomplete block design occurswhen the number of levels of a treatment factorexceeds the number of experimental
units for that factor within the block.] .
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Arandom interval produced bya statistical method that contains the true (fixed, but unknown) parameter valuewith a stated
confidence level on repeated application of the statistical method.

[NoTE-See chapter (1010) for more information.]

CROSSED (AND PARTIALLY CROSSED)

Twofactors are crossed (or fully crossed) if each level of each factor appears with each level of the other factor. Twofactors
are partially crossed when they are not fully crossed but multiple levels of one factor appear with a common level of the other
factor.

[NOTE-1. Forexample, in a bioassayin which allsamples appear at all dilutions, samples and dilutions are (fully) crossed.
In a bioassayvalidation experiment in which two of four analystseach perform assays on the same set of samples on each of
sixdays and a different pair of analysts is used on each day, the analystsare partially crossed with days. 2. Each factor may be
applied to different experimental units, and the factors may be both fully crossed and nested (q.v.), creating a split-unit or
split-plot design (q.v.). 3. Experiments with factors that are partially crossed require particularcare for proper analysis. 4. A
randomized complete block design (q.v.) is a design in which the blockfactor (which often is treated as a random effect) is
crossed with the treatment factor (which usually is treated as a fixed effect).] ,

DESIGN OF EXPERIMENTS (DOE) [ICH Q8(R2)]5

Astructured, organized method for determining the relationshipbetween factors that affecta processand the output of that
process.

[NOTE-DOE is used in bioassaydevelopment and validation; see (1032) and (1033).]

EQUIVALENCE TEST

Atest to demonstrate equivalence (e.g., similarity or conformance to validation acceptance criteria)of two quantities by
conformance to an interval acceptance criterion.

[NOTE-1 . An equivalence test differs from most common statistical tests in the nature of the statistical hypotheses. Most
common statistical tests are differencetests-that is, the statistical null hypothesis is that of no difference, and the alternative
is that there is some difference, without regard to the magnitude or importance of the difference. The difference may be
between a characteristic of two populations or between a characteristicof a single population and an accepted value. In
equivalence testing the null hypothesis is that the difference is not sufficiently small, and the alternative hypothesis is that the
difference is sufficiently small that there is no important difference. In a common statistical differencetest one concludes that
there is insufficient evidence to establish nonconformance to an acceptance criterion.Thismay be the resultof excessvariability
and/or an inadequate design. In an equivalence test the conclusion is that the data conform to the acceptance criterion (e.g.,
slopes are parallel). 2. Acommon statistical procedure used for equivalence tests isthe two one-sided tests (TOST) procedure.
3. The interval acceptance criterion may be one- or two-sided. An example of a one-sided interval is a validationacceptance
criterionfor a %GCV of not more than XX%]

EXPECTED MEAN SQUARE

A mathematical expression of variancesestimated by an ANOVA mean square.

EXPERIMENTAL DESIGN

The structure of assigning treatments to experimental units.
[NOTE-1. Some aspects of experimental design are blocking (q.v.), randomization (q.v.), replication (q.v.), and specific

choice of design (ct. (1032»).2. Important components of experimental design includethe number of samples, the number of
concentrations, and how samples and concentrations are assigned to experimental units and are grouped into blocks. 3. The
experimental design influenceswhich statistical methodology should be used to achieve the analytical objective.]

EXPERIMENTAL UNIT

The smallest unit to which a distinct level of a treatment is randomly allocated.
[NoTE-1. Randomization of treatment factors to experimental units is essential in bioassays. 2. Different treatment factors

can be applied to different experimental units. Forexample, samples may be assigned to rows on a 96-well plate, and dilutions
may be assigned to columns on the plate. Inthis case, rowsare the experimental unitsfor samples,columns are the experimental
units for concentrations, and wells are the experimental units for the interaction of sample and concentration. 3. An
experimental unit must be distinguished from a sampling unit, the smallest unit on which a distinct measurement is recorded
(e.g., a well). Because the sampling unit isoften smallerthan the experimental unit, it isan easy mistaketo treat sampling units
as ifthey are experimental units. This mistake iscalled pseudoreplication (q.v.).]

FACTOR

An assay parameter or operational element that may affect assay response and that varieseither within or across assay runs.

5ICH. Guidance Q8(R2) Pharmaceutical Development. November2009. Available at http://www,fda.gov/downloads/Drugs/
GuidanceComplianceRegulatorylnformation/Guidances/UCM073S07.pdf. Accessed 27 December 2011.
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[NOTE-In a bioassay there are at least two treatment factors: sample and concentration.
Afixed factor (fixed effect) isa factor that iscontrollableand deliberately set at specific levels in a bioassay. Inference is
made to the levels used in the experiment or intermediate values. Sampleand concentration are examples offixedfactors
in bioassays.
Arandom factor (random effect) is one which isgenerally not controllable and for which its levels represent a sample
of ways in which that factor might vary. Ina bioassay, the test organisms, plate, and day are often considered random
factors. Whether a factor is treated as random or fixed may depend on the experiment and questions asked.]

FACTORIAL DESIGN

An experimental design in which there are multiplefactors and the factors are partially or fully crossed.
In a full factorial design, each level of a factor appears with all combinations of levels of all other factors. Forexample,
iffactors are reagent batch and incubation time, for a full factorial design allcombinations of incubation time and reagent
batch must be included.
Afractional factorial design isa reduced design inwhich each level of a factor appears with onlya subset of combinations
of levels of all other factors and some factor effects (main effects and/or interactions) are deliberatelyconfounded with
other combinations of factor effects. Fractional factorial designs should be carefully considered for screening and
optimization purposes. This design can be considered without risk of information lossfor validation.

GENERAL LINEAR MODEL

Astatistical linear model that relates study factors, which can be continuous or discrete, to experimental responses.

INDEPENDENCE

Fortwo measurements or observationsA and B (raw data, assay sets, or relative potencies) to be independent, values for A
must be unaffected by B's responses and vice versa.

[NOTE-A consequence of the failure to recognize lackof independence is poor characterization of variance. In practice this
means that iftwo potency or relative potency measurements share a common factor that might influence assayoutcome (e.g.,
analyst, cell preparation, incubator, group of animals, or aliquot of Standard samples), then the correct initial assumption is
that these relative potency measurements are not independent. The same concern for lack of independence holds ifthe two
potency or relative potency measurements are estimated together from the same model or are in any way associated without
including in the model some term that captures the fact that there are two or more potency measurements. Asassayexperience
is gained, an empirical basis may be established (and monitored) so that it is reasonable to treat potency measurements as
independent even ifthe measurements share a common levelof a factor. Thisisthe case when it has been demonstrated that a
factor does not have a practically significanteffect on long-term bioassay results.]

INTERACTION

Twofactors are said to interact ifth~ resp~>nse to one factor depends on the level of the other factor.

LEVEL

A location on the scale of measurement of a factor.
[NOTE-l . Factors have two or more distinct levels. For example, ifa bioassay validationexperiment employs three values of

incubation time and two batches of a key reagent, the levels are the three times for the factor incubation timeand the two
batches for the factor batch.2. Levels of a factor in a bioassaymay be quantitative, such as concentration, or categorical,such
as sample (Le., test and reference).]

LOGNORMAL DISTRIBUTION

Adistribution of values (assayresponses or potencies) where the logarithms of the values have a normal distribution.
[NOTE-l. Most relative potency bioassaymeasurements are lognormally distributed. 2. The lognormal is a skewed

distribution characterized by increased variability with increased level of response.]

MEAN SQUARE

A calculation in ANOVA representing the variability associated with an experimental factor.

MIXED-EFFECTS MODEL

Astatistical model that includes both fixed and random effects.

MODELING, STATISTICAL

The mathematical specification of the relationship between inputs (Xs)and outputs (Ys) of a process,e.g., the concentration­
response relationship in bioassayor the modeling of the effectsof important sources of variation on potency measurement.

[NOTE-l. Modeling includes methods to capture the dependence of the response on the samples, concentration,
experimental units, and groups or blockingfactors in the assayconfiguration. 2. Modeling of bioassay data includes making
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many choices, some of which are driven by the assay design and data. Forcontinuous data there isa choice between linear
and nonlinear models. Fordiscrete data there is a choice among logit/log models withina largerfamily of generalized linear
models. In limiting dilution assays, published literatureadvocates Poisson models and Markov chain binomial models. One can
use either fixed-effects models or mixed-effects modelsfor bioassay data. On the one hand, the fixed-effects models are more
widely available in softwareand are somewhat less demanding for statisticians to set up. On the other hand, mixed models
have advantages overfixed ones: they are more accommodating of missing data and, more importantly, can alloweach block
to have differentslopes, asymptotes, median effective concentrations required to induce a 50% effect(ECso), or relative
potencies. Particularly when the analystisusingstraight-line modelsfitted to nonlinearresponses or assay systemsin whichthe
concentration-response curvevaries from blockto block, the mixedmodelcaptures the behaviorof the assay system in a much
more realistic and interpretableway. 3. It isessential that any modeling approach for bioassay data shoulduse all available data
simultaneously to estimate the variation (or, in a mixed model, each of several sources of variation). It may be necessary to
transform the observations before this modeling to includea variance model or to fit a means model (in which there isa
predicted effectfor each combination of sample and concentration) to get pooled estimate(s)of variation.]

NESTED

Afactor A is nested within another factor B if the levels of Aare different for every level of B.
[NOTE-1. Forexample, ina bioassay validation experimenttwo analysts may performassays on five days each. Ifthe calendar

days for the firstanalystare distinct from those of the second analyst, days are nested within analyst. 2. Nestedfactors have a
hierarchical relationship. 3. Fortwo factors to be nested they must satisfy the following: (a) they are appliedto different-sized
experimentalunits; (b) the largerexperimentalunit containsmore than one of the smaller experimental units; and (c) the factor
applied to the smaller experimentalunit is not fully crossed(q.v.)with the factor applied to the largerexperimental unit. When
conditions (a) and (b) are satisfied and the factors are partially crossed, then the experiment is partially crossedand partially
nested. Experiments with this structure require particular care for proper analysis.]

PARALLELISM (OF CONCENTRATION-RESPONSE CURVES)

Aquality in which the concentration-response curves of the Testsample and the Reference Standard are identical in shape
and differ only by a horizontal difference that is a constant function of relative potency.

[NOTE-1. WhenTestand Reference preparationsaresimilar (q.v.)and assayresponsesare plotted againstlogconcentrations,
the resulting curvefor the Test preparation will be the same as that for the Standard but will be shifted horizontally by an
amount that isthe logarithmof the relative potency. Because of thisrelationship, similarity (q.v.) isoftenequated withparallelism
but they are not the same. See section 3.5, Slope-Ratio Concentration-Response Models, in chapter (1 034), in which similar
samples have concentration-response relationships with a common (or nearlycommon) y-intercept but may differ in their
slopes. 2. In practice, it is not possible to demonstrate that the shapes of two curvesare identical. Instead, the two curvesare
shown to be sufficiently algebraically similar (equivalent) inshape. Note that similarshould be interpretedas "we haveevidence
that the two curves are close enough in shape" rather than "we do not have evidence that the two curves differ in shape." 3.
The assessmentof parallelism depends on the type of function used to fit the response curve. Parallelism for a nonlinearassay
using a four-parameter logistic fit means that (a) the slopesof the rapidly changing parts of the Test and Reference Standard
curves(that is, slope at a tangent to the curve where the first derivative isat a maximum)should be similar; and (b) the upper
and lowerasymptotesof the responsecurves(plateaus)should be similar. Forstraight-line analysis, the slopes of the lines should
be similar.]

-POINT ESTIMATE

Asingle-value estimate obtained from statistical calculations.
[NOTE-l. Examples are the average relative bias,the %GCV, and relative potency. 2. The point estimate may be augmented

with an interval estimate (confidence interval; q.v.) that employsan interval to express the uncertaintyin the determination of
the point estimate.]

PSEUDOREPLICATION

The misidentification of samplesfrom experimental unitsas independent and thus true replicates when they actually are not
independent.

[NOTE-l. Pseudoreplication results in incorrect inferences because of the incorrect assignment of variability and the
appearance of more replicates than are actually present. 2. Lack of recognition of pseudoreplication is critical because it is an
easy mistake to make, and the consequences can be serious. For example, pseudoreplicatescommonlyarisewhen analysts
make a dilutionseries for each sample in tubes (the dilution series can be made with serial dilutions, single-point dilutions, or
any convenient dilution scheme). The analyst then transfers each dilution of each sample to several wells on one or more assay
plates. The wells are then pseudoreplicatesbecause they are simply aliquotsof a single dilution process and thus are not
representativeof independent preparations. 3. Asimpleway to analyze data from pseudoreplicates isto average over the
pseudoreplicates(ifa transformation of the observed data isused, the transformationshould be applied beforeaveragingover
pseudoreplicates) beforefitting any concentration-response model. In many assaysystems, averaging over pseudoreplicates
leaves the assaywithout any replication. Amore complexwayto usedata containing pseudoreplicates isto use a mixed model
that treats the pseudoreplicates as a separate random effect. Although pseudoreplication normally isof little value, it can be
advantageous when two conditionsare satisfied: (a) the pseudoreplicate (e.g., well-to-well) variation isvery large compared to
the variation associated with replicates; and (b) the cost of pseudoreplicates is much lowerthan the cost of replicate
experimental units.]
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P VALUE (SIGNIFICANCE PROBABILITY)

The probabilityof observing, in repeated trials, that an experimental outcome isas differentor more different than that
observed if the null hypothesis is true. .

[NOTE-l. More different means further from the null hypothesis. 2. Commonly, P<O.05 is taken as a threshold for indicating
statistically significantdifferences, although any valuefor the threshold may be used. Bases for choosing the threshold are the
risks (costs) of making a wrong decision; see type I errorand type /I error.]

RANDOMIZATION

Aprocess of assignment of treatment to experimental units based on chance so that allequal-sized subgroups of units have
an equal chance of receiving a given treatment.

[NOTE-l.The chance mechanism may be an unbiasedphysical process (rolling unbiased dice, flipping coins, drawingfrom a
well-mixed urn), random-number tables, or computer-generated randomized numbers. Care must be taken in the choice and
use of method. Good practice isto use a validated computerized random-number generator. 2. The use of randomization can
help to prevent systematic error from becoming associated with particular samples or a dilution pattern and causing bias. For
example, in 96-well bioassays, plate effectscan be substantialand can cause bias in observed responsesor summary measures.
In animal studies, a variety of factors associated with individual animals can influence responses. Ifextraneous factors that
influenceeither plate assays or animal assays are not routinely demonstrated to have been eliminated or minimizedso as to be
negligible, randomization isessentialto obtaining unbiased data required for the calculation of true potency. 3. Randomization
isa good practice even when there isevidence that operationalfactors (e.g., location, time, reagent lot) have littleor no effect
on the assaysystem. While randomization may not protect an individual assay (or perhaps a blockof an assay)from a (perhaps
newly) important operational factor, randomization provides assurance that resultsfrom a collection of assays are not biased
due to operational factors.]

REPLICATION

A process in which multiple independent experimental units receive the same level of a treatment factor.
[NOTE-l . The purpose of replication isto minimize the effectsof uncontrollable sources of random variability. 2. Replication

can occur either completely at random or across blocks. Generally, replication within blocks is pseudoreplication (q.v.), 3.
Replication offactors that contribute most greatlyto variability, or factors that are at the highest levels ina nested layout, usually
result in the most effective reduction of random variability.]

TRUE REPLICATES

Samples based on independent experimental units.

STANDARD ERROR OF ESTIMATE

A measure of uncertainty of an estimate of a reportable value or other parameter estimate because of sampling variation.
[NOTE-l. In bioassaythe focus is on the precision (standard error) of the relative potency. 2. Standard errors can be made

smallerwith additional replication. 3. Technically, the standard error of an estimate is the standard deviation of the sampling
distribution of the estimate. The term standard error is used to distinguish between this usage of standard deviation (that
depends on sample size)and the common laboratory usage in which standard deviation (or coefficient of variation) is used to
characterize the precision of individual measurements obtained from a procedure. This latter precision does not depend on
sample size.]

STATISTICAL PROCESS CONTROL

Aset of statistical methods used to monitor shifts and trends in a process.

TYPE I ERROR

The error in statistical hypothesis testing that the alternativehypothesis is accepted when it isfalse.
[NOTE-The probabilityof a type I error usually isdenoted by c.]

TYPE II ERROR

The error in statistical hypothesis testing that the alternativehypothesis is rejected when it is true.
[NoTE-The probabilityof a type II error usually isdenoted by ~.]

VARIANCE COMPONENT ANALYSIS

Astatistical analysis that partitions contributions made to total variability by components associatedwith influential assay
factors, e.g., analyst, day, or instrument.
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(1031) THE BIOCOMPATIBILITY OF MATERIALS USED IN DRUG
CONTAINERS, MEDICAL DEVICES, AND IMPLANTS

chapter providesguidance on the identification and performanceof proceduresfor evaluatingthe biocompatibility of
drug containers, elastomericclosures, medical devices, and implants. Biocompatibility refers to the tendency of these products
to remain biologically inert throughout the duration of their contact with the body. The biocompatibility testing procedures
referenced in this chapter are designed to detect the nonspecific, biologically reactive, physical or chemical characteristics of
medical products or the materials used in their construction. Incombinationwith chemical assays, these biological procedures
can be used to detect and identify the inherent or acquired toxicity of medical products prior to or during their manufacturing
and processing.

Preclinical testing procedures to evaluate the safetyof the elastomers, plastics, or other polymersused in the construction
of medical products are referenced or described in the following general ch~e~~~~:i!C~~~!!~c;s~!2c!l;'!e!~n~;e£!~fliii~!~E~£~;i~~i{t
Bi~!~fli~~I~;~S~!~!£~ir;;~;r In Vitro(87), Biological Reactivity Tests, In Vivo (88), ~fi;i~qlgCi~;iR~~lg~~i;.;~q~t~ilgJi~t;1J'lQtfi~lri;((J1JJlg,~¥r;(ig~t"l
7"~$t$;<;1:Ql).(<:NltMaY;~oit9), Elastomeric Closures for Injections (381), Plastic Packaging Systems and Their Materials of Construction
(661), Plastic Materials ofConstruction (661.1), and Plastic Packaging Systems for Pharmaceutical Use (661.2).Specific in vitroand
in vivo testing procedures to evaluate the biocompatibility of medical products in patients are described under Biological
Reactivity Tests, In Vitro(87) and under Biological Reactivity Tests, In Vivo (88).

Theprocedures used to evaluatethe biocompatibility ofa medical product or itsconstructionmaterials havebeen categorized
as a panel of biological effects (toxicity procedures): cytotoxicity, sensitization, irritation or intracutaneous reactivity, acute
systemic toxicity, subchronic toxicity (repeated), genotoxicity, implantation, hemocompatibility, chronic toxicity (extending
beyond 10% of the life span of the test animal or beyond 90 days), carcinogenicity, reproductiveor developmental toxicity,
and biodegradation.' The USP general chapters referring to the toxicity proceduresfor these categories are indicated in Table
1. Inaddition, pyrogenicity, an area of special toxicity, isevaluatedunder Pyrogen Test (151) and under Bacterial Endotoxins Test
(85).There are currently no general chapters that detail subchronic toxicity, genotoxicity, chronic toxicity, carcinogenicity,
hemotoxicity, reproductive toxicity, or biodegradation testing2 requirements.

Table 1, Toxicity Procedures in the USP General Chapters

Biological Effect USPGeneral Chapter

Cytotoxicity Biological Reactivity Tests,ln Vitro(87)'

Sensitization Sensitization Testing (1184)

Irritation or intracutaneous reactivity Biological Reactivity Tests, In Vivo (88}t

Systemictoxicity (acute toxicity) Biological Reactivity Tests, In Vivo (88)

Implantation Biological Reactivity Tests, In Vivo (88)

•Additional general chapters referringto this biological effectinclude "MedlcalDevices~BqcferlalEndolDxfiiana eyrogeIJTests(161);(c~J'M.y,~OI9), Elastomeric Closures
for Injections (381), Plastic Packaging Systems and Their Materials of Construction (661), Plastic Materials of Construction (661.1), and Plastic Packaging Systems for
Pharmaceutical Use (661.2).
t Additional general chapters referring to this biological effect include (1), JiMec!ical lJ~v!ce~-=Bacterial !niiotoxin.andJijtrogefl Tests {1()l)l(c:;Jl::¥~Y:201~), Elastomeric
Closures for Injections (381), Plastic Packaging Systems and Their Materials of Construction (661), Plastic Materials of Construction (661.1), and Plastic Packaging Systems
for Pharmaceutical Use (661.2).

DRUG CONTAINERS

Biocompatibility of Plastic and Other Polymeric Drug Containers

Pharmaceutical containersconsistofa containerand a closure. Plastic containersmayconsistof polymers that upon extraction
do not alter the stability of the contained product or do not exhibittoxicity. The biocompatibility testing requirementsfor drug
containersare stated under (1), Plastic Packaging Systems and Their Materials ofConstruction (661), Plastic Materials ofConstruction
(661.1),and Plastic Packaging Systems forPharmaceutical Use(661.2). As directed inthese chapters, the plastic or other polymeric
portionsof these products are tested accordingto the proceduresset forth under Biological Reactivity Tests, In Vitro(87). Aplastic
or other polymer that does not meet the requirementsof Biological Reactivity Tests, In Vitro (87) is not a suitable material for a
drug container. Materials that meet the in vitro requirementsqualify as biocompatiblematerials without the need for further
testing and may be used in the constructionofa drug container. If a class designation(classes I-VI) for plastics or other polymers
isdesired, the appropriate testing proceduresare performed as discussed in the section In Vivo Testing and Class Designation.

1 ISOdocument 10993-1:1997 (or latest version) entitled BiologicalEvaluationof Medical Devices-Part 1: Evaluationand Testing.
2 See OECD Guidelines for Testing of Chemicals at www.oecd.org.
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Elastomeric Closures

USP 43

Elastomeric closuresare closures that can be pierced by a syringeand maintain their integrity because of their elastic
properties. Elastomeric materials may be composed of several chemical entities including fillers, pigments, plasticizers,
stabilizers, accelerators,vulcanizing agents, and a natural or a synthetic polymer.These materialsare used for manufacturing a
product with the desired elastomeric physical properties, and they frequently demonstrate biological reactivity-cellular
degeneration and malformation-when tested with in vitro cell cultures.

The biocompatibility of an elastomeric material is evaluated according to the two-stage testing protocol specified in the
Biological Test Procedures under Elastomeric Closures for Injections (381). Unlike plastics or other polymers, an elastomericmaterial
that does not meet the requirements of the first-stage (in vitro) testing may qualify as a biocompatible material by passingthe
second-stage (invivo) testing, which consistsof the Systemic Injection Test and the Intracutaneous Test described under Biological
Reactivity Tests, In Vivo (88). No classor type distinction is made between elastomeric materials that meet the requirements of
the first stage of testing and those that qualify as biocompatible materials by meeting the second-stage requirements.
Elastomeric materialsare not assigned class I-VI designation.

Medical devices and implants, labeled nonpyrogenic, in8ir~ct8r i~8i[~S~S8~!~S~'\Ali!b~b~:~~[gi8~~~S~I~[,sy~~~m or other
the requirements described under~l\{lg(;llqgh@gl<'lgg~,;!~t:t¢tg[lgIF!1t;lQ~Q~lIJK:lflIJI;t!EY£ggglJ;ffLg~t~

a"I'/1;~YfL(J].!:IJ' The products,listed in this chapter that meet the criteria are solution administration sets, extension sets,
administration sets, intravenous catheters, dialyzers and dialysis tubing and accessories, transfusion and

infusion assemblies, and intramusculardrug delivery catheters. The outlined criteria do.not apply to medical products such as
orthopedic products, latex gloves, and wound dressings.

Tb~:~~~~i,~~,E~S~ irements described or referenced under ~.tylft:!lfqlt2e.~tc.e.~/,ilJqc.lerXgl,~i'Jt:!QtQ}Klf!lqfJt:!.BYfQggIjii~e.~f$,
<1g1).i(~NjcM~Y1.?()f9.) include Sterility, Bacterial endotoxins, Pyrogen, and Otherrequirements. Aprocedure to evaluate the presence
of bacterial endotoxins isset forth under Bacterial Endotoxins Test (85), and the limits are set in Bacterial Endotoxins under
~~·~~~~~~~~I~~!~~I. Fordevicesthatcannotbete~edbytheBacte~1
Endotoxins Test (85) because of nonremovable inhibition or enhancement, the Pyrogen Test(151) is applied. The proceduresfor
evaluating medical devices purported to contain sterile pathways are set forth in Sterile Devices under SterilityTests (71). A
procedure for evaluating the safety of medicaldevices isset forth in the Safety Test under Biological Reactivity Tests, In Vivo (88).

The plasticor other polymer components of medical devices meet the requirements specified for plastics and other
polymers under Plastic Packaging Systems and TheirMaterials of Construction (661), Plastic Materialsof Construction (661.1), and
Plastic Packaging Systems for Pharmaceutical Use (661.2); those made of elastomers meet the requirements under Elastomeric
Closures for Injections (381). As directed in these chapters, the biocompatibility of the plastic, other polymeric, and elastomeric
portions of these products are tested according to the procedures described under Biological Reactivity Tests, In Vitro (87).If a
class designation for a plasticor other polymer is also required, the appropriate testing procedures described under Biological
Reactivity Tests, In Vivo (88) are performed.

As required for elastomeric closures, elastornerlcmaterials that do not meet the in vitro requirements may qualify as
biocompatible materialsand may be used in the construction of medical devices if they meet the requirements of the Systemic
Injection Test and the Intracutaneous Test under Biological Reactivity Tests, In Vivo (88). As required for drug containers, plastics
and other polymers that do not meet the in vitro testing requirements are not suitable materials for use in medical devices.

IN VITRO TESTING, IN VIVO TESTING, AND CLASS DESIGNATION FOR PLASTICS AND OTHER
POLYMERS

The testing requirements specified under Biological Reactivity Tests, In Vitro (87) and Biological Reactivity Tests, In Vivo (88) are
designed to determine the biological reactivity of mammaliancellculturesand the biological response ofanimalsto elastomeric,
plastic, and other polymer materialswith direct or indirect patient contact. The biological reactivity of these materials may
depend on both their surface characteristics and their extractable chemical components. The testing procedures set forth in
these chapters can often be performed with the materialor an extract of the material under test, unlessotherwise specified.

Preparation of Extracts

Evaluation of the biocompatibilityof a whole medical product isoften not realistic; thus, the use of representative portions
or extracts of selected materials may be the only practicalalternativefor performing the assays. When representative portions
of the materials or extracts of the materials under test are used, it is important to consider that raw materials may undergo
chemical changes during the manufacturing, processing,and sterilization of a medical product. Although in vitrotesting of raw
materials can serve as an important screening procedure, a final evaluation of the biocompatibilityof a medical product is
performed with portions of the finished and sterilized product.

The preparation of extracts is performed according to the procedures set forth under Biological Reactivity Tests, In Vitro (87)
and under Biological Reactivity Tests, In Vivo (88). Extractions may be performedat varioustemperatures (121°, 70°,50°, or 37°),
for various time intervals (1 hour, 24 hours, or 72 hours), and in differentextraction media. The choice of extraction medium .
for the procedures under Biological Reactivity Tests, In Vitro (87) includes Sodium Chloride Injection (0.9% NaCI) or tissue culture
medium with or without serum. When medium with serum is used, the extraction temperature cannot exceed 37°. In vivo
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extraction medium includesthe choices described under Biological Reactivity Tests, In Vivo (88) or the solvent to which the drug
or medical device isexposed.

When choosing extraction conditions, select the temperature, solvent, and time variables that best mimicthe "in use"
conditions of the product. The performance of multipletests at various conditions can be used to simulate variationsin the "in
use" conditions. Although carefulselection of extraction conditions allows the simulation of manufacturing and processing
conditions in the testing of raw materials, an evaluation of the biocompatibility of the product is performed with the finished
and sterilized product.

In Vitro Testing

The procedures described under Biological Reactivity Tests, In Vitro(87) include an AgarDiffusion Test (indirect contact test), a
DirectContact Test, and an Elution Test (extraction test). The sample is biocompatible if the cell cultures do not exhibit greater
than a mild reactivity (Grade 2) to the material under test, as described under Biological Reactivity Tests, In Vitro(87). The Agar
Diffusion Test isdesigned to evaluate the biocompatibility of elastomeric materials. The material is placed on the agar overlay
of the cellmonolayer,which cushionsthe cellsfrom physical damage by the materialand allows leachablechemicalsor materials
to diffuse from the elastomer and contact the cell monolayer. Extracts of elastomeric materialsare tested by placing the filter
paper saturated with an extract of the elastomer on the solidified surface of the agar. The DirectContactTest isdesigned for
elastomeric or plastic materials that will not physically damage cells with which they are in direct contact. Anyleachable
chemicalsdiffuse from the material into the serum-supplemented growth medium and directlycontact the cellmonolayer.The
Elution Test isdesigned to evaluate the extracts of polymeric materials. The material may be applied directlyto the tissue culture
media.

The performanceof either the AgarDiffusion Test or the DirectContactTest in combination with the Elution Test isthe preferred
testing protocol. Extraction of the product or materials for the Agar Diffusion Test or the Elution Test is performed as described
in the Preparation ofExtracts.

In Vivo Testing and Class Designation

According to the injection and implantation requirements specified in Table 7 under Biological Reactivity Tests, In Vivo (88),
plastics and other polymers are assigned a classdesignation between class I and classVI. To obtain a plasticor other polymer
classdesignation, extracts of the test material are produced according to the specified procedures in various media.

To evaluate biocompatibility, the extracts are injectedsystemically and intracutaneously into miceand rabbits or guinea pigs.
Accordingto the specified injection requirements, a plasticor other polymer may initially be graded as class I, II, III, or V. Ifin
addition to injection testing, implantation testing using the material itself is performed, the plasticor other polymer may be
classified as class IV or classVI.

Inaddition to evaluating medical products for compendial purposes according to the pr()c?d~res>~P?si!!;cf/~~cfer(1{~ ~t~rility

Te~t~ (?1{,~iol?51i;aIRegs~i~!t~T:~t~,!n Vitro (87), Biological Reactivity Tests, In Vivo (88),~M~CJic:tllQevJc(!s.?'l(:t(!ria/.EncJotQxin
c1ncJpyr()genJ:~~t$(JR1)..4:(¢NliM~Y22d19), Elastomeric Closures for Injections (381), Plastic Packaging Systems and TheirMaterialsof
Construction (661), Plastic MaterialsofConstruction (661.1), and Plastic Packaging Systems for Pharmaceutical Use (661.2), medical
devices and implants are evaluated for sensitization, subchronic toxicity, genotoxicity, hemocompatibility, chronic toxicity,
carcinogenicity, reproductive or developmental toxicity, and biodegradation as required by the regulatory agencies.

The guidance provided by the regulatory agencies indicates that the extent of testing that is performedfor a medical device
or an implant depends on the following factors: (1) the similarity and uniqueness of the product relative to previously marketed
("predicate") products as considered in the Decision Flowchart; (2) the extent and duration of the contact between the product
and the patient as described in the Categorization ofMedicalDevices; and (3) the material composition of the product as
considered in the sections Decision Flowchart and In Vivo Testing and Class Designation.

Decision Flowchart

Guidance on comparing a medical device or an implant to previously marketed products is provided by the Biocompatibility
Decision Flowchart (see Figure 73 ) as adapted from the FDA's Blue Book Memorandum #G95-1. The purpose of the flowchart
is to determine whether the available data from previously marketed devices are sufficient to ensure the safety of the device
under consideration. As indicated by the flowchart, the material composition and the manufacturing techniques of a product
are compared to those of the previously marketed products for the devicesthat come indirect contact with the body. Inaddition,
the flowchart requiresan evaluation of the toxicityofany unique materialthat has not been used in predicate devices. Responses
to the questions posed in the flowchart lead to the conclusion that either the availabledata are sufficient or additional testing
isrequired to ensure the safetyof the product. When additionaltesting is required, guidance on the identification ofappropriate
testing procedures is provided in the section Test Selection Matrix.

3 Adapted from the FDA Blue BookMemorandum #G95-' ("Use of InternationalStandard ISO-'0993. 'Biological Evaluation of MedicalDevices-Part' :
Evaluation and Testing."')
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Consult device­
specific toxicology

profile for
appropriate tests.
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No '
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No
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Figure 1. Biocompatibility flowchart.

Categorization of Medical Devices

Biocompatibllity
requirements

met.

To facilitate the identification of appropriate testing procedures, medical devices are divided and subdivided, as shown in
Table 2, according to the nature and extent of their contact with the body. Majorcategories of medical devices are surface
devices, external communicating devices, and implant devices. These are then further subcategorized. Some examples of
medical devices and implants belonging to each of the subcategories are also presented in Table 2.
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Table 2. Classification and Examples of Medical Devices

DeviceCategory DeviceSubcategory Nature or Extent of Contact Some Examples

Electrodes, externalprostheses, fixation tapes,

Skin Devices that contact intact skinsurfacesonly
compression bandages, and monitorsof vari-
ous types

Contact lenses, urinary catheters, intravaginal

Surface Devices
and intraintestinal devices (stomach tubes,
sigmoidoscopes, colonoscopes, gas tro-

Devices communicatingwith intact mucosal
scopes), endotrachealtubes, bronchoscopes,
dental prostheses, orthodontic devices, and

Mucosal Membrane membranes intrauterinedevices

Breached or Compromised Devices that contact breached or otherwise Ulcer, burn, and granulationtissuedressings or
Surfaces compromisedbody surfaces healingdevices and occlusive patches

Devices that contact the blood path at one
point and serveas a conduit for entry into the Solution administration sets, extensionsets,

Blood Path, Indirect vascular system transfersets, and blood administration sets

Tissue, Bone, or DentinCom- Devices and materials communicatingwith tis-
Laparoscopes, arthroscopes, drainingsystems,

External CommunicatingDe- dental cements, dental filling materials, and

vices municating sue, bone, or pulp arid dentin system skin staples

Intravascular catheters, temporary pacemaker
electrodes,oxygenators, extracorporealoxy-
genator tubing and accessories, dialyzers, di-

Circulating blood Devices that contact circulating blood
alysis tubing and accessories, hemoadsorb-
ents, and immunoadsorbents

Examples of the formerare orthopedic pins,
plates, replacementjoints,bone prostheses,
cements, and intraosseous devices; examples
of the latter are pacemakers, drug supplyde-
vices, neuromuscular sensorsand simulators,

ImplantDevices Devices principally contacting bone or princi-
replacement tendons, breast implants,artifi-
ciallarynxes, subperiosteal implants,and liga-

Tissue or Bone pallycontacting tissueand tissuefluid tion clips

Pacemakerelectrodes,artificial arteriovenous
fistulae, heart valves, vascular grafts, internal

Blood Devices principally contacting blood
drug delivery catheters, and ventricular-assist
devices

Test Selection Matrix

The matrix provides guidance on the identification of appropriate biological testing procedures for the three categories of
medical devices: tests for Surface Devices (see Table 3), tests for External Communicating Devices (see Table 4), and tests for
Implant Devices (see Table 5). Each category of devices is subcategorized and then even further subdivided according to the
duration of the contact between the device and the body. The duration of contact is defined as (A) limited (less than 24 hours);
(B) prolonged (24 hours to 30 days); or (C) permanent (more than 30 days). The biological effects that are included in the
matrix are cytotoxicity, sensitization, irritation or intracutaneous reactivity, systemic toxicity, subchronie toxicity, genotoxicity,
implantation, hemocompatibility, chronic toxicity, carcinogenicity, reproductive or developmental toxicity, and
biodegradation. The general chapters that contain toxicity testing procedures for these biological effects are indicated in Table
1.

Each subcategory in the matrix has an associated panel of testing requirements. Generally, the number of tests in the panel
increases as the duration of the contact between the device and the body is extended and as the device or implant comes in
closer contact with the circulatory system. Within several subcategories, the option of performing additional tests beyond those
required should be considered on a case-by-case basis. Specific situations such as use of permanent implant devices or external
communicating devices for pregnant women and children have to be taken into consideration in the manufacturer's decision
to include reproductive or developmental testing. Guidance on the identification of possible additional testing procedures is
provided in the matrix for each subcategory of medical devices.

GUIDANCE IN SELECTING THE PLASTIC OR OTHER POLYMER CLASS DESIGNATION FOR A
.MEDICAL DEVICE

To provide guidance on selecting the appropriate plastic or other polymer class designation for a medical device, each
subcategory of Surface Devices (see Figure 2)
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Figure 2. USP plasticand other polymer classrequirementsfor surfacedevlces.Xateqorization based on duration of contact:
limited-less than 24 hours; prolonged-24 hours to 30 days; permanent-more than 30 days. tusp Plastic Class designation.

and External Communicating Devices (see Figure 3)

External
communicating

devices

Figure 3. USP plasticand other polymer class requirements for external communicating devices. 'Categorization based on
duration of contact: limited-less than 24 hours; prolonged-24 hours to 30 days; permanent-more than 30 days.tUSP Plastic

. Class designation.

isassigned a USP Plastic Class designation (see Biological Reactivity Tests, In Vivo (88»). Ifthe tests for each USP classdesignation
are not sufficient for a specific device, the manufacturer or the practitioner must develop an appropriate set of tests. The
indicated numericalclass number increases relative to the duration (risk) of contact between the device and the body. In the
category of Implant Devices, the exclusive use of class VI is mandatory.The assignment of USP Plastic Classdesignation is based
on the test selection matrices illustrated in Tables 3, 4, and 5.

The assignment of a plasticor other polymer class designation to a subcategory is not intended to restrict the use of higher
classesof plastics or other polymers. Although the assigned class definesthe lowest numerical classof plasticor other polymer
that may be used in the corresponding device, the use of a numerically higher classof plastic is optional. When a device can
be defined as belonging to more than one device category, the plastic or other polymer should meet the requirements of the
highest numerical class.
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Table 3. Test Selection Matrix for Surface Devices·

Device Categories Biological Effectb

Con- Sub· Bio·
tact Cy- sen- chro 1m- Car- Reproduc- de-
oe- to- sltl- Irritation Systemic nic Gen- plan- Hemo- cino- tive or De- gra-
ra- tox- za- or Intracutane- Toxicity Tox- otoxi tao compat- Chronic gen- velopment da-

Body Contact tiona icity tion ous Reactivity (Acute) icity city tion ability Toxicity icity Toxicity tion

A X X X - - - - - - - - -
Skin B X X X - - - - - - - - -

C X X X - - - - - - - - -

A X X X - - - - - - - - -
Mucosal

Surface Mem- B X X X a a - a - - - - -
Devices brane

C X X X a x X a - a - - -

Breached A X X X a - - - - - - - -
or
Corn- B X X X a a - a - - - - -
prom-

C X X X a X X a - aised - - -
Surfaces

• Adapted from the FOAls BlueBookMemorandum #G95-' (Table1. Initial Evaluation Tests for Consideration and Table 2. Supplementary Evaluation Tests for
Consideration).
a LegendA-limited (lessthan 24 hours); B-prolonged (24 hours to 30 days); C-permanent (more than 30 days).
b Legend x-Isa evaluation tests for consideration; o-additional tests that may be applicable.

Table 4. Test Selection Matrix for External Communicating Devices·

Device Categories Biological Effectb

Con
- Irrita-

tact Cy- tion or Hemo- Repro-
Du to- Sen- Intra- Sub- corn- Chro- Carci- ductive or
r- tox- siti- cutan- Systemic chro- Geno- pat- nic no- Develop-

atio kl- za- eous Re- Toxicity nic toxici- Implan- abili- Toxic· genic- mentTox- Biodegra-
Body Contact na ty tion activity (Acute) Toxicity ty tation ty ity ity icity dation

A X X X X - - - X - - - -
BloodPath, B X X X X a - - X - - - -Indirect

C X X a X X X a X X X - -

External Tlssue, A X X X a· - - - - - - - -
Commun- Bona or

X a a 0 X X
icating Dentin B X - - - - -

Communi·Devices eating C X X a a a X X - X X - -

A X X X X - a - X - - - -
Circulating B X X X X a X a X - - - -Blood,

C X X X X X X 0 X X X - -

• Adapted from the FDAls BlueBookMemorandum #G95-' (Table1. Initial Evaluation Tests for Consideration and Table 2. Supplementary Evaluation Tests for
Consideration).
a LegendA-limited (lessthan 24 hours); B-prolonged (24 hours to 30 days); C-permanent (more than 30 days).
b Legend X-ISO evaluation tests for consideration; a-additional tests that may be applicable.
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Table 5. Test Selection Matrix for Implant Devices·
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Device Categories Biological Effectb

Re-
pro-
duc-
tive
or

Irritation Sys- De-
or temic Hemo- vel-

Con- Sen- Intra- Toxici- Sub- com- Chro- Card- op- Bio-
tact Du Cyto- sltl- cutan- ty chro- Geno- pat- nic Tox- no- ment degra-

Body Con- r- toxl- za- eo us Re- (Acute nic Tox- toxici- Implan- abili- ic- genic- Tox- da-
tact atlon- city tion activity ) icity ty tation ty ity ity idty tlon

A X X X a - - - - - - - -
Tis-

B X X a a a X Xsue - - - - -
1m·
plan or B C X X a a a X X - X X - -
t one

De- A X X X X - - X X - - - -
vices

B X X X X a X X X - - - -
Blood

C X X X X X X X X X X - -

*Adapted from the FDA'sBlue Book Memorandum #G95-1 (Table 7. Initial Evaluation Tests for Consideration and Table 2. Supplementary Evaluation Tests for
Consideration).
a Legend A-limited (less than 24 hours); B-prolonged (24 hours to 30 days); C-permanent (more than 30 days).
b Legend x-Isa evaluation tests for consideration; a-additional tests that may be applicable.

(1032) DESIGN AND DEVELOPMENT OF BIOLOGICAL ASSAYS

1. INTRODUCTION

1.1 Purpose and Scope

General chapter Design and Development of Biological Assays (1032) presents methodology for the development of bioassay
procedures that have sound experimental design, that provide data that can be analyzed using well-founded statistical
principles, and that are fit for their specific use.

Generalchapter (1 032) isone of a group of five general chapters that focus on relative potency assays, in which the activity
of a Test material is quantified by comparison to the activity of a Standard material. However, many of the principles can be
applied to other assay systems. .

This general chapter is intended to qulde the design and development of a bioassayfor a drug substance or product intended
for commercial distribution. Although adoption of this chapter's recommended methods may be resource intensive during
assay development, early implementation can yield benefits. Lastly, the perspectives and methods described herein are those
recommended from among the many alternativeswhich contemporary bioassaytheory and practice offers.

Focus ON RELATIVE POTENCY

Because of the inherent variability in biological test systems (including that from animals, cells, instruments, reagents, and
day-to-day and between-lab), an absolute measure of potency ismore variable than a measure of activity relative to a Standard.
Thishas led to the adoption of the relative potency methodology. Assuming that the Standard and Testmaterialsare biologically
similar, statistical similarity (a consequence of the Test and Standard similarity) should be present, and the Test sample can be
expected to behave like a concentration or dilution of the Standard. Relative potency is a unitless measure obtained from a
comparison of the dose-response relationships of Test and Standard drug preparations. Forthe purpose of the relative
comparison of Test to Standard, the potency of the Standard is usually assigned a value of 1 (or 100%). The Standard can be a
material established as such by a national (e.g., USP) or international (e.g., WHO) organization, or it could be an internal
Standard.

1.2 Audience

Thischapter is intended for both the practicing bioassayanalyst and the statistician who are engaged in developing a
bioassay. Theformer will find guidance for implementing bioassay structure and methodology to achieveanalytical goals while
reliably demonstrating the biological activity of interest, and the latter will gain insights regarding the constraints of biology
that can prove challenging to balance with a rigorous practice of statistics.
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2. BIOASSAY FITNESS FOR USE
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To evaluate whether an assayisfit for use, analysts must specifyclearlythe purpose(s)for performing the bioassay. Common
uses for a bioassayinclude lot release of drug substance (active pharmaceutical ingredient) and drug product; assessment of
stability; qualification of Standard and other critical reagents; characterization of process intermediates and formulations;
characterization of contaminants and degradation products; and support of changes in the product production process. The
relative accuracy, specificity, precision, and robustness requirements may be differentfor each of.these potential uses. It is a
good strategy to develop and validatea bioassay to support multiple intended uses;for example, a bioassayprimarily developed
for batch release may serve other purposes. Decisions about fitnessfor use are based on scientific and statisticalconsiderations,
as well as practical considerations such as cost, turnaround time, and throughput requirements for the assay.

When assays are used for lot release,a linear-model bioassaymay allowsufficient assessmentof similarity. Forbioassays used
to support stability, comparability, to qualify reference materialsor critical reagents, or in associationwith changes in the
production or assayprocesses, it isgenerally useful to assesssimilarity using the entire concentration-response curve, including
the asymptotes (if present).

2.1 Process Development

Bioassays are generally required in the development and optimization of product manufacturing, including formulation and
scale-up processes. Bioassays can be used to evaluate purification strategies, optimize product yield, and measure product
stability. Because samples taken throughout the processare often analyzed and compared, sample matrixeffectsthat may affect
assay response should be carefully studied to determine an assay's fitness for use. Forrelative potency measures, the Standard
material may require dilution into a suitable matrixfor quantitation. The bioassay'sprecision and accuracy should be sufficient
for measuring process performance or for assessing and comparing the stabilityof candidate formulations.

2.2 Process Characterization

Bioassays may be performed to assessthe effecton drug potency associated with differentstages of drug manufacture or
with changes in the manufacturing process (e.g., to demonstrate product equivalence before and after process changes are
made). Bioassays used in this type of application may be qualitative or quantitative.

2.3 Product Release

Bioassays are used to evaluate the potency of the drug before commercial product release.To the extent possible, the assay
should reflector mimic the product's known or intended mechanism of action. If the bioassay does not include the functional
biology directlyassociated with the mechanism of action, it may be necessary to demonstrate a relationship between the
bioassay'sestimated potency determinations and those of some other assaythat better or otherwise reflectsputative functional
activity.

For product-release testing, product specifications are established to define a minimum or range of potency values that are
acceptable for product. The precision of the reportable valuefrom the bioassay must support the number of significantdigits
listed in the specification (see general chapter Biological Assay Validation (1033)), and, in conjunction with relativeaccuracy,
support the specification range. Inorder to meet these specifications, manufacturing qualitycontrol will have sufficiently narrow
product releasespecifications inorder to accommodate any loss of activitydue to instability and uncertainty in the releaseassay.

2.4 Process Intermediates

Bioassay assessment of process intermediates can provide information regarding specificity. Formulation and fill strategies
may relyon bioassays in order to ensure that drug product, including that in final container, will meet its established
specifications. Forexample, unformulated bulk materials may be held and evaluated for potency. Bulks may be pooled with
other bulklots, diluted, or reworked based on the potency results. Forthese types of applications,the bioassaymust be capable
of measuring product activityin different matrices. Insome cases, a separate Standard material is made and is used to calculate
relative potency for the process intermediate.

2.5 Stability

The potency assay may be used to assess biotechnology and vaccine product stability. Informationfrom stabilitystudies,
performed during development under actual and/or accelerated or stressed storage conditions, may be used to establishshelf
life duration as well as to identifyand estimate degradation products and degradation rates. Post licensurestabilitystudies may
be used to monitor product stability. Knowledge of both short-term and long-term variability of the bioassay is important to
assure an acceptable level of uncertainty in potency measures obtained.

2.6 Qualification of Reagents

The quantitative characterization of a new Standard requires an accurate and precise measurement of the new Standard's
biological activity. Thismeasurement is used either to establish that the new Standard lot isequivalent to the previous lot or to
assign lt.a label potency to which Test samples can be compared. Additional replication (beyond routine testing) may be
required to achievegreater precision in the potency measurement of the new Standard material.Additionally, the bioassaymay
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be used to qualify a cell culture reagent such as fetal bovine serum. The fitness for use in such cases is tied to the ability of the
assayto screen reagent lots and to ensure that lots that may bias or compromise the relative potency measurements are not
accepted.

2.7 Product Integrity

Biotechnology, biological, and vaccineproducts maycontain a population of heterogeneous material, includingthe intended
predominant product material. Some process impurities and degradation products may be active, partially active, inactivein,
or antagonistic to, the response measured in the bioassay. Forproduct variants or derivatives for which changes in structure or
relative composition may be associated with subtle yet characteristicchanges in the bioassay response (e.g., change in slope
or asymptote), the bioassaymay be useful in the detection and measurement of these variantsor derivatives. Studiesthat identify
characteristicchanges associatedwith variantsof the intended product help ensure consistent product performance. Whenever
practical, the bioassayshould be accompanied byorthogonal methods that are sensitive to product variants,process impurities,
and/or degradation products.

3. BIOASSAY FUNDAMENTALS'

3.1 In Vivo Bioassays

Invivo potency assays are bioassays in which sets of dilutionsof the Standard and Test materialsare administered to animals
and the concentration-response relationships are used to estimate potency. Forsome animal assays, the endpoint is simple
(e.g., rat body weight gain assayfor human growth hormone or rat ovarianweight assayfor follicle stimulating hormone), but
others require further processing of samples collectedfrom treated animals (e.g., reticulocyte count for erythropoeitin,
steroidogenesis for gonadotropins, neutrophil count for granulocyte colony stimulatingfactor, or antibody titer after
administration of vaccines). With the advent of cell lines specific for the putative physiological mechanism of action (MOA), the
use of animalsfor the measurement of potency has substantiallydiminished. Cost, lowthroughput, ethical, and other practical
issues argue against the use of animal bioassays. Regulatory agencies have encouraged the responsiblelimitation of animal use
whenever possible (see The Interagency Coordinating Committee on the Validation of Alternative Methods, Mission, Vision,
and Strategic Priorities; February 2004). When in vitro activityis not strongly associated with in vivo activity (e.g., EPa), the
combination of an in vitro cell-based assayand a suitable physicochemical method (e.g., IEF, glycan analysis) may substitute
for in vivo assays. However, a need for in vivo assays may remain when in vitro assays cannot detect differences that are critical
in regard to a drug's intended biological function.

Animals' physiological responses to biological drugs (includingvaccines) may predict patients' responses.Selection of animal
test subjects by species, strain, gender, and maturityor weight range isguided by the goal of developing a representativeand
sensitive model with which to assess the activity of Test samples.

Some assay methods lend themselves to the use of colony versus naive animals. Forexample, pyrogen and insulin testing
benefit from using experienced colony rabbits that provide a reliable response capacity. Ifanimals recently introduced to the
colonyfail to respond as expected after several administrationsof a compound, they should be culledfrom the colonyso they
do not cause future invalid or indeterminate ,assay results. In the case of assaying highlyantigenic compounds for pyrogens,
however, naiveanimalsshould be used to avoidgenerating inaccurate or confounded results. Other colony advantages include
common controlled environmental conditions (macro/room, and micro/rack), consistent feeding schedule, provision of water,
and husbandry routine.

Historical data includingcolony records and assaydata can be used to identifyfactors that influenceassayperformance.The
influenceof biasing factors can be reduced by applying randomization principles such as distribution of weight ranges across
dose groups, group assignments from shipping containers to differentcages, or use of computer-generated or deck patterns
for injection/dosing. Atest animal must be healthy and have time to stabilize in its environment to be suitable for use in a
bioassay. Factors that combine to influencean animal's state of health include proper nutrition, hydration, freedom from
physical and psychological stressors, adequate housing sanitization, controlled light cycle(diurnal/nocturnal), experienced
handlinq, skillful injections and bleedings, and absence of noise or vibration. Daily observation of test animals is essential for
maintenance of health, and veterinarycare must be available to evaluate issues that have the potential to compromise the
validity of bioassay results.

3.2 Ex Vivo Bioassays

Cells or tissues from human or animal donors can be cultured in the laboratory and used to assess the activityof a Test
sample. In the case of cytokines, the majorityof assays use cells from the hematopoietic system or subsets of hematopoietic
cells from peripheral blood such as peripheral blood mononuclear cells or peripheral blood lymphocytes. Forproteins that act
on solid tissues, such as growth factors and hormones, specific tissue on which they act can be removed from animals,
dissociated, and cultured for a limited period either as adherent or semi-adherent cells. Although an ex vivo assaysystem has
the advantage of similarity to the natural milieu, it may also sufferfrom substantial donor-to-donor variability, as well as
challenging availability of appropriate cells.

Bioassays that involve live tissuesor cells from an animal(e.g., rat hepatocyte glucagon method) requireprocessmanagement
similar to that of in vivo assays to minimize assayvariability and bias.The level of effortto manage bias(e.g., via randomization)
should be appropriate for the purpose of the assay. Additional factors that may affect assay results include time of day, weight
or maturity of animal, anesthetic used, buffercomponents/reagents, incubation bath temperature and position, and cell
viability.
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3.3 In Vitro (Cell-Based) Bioassays .
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Bioassays usingcell lines that respond to specific ligands or infectious agents can be used for lot-release assays. These cell
lines can be derivedfrom tumors, immortalized as factor-dependent cell lines, or engineered cell lines transfected with
appropriate receptors.Additionally, nontransformed cell lines which can be maintained over a sufficient number of passages
(e.g., fibroblasts) may also be used. Regardless of cell line, there isan expectation of adequately equivalentpotency response
through some number of continuous passages.Advances in recombinant DNA technology and the understanding of cellular
signaling mechanisms have allowedthe generation of engineered cell lines with improved response, stable expression of
receptors and signaling mechanisms.and longer stability. Thecellular responsesto the protein of interestdepend on the drug's
MOA and the duration of exposure. Such responses includecell proliferation, cell killing, antiviral activity, differentiation,
cytokine/mediatorsecretion,and enzyme activation. Assays involving these responses may require incubation of the cells over
several days, during which time contamination, uneven evaporation, or other location effects may arise. Comparatively rapid
responses based on an intracellular signaling mechanism-such as second messengers, protein kinase activation, or reporter
gene expression-have proven acceptable to regulatory authorities. Lastly, most cell lines used for bioassays express receptors
for multiple cytokines and growth factors.This lack of specificity may not be detrimental if the Test sample's specificity is
demonstrated.

Cell-based bioassay designshould reflectknowledgeofthe factorsthat influence the responseofthe cells to the activeanalyte.
Response variability isoften reflected in parameters such as slope, ECso of the concentration-response curve, or the response
range (maximum minus minimum response). Even though relative potency methodology minimizes the effects on potency
estimatesof variation in these parameters among assays, and among blocks within an assay, such response variability can make
an assaydifficult to manage (i.e., it may be difficult to assess systemsuitability). Hence, while assay development should be
focused primarily on the propertiesof potency, efforts to identify and control variation in the concentration-response
relationship are alsoappropriate. Forblockedassays (e.g., multiple cell culture plates in an assay) with appreciablevariation in
curveshape among blocks, an analysis that does not properlyinclude blocks will yieldinflated estimatesofwithin-assay variation,
makingsimilarity assessmentparticularly difficult. Twostrategiesare available for addressing variation among blocks: one, a
laboratoryeffort to identify and control sources of variation and two, a statistical effort to build and use a blockeddesign and
analysis. Combiningthese strategies can be particularly effective.

The development of a cell-based bioassay begins with the selection or generation of a cell line. An important firststep when
developinga cell-based assayto assess a commercial product isto verify that the cell lineof interest isnot restricted to research
use only.To ensure an adequate and consistent supplyof cells for product testing, a cell bank should be generated ifpossible.
To the extent possible, information regarding functional and genetic characteristics of the bioassay's cell lineshould be
documented, including detailsof the cell line's history from origin to banking. Forexample, for a recombinant cell linethis
might include the identification of the source of the parental cell line(internal cell bank, external repository, etc.), of the DNA
sequences used for transfection, and of the subsequent selection and functional testing regimen that resulted in selection of
the cell line. Ideally, though not always practical, sufficient information isavailable to permit recreation of a similar cell line if
necessary. Pertinent information may include identity(e.g., isoenzyme, phenotypic markers, genetic analysis); morphology
(e.g., archived photographic images); purity(e.g., mycoplasma, bacteria, fungus and virus testing); cryopreservation; thaw and
culture conditions(e.g., media components, thaw temperature and method, methods of propagation, seeding densities,
harvestconditions); thaw viability (immediately after being frozen and after time in storage); growth characteristics (e.g., cell
doubling times);and functional stability (e.g., ploidy).

Cell characterization and vigilance regarding aspects of assay performancethat reflecton cellstatus are necessary to ensure
the qualityand longeVity of cellbanks for use in the QC environment. The general health and metabolicstate of the cells at
the time of bioassay can substantially influence the test results. After a cell linehas been characterizedand is readyfor banking,
analysts typically prepare a two-tiered bank (Masterand Working). AMasterCell Bank iscreated as the sourcefor the Working
Cell Bank. The Working Cell Bank isderived by expansionof one or more vials of the Master Cell Bank. The sizeof the banks
depends on the growth characteristics of the cells, the number of cells requiredfor each assay, and how often the assaywill be
performed. Somecells may be sensitive to cryopreservation, thawing, and culture conditions, and the banksmust be carefully
prepared and characterized before being used for validation studiesand for regular use in the QC laboratory.

Therefollow factorsthat may affectbioassay responseand the assessmentof potency, that are common to many cell-based
bioassays: cell type (adherent or nonadherent); cell thawing; platingdensity (at thaw and during seed train maintenance) and
confluence(adherent cells); culture vessels; growth, staging, and assay media; serum requirements (source, heat inactivation,
gamma irradiation); incubationconditions(temperature, CO2, humidity, culture times from thaw); cell harvesting reagents and
techniques (for adherent cells, method of dissociation); cell sorting;cell counting; determination of cell health (growth rate,
viability, yield); cell passagenumber and passagingschedule;cell linestability (genetic, receptor, marker, gene expression level);
and starvationor stimulation steps. This list is not exhaustive, and analysts with comprehensive understanding and experience
.wlth the cell lineshould be involved during assaydevelopment.Theseexperienced individuals should identify factorsthat might
influence assayoutcomes and establish strategies for an appropriate level of control whenever possible.

3.4 Standard

The Standard isa critical reagent in bioassays becauseof the necessity to have a reliable materialto whicha Test preparation
can be quantitatively compared. TheStandard may be assigneda unitage or specific activity that representsfully (1 00%) potent
material. Where possible, a Standard should be representative of the samples to be tested in the bioassay. Testing performed
to qualify a Standard may be more rigorous than the routine testing used for lot release.

AStandard must be stored under conditions that preserve itsfull potency for the intended duration of its use. To this end,
the Standard may be stored under conditionsthat are different fromthe normalstorage of the drug substanceor drug product.
Thesecould includea differenttemperature (e.g., -70° or -20°, insteadof 2°_8°),a differentcontainer (e.g., plastic vials instead
of syringes), a different formulation (e.g., Iyophilizable formulation or the addition of carrier proteins such as human serum
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albumin, stabilizers, etc.). The Standard materialshould be tested for stabilityat appropriate intervals. Systemsuitability criteria
of the bioassaysuch as maximumor background response, ECsoslope, or potency ofassaycontrol may be used to detect change
in the activityof the Standard. Accelerated stabilitystudies can be performed to estimate degradation rates and establish
recognizable characteristics of Standard instability. .

At later stages in clinical development, the Standard may be prepared using the manufacturing processemployed in pivotal
clinical trials. Ifthe Standard formulation isdifferentfrom that used in the drug product process, it is important to demonstrate
that the assay's assessment of similarity and estimate of potency is not sensitiveto the differences in formulation. An initial
Standard may be referred to as the Primary Standard. Subsequent Standards can be prepared using current manufacturing
processes and can be designated Working Standards. Separate SOPs may be required for establishingthese standards for each
product. Bias in potency measurements sometimes can arise ifthe activityof the Standard graduallychanges. Also, loss of
similarity may be observed if, with time, the Standard undergoes changes in glycosylation. It is prudent to archive aliquots of
each Standard lot for assessment of comparabilitywith later Standards and for the investigation of assaydrift. .

4. STATISTICAL ASPECTS OF BIOASSAY FUNDAMENTALS

The statisticalelements of bioassay development includethe type of data, the measure of response at varyingconcentration,
the assaydesign, the statistical model, pre-analysis treatment of the data, methods ofdata analysis, suitability testing, and outlier
analysis. These form the constituents of the bioassaysystem that will be used to estimate the potency of a Test sample.

4.1 Data

Fundamentally, there are two bioassay data types: quantitative and quantal (categorical). Quantitative data can be either
continuous (not limited to discrete observations; e.g., collected from an instrument), count (e.g., plaque-forming units), or
discrete (e.g., endpoint dilution titers). Quantal data are often dichotomous; for example, life/death in an animal response
model or positivity/negativity in a plate-based infectivity assay that results in destruction of a cell monolayerfollowing
administration of an infectious agent. Quantitative data can be transformed to quantal data by selecting a threshold that
distinguishesa positive response from a negative response. Such a threshold can be calculated from data acquired from a
negative control, as by adding (or subtracting) a measure of uncertainty (such as two or three times the standard deviation of
negative control responses) to the negative control average. Analysts should be cautious about transforming quantitative data
to quantal data because this results in a lossof information.

4.2 Assumptions

Akeyassumption for the analysis of most bioassays isthat the Standard and Test samples contain the same effective analyte
or population of analytes and thus may be expected to behave similarly in the bioassay. This is termed similarity. As will be
shown in more detail in the general chapter Analysis of Biological Assays (1 034) for specific statistical models, biological similarity
implies that statistical similarity is present (for parallel-line and parallel-curve models, the Standard and Test curves are parallel;
for slope-ratio models, the Standard and Test lines have a common intercept). The reverse is not true. Statistical similarity
(parallel lines, parallel curves, or common intercept, as appropriate) does not ensure biological similarity. However, failure to
satisfy statistical similarity may be taken as evidence against biological similarity. The existence of a Standard-Test sample pair
that passes the assessment of statistical similarity is thus a necessary but not sufficient condition for the satisfaction of the key
assumption of biological similarity. Biological similarity thus remains, unavoidably, an assumption. Departures from statistical
similarity that are consistent in value across replicate assays may be indicative of matrix effectsor of real differences between
Test and Standard materials. This istrue even ifthe departure from statistical similarity is sufficiently small to support
determination of a relative potency.

In many assays multiplecompounds will yieldsimilar concentration-response curves. Itmay be reasonable to use a biological
assaysystem to describe or even compare response curvesfrom differentcompounds. Butit isnot appropriate to report relative
potency unlessthe Standard and Testsamplescontain onlythe same activeanalyte or population ofanalytes.Biological products
typically exhibit lot-to-lot variation in the distribution of analytes (i.e., most biological products contain an intended product
and, at acceptably low levels, some process contaminants that may be active in the bioassay). Assessment of similarity isthen,
at least partially, an assessment of whether the distribution of analytes in the Test sample isclose enough to that of the
distribution in the Standard sample for relative potency to be meaningful; that is, the assayisa comparison of like to like. When
there is evidence (from methods other than the bioassay) that the Standard and Test samples do not contain the same active
compound(s), the assumption of biological similarity is not satisfied, and it is not appropriate to report relative potency.

Other common statistical assumptions in the analysis of quantitative bioassays are constant varianceof the responses around
the fitted model (see section 4.3 Variance Heterogeneity, Weighting, and Transformation for further discussion), normally
distributed residuals (a residual isthe difference between an observed response and the response predicted by the model), and
independence of the residuals.

Constant variance, normality, and independence are interrelated in the practice of bioassay. Forbioassays with a quantitative
response, a well-chosen data transformation may be used to obtain approximately constant varianceand a nearly normal
distributionof residuals. Once such transformation has been imposed, the remaining assumption of independence then remains
to be addressed via reflection of the assaydesign structure in the analysis model. Independence of residuals is important for
assessing system and sample suitability.
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4.3 Variance Heterogeneity, Weighting, and Transformation

Simpleanalysis of quantitative bioassaydata requires that the data be approximately normally distributed with near constant
variance across the range of the data. For linearand nonlinear regression models, the variance referred to here is the residual
variancefrom the fit of the model. Constant varianceisoften not observed; variance heterogeneity may manifest as an increase
in variability with increase in response. If the variances are not equal but the data are analyzedas though they are, the estimate
of relative potency may still be reasonable; however, failure to address nonconstant variancearound the fitted concentration­
response model results in an unreliableestimate of within-assay variance. Further, the assessment of statisticalsimilarity may
not be accurate, and standard errors and confidence intervals for all parameters (including a Fieller's Theorem-based interval
for the relative potency) should not be used. Confidence intervals for relative potency that combine potency estimates from
multiple assays may be erroneous ifwithin-assay error is used for confidence interval calculation.

Constancy of variance may be assessed by means of residual plots, Box-Cox (or power law) analysis, or Levene's test. With
Levene's test, rather than relying on the p value, change in the statistic obtained is useful as a basisfor judging whether
homogeneity is improved or worsened. Variance is best assessed on a large body of assaydata. Using only the varianceamong
replicates from the current assay is not appropriate, because there are too few data to properly determine truly representative
variancesspecific to each concentration. Data on variance is sparse during development; it is prudent to re-assess variance
during validation and to monitor it periodically during ongoing use of the assay.

Two methods used to mitigate variance heterogeneity are transformation and weighting. Lack of constant variance can be
addressed with a suitable transformation. Additionally, transformation can improve the normality of residuals and the fit of
some statistical models to the data. Atransformationshould be chosen for an assaysystemduring development, checked during
validation, used consistently in routine assay practice, and checked periodically. Bioassay data are commonly displayedwith
log-transformed concentration; slope-ratio assays are displayed with concentration on the original scale.

Transformation may be performed to the response data as well as to the concentration data. Common choices for a
transformation of the response include log, square root (for counts), reciprocal, and, for count data with known asymptotes,
logit of the percent of maximum response. Log transformations are commonly used, as they may make nearly linear a useful
segment of the concentration-response relationship, and because of the ease of transforming back to the original scalefor
interpretation. Alog-log fit may be performed on data exhibiting nonlinear behavior.Other alternatives are available; i.e., data
may be transformed by the inverseof the Power of the Mean (POM) function. A POM coefficientof k = 2 corresponds to a log
transformation of the data. Forfurther discussion of relationships between log-transformedand untransformed data, see
Appendix in the general chapter Biological Assay Validation (1033).

Note that transformation of the data requires re-evaluation of the model used to fit the data. From a statistical perspective
there isnothing specialabout the originalscaleof measurement; any transformation that improvesaccordance with assumptions
is acceptable. Analysts should recognize, however, that transformations, choice of statistical model, and choice of weighting
scheme are interrelated. Ifa transformation is used, that may affect the choice of model. That is, transforming the response
by a log or square root, for example, may change the shape of the response curve, and, for a linear model, may change the
range of concentrations for which the responses are nearlystraight and nearly parallel.

Forassays with non-constant variance, a weighted analysis may be a reasonable option. Though weighting cannot address
lackof residual normality, it is a valid statistical approach to placing emphasis on more precise data. Ideally, weights may be
based on the inverseof the predicted within-assay (or within-block) variance of each response where the predictors of variance
are independent of responses observed in a specific assay.

In practice, many bioassays have relatively large variation in log ECso (compared to the variation in log relative potency)
among assays (and sometimes among blocks within assay). Ifnot addressed in the variance model, this variation in log ECso
induces what appears to be large variation in response near the mean log ECso, often yielding too-low weights for observations
near the ECso•

Ifthe assay isfairly stable (low variability in ECso), an alternative is to look at varianceas a function of concentration. While
not ideal, an approach using concentration-dependent variances may be reasonable when the weights are estimated from a
large number of assays, the variancesare small, any imbalance in the number of observationsacross concentrations isaddressed
inthe variancemodel, and there are no unusualobservations(outliers). Thispossibility can be examined by plotting the response
varianceat each concentration (preferablypooled across multiple assays) against concentration and then against a function of
concentration (e.g., concentration squared). Variance will be proportional to the function of concentration where this plot
approximates a straight line. The apparent slope of this line is informative, in that a horizontal line indicates no weighting is
needed. Ifa function that yieldsa linearplot can be found, then the weights are taken as proportional to the reciprocal of that
function. There may be no such function, particularly ifthe variation is higher (or lower) at both extremes of the concentration
range studied.

Whether a model or historical data are used, the goal is to capture the relative variability at each concentration. It is not
. necessaryto assume that the absolute level of variability of the current assay is identical to that of the data used to determine
the weighting, but only that the ratios of variances among concentrations are consistent with the historical data or the data
used to determine the variance function.

Appropriate training and experience in statistical methods are essential in determining an appropriate variance-modeling
strategy. Sourcesof variability may be misidentified ifthe wrong variance model is used. Forexample, data may have constant
variation throughout a four-parameter logistic concentration-response curve but can also have'appreciable variation in
the ECso parameter from blockto blockwithinthe assay, or from assayto assay. Ifthe between-blockor between-assayvariability
is not recognized, this assay can appear to have large variation in the response for concentrations near the long-term average
value of the ECso' Aweighted model with low weights for concentrations near the ECso would misrepresent a major feature of
such an assaysystem.
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4.4 Normality

USP 43

Manystatistical methods for the analysis of quantitative responses assume normalityof the residuals. Ifthe normality
assumption is not met, the estimate of relative potency and its standard error may be reasonable, but suitability tests and a
confidence interval for the relative potency estimate may be invalid. Most methods used in this chapter are reasonably robust
to departures from normality, so the goal isto detect substantial nonnorrnallty. Duringassaydevelopment, in order to discover
substantial departure from normality, graphical tools such as a normal probabilityplot or a histogram (or something similar like
stem-and-Ieafor box plots) of the residuals from the model fit may be used. The histogram should appear unimodal and
symmetric. The normal probabilityplot should approximate a straight line; a normal probabilityplot that is not straight (e.g.,
curved at one end, both ends, or in the middle) indicates the presence of nonnormality. Apattern about a straight line isan
indicationof nonnormality. Nonnormal behavior may be due to measurements that are log normal and show greater variability
at higher levels of response. Thismay be seen as a concave pattern in the residuals in a normal plot.

Statistical tests of normalitymay not be useful. As per the previous discussion of statistical testing of constancy of variance,
change of the value of a normality test statistic, rather than reliance on a p value, is useful for judging whether normalityis
improved or worsened. As for variance assessment, evaluate normalityon as large a body of assay data as possible during
development, re-assess during validation, and monitor periodically during ongoing use of the assay. Important departures from
normality can often be mitigated with a suitable transformation. Failure to assessand mitigate important departure from
normalitycarriesthe risks of disablingappropriate outlier detection and losingcapacity to obtain reliable estimates of variation.

4.5 Linearity of Concentration-Response Data

Some bioassayanalyses assume that the shape of the concentration-response curve is a straight lineor approximates a
straight line over a limited range of concentrations. In those cases, a linear-responsemodel may be assessedto determine if it
isjustified for the data in hand. Difference testing methods for assessing linearity face the same problemsas do difference testing
methods applied to parallelism-more data and better precision make it more likely to detect nonlinearity. Because instances
in which lackof linearity does not affect the potency estimate are rare, analystsshould routinelyassess departure from linearity
if they wish to use a linear-response model to estimate potency.

Ifan examination of a data plot clearly reveals departure from linearity, this issufficient to support a conclusionthat linearity
is not present. High data variability, however, may maskdeparture from linearity. Thus a general approach for linearity can
conform to that for similarity, developed more elaborately in section 4.7 SuitabilityTesting, Implementing Equivalence Testing for
Similarity(parallelism).

1. Specify a measure of departure from linearity which can either combine acrosssamples or be sample specific. Possibilities
include the nonlinearity sum of squares or quadratic coefficients.

2. Useone of the four approaches in Step 2 of Implementing Equivalence Testing for Similarity(parallelism) to determine,
during development, a range of acceptable values (acceptance interval)for the measure of nonlinearity.

3. Determine a 90% two-sided confidence interval on the measure on nonlinearity, following the Two One-SidedTest
(TOST) procedure, and compare the result to the acceptance interval as determined in (2).

Often a subset of the concentrations measured in the assaywill be selected in order to establish a linearconcentration­
response curve. The subset may be identified graphically. The concentrations at the extreme ends of the range should be
examined carefully as these often have a large impact on the slope and calculations derivedfrom the slope. If, in the final assay,
the intent isto use onlyconcentrations in the linear range, choose a range of concentrations that will yield parallel straight lines
for the relative potencies expected during routine.use of the assay; otherwise, the assaywill fail parallelism tests when the
potency produces assay response valuesoutside the linear range of response. When potency isoutside the linear range, it may
be appropriate to adjust the sample concentration based on this estimated potency and test again in order to obtain a valid
potency result. The repeat assays together with the valid assays may generate a biased estimate of potency because of the
selectiveprocess of repeating assays when the response is in the extremes of the concentration-response curve.

The problem is more complex in assays where there iseven modest variation in the shape or location of the concentration­
response curvefrom run to run or from block to blockwithin an assay. In such assaysit may be appropriate to choose subsets
for each sample in each assayor even in each blockwithin an assay. Note that a fixed-effects model will mask any need for
differentsubsets indifferentblocks, but a mixed-effects model may reveal and accommodate differentsubsets indifferentblocks
(see section 4.9 Fixed and Random Effects in Models of Bioassay Response).

Additional guidance about selection of data subset(s) for linear model estimation of relative potency includesthe following:
use at least three, and preferably four, adjacent concentrations; require that the slope of the linearsegment issufficiently steep;
require that the linesfit to Standard and Testsamples are straight; and require that the fit regression lines are parallel. One way
to derive a steepness criterion is to compute a t-statistic on the slope difference from zero. Ifthe slope is not significant the
bioassayis likely to have poor performance; this may be observed as increased variation in the potency results. Another aspect
that supports requiring adequate steepness of slope is the use of subset selection algorithms. Without a slope steepness
criterion, a subset selection algorithm that seeks to identifysubsets of three or more contiguous data points that are straight
and parallel might select concentrations on an asymptote. Such subsets are obviously inappropriate to use for potency
estimation. Howsteep or how siqnifkant the steepness of the slope should be depends on the assay. This criterion should be
set during assaydevelopment and possibly refined during assayvalidation.

4.6 Common Bioassay Models

Mostbioassays consistof a seriesofconcentrations or dilutionsof both a Testsample and a Standard material. Amathematical
model isfit to the concentration-response data, and a relative potency may then be calculated from the parameters of the
model, Choice of model may depend on whether quantitative or qualitativedata are being analyzed.
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Forquantitative data, models using parallel response profiles which support comparative evaluationfor determining relative
potency may providestatisticaladvantages. Ifsuch a model isused, concentrations or dilutionsare usually scaled geometrically,
e.g., usually in two-fold, log, or half-log increments. If a slope-ratio model is used, concentrations or dilutions can be equally
spaced on concentration, rather than log concentration. Several functions may be used for fitting a parallel response model to
quantitative data, includinga Iinearfunction, a higher-orderpolynomial function, a four-parameter logistic(symmetricsigmoid)
function, and a five-parameter logistic function for asymmetricsigmoids. Such functions require a sufficient number of
concentrations or dilutions to fit the model. To assess lack offit of any model it is necessaryto have at least one, and preferably
several, more concentrations (or dilutions) than the number of parameters that will be estimated in the model. Also, at least
one, and better, two, concentrations are commonly used to support each asymptote.

Alinearmodel issometimes selected because ofapparent efficiency and ease of processing.Because bioassayresponse profiles
are usually nonlinear, the laboratory might perform an experiment with a wide range of concentrations in order to identifythe
approximately linear region of the concentration-response profile. Fordata that follow a four-parameter logistic model, these
are the concentrations near the center of the response region, often from 20% to 80% response when the data are rescaledto
the asymptotes. Caution isappropriate in using a linear model because for a varietyof reasons the apparently linear region may
shift.Astable linear region may be identifiedafter sufficient experience with the assayand with the varietyof samples that are
expected to be tested in the assay. Datafollowing the four-parameter logisticfunction may alsobe linearized by transformation.
The lower region of the function is approximately linearwhen the data are log transformed (log-log fit).

Quantal data are typically fit using more complex mathematical models. A probit or logit model may be used to estimate a
percentile of the response curve (usually the 50th percentile)or, more directly, the. relative potency of the Test to the Standard.
Spearman-Karber analysis is a non-modeling method that may be employed for determining the 50th percentile of a quantal
concentration-response curve.

4.7 Suitability Testing

Systemsuitability and sample suitability assessment should be performed to ensure the quality of bioassayresults. System
suitability in bioassay, as in other analytical methods, consistsof p.re-specified criteria by which the validity of an assay (or,
perhaps, a run containing severalassays) is assessed. Analysts may assesssystem suitability by determining that some of the
parameters of the Standard response are in their usual ranges and that some properties (e.g., residual variation)of the data are
in their usual range. To achieve high assayacceptance rates, it isadvisableto accept large fractions of these usual ranges (99%
or more) and to assess system suitability using only a few uncorrelated Standard response parameters. The choice of system
suitability parameters and their ranges may also be informed by empiricalor simulation studies that measure the influenceof
changes in a parameter on potency estimation.

Samplesuitability in bioassayis evaluated using pre-specified criteriafor the validity of the potency estimate of an individual
Test sample, and usually focuses on similarity assessment. Systemand sample SUitability criteria should be established during
bioassaydevelopment and before bioassayvalidation. Where there is limited experience with the bioassay, these criteria may
be considered provisional.

SYSTEM SUITABILITY

Systemsuitability parameters may be selected based on the design and the statistical model. Regardless of the design and
model, however, system suitability parametersshould be directly related to the quality of the bioassay. These parameters are
generally based on standard and control samples. In parallel-line assays, for example, lowvaluesof the Standard slope typically
yield estimates of potency with low precision. Ratherthan reject assays with low slope, analysts may find it more effective to
useadditional replicateassays until the assaysystemcan be improvedto consistentlyyieldhigher-precision estimates of potency.
It may be particularly relevant to monitor the range of response levels and location of asymptotes associated with controls or
Standard sampleto establishappropriate levels of response.Adriftor a trend insome of the criteria may indicate the degradation
of a critical reagent or Standard material. Statistical processcontrol (SPC) methods should be implemented to detect trends in
system suitability parameters.

Two common measures of system suitability are assessmentof the adequacy of the model (goodness of fit) and of precision.
Withreplicates in a completely randomized design, a pure error term may be separated from the assessment of lackof fit. Care
should be taken in deriving a criterionfor lackof fit; the use of the wrong error term may result in an artificial assessment. The
lackof fit sum of squares from the model fit to the Standard may, depending on the concentrations used andthe way in which
the data differfrom the model, be a useful measure of model adequacy. Athreshold may be established, based on sensitivity
analysis (assessmentof assaysensitivity to changes in the analyte) and/or historical data, beyond which the lackof fit value
indicates that the data are not suitable. Note that the Test data are not used here; adequacy of the model for the Test is part

.of sample suitability. .
Forassessment of precision, two alternatives may be considered. One approach uses the mean squared error (residual

variance)from the model fit to the Standard alone. Because this approach may have few degrees of freedom for the variance
estimate, it may be more useful to use a pooled mean squared error from separate model fits to Standard and Test. Once the
measure is selected, use historical data and sensitivity analysis to determine a threshold for acceptance.

SAMPLE SUITABILITY

Sample suitability in bioassaygenerally consistsof the assessment of similarity, which can only be done within the assay
range. Relative potency may be reported only from samples that both show similarity to Standard, exhibit requisite quality of
model fit, and have been diluted to yield an ECso (and potency) within the range of the assaysystem.
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In the context of similarity assessment, classical hypothesis (difference) testing evaluatesa null hypothesis that a measure (a
nonsimilarity parameter measuring the difference between Standard and Test concentration-response curves) iszero, with an
implicitalternative hypothesisthat the measure isnon-zero or the statistical assumptionsare not satisfied. The usual("difference
test") criterion that the p-value must be larger than a certain critical value in order to declare the sample similarto reference
controls the probabilitythat samples are falsely declared nonsimilar; this is the producer's risk of failing good samples. The
consumer's risk (the risk that nonsimilar samplesare declared similar) iscontrolledvia the precision in the nonsimilarity measure
and amount of replication in the assay; typically these are poorly assessed, leaving consumer risk uncontrolled.

Incontrast to differencetesting, equivalencetesting for similarity (assessing whether a 90% confidence intervalfor a measure
of nonsimilarity iscontained withinspecified equivalence bounds) allows only a 5% probabilitythat samples with nonsimilarity
measures outside the equivalenceboundarieswill be declared similar (controllingthe consumer's risk). With equivalencetesting
it is practicalto examine and manage the producer's risk by ensuring that there isenough replicationin the assayto have good
precision in estimating the nonsimilarity measure(s).

Forthe comparison of slopes, difference tests have traditionally been used to establish parallelism between a Test sample
and the Standard sample. Using this approach the laboratory cannot conclude that the slopes are equal. The data may be too
variable, or the assaydesign may be too weak to establish a difference. The laboratorycan, however, conclude that the slopes
are sufficiently similar using the equivalencetesting approach.

Equivalence testing has practical advantages compared to differencetesting, including that increased replicationyielding
improved assay precisionwill increasethe chances that samples will pass the similarity criteria; that decreased assay replication
or precision will decrease the chances that samples will pass the similarity criteria; and that sound approaches to combining
data from multiple assaysof the same sample to better understand whether a sample is truly similarto Standard or not are
obtained. .

Because of the advantages associatedwith the use of equivalence testing in the assessment of similarity, analysts may
transition existing assays to equivalencetesting or may implement equivalence testing methods when changes are made to
existing assays. In this effort, it is informative to examine the risk that the assaywill fail good samples. This risk depends on the
precision of the assaysystem, the replication strategy in the assaysystem, and the critical values of the similarity parameters
(this constitutes a process capabilityanalysis). One approach to transitioning an established assayfrom difference testing to
equivalencetesting (forsimilarity) is to use the processcapabilityof the assay to set critical valuesfor similarity parameters. This
approach is reasonable for an established assay because the risks (of falsely declaring samples similarand falsely declaring
samples nonsimilar) are implicitly acceptable, given the assay's historyof successful use.

Similarity measures may be based on the parameters of the concentration-response curve and may include the slope for a
straight parallel-line assay; intercept for a slope-ratioassay; the slope and asymptotes for a four-parameter logisticparallel-line
assay; or the slope, asymptotes, and nonsymmetry parameter in a five-parametersigmoid model. Insome cases, these similarity
measures have interpretable, practical meaning in the assay; certain changes in curve shape, for example, may be associated
with specific changes (e.g., the presence of a specific active contaminant) in the product. When possible, discussion of these
changes and their likely effectsis a valuable part of setting appropriate equivalence boundaries.

IMPLEMENTING EQUIVALENCE TESTING FOR SIMILARITY (PARALLELISM)

As previously stated, many statistical procedures for assessingsimilarity are based on a null hypothesis stating that similarity
is present and the alternative hypothesisof there being a state of nonsimilarity. Failure to find that similarity is statistically
improbable is then taken as a conclusion of slmllarity. In fact, however, this failure to establisha probabilistic basisfor
nonsimilarity does not prove similarity. Equivalence testing provides a method for the analyst to proceed to a conclusion (if
warranted by the data) of sufficiently similarwhile controlling the risk of doing so inappropriately.The following providesa
sequence for this process of implementing equivalence testing.

Step 7: Choose a measure of nonsimilarity.
Forthe parallel-line case, this could be the differenceor ratio of slopes. (The ratio of slopes can be lesssensitive to the value

of the slope. Framing the slope difference as a proportional change from Standard rather than in absolute slope units has an
advantage because it is invariantto the units on the concentration and response axes.) For a slope-ratio assay, the measure of
nonstmllarlty can be the differenceiny-intercepts between Test and Standard samples.Again, it can be advantageous to frame
this difference as a proportion of the (possibly transformed) response range of Standard to make the measure invariantto the
units of the response.

The determination of similarity could be based on the individual parameters, one at a time; for the four-parameter logistic
model, similarity between Standard and Test samples can be assessed discretelyfor the upper asymptote, the slope, and the
lower asymptote. Ifsigmoid curveswith additional parameters are used to fit bioassay data, it is also important to consider
addressing similarity between Standard and Test preparations of the additional curve parameters (e.g., asymmetry parameter
of the five-parameter model). Alternatively, evaluation of similarity can be based on a single composite measure of
nonparallelism, such as the parallelism sumof squares. This isfound as the difference in residual sum of squared errors (RSSE)
between the value obtained from fitting the Standard and Test curves separately and the value obtained from imposing
parallelism:

Parallelism sum of squares = RSSEp - RSSEs - RSSEt

where the subscripts P, S, and T denote Parallel model, Standard model, and Test model, respectively. With any composite
measure, the analyst must consider the implicit relative weighting of the importance of the three (or more) curve regions and
whether the weighting isappropriate for the problem at hand. Forthe parallelism sum of squares, for example, with nonlinear
models, the weighting given to the comparison of the asymptotes depends on the amount of data in the current assayon and
near the asymptotes.
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Step 2: Specify a rangeof acceptable values, typically termedan equivalence intervalor "indifference zone," for the measure of
nonsimilarity. ,

The challenge in implementing equivalence testing is in setting appropriate equivalence bounds for the nonsimilarity
measures. Ideally, information isavailable to linkvariation in similarity measures to meaningfuldifferences in biological function
(as measured by the bioassay). Information may be available from evaluation of orthogonal assays. The following four
approaches can be used to determine this interval. IfpharmacopeiaI limits have been specifiedfor a defined measure of
nonsimilarity, then the assayshould satisfy those requirements.

a. The first approach is to compile historical data that compare the Standard to itself and using these data to determine
the equivalence interval as a tolerance intervalfor the measure of nonparallelism. The advantage of using historical data
is that they give the laboratory control of the false failure rate (the rate of failing a sample that is in fact acceptable). The
disadvantage isthat there is no control of the false pass rate (the rateof passing a sample that may have an unacceptable
difference in performance relative to the Standard). The equivalence interval specification developed in this way is based
solelyon assaycapability. Laboratories that use this approach should take caution that an impreciseassay in need of
improvement may yield such a wide equivalence interval that no useful discrimination of nonsimilarity is possible.
b. Approach (a) is simple to implement in routine use and can be used with assaydesigns that do not provide reliable
estimates of within-assay variation and hence confidence intervals. However, there isa risk that assays with larger than
usual amounts of within-assay variation can pass inappropriately. The preferable alternative to (a) is therefore to
determine a tolerance interval for the confidence interval for the measure of nonparallelism. The following is particularly
appropriate to transition an existing assay with a substantial body of historical data on both Standard and Test samples
from a differencetesting approach to an equivalence approach: '

i. Foreach value of the measure of nonparallelism from the historical data, determine a 95% confidence interval,
(rn,n).
ii. Foreach confidence interval, determine its maximum departure from perfect parallelism. This is maxtjrn], [nl) for
differences, max(l /rn,n) for ratios, and simply n for quantities that must be positive, such as a sum of squares.
iii. Determine a tolerance interval for the maximum departures obtained in (ii). Thiswill be a one-sided tolerance
interval for these necessarily positivequantities. A nonparametric tolerance interval approach is preferred.
iv. "Sufficiently parallel" isconcluded for new data ifthe confidence interval for the measure of nonparallelism falls
completely within the interval determined in (iii).
Approaches (a) and (b), through their reliance on assaycapability, control only the false fail rate, and neglect the
false pass rate. Incorporating informationfrom sourcesother than the evaluationof assaycapabilityprovidescontrol
of the false pass rate. Approaches (c) and (d) are means to this end.

c. The third approach starts with historical data comparing the Standard to itself and adds data comparing the Standard
to known failures, e.g., to degraded samples. Compare valuesof the measure of nonsimilarity for data for which a
conclusion of similarity isappropriate (Standard against itself) and data for which a conclusion of similarity is not
appropriate, e.g., degraded samples. Basedon this comparison, determine a value of the measure of nonsimilarity that
discriminates between the two cases. Ifthis approach isemployed, a range of samples for which a conclusion of similarity
is not appropriate should be utilized, including samples with the minimal important nonsimilarity. Fornonlinear models,
this comparison also can be used to determine which parameters should be assessed; some may not be sensitiveto the
failures that can occur with the specific assay or collectionof nonsimilar samples.
d. The fourth approach is based on combining a sensitivity analysis of the assaycurve to nonsimilarity parameters with
what is known about the product and the assay. It is particularly helpful if information isavailable that links a shift in one
or more nonsimilarity measures to properties ofthe product. These measures may be direct (e.g., conformational changes
in a protein) or indirect (e.g., changes in efficacy or safety in an animal model). Acomplementary approach is provided
by a limitedsensitivity analysis that combines analyst and biologistjudgment regarding the magnitude of shifts in a
nonsimilarity parameter that are meaningful, with simulationand/or laboratory experiments, to demonstrate thresholds
for similarity parameters that provide protection against important nonsimilarity. Additionally, risk analysis may be
informed by the therapeutic index of the drug.

Step 3. Examine whether the value of the nonsimilaritymeasure is found within the equivalence interval of acceptable values.
Forapproaches (a) and (b), compare the obtained value of the measure of nonparallelism (a) or its confidence interval (b)

to the fnterval obtained at the beginning of Step 2. The value must be within the limits ifone uses (a), or the confidence interval
must be completely within the limits ifone uses (b).

Analternative to the approach described above [for (a)] isto use an average (historical) valuefor the variance of the ratio or
differencein a similarity parameter-obtained from some number of individual assays-to compute an acceptance interval for a
point estimate of the similarity parameter. Thisapproach issimpler to implement in routine use and can be used with assay
designs that are unable to provide reliable estimates of within-assay variation. However, there isa price.The equivalence testing
approach that relies on assay-specific (within-assay) measure(s)of variation(i.e., the confidence intervals) isconservativein the
sense that it will fail to pass similarity for samples from assays that have larger than usual amounts of within-assay variation.
Using an acceptance region for a similarity parameter-rather than an acceptance region for confidence intervals for the
similarity parameter-loses this conservative property and hence is not preferred where alternatives exist.

Forapproach (c), an approach that essentially treats the parallelism as a discrimination problem may be used. The choice of
the cut point in (c) should take into account the rates of false positive and false negative decisions (and the acceptable risks to
the laboratory)and should reflectthe between-assay variability in precision. Thus it is reasonable to compare the point estimate
of the measure of nonparallelism to the cut point and to not use confidence intervals. This approach issimpler to implement
in routine use and can be used with assay designs that cannot provide reliable estimates of within-assay variation.

Forapproach (d), demonstrate that the measure of nonsimilarity is significantly greater than the lower endpoint of the
acceptance interval and significantly lessthan the upper endpoint. (Ifthe acceptance interval isone-sided, then apply only the
single applicable test.) This is use of the TOST approach. Formost situations, TOST can be most simply implemented by
calculating a 90% two-sided confidence interval, which corresponds to a 5% equivalence test. Ifthis confidence interval lies
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entirelywithin the equivalence interval specifiedat the beginning of Step 2, then similarity is sufficiently demonstrated. For
parallel-line models, one can use either (1) a confidence interval based on the value of the difference of the slopes ±ktimes the
standard errorofthat value,or (2) Fieller's Theoremfor the ratioofslopesmay be used. Forslope ratiomodels use the confidence
interval for the difference of intercepts. For nonlinear models, there isevidence that these simple confidence interval methods
do not attain the stated level of confidence, and methods based on likelihood profile or resamplingare more appropriate.

RANGE

The range for a relative potency bioassayisthe interval between the upper and lower relative potenciesfor which the bioassay
isshown to havesuitable levels of precision, relative accuracy, linearity of log potency, and success rates for system and sample
suitability. It isstraightforward to determine whether or not a sample that issimilar to a Standard has a relative potency within
the (validated)range of the assaysystem. Forsamples that are not similar according to establishedcriteria, it ismore challenging
to determine whether a relative potency estimate for the sample might be obtained. In a nonlinear parallel-line assay a sample
that does not have data on one asymptote might be assumed to be out of the potency range of the assay. In a parallel
straight-lineassaya sample that does not have three or more points on the steep portion of the response curve may be out of
the potency range of the assay. Forsamples that have not been shown to be similar to reference it is not appropriate to report
potency or to construct a ratio of ECsos from unrestricted fits. As such samples may be out of the assay range, it may be useful
to shift the dilution of the test sample for a subsequent assayon the basis of an estimate of relative activity. Thisestimated
relative activity may be obtained via the ratio of the concentrations of Standard and Test that yields responses that match the
reference response at the reference ECso'

4.8 Outliers

Bioassay data should be screened for outliers before relative potency analysis. Outliers may be simple random events or a
signal of a systematicproblem in the bioassay. Systematic error that generates outliers may be due to a dilution error at one or
more concentrations of a Test sample or the Standard or due to a mechanical error (e.g., system malfunction). Several
approaches for outlier detection can be considered. Visual inspection isfrequently utilized but should be augmented with a
more objectiveapproach to avoid potential bias.

An outlier is a datum that appears not to belong among the other data present. An outlier may have a distinct, identifiable
cause, such as a mistake in the bench work, equipment malfunction, or a data recording error, or it could just be an unusual
value relative to the variability typically seen and may appear without an identifiable cause. The essential question pertaining
to an outlier becomes: Is the apparent outliersampled from the same population as the other, lessdiscordant, data, or is it from
another population? Ifit comes from the same population and the datum is, therefore, an unusual (yet still legitimate) value
obtained by chance, then the datum should stand. If it comes from another population and the datum's excursivevalue isdue
to human error or instrument malfunction, then the datum should be omitted from calculations. In practice, the answer to this
essential question isoften unknown, and investigations into causes are often inconclusive. Outlier management relies on
procedures and practices to yield the best answer possible to that essential question and to guide response accordingly.

Generalchapter Analytical Data-Interpretation and Treatment (1010) addresses outlier labeling, identification, and rejection;
statistical methods are included. General chapter (1010) also lists additional sources of information that can provide a
comprehensive review of the relevant statistical methodology. Generalchapter (1010) makes no explicitremarks regarding
outlier analysis in linearor nonlinear regression. Outlieranalysis techniques appropriate for data obtained from regression of
response on concentration can be used. Some remarks about outliersare provided here in the context of bioassays to emphasize
or complement the information in (1010).

Of the procedures employed for analysis of drug compounds and biological drugs, the bioassay may be expected to be the
most prone to outlying data. The management of outliersis appropriate with bioassaydata on at least two levels: where an
individual datum or a group of data (e.g., data at a concentration) can be checked against expected responses for the sample
and concentration; and, separately, when estimates of relative potency from an assaycan be checkedfor consistencywith other
independent estimates of the potency of the same material.

Three important aspects of outlier management are prevention, labeling, and identification.
.Outlierprevention ispreferredfor obvious reasons, and isfacilitated by procedures that are less subject to error and by checks

that are sensitive to the sorts of errors that, given the experience gained in assaydevelopment, may be expected to occur. In
effect, the error never becomes an outlier because it is prevented from occurring.

Good practicecalls for the examination of data for outliersand labeling("flagging") of the apparently outlying observation(s)
for investigation. Ifinvestigationfinds a cause, then the outlyingdatum may be excluded from analysis. Because of the ordinary
occurrence of substantial variability in bioassayresponse, a laboratory's investigation into the outlying observation is likely to
yield no determinable cause. However, the lackof evidence regarding an outlier's cause is not a clear indication that statistical
outlier testing is warranted. Knowledge of the typical range of assay response variability should be the justification for the use
of statistical outlier tests.

Outlier identification is the use of rulesto confirm that the valuesare inconsistent with the known or assumed statistical
model. Foroutlierswith no determined cause, it istempting to usestatistical outlier identification procedures to discard unusual
values. Discarding data solelybecause of statistical considerationsshould be a rare event. Falsely discarding data leads to overly
optimistic estimates of variability and can bias potency estimates. The laboratory should monitor the failure rate for its outlier
procedure and should take action when this is significantly higher than expected.

Statistical procedures for outlier identification depend on assumptions about the distribution of the data without outliers.
Identification of data as outliers may mean only that the assumption about distribution is not correct. Ifdropping outliers
because of statistical considerations is common, particularly ifoutliers tend to occur more often at high values or at high
responses, then this may be an indication that the data require some adjustment, such as log transformation, as part of the
assay procedure. Two approaches to statistical assessment of outlying data are replication-based and model-based.
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When replicatesare performed at concentrations of a Testsample and the Standard, an "extra variability" (EV) criterion may
be employed to detect outliers.Historical data can be analyzedto determine the range in variability commonly observed among
replicates, and this distribution of ranges can be used to establishan extreme in the range that might signal an outlier. Metrics
that can be utilized are the simple range (maximum replicate minus minimum replicate), the standard deviation, or the CV or
RSD among replicates. However, ifthe bioassayexhibits heterogeneity of variability, assumptions about uniformscatter of data
are unsupported. Analysts can use a variablecriterion across levels in the bioassay, or they can perform a transformation of the
data to a scale that yields homogeneity of variability. Transformation can be performed with a POM approach as discussed
previously. Where heterogeneity exists nonnormality is likely present, and the range rather than standard deviation or RSD
should be used.

The actions taken upon detection of a potential outlier depend in part on the number of replicates. IfEV isdetected within a
pair (n = 2) at a concentration of a Test sample or the,Standard, it will not always be clear which of the replicates is aberrant,
and the laboratory should eliminate the concentration from further processing. Ifmore than two replicatesare performed at
each dilution the laboratory may choose to adopt a strategy that identifies which of the extremes may be the outlier.
Alternatively, the laboratory may choose to eliminate the dilution from further processing.

MODEL-BASED APPROACHES

Model-based approaches may be used to detect outlierswithin bioassay data. These approaches use the residuals from the
fit of an appropriate model. Ingeneral, ifusing model-based methods to identifypotential outliers, the models used may make
fewer assumptions about the data than the models used to assess suitability and estimate potency. Forexample, a
non-parametric regression (smoothing) model may be useful.

Lastly, an alternative to discarding outlying data is to use robust methods that are lesssensitiveto influence by outlying
observations. Use of the median rather than the mean to describe the data's center exemplifies a robust perspective.Also,
regression using the method of least squares, which underliesmany of the methods in this chapter, isnot robust in the presence
of outliers. The use of methods such as robust regression may be appropriate but is not covered in the USP bioassay chapters.

4.9 Fixed and Random Effects in Models of Bioassay Response

The choice of treating factors as fixed or random is important for the bioassaydesign, the development experiments, the
statistical analysis of data, and the bioassayvalidation. Fixed effectsare factors for which all levels, or all levels of interest, are
discretely present, like sample, concentration, temperature and duration of thaw, and incubation time. Data for a response at
some level, or combination of levels, of a fixed factor, can predict future responses. Fixed effects are expected to cause a
consistent shift in responses. Analysts study fixed effects by controlling them in the design and examining changes in means
across levels of the factor.

Random effectsare factors of which the levels in a particular run of an assayare considered representative of levels that could
be present. That is, there is no expectation that any specific value of the random factor will influence response. Rather, that
value may varysubject to some expected distribution of values and thus may be a source of variability. Forexample, there is
no desire to predict assay response for a specific day, but there is interest in predicting the variation in response associatedwith
the factor "day". Examples of random effects include reagent lot, operator, or day ifthere is no interest in specific reagent lots,
operators, or day as sources of variability. Analysts may study random effects by measuring the variance components
corresponding to each random effect. Variance components can be estimated well only ifthere are an appreciable number of
levels of each random effect. Ifthere are, for example, onlytwo or three reagent lotsor analystspresent, the variation associated
with these factors will be poorly estimated.

Making a correct choice regarding treating a factor as fixed or random is important to the design of the assayand to proper
reporting of its precision. Treating all factors as fixed, for example, leads to an understatement of assay variability because it
ignoresall sourcesof variability other than replication.The goal isto identifyspecific sources of variability that can be controlled,
to properly include those factors in the design, and then to include other factors as random.

Ifthe factor may switchfrom random to fixed effector viceversa, the factor should normally be modeled as a random effect.
Forexample, reagent lots cannot be controlled, so different lots are typically considered to cause variability, and reagent lot
would be considered a random effect. However, ifa largeshiftin responsevalueshas been traced to a particularlot, a comparison
among a set of lots could be performed using reagent lot as a fixed effect. Similarly, within-assay location (e.g., block, plate,
plate row, plate column, or well)or sequence may be considered a source of random variationor a source of aconslstent (fixed)
effect.

Assay designs that consist of multiplefactors are efficient, but require corresponding statistical techniques that incorporate
the factors as fixed or random effects in the analysis. Ifallfactors are fixed, the statistical model is termed a fixed-effects model.
Ifallare random, it istermed a random-effects model. If some factors are fixed and some random, the model isa mixed-effects
model. Note that the concepts of fixed and random effectsapply to modelsfor quantitative, qualitative and integer responses.
Forassaydesigns that include multiple experimental units (e.g., samples assigned to sets of tubes and concentrations assigned
to pre-plate tubes) a mixed-effects model in which the experimental units are treated as random effects is particularly effective.
Additional complexity isadded by the presence of designs with crossed random effects (e.g., each operator used material from
one or more reagent batches, but many reagent batches were used by multipleoperators). Thiscan cause methodological and
computational challenges for model fitting, especially when the designs are unbalanced.
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5. STAGES IN THE BIOASSAY DEVELOPMENT PROCESS

USP 43

Given the ubiquityof cell-basedassays and the motivationto use one bioassaysystem to provide context for discussion, the
development of a cell-based bioassaywill be used to illustrate the stages in the bioassaydevelopment continuum.

5.1 Design: Assay layout, Blocking, and Randomization

Most cell-basedassays are performed using a cellculture plate (6-, 12-, 96-, or 384-well micro titer plate). Ideally, a plate is
able to providea uniformsubstrate for experimental treatments inallwells, includingafterwashsteps and incubations. However,
regardless of assayconditions intended to minimize the potential for bias (e.g., good analyst technique, careful calibrationof
pipets, controlled incubation time, and temperature), systematicgradients on the plate, independent of experimental
treatments, may be observed. These gradients may occur across rows, across columns, or from the edge to the center of the
plate and are often calledplate effects. Even moderate or inconsistent plate effectsshould be addressed during assay
development, by means of plate layout strategies, blocking, randomization, and replication.

Plate effects can be evaluated in a uniformity trial in which a single experimental treatment, such as an assay concentration
chosen from the middle section of the concentration-response curve, is used in allwells of the plate. Figure 1 provides an
example of what may be observed; a trend of decreasing signal isevident from right to left. In this case, it was discoveredthat
the plate washer was washing more briskly on the left side of the plate, and required adjustment to provide uniform washing
intensityand eliminate the gradient. Another common plate effect isa differential cell-growth pattern in which the outer wells
of the plate grow cellsin such a waythat the assaysignal isattenuated. Thisissuch a persistent problem that the choice isoften
made to not use the outer wells of the assay plate. Because locationeffectsare so common, designs that place replicates(e.g.,
of sample by concentration combinations) in adjacent wells should be avoided.

Uniformity
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Figure 1. Plot of change in assay response across a plate.

;Blocking isthe grouping of related experimental units inexperimentaldesigns. Blocks mayconsistof individual 96-well plates,
sections of 96-well plates, or 96-well plates grouped by analyst, day, or batch of cells. The goal isto isolateany systematiceffects
so that they do not obscure the effectsof interest. A complete blockdesign occurs when all levels of a treatment factor (in a
bioassay, the primarytreatment factors are sample and concentration) are applied to experimental unitsfor that factor withina
single block.An incomplete blockdesign occurs when the number of levels of a treatment factor exceeds the number of
experimental units for that factor within the block.

Randomization is a processof assignment of treatment to experimental units based on chance so that allsuch experimental
units have an equal chance of receiving a given treatment. Although challenging in practice, randomization of experimental
treatments has been advocated as the best approach to minimizing assay bias or, more accurately, to protecting the assay
resultsfrom known and unknown sources of bias by converting bias into variance. While randomization of samples and
concentrations to individual plate wells may not be practical,a plate layout can be designed to minimize plate effects by
alternating sample positions across plates and the pattern of dilutions within and across plates. Where multiple plates are
required in an assay, the plate layoutdesign should, at a minimum,alternate sample positionsacross plates within an assayrun
to accommodate possiblebias introduced by the analyst or equipment on a given day. It is prudent to use a balanced rotation
of layouts on plates so that the collectionof replicates(each of which uses a different layout) providessome protection against
likely sources of bias. .

Figure 2 illustrates a patterned assaydesign that lacks randomizationand issusceptible to bias. Dilutions and replicatesof
the Test preparations (A and B) and the Standard (R) are placed together sequentiallyon the plate. Bias due to a plate or
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incubator effectcan influencesome or allof the concentrations of one of the samples. Note that in Figures 2 through 5 all outer
plate wells are left as blanksto protect against edge effect.
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Figure 2. Ahighly patterned plate.

Alayout that provides some protection from plate effects and can be performed manually is a strip-plotdesign, shown in
Figure 3. Here samples are randomized to rows of a plate and dilution seriesare performed in different directions in different
sections (blocks) on the plate to mitigate bias across columns of the plate. Anadded advantage of the strip-plot design isthe
ability to detect location effects by the interaction of sample and dilution direction (Ieft-to-rightor right-to-Ieft).
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Figure 3. Astrip-plot design.

Figure 4 illustrates an alternation of Test (Testsample 1 = 1/11/; Test sample 2 = 1/21/) and Standard (I/RI/) positionson multiple
plates, within a single assay run; this protects against plate row effects. Combining the two methods illustrated if Figures 3 and
4 can effectively help convert plate bias into assay variance. Assay variance may then be addressed, as necessary, by increased
assay replication (increased number of plates in an assay).
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Plate Row Plate 1 Plate 2 Plate 3

B R 2 1

C 1 R 2
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E R 2 1
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G 2 1 R

USP 43

Figure 4. A multi-plateassaywith variedTest and Reference positions.

A split-plot design, an alternative that assigns samples to plate rows randomly and randomizes dilutions(concentrations)
within each row, is seen in Figure 5. Such a strategy may be difficult to implement even with the use of robotics.
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Figure 5. Asplit-plotdesign.

. DILUTION STRATEGY

Assay concentrations of a Test sample and the Standard can be obtained in differentways. Laboratories often perform serial
dilutions, in which each dilution is prepared from the previousone, in succession.Alternatively, the laboratory may prepare
whollyindependent dilutions from the Test sample and Standard to obtain independent concentration series.These two
strategies result in the same nominal concentrations, but they have different properties related to error. Serial dilutionsare
subject to propagation of error across the dilution series, and a dilution error made at an earlydilution will result in correlated,
non-independent observations. Correlations may also be introduced by use of multichannel pipets. Independent dilutionshelp
mitigate the bias resultingfrom dilution errors.

It is noteworthy that when working to improve precision, the biggest reductions in variance come when replicating at the
highest possible levels of nested random effects. This isparticularly effective when these highest levels are sources of variability.
To illustrate: replicating extensivelywithin a day for an assay known to have great day-to-day variation is not effective in
improving precision of reportable values. -

S.2 Development

Agoal of bioassaydevelopment is to achieve optimal bioassay relative accuracy and precision of the potency estimate. An
endpoint of assay development is the completed development of the assay procedure, a protocol for the performance of the
bioassay. The procedure should include enough detail so that a qualified laboratory with a trained analyst can perform the
procedure in a routine manner. Astrategic part of development isa lookforward toward performance maintenance. Standard
operating procedures for reagent and technician qualification, as well as for calibrationof the workingStandard, help complete
the bioassaydevelopment package.
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ONE FACTOR AT A TIME VERSUS DESIGN OF EXPERIMENTS

Bioassay development proceeds through a series of experiments in which conditions and levels of assayfactors are varied to
identify those that support a reliable and robust bioassayqualified for routine use. Those experiments may be conducted one
factor at a time (OFAT), studying each parameter separately to identify ideal conditions, or through the use of multi-factor
design of experiments (DOE). DOE is an efficient and effectivestrategy for developing a bioassayand improving bioassay
performance, thus helping to obtain a measurement system that meets its requirements. Incomparison to OFAT, DOE generally
requires fewer experiments and also provides insight into interactions of factors that affect bioassay performance. Assay
development using DOE may proceed through a series of steps: process mapping and risk analysis; screening; response
optimization; and confirmation.

PROCESS MAPPING AND RISK ANALYSIS

Bioassay optimization may begin with a systematic examination and risk assessment to identify those factors that may
influence bioassay response. It is useful to visualize bioassayfactors using a bioassay process map such as a cause-and-effect or
fishbone diagram. Using the process map as a guide, the laboratory can examine assayfactors that might affect assay
performance, such as buffer pH, incubation temperature, and incubation time. Historical experience with one or several of the
bioassaysteps, along with sound scientificjudgment, can identify keyfactors that require further evaluation. One tool that may
be used to prioritizefactors isa failure mode and effectsanalysis. Factorsare typicallyscored by the combination of their potential
to influence assay response and the likelihood that they will occur. The laboratory must be careful to recognize potential
interactions between assay factors.

SCREENING

Once potential keyfactors have been identified from process mapping and risk analysis, the laboratory may conduct an initial
screening experiment to probe for effects that may require control. Screening designs such as factorial and fractional factorial
designs are commonly used for this purpose. Software is availableto assist the practitioner in the selection of the design and
in subsequent analysis. Analysts should take care, however, to understand their assumptions about design selection and analysis
to ensure accurate identification of experimental factors.

RESPONSE OPTIMIZATION

Ascreening design will usuallydetect a few important factors from among those studied. Such factors can be further studied
in a response-optimization design. Response-optimization designs such as central composite designs are performed to
determine optimal settings for combinations of bioassayfactors for achieving desired response. The information obtained from
response optimization may be depicted as a response surface and can be used to establish ranges that yield acceptable assay
performance and will be incorporated into the bioassay procedure.

Inthe parlance of Quality by Design (QbD), the "region" where the combined levels of input variablesand process parameters
have been demonstrated to provide acceptable assayperformance isdescribed as the design space for the bioassay. Establishing a
true design space for a bioassay is challenging; some but not all factors and levels of random factors will be included in the
development DOE, and there is no assurance that the design space isnot sensitive to unstudied random factors. Similarly, there
is littleassurance that the assay (design space) is robust to random factors that are studied using small samples (or non-random
samples of levels). Elements of DOE that may be considered include the use of blocks; deliberate confounding among
interactions that are of lower interest, or known to be unimportant; robust design (response surface designs with random
effects); and use of split-plot, strip-plot, or split-lot designs.

CONFIRMATION

The mathematical model depicting assay performance as a function of changes in key assayfactors is an approximation;
thus, it is customary to confirm performance at the ideal settings of the bioassay. Confirmation can take the form of a
qualification trial in which the assay is performed, preferably multiple independent times using optimal values for factors.
Alternatively, the laboratory may determine that the bioassay has been adequately developed and may move to validation.
Qualification is a good practice, not a regulatory requirement. The decision to perform confirmatory qualifying runs or to
proceed to validation depends upon the strength of the accumulated information obtained throughout development.

5.3 Data Analysis during Assay Development

Analysis of bioassay data during assay development enables analysts to make decisions regarding the statistical model that
will be used for routine analysis, including transformation and/or weighting of data, and the development of system and sample
suitabilitycriteria. The analysis also provides information regarding which elements of design structure should be used during
outlier detection and the fitting of a full model. This may also include a plan for choosing subsets of data, such as a linear
portion, for analysis or, for nonlinear bioassays,a model reduction strategy for samples similarto Standard. Once these decisions
are made and proven sound during validation, they don't need to be reassessed with each performance of the assay. Aprocess
approach to enabling these decisions follows.

Step 7: Choose an appropriate statistical model (also seesection 4.6 Common Bioassay Models).
Given the complexity of bioassays and the motivation to use an approach proven reliable, fairly standardized analytical
models are common in the field of bioassayanalysis. Nonetheless, many considerations are involvedin choosing the most
appropriate statistical model. First, the model should be appropriate for the type of assay endpoint-continuous, count,
or dichotomous. Second, the model should incorporate the structure of the assay design. For any design other than
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completely randomized, there will be terms in the model for the structural elements. These could be, for example,
within-plate blocking, location of cage in the animalfacility, day, etc. Athird consideration, applicable to continuous
endpoints, involves whether to use a regression model or a means model (an analysis of variance model that fitsa separate
mean at each dilution level of each sample tested), with appropriate error terms. Ameans model can be appropriate at
this stage because it makes no assumptions about the shape of the concentration-response curve.
Step 2: Fit the chosen statistical model to the data without the assumption of parallelism, and then assess the distribution of
the residuals, specifically examining them for departures from normality and constant variance.
Transform the data as necessaryor, if needed, choose a weighting scheme (see section 4.3 Variance Heterogeneity,
Weighting, and Transformation). Use as large a body of assaydata, from independent assays, as possible.The primarygoal
isto address any departure from normalityand from constant variance of responsesacross the range of concentrations
in the assay. Step 2 will likely alternate between imposing a transformation and assessing the distribution of the residuals.
Step 3: Screen for outliers, and remove as isappropriate.
This step normally follows the initial choice of a suitabletransformation and/or weighting method. Ideally the model used
for outlier detection contains the important elements of the assay design structure, allows nonsimilarcurves, and makes
fewer assumptions about the functional shape of the concentration-response curve than did the model used to assess
similarity. See section 4.8 Outliers and general chapter (1010) for discussion of outlier detection and removal. Insome
cases, outliers may be so severe that a reasonable model cannot be fit, and thus residuals will not be available. Insuch
cases, it is necessaryto screen the raw data for outliers before attempting to fit the model.
Duringassaydevelopment, a strategy should be developed for the investigation and treatment of an outlier observation,
including any limits on how many outliers are acceptable. Include these instructions in the assay SOP. Good practice
includes recording the process of an investigation, outlier test(s) applied, and results therefrom. Note that outlier
procedures must be considered apart from the investigation and treatment of an out-of-specification (OOS) result
(reportablevalue).Decisions to removean outlierfrom data analysis should not be made on the basisof how the reportable
value will be affected (e.g., a potential OOS result). Removing data as outliersshould be rare. Ifmany valuesfrom a run
are removed as outliers, that run should be considered suspect.
Step 4: Refit themodel with the transformation and/orweigh.ting previously imposed (Step 2) without theobservations identified
as outliers (Step 3) and re-assess the appropriateness of the model.
Step 5: If necessary ordesired, choose a scheme for identifying subsets ofdatato usefor potency estimation, whether themodel
islinear or nonlinear (see section 4.5 Linearity of Concentration-Response Data).
Step 6: Calculate a relative potency estimate by analyzing the Test and Standard data together using a model constrained to
haveparallel lines or curves, or equal intercepts.

5.4 Bioassay Validation

The bioassay validation isa protocol-drivel} study that demonstrates that the procedure isfit for use. Astage-wise approach
to validation may be considered, as in a "suitablefor intended use" validation to support releaseof clinical trial material, and a
final, comprehensive validation prior to BLA or MAA filing. Preliminary system and sample suitability controls should be
established and clearly described in the assay procedure; these may be finalized based on additional experience gained in the
validation exercise. Chapter (1033) providesvalidationcomprehensive discussion of bioassay validation.

5.5 Bioassay Maintenance

The development and validation of a bioassay, though discrete operations, lead to ongoing activities. Assay improvements
may be implemented as technologies change, as the laboratory becomes more skilled with the procedure, and as changes to
bioassaymethodology require re-evaluation of bioassay performance. Some of these changes may be responses to unexpected
performance during routine processing. Corrective action should be monitored using routine control procedures. Substantial
changes may require a study verifying that the bioassay remainsfit for use. Anequivalencetesting approach can be used to
show that the change has resulted in acceptable performance. Astatistically-oriented study can be performed to demonstrate
that the change does not compromise the previously acceptable performance characteristics of the assay.

ASSAY TRANSFER

Assay transfer assumes both a known intended use of the bioassayin the recipient lab and the associated required capability
for the assaysystem. These implicitly, though perhaps not precisely, demarcate the limits on the amount of bias and loss of
precision allowed between labs. Using two laboratoriesinterchangeably to support one product will require considering the
variationbetween labs in addition to intermediate precision for sample size requirements to determine process capability. For a
discussion and example pertaining to the interrelationship of bias, process capability, and validation, see A Bioassay Validation
Example in (1033).

IMPROVING OR UPDATING A BIOASSAY SYSTEM

A new version of a bioassaymay improve the quality of bias, precision, range, robustness, specificity, lower the operating
costs or offerother compelling advantages. When improving or updating a bioassaysystem a bridging study may be used to
compare the performance of the new to the established assay. Awide varietyof samples (e.g., lot release,stability, stressed,
critical isoforms) can be used for demonstrating equivalenceof estimated potencies. Even though the assaysystems may be
quite different (e.g., an animal bioassayversus a cell-based bioassay), if the assays use the same Standard and mechanism of
action, comparable potencies may reasonablybe expected. If the new assayusesa differentStandard, the minimum requirement
for an acceptable comparison is a unit slope of the log linear relationship between the estimated potencies. An important
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implication of this recommendation isthat poor precision or biasedassays used earlycan have lasting impact on the replication
requirements, even if the assay is later replaced by an improved assay.

(1033) BIOLOGICAL ASSAY VALIDATION

1. INTRODUCTION

Biological assays (also called bioassays) are an integral part of the qualityassessment required for the manufacturing and
marketing of many biological and some non-biologicaldrug products. Bioassays commonly used for drug potency estimation
can be distinguished from chemical tests by their reliance on a biological substrate (e.g., animals, living cells, or functional
complexes of target receptors). Because of multiple operational and biological factors arisingfrom this reliance on biology, they
typically exhibit a greater variability than do chemically-based tests.

Bioassays are one of several physicochemical and biologictests with procedures and acceptance criteria that control critical
quality attributes of a biological drug product. As described in the ICH Guideline entitled Specifications: Test ProceduresAnd
Acceptance Criteria For Biotechnological/Biological Products (Q6B), section 2.1.2, bioassaytechniques may measure an
organism's biological response to the product; a biochemical or physiological response at the cellularlevel; enzymatic reaction
rates or biological responses induced by immunological interactions; or Iigand-and receptor-binding. As new biological drug
products and new technologies emerge, the scope of bioassay approaches is likely to expand. Therefore, general chapter
Biological Assay Validation (1 033) emphasizes validationapproaches that provideflexibility to adopt new bioassay methods, new
biological drug products, or both in conjunction for the assessment of drug potency.

Good manufacturing practice requires that test methods used for assessing compliance of pharmaceutical products with
quality requirements should meet appropriate standards for accuracyand reliability. Assay validation is the processof
demonstrating and documenting that the performance characteristics of the procedure and its underlying method meet the
requirements for the intended application and that the assay is thereby suitable for its intended use. USP general chapter
Validation of Compendial Procedures (1225) and ICH Q2(R'I) describe the assay performance characteristics (parameters) that
should be evaluated for procedures supporting small-molecule pharmaceuticals.Although evaluation of these validation
parameters is straightforward for many types of analytical procedures for well-characterized, chemically-based drug products,
their interpretation and applicability for some types of bioassays has not been clearly delineated. Thischapter addressesbioassay
validationfrom the point of view of the measurement of activity rather than mass or other physicochemical measurements,
with the purpose of aligning bioassayperformance characteristics with uses of bioassays in practice.

Assessment of bioassayperformance isa continuous process,but bioassay validationshould be performed when development
has been completed. Bioassay validation is guided by a validation protocol describing the goals and design of the validation
study. General chapter (1033) provides validation goals pertaining to relative potency bioassays. Relative potency bioassays are
based on a comparison of bioassayresponses fora Test sample to those of a designated Standard that provides a quantitative
measure of the Test bioactivity relative to that of the Standard.

Validation parameters discussed include relative accuracy, specificity, intermediate precision, and range. Laboratories may use
dilutionallinearityto verify the relative accuracy and range of the method. Althoughrobustness isnot a requirementforvalidation,
general chapter (1 033) recommends that a bioassay's robustness be assessed prior to validation. In addition, (1033) describes
approaches for validation design (sample selection and replication strategy), validation acceptance criteria, data analysis and
interpretation, and finally bioassayperformance monitoring through quality control. Documentation of bioassay validation
results is also discussed, with reference to pre-validation experiments performed to optimize bioassayperformance. In the
remainder of general chapter (1 033) the term "bioassay" should be interpreted as meaning "relative potency bioassay".

2. FUNDAMENTALS OF BIOASSAY VALIDATION

The goal of bioassayvalidation is to confirm that the operating characteristics of the procedure are such that the procedure
is suitable for its intended use. The issues involved in developing a bioassay are described in greater detail in general chapter
(1032) and are assumed resolved by the time the bioassay is in validation. Included in those decisionswill be identification of
what constitutes an assayand a run for the bioassay. Multiple dilutions(concentrations) of the Standard and one or more Test
samples constitute a replicate set (also known as a minimal set), which contain a test substrate (e.g., group of animals or vessel
of cells) at each dilutionfor each sample [Test(s) and Standard]. Arun isdefined as work performed during a period when the
accuracy (trueness) and precision in the assay system can reasonably be expected to be stable. In practice, a run frequently
consists of the work performed by a single analyst in one lab, with one set of equipment, in a short period of time (typically a
day). An assay is the body of data used to assess similarity and estimate potency relative to a Standard for each Testsample in
the assay.A run may contain multiple assays, a single assay, or part of an assay. Multiple assays may be combined to yield a
reportable value for a sample. The reportable value is the valuethat iscompared to a product specification.

In assays that involve groups at each dilution (e.g., 6 samples, each at 10 dilutions, in the non-edge wells of each of several
96-well cell culture plates) the groups (plates) constitute statistical blocks that should be elements in the assayand validation
analyses (blocksare discussed in (1032». Within-block replicates for Test samples are rarelycost-effective. Blocks will not be
further discussed in this chapter; more detailed discussion isfound in (1032).

The amount of activity(potency) of the Standard is initially assigned a value of 1.0 or 100%, and the potency of the Test
sample is calculated by comparing the concentration-response curvesfor the Test and Standard pair.This results in a unitless
measure, which isthe relative potency of the Testsample in referenceto the potency of the Standard. Insome casesthe Standard
isassigned a value according to another property such as protein concentration. In that case the potency of the Test sample is
the relativepotency times the assigned value of the Standard. An assumption of parallel-line or parallel-curve (e.g.,
four-parameter logistic) bioassays isthat the dose-response curvesthat are generated using a Standard and a Testsample have
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similar (parallel) curveshape distinguished only by a horizontal shift in the log dose. Forslope-ratiobioassays, curves generated
for Standard and Test samples should be linear, pass through a common intercept, and differonly by their slopes. Information
about how to assess parallelism is provided in general chapters (1032) and (1034).

In order to establish the relative accuracy and rangeof the bioassay, validationTest samples may be constructed using a
dilution series of the Standard to assessdilutionallinearity(linearity of the relationship between known and measured relative
potency). In addition, the validationstudy should yielda representative estimate of the variability of the relative potency
determination. Although robustness studies are usually performed during bioassaydevelopment, keyfactors in these studies
such as incubation time and temperature and, for cell-based bioassays, cell passage number and cellnumber may be included
in the validation, particularly ifthey interact with another factor that is introduced during the validation (e.g., a temperature
sensitive reagent that varies in its sensitivity from lot-to-Iot). Because of potential influences on the bioassayfrom inter-run
factors such as multiple analysts, instruments, or reagent sources, the design of the bioassayvalidation should include
consideration of these factors. The variability of potency from these combined elements defines the intermediateprecision (IP)
of the bioassay. An appropriate study of the variability of the potency valuesobtained, including the impact of intra-assayand
inter-run factors, can help the laboratory confirm an adequate testing strategy and forecast the inherent variability of the
reportable value (which may be the average of multiple potency determinations). Variability estimates can also be utilized to
establishthe sizesof differences (folddifference) that can be distinguished between samples tested in the bioassay. (Seesection
3.4 Use of Validation Results for Bioassay Characterization.)

Demonstrating specificity (also known as selectivity) requiresevidence of lackof influence from matrix components such as
manufacturing process components or degradation products so that measurements quantify the target molecule only. Other
analytical methods may complement a bioassayin measuring or identifying other components in a sample.

2.1 BioassayValidation Protocol

A bioassayvalidation protocol should include the number and types of samples that will be studied in the validation; the
study design, including inter-run and intra-runfactors;the replication strategy; the intended validation parameters and justified
target acceptance criteriafor each parameter; and a proposed data-analysis plan. Note that in regard to satisfying acceptance
criteria, failureto find a statistically significanteffectisnot an appropriate basisfor definingacceptable performance ina bioassay;
conformance to acceptance criteria may be better evaluated using an equivalence approach.

In addition, assay, run, and sample acceptance criteria such as system suitability and similarity should be specified before
performing the validation. Depending on the extent of development of the bioassay, these may be proposed as tentative and
can be updated with data from the validation.Assay, run, or samplefailures may be reassessed according to criteriawhich have
been defined in the validation protocol and, with sound justification, included in the overall validation assessment. Additional
validationtrials may be required in order to support changes to the method.

The bioassayvalidation protocol should include target acceptance criteriafor the proposed validation parameters. Steps to
be taken upon failureto meet a target acceptance criterion should be specified in the validation protocol, and may result in a
limiton the range of potencies that can be measured in the bioassay or a modification to the replication strategy in the bioassay
procedure.

2.2 Documentation of BioassayValidation Results

Bioassay validation resultsshould be documented in a bioassayvalidation report. The validation report should support the
conclusion that the method isfit for use or should indicate correctiveaction (such as an increase in the replication strategy)
that will be undertaken to generate sufficiently reliable resultsto achievefitness for use. The report could include the raw data
and intermediate results(e.g., variancecomponent estimates should be provided in addition to overall intermediate precision)
which would facilitate reproduction of the bioassay validation analysis by an independent reviewer. Estimates of validation
parameters should be reported at each level and overall as appropriate. Deviations from the validation protocol should be
documented with justification. The conclusionsfrom the study should be clearlydescribed with referencesto follow-up action
as necessary. Follow-up action can include amendment of system or sample suitability criteriaor modification of the bioassay
replication strategy. Reference to prevalidation experiments may be included as part of the validation study report. Prevalidation
experiments may include robustness experiments, where bioassay parameters have been identified and ranges have been
established for significantparameters, and also may include qualification experiments, where the final procedure has been
performed to confirm satisfactory performance in routine operation. Conclusions from prevalidation and qualification
experiments performed during development contribute to the description of the operating characteristics of the bioassay
procedure.

2.3 Bioassay Validation Design

The biological assayvalidationshould include samples that are representative of materials that will be tested in the bioassay
and should effectively establish the performance characteristics of the procedure. Forrelative accuracy, sample relativepotency
levels that bracket the range of potencies that may be tested in the bioassayshould be used. Thus samples that span a wide
range of potencies might be studied for a drug or biological with a wide specification range or for a product that is inherently
unstable, but a narrower range can be used for a more durable product. A minimum of three potency levels is required, and
five are recommended for a reliable assessment. Ifthe validation criteriafor relative accuracyand IP are satisfied, the potency
levels chosen will constitute the rangeof the bioassay. A limitedrange will result from levels that fail to meet their target
acceptance criteria. Samples may also be generated for the bioassay validation by stressing a sample to a level that might be
observed in routine practice (I.e., stability investigations). Additionally, the influences of the sample matrix (excipients, process
constituents, or combination components) can be studied strategically by intentionallyvarying these together with the target
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analyte, using a multifactorial approach. Often this will have been done during development, prior to generating releaseand
stabilitydata.

The bioassayvalidation design should consider allfacets of the measurement process. Sourcesof bioassaymeasurement
variability include sample preparation, intra-run factors, and inter-run factors. Representative estimation of bioassayvariability
necessitates consideration of these factors. Test sample and Standard preparation should be performed independently during
each validation run.

The replicationstrategy used in the validation should reflectknowledgeof the factors that might influencethe measurement
of potency. Intra-run variability may be affected by bioassay operating factors that are usually set during development
(temperature, pH, incubation times, etc.); by the bioassaydesign (number of animals, number of dilutions, replicates per
dilution, dilution spacing, etc.); by the assayacceptance and sample acceptance criteria; and by the statistical analysis (where
the primaryendpoints are the similarity assessmentfor each sample and potency estimatesfor the referencesamples).Operating
restrictionsand bioassaydesign (intra- and inter-run formulae that result in a reportable value for a test material) are usually
specified during development and may become a part of the bioassay operating procedure. IP is studied by independent runs
of the procedure, perhaps using an experimental design that alters those factors that may have an impact on the performance
of the procedure. Experiments (includingthose that implement formalized design ofexperiments [DOE]) with nested or crossed
design structure can reveal important sources of variability in the procedure, as well as ensure a representative estimate of
long-term variability. During the validation it is not necessary to employ the format required to achieve the reportable value
for a Test sample. Awell-designedvalidation experiment that combines both intra-run and inter-run sources of variability
provides estimates of independent components of the bioassayvariability. These components can be used to verify or forecast
the variability of the bioassayformat.

Athorough analysis of the validation data should include graphical and statistical summaries of the validation parameters'
resultsand their conformance to target acceptance criteria.The analysis should follow the specifics of the data-analysis plan
outlined in the validation protocol. In most cases, log relative potency should be analyzed in order to satisfy the assumptions
of the statistical methods (see section 2.7 Statistical Considerations, Scale ofAnalysis,). Those assumptions include normality of
the distribution from which the data were sampled and homogeneity of variability across the range of resultsobserved in the
validation. These assumptions can be explored using graphical techniques such as box plots and probability plots. The
assumption of normality can be investigated using statistical tests of normalityacross a suitablysized collection of historical
results.Alternative methods of analysis should be sought when the assumptions can be challenged. Confidence intervals should
be calculated for the validationparameters, using methods described here and ingeneral chapter Analytical Data-Interpretation
and Treatment (1010).

2.4 Validation Strategies for Bioassay Performance Characteristics

Parameters that should be verified in a bioassayare relative accuracy, specificity, IP (which incorporates repeatability), and
range. Other parameters discussed in general chapter (1225) and ICH Q2(R1) such as detection limitand quantitation limit
have not been included because they are usually not relevantto a bioassay that reports relative potency. These may be relevant,
however, to the validation of an ancillary assaysuch as one used to score responders or measure response in conjunction with
an in vivo potency assay. Likewise linearity is not part of bioassayvalidation, except as it relates to relative accuracy (dilutional
linearity). There followstrategies for addressing bioassayvalidation parameters.

RELATIVE ACCURACY

The relative accuracy of a relative potency bioassayis- the relationshipbetween measured relative potency and known relative
potency. Relative accuracy in bioassayrefers to a unit slope (slope = 1) between log measured relative potency and log known
relative potency. The most common approach to demonstrating relative accuracyfor relative potency bioassays is by
construction of target potencies by dilution of the standard material or a Test sample with known potency. This type of study
isoften referredto as a dilutionallinearity study. The resultsfrom a dilutionallinearity study should be assessedusingthe estimated
relative bias at individual levels and via a trend in relative bias across levels. The relative bias at individual levels iscalculated as
follows:

Relative Bias =100 • (Measured Potency 1)%
Target Potency

The trend in bias is measured by the estimated slope of log measured potency versus log target potency, which should be
held to a target acceptance criterion. Ifthere is no trend in relative bias across levels, the estimated relative bias at each level
can be held to a prespecifiedtarget acceptance criterionthat has been defined in the validationprotocol (seesection 3 ABioassay
Validation Example).
Specificity-For products or intermediates associated with complex matrices, specificity involves demonstrating lackof
interference from matrix components or product-related components that can be expected to be present. Thiscan be assessed
via parallel dilution of the Standard with and without a spikeaddition of the potentially interferingcompound. Ifthe curvesare
similarand the potency conforms to expectations of a Standard-to-Standard comparison, the bioassayis specific against the
compound. Forthese assessments both similarity and potency may be assessed using appropriate equivalence tests.

Specificity may also refer to the capacity of the bioassayto distinguish between different but related biopharmaceutical
molecules.Anunderstanding should be sought of the moleculeand any relatedforms, and ofopportunities for related molecules
to be introduced into the bioassay.
Intermediate Precision-Because of potential influences on the bioassay by factors such as analysts, instruments, or reagent
lots, the deslqn of the bioassayvalidation should include evaluation of these factors. The overall variability from measurements
taken under a varietyof normal test conditions within one laboratory definesthe IP of the bioassay. IP isthe ICH and USP term
for what isalso commonly referred to as inter-run variability. IP measures the influenceof factors that will vary over time after
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the bioassayis implemented. These influences are generally unavoidable and include factors like change in personnel (new
analysts), receipt of new reagent lots, etc.

When the validation has been planned using multifactorDOE, the impact of each factor can first be explored graphically to
establish important contributions to potency variability. The identification of important factors should lead to procedures that
seek to control their effects, such as further restrictionson intra-assay operating conditions or strategic qualification procedures
on inter-run factors such as analysts, instruments, and reagent lots.

Contributions of validation study factors to the overall IP of the bioassaycan be determined by performing a variance
component analysis on the validation results. Variance component analysis is best carried out using a statistical software package
that is capable of performing a mixed-model analysis with restricted maximum likelihood estimation (REML).

Avariance component analysis yieldsvariance component estimates such as

and

corresponding to intra-runand inter-run variation.Thesecan be used to estimate the IP of the bioassay, as wellas the variability
of the reportable valuefor differentbioassayformats (formatvariability). IP expressed as percent geometric coefficient of variation
(%GCV) isgiven by the following formula, in this case using the natural log of the relative potency in the analysis (see section
2.7 Statistical Considerations, Scale of Analysis):

Intermediate Precision =100 • (e ~(TI~r + (T1~lra -1)%

The variability of the reportable valuefrom testing performed with n replicate sets in each of k runs (format variability) is equal
to:

Thisformula can be used to determine a testing format suitablefor varioususesof the bioassay(e.g., releasetesting and stability
evaluation).
Range-The range of the bioassay is defined as the true or known potencies for which it has been demonstrated that the
analytical procedure has a suitable level of relative accuracyand IP. The range is normallyderived from the dilutionallinearity
study and minimally should cover the product specification range for potency. Forstabilitytesting and to minimize having to
dilute or concentrate hyper-or hypo-potent Testsamples into the bioassayrange, there isvalue in validating the bioassayover a
broader range.

2.5 Validation Target Acceptance Criteria

The validation target acceptance criteriashould be chosen to minimize the risks inherent in making decisions from bioassay
measurements and to be reasonable in terms of the capability of the art. When there isan existing product specification,
acceptance criteriacan be justified on the basis of the risk that measurements may fall outside of the product specification.
Considerationsfrom a processcapability (Cp) index can be used to inform bounds on the relative bias (RB) and the IP of the
bioassay. This chapter uses the following Cpm index:

C m== USL-LSL
p ~ 2 2 26· (iProduct +RB + (iRA

where USL and LSL are the upper and lower releasespecification, RB is a bound on the degree of relative bias in the bioassay,
and

2
O'product

and

are target product variance (i.e., lot-to-Iotvariability) and release assayvariance (with associated format) respectively. (See
section 3 A Bioassay Validation Example for an example of determination of

0'2
RA

and Cpm.) This formulation requiresprior knowledge regarding target product variability, or the inclusion of a random selection
of lots to estimate this characteristic as part of the validation. Given limitedunderstanding of assayperformance, manufacturing
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history, and final specifications during d.evelopment, this approach may be used simplyas a guide for defining validation
acceptance criteria.

Thechoiceof a bound on Cpm isa businessdecision. The proportion of lotsthat are predicted to be outside their specification
limits is a function of Cpm. Some laboratories require process capabilitycorresponding to Cpm greater than or equal to 1.3.
This corresponds to approximately a 1 in 10,000 chance that a lot with potency at the center of the specification range will be
outside the specification limits. .

When specifications have yet to be established for a product, a restriction on relative bias or IP can be formulated on the
basisof the capabilityof the art of the bioassaymethodology. Forexample, although chemical assays and immunoassays are
often capable of achievingnear singledigit percentcoefficient of variation (%CV, or percent relativestandard deviation, %RSD), a
more liberal restriction might be placed on bioassays, such asanimal potency bioassays, that operate with much largervariability
(measured as %GCV which can be compared to %CV; see Appendix 1). In this case the validationgoal might be to characterize
the method, using the validation resultsto establishan assayformat that ispredicted to yield reliable product measurements. A
sound justification for target acceptance criteriaor use of characterization should be included in the validation protocol.

2.6 Assay Maintenance

Once a bioassayhas been validated it can be implemented. However, it is important to monitor its behavior over time. This
is most easily accomplished by maintaining statisticalprocess control (SPC) charts for suitable parameters of the Standard
response curve and potency of assay QC samples. The purpose of these charts is to identifyat an earlystage any shift or drift
in the bioassay. Ifa trend isobserved in any SPC chart, the reason for the trend should be identified. Ifthe resolution requiresa
modification to the bioassayor if a serious modification of the bioassay has occurred for other reasons (for example, a major
technology change), the modified bioassayshould be revalidated or linked to the original bioassayby an adequately designed
bridging study with acceptance criteria that use equivalencetesting.

2.7 Statistical Considerations

Several statistical considerations are associated with designing a bioassay validation and analyzing the data. These relate to
the properties of bioassaymeasurements as well as the statistical tools that can be used to summarize and interpret bioassay
validation results.

SCALE OF ANALYSIS

The scale of analysis of bioassayvalidation,where data are the relative potencies of samples in the validation study, must be
considered in order to obtain reliable conclusionsfrom the study. Thischapter assumes that appropriate methods are already
in place to reduce the raw bioassayresponse data to relative potency (as described in general chapter (1 034». Relative potency
measurements are typically nearly log normallydistributed. Log normallydistributed measurements are skewed and are
characterized by heterogeneity of variability, where the standard deviation isproportional to the level of response. The statistical
methods outlined in this chapter require that the data be symmetric, approximating a normal distribution, but some of the
procedures require homogeneity of variability in measurements acrossthe potency range. Typically, analysis of potency after log
transformation generates data that more closely fulfill both of these requirements. The base of the log transformation does not
matter as long as a consistent base is maintained throughout the analysis. Thus, for example, ifthe natural log (log to the base
e) isused to transform relative potency measurements, summary resultsare converted backto the bioassay scale utilizing base e.

The distribution of potency measurements should be assessedas part of bioassaydevelopment (as described in (1032»). Ifit
isdetermined that potency measurements are normally distributed, the validation can be carried out using methods described
in the general chapter Validation of CompendiaI Procedures (1225).

As a consequence of the usual (for parallel-line assays) log transformation of relative potency measurements, there are
advantages ifthe levels selected for the validation study are evenlyspaced on the log scale. An example with five levels would
be 0.50, 0.71, 1.00, 1.41, and 2.00. Intermediate levels are obtained as the geometric mean of two adjacent levels. Thus for
example, the mid-level between 0.50 and 1.0 isderived as follows:

GM=)0.50.1.0 =0.71

Likewise, summary measures of the validationare influencedby the log normal scale. Predicted response should be reported
as the geometric mean of individual relative potency measurements, and variability expressed as %GCV. GCV is calculated as
the anti-log of the standard deviation, Slog, of log transformed relative potency measurements. The formula is given by:

GCV = antilog(S'og) - 1

Variability isexpressed as GCV rather than RSD of the log normal distribution in order to preserve continuity using the log
transformation (see additional discussion in the Appendix 1 to this chapter). Intervals that might be calculated from GCV will
be consistent with intervals calculatedfrom mean and standard deviationof log transformed data. Table 1 presents an example
of the calculation of geometric mean (GM) and associated RB, with %GCV for a seriesof relative potency measurements
performed on samples tested at the 1.00 level. The log base e is used in the illustration.

1.1299

Table

l
! . Illustration of:~a:~latlonsof GM aj_d_OA_O_G_C_V ----;
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Table 1. Illustration of calculations of GM and OfoGCV (continued)

USP 43

Rpl In RP

0.9261 -0.0768

1.1299 0.1221

1.0143 0.0142

1.0027 0.0027

1.0316 0.0311

1.1321 0.1241

1.0499 0.0487

Average 0.0485 GM = 1.0497

RB =4.97%

SO 0.0715 %GCV= 7.4%

1 Relative potency (RP) is the geometric mean of duplicate potencies measured in the eight runs of the example given in Table 4.

Here the GM of the relative potency measurements is calculated as the anti-log of the average log relativepotency
measurements and then expressed as relative bias, the percent deviation from the target potency:

GM =eAverage =eO.0485 =1.0497

RB =100,( GM --1)% =100.(1.0497 -1)% =4.97%
Target 1.00

and the percent geometriccoefficient of variation (%GCV) is calculated as:

%GCV =100· (eSD - 1)% =100· (eO.071 5- 1)% =7.4%

Note that the %GCV calculatedfor this illustration is not equal to the IP determined in the bioassayvalidationexample for the
1.00 level (8.5%); see Table 6. This illustration utilizes the average of within-run replicates, while the IP in the validation example
represents the variability of individual replicates.
Reporting Validation Results Using Confidence Intervals-Estimates of bioassay validation parameters should be presented
as a point estimatetogether with a confidence interval. Apoint estimate is the numerical value obtained for the parameter, such
as the GMor %GCV.Aconfidence interval'smost common interpretation isas the likely range of the true valueof the parameter.
The previousexample determines a 90% confidence interval for average log relative potency, Clio, as follows:

Clio = Average ± tdf • SD/.In
=0.0485 ±1.89· 0.0715/.J8 =(0.0007, 0.0963)

Forpercent relative bias this is:

(
0.0007) (0.0963)

CI
RB=100.

_e__1 %,100· _e__1 %=(0.07%,10.1%)
1.00 1.00

The statisticalconstant (1.89) isfrom a t-table, with degrees of freedom (df) equal to the number of measurements minusone
(df =8 - 1 =7). Aconfidence interval for IP or format variability can be formulated using methods for variance components;
these methods are not covered in this general chapter.
Assessing Conformance to Acceptance Criteria-Bioassay validation resultsare compared to target acceptance criteria in
order to demonstrate that the bioassay isfit for use. The process of establishing conformance of validation parameters to
validation acceptance criteria should not be confused with establishingconformance of relativepotency measurements to
product specifications. Product specifications should inform the process of setting validation acceptance criteria.

Acommon practice is to apply acceptance criteria to the estimated validation parameter. Thisdoes not account, however,
for the uncertainty in the estimated validation parameter. Asolution isto hold the confidence intervalon the validation parameter
to the acceptance criterion.This isa standard statisticalapproach used to demonstrate conformance to expectation and is
called an equivalence test. It should not be confused with the practice of performing a significance test, such as a t-test, which
seeks to establish a differencefrom some target value (e.g., 0% relative bias). Asignificance test associated with a P-value >
0.05 (equivalent to a confidence interval that includes the target valuefor the parameter) indicates that there is insufficient
evidence to conclude that the parameter isdifferentfrom the target value.Thisisnot the same as concluding that the parameter
conformsto itstarget value.Thestudydesign may have too few replicates, or the validation data may be too variableto discovera
meaningfuldifferencefrom target. Additionally, a significance test may detect a smalldeviationfrom target that isof negligible
importance. These scenarios are illustrated in Figure 1.
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Figurel. Use of confidence intervals to establish that validation resultsconform to an acceptance criterion.

The solid horizontal line represents the target value (perhaps 0% relative bias), and the dashed linesform the lower (LAL)
and upper (UAL) acceptance limits. Inscenario a, the confidence bound includesthe target, and thus one could conclude there
is insufficient evidence to conclude a differencefrom target (the significance test approach). However, although the point
estimate (the solid diamond) falls within the acceptance range, the interval extends outside the range, which signifies that the
true relative bias may be outside the acceptable range. In scenario b, the interval falls within the acceptance range, signifying
conformance to the acceptance criterion. The interval in scenarioc also falls within the acceptance range but excludes the
target. Thus,for scenarioc, although the difference of the point estimate from the target isstatistically significant, c isacceptable
because the confidence interval falls within the target acceptance limits.

Using the 90% confidence interval calculated previously, we can,establishwhether the bioassay has acceptable relativebias
at the 1.00 level compared to a target acceptance criterionof no greater than +12%, for example. Because the 90% confidence
intervalfor percent relative bias (0.07%, 10.1%) falls within the interval (100*[(1/1.12) - 1]%, 100*[(1.12/1) - 1]%) = (- 11%,
12%), we conclude that there is acceptable relative bias at the 1.00 level. Note that a 90% confidence interval is used in an
equivalence test rather than a conventional 95% confidence interval. This iscommon practice and is the same as the two
one-sided tests (TOST) approach used in pharmaceutical bioequivalence testing.
Risks in Decision-Making and Number of Validation Runs-The application of statistical tests, including the assessment of
conformance of a validation parameter to its acceptance criteria, involves risks. One risk is that the parameter does not meet
its acceptance criterion although the property associated with that parameter issatisfactory; another, the converse, is that the
parameter meets its acceptance criterion although the parameter is truly unsatisfactory. Aconsideration related to these risks
is sample size. ,

The two types of risk can be simultaneously controlled viastrategic design, including choice of the number of runs that will
be conducted in the validation. Specifically, the minimum number of runs needed to establish conformance to an acceptance
criterion for relative bias is given by:

where ta,df and tp,df are distributional points from a Student's t-distribution; a and ~ are the one-sided type I and type II errors,
and represent the risks associated with drawing the wrong conclusion in the validation; df isthe degrees of freedom associated
with the study design (usually n - 1);

is a preliminary estimate of IP; and e is the acceptable deviation (target acceptance criterion).
Forexample, ifthe acceptance criterionfor relative bias is± 0.11 log (i.e., e=0.11), the bioassayvariability is

a,P =0.076 log

and a =~ =0.05,

(1.89+ 2.36)20.0762
n ~ 2 ::::: 8 runs

0.11

Note that this formulation of sample sizeassumes no intrinsic bias in the bioassay. A more conservative solution includessome
nonzero bias in the determination of a sample size.This results in a greater sample size to offsetthe impact of the bias on the
conclusions of the validation. In the current example the sample size increases to 10 runs ifone assumes an intrinsic bias equal
to 2%. Note also that this calculation represents a recursive solution (because the degrees of freedom depend on n)requiring
statistical software or an algorithm that employs iterative methodology.

Note further that the selection of a and ~ should be justified on the basisof the corresponding risks of drawing the wrong
conclusion from the validation.
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Modeling Validation Results Using Mixed Effects Models-Many analysesassociated with bioassayvalidation must account
for multipledesign factors such as fixedeffects (e.g., potency level), as well as randomeffects (e.g., analyst, run, and replicate).
Statistical models composed of both fixedand randomeffects are called mixedeffects models and usually require sophisticated
statistical softwarefor analysis. The resultsof the analysis may be summarized in an analysis of variance (ANOVA) table or a table
of variancecomponent estimates. The primarygoal of the analysis is to estimate critical parameters rather than establish the
significance of an effect. The modeling output provides parameter estimates together with their standard errors of estimates
that can be utilized to establish conformance of a validationparameter to its acceptance criterion. Thusthe average relative bias
at each level is obtained as a portion of the analysis together with its associated variability. These compose a confidence
interval that iscompared to the acceptance criterion as described above. Ifvariancesacross levels can be pooled, statistical
modeling can alsodetermine the overall relative biasand IP by combining informationacross levels performed in the validation.
Similarly, mixed effects models can be used to obtain variance components for validation study factors and to combine results
acrossvalidation study samples and levels.
Statistical Design-Statistical designs, such as multifactorDOE or nesting, can be used to organize assayand runs in a bioassay
validation. It isuseful to incorporate factors that are believedto influencethe bioassay response and that varyduring long-term
use of the procedure into these designs. Using these methods of design, the sources of variability may be characterized and a
strategic test plan to manage the variability of the bioassaymay be developed.

Table 2 shows an example of a multifactor DOE that incorporates multiple analysts, multiplecellculture preparations, and
multiple reagent lots into the validation plan.

Table 2. Example of a Multifactor DOE with 3 Factors

Run Analyst Cell Prep Reagent Lot

1 1 1 1

2 1 1 2

3 1 2 1

4 1 2 2

5 2 1 1

6 2 1 2

7 2 2 1

8 2 2 2

In this design each analyst performs the bioassay with both cell preparations and both reagent lots. This isan example of a
full factorialdesign because allcombinations of the factors are performed in the validation study. To reduce the number of runs
in the study, fractional factorial designs may be employed when more than three factors have been identified. Forexample, if
it is practical for an analyst to perform four assays in a run, a split-unit design could be used with analystsas the whole-plot
factor and cellpreparation and reagent lot as sub-plot factors. Unlike screening experiments, the validationdesign should
incorporate as many factors at as many levels as possible in order to obtain a representativeestimate of IP. More than two levels
ofa factor should be employed in the designwhenever possible.Thismay be accomplished ina lessstructured manner, without
regard to strict factorial layout. Validation runs should be randomized whenever possible to mitigate the potential influences
of run order or time.

Figure 2 illustrates an example of a validation using nesting (replicates nested within plate, plate nested within analyst).

Figure 2. Example of a nested design using two analysts.

Forboth of these types of design as well as combinations of the two, components of variability can be estimated from the
validation results. These components of variability can be used to identifysignificant sources of variability as well as to
derive a bioassay format that meets the procedure's requirements for precision. It should be noted that significantsources of
variability may have been identifiedduring bioassay development. In this case the validationshould confirm both the impact
of these factors and the assayformat that meets the requirement for precision.
Significant Figures-The number of significant figures in a reported result from a bioassayis related to the latter's precision.
Ingeneral, a bioassaywith %GCV between 2% and 20% will support two significantfigures. The number of significantfigures
should not be confused with the number of decimal places-reported values equal to 1.2 and 0.12 have the same number
(two) of significant figures. Thisstandard of rounding is appropriate for log scaled measurements that have constant variation
on the log scale and proportional rather than additive variability on the originalscale (or the scale commonly used for
interpretation). Note that rounding occurs at the end of a series of calculationswhen the final measurement is reported and
usedfor decisionmakingsuch as conformance to specifications. Thus ifthe final measurement isa reportable valuefrom multiple
assays, rounding should not occur prior to determination of the reportable value. Likewise, specifications should be stated with
the appropriate number of significantfigures.

www.webofpharma.com

https://nhathuocngocanh.com/



USP43 General Information / (1033) 7345

3. A BIOASSAY VALIDATION EXAMPLE

0.94

An example illustrates the principles described in this chapter. The bioassaywill be used to support a specification range of
0.71 to 1.41 for the product. Using the Cpm described in section 2.5 Validation Target Acceptance Criteria, a table is derived
showing the projected rate of 005 resultsfor variousrestrictions on RB and IP. Cpm iscalculated on the basisof the variability
ofa reportable valueusingthree independent runsof the bioassay (see discussion offormat variability, above). Product variability
isassumed to be equal to 0 in the calculations. The laboratory may wish to include target product variability. An estimate of
target product variability can be obtained from data from a product, for example, manufactured by a similar process.

Table 3. Cpm and Probability of OOS for Various Restrictions on RB and IP

Prob(OOS)
LSL-USL IP (%) RB (%) Cprn (%)

0.71-1.41 20 20 0.54 10.5

0.71-1.41 8 12 0.94 0.48

0.71-1.41 10 5 1.55 0.0003

The calculation is illustratedfor IP equal to 8% and relative biasequal to 12% (n = 3 runs):

C
In(1.41) -In(O.71)

pm=-r=~=~~=~==::"
6· J[ln(1.08)]2 /3 +[In(1.12)f

Prob(OOS) =2· <1>(-3·0.94) =0.0048 (0.48%),

where <I> represents the standard normal cumulative distribution function.
From Table 3, acceptable performance (lessthan 1% chance of obtaining an 005 result due to biasand variability of the

bioassay) can be expected if the IP is~8% and relative bias is:s12%.The sample sizeformula given in section 2.7 Statistical
Considerations, Risks in Decision-Making and Numberof Validation Runs can be used to derive the number of runs required to
establish conformance to an acceptance criterionfor relative biasequal to 12% (using %GCVIP = 8%; a. = ~ = 0.05):

(1.89 +2.36)2 . [In(1.08)]2 8
n ~ . ~ runs

[In(1.12)]2

Thus eight runs would be needed in order to have a 95% chance of passing the target acceptance criterionfor relative bias
ifthe true relative bias iszero. Note that the calculation of sample size assumes that a singlet of the validation samples will be
performed in each validation run. The use of multiple replication sets and/or multiple assays will providevaluable information
that allows separate estimates for intra-run and inter-run variability, and will decrease the risk of failing to meet the validation
target acceptance criteria. .

Five levels of the target analyte are studied in the validation: 0.50, 0.71, 1.00, 1.41, and 2.00. Two runs at each level are
generated by two trained analysts using two media lots. Other factors may be considered and incorporated into the design
using a fractional factorial layout. The laboratory should striveto design the validation with as many levels of each factor as
possible in order to best model the long-term performance of the bioassay. In this example each analyst performs two runs at
each level using each media lot. A run consists of a full dilution seriesof the Standard as described in the bioassay'soperating
procedure, together with two independent dilution seriesof the Test sample. Thisyieldsduplicate measurements of relative
potency in each run; see Table 4 for all relative potency observations. Note that the two potency estimates at each level of
potency in a run are not independent due to common analysts and media lots.

Table '4. Example of Bioassay Validation with Two Analysts, Two Media Lots, and Runs per Level for Each Combination of
Analyst and Lot

Media
Lot!Analyst 1/1 1/2 2/1 2/2

Run 1 2 1 2 1 2 1 2

0.50 0.5215 0.4532 0.5667 0.5054 0.5222 0.5179 0.5314 0.5112

0.50 0.5026 0.4497 0.5581 0.5350 0.5017 0.5077 0.5411 0.5488

0.71 0.7558 0.6689 0.6843 0.7050 0.6991 0.7463 0.6928 0.7400

0.71 0.7082 0.6182 0.8217 0.7143 0.6421 0.6877 0.7688 0.7399

1.00 1.1052 0.9774 1.1527 0.9901 1.0890 1.0314 1.1459 1.0273

1.00 1.1551 0.8774 1.1074 1.0391 0.9233 1.0318 1.1184 1.0730

1.41 1.5220 1.2811 1.5262 1.4476 1.4199 1.3471 1.4662 1.5035

1.41 1.5164 1.3285 1.5584 1.4184 1.4025 1.4255 1.5495 1.5422

2.00 2.3529 1.8883 2.3501 2.2906 2.2402 2.1364 2.3711 2.0420
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Table 4. Example of Bioassay Validation with Two Analysts, Two Media Lots, and Runs per Level for Each Combination of
Analyst and Lot (continued)

Media
Lot!Analyst 1/1 1/2 2/1 2/2

2.00 2.2307 1.9813 2.4013 2.1725 2.0966 2.1497 2.1708 2.3126

-------------------------,

:i II
2,00r

Ii 1.41j

~ !'~
~ 1.00;"

e I
~ I
~ io.nt-

I
0.50~

'- I
0.50

I .- I
0.71 1.00

Known Relative Potency

I
1.41

+ Ana1vstl

.. Ana1vst2

-Unit line

Figure 3. A plot of the validation resultsversus the sample levels.

Aplot is used to reveal irregularities in the experimental results. In particular, a properly prepared plot can reveala failure in
agreement of validation resultswith validation levels, as well as heterogeneity of variability across levels (see discussion of the
log transformation in section 2.7 Statistical Considerations). The example plot in Figure 3 includes the unit line (linewith slope
equal to 1, passing through the origin). The analyst 1 and analyst 2 data are deliberatelyoffsetwith respect to the expected
potency to allowclear visualization and comparison of the data sets from each analyst.

Aformal analysis of the validation data might be undertaken in the following steps: (1) an assessment ofvariability (IP) should
precede an assessment of relative accuracy or specificity in order to establish conformance to the assumption that variances
across sample levels can be pooled; and (2) relative accuracy is assessed either at separate levels or by a combined analysis,
depending on how well the data across levels can be pooled. These steps are demonstrated using the example validation data,
along with some detailsof the calculations for illustrative purposes. Note that the calculationsillustratedin the following sections
are appropriate only with a balanced dataset. Imbalanced designs or datasets with missing relative potency measurements
should be analyzed using a mixed model analysis 'with restricted maximum likelihood estimation (REML).

3.1 Intermediate Precision

Data at each level can be analyzed using variance component analysis. With balanced data, as in this example, variance
components can be determined from a standard one-way ANOVA. An example of the calculation performed at a single level
(0.50) is presented in Table 5.

Table 5. Variance Component Analysis Performed on Log Relative Potency Measurements at the 0.5 Level
Expected Mean

Source df Sum of Squares Mean Square Square

Run 7 0.055317 0.007902 Var(Error) + 2 Var(Run)

Error 8 0.006130 0.000766 Var(Error)

Corrected total 15 0.061447

Variance Component Estimates

Var(Run) =0.003568

Var(Error) =0.000766

The top of the table represents a standard ANOVA analysis. Analyst and media lot have not been included because of the
smallnumber of levels (2 levels) for each factor. Thefactor "Run" in this analysis represents the combined runsacross the analyst
by media lot combinations. The Expected Mean Square is the linearcombination of variance components that generates the
measured meansquare for each source. The variancecomponent estimates are derived bysolvingthe equation "ExpectedMean
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Square = Mean Square" for each component. Tostart, the meansquare for Error estimatesVar(Error), the within-runcomponent
of variability, is

Var(Error) =MS(Error) =0.000766

The between-run component of variability, Var(Run), issubsequently calculated by setting the mean square for Run to the
mathematical expressionfor the expected mean square, then solving the equation for Var(Run) as follows:

MS(Run) =Var(Error) + 2· Var(Run)
V (R ) MS(Run) - MS(Error)ar un = 2

= 0.007902- 0.000766= 0 003568
2 .

These variance component estimates are combined to establish the overall IP of the bioassayat 0.50:

IP= 100· (eJvar(RUn)+var(ErrOr) -1)%

=100. (eJO.003568+0,000766 -1)% =6.8%

The same analysis was performed at each level of the validation, and is presented in Table 6.

Table 6. Variance Component Estimates and Overall Variability for Each Validation Level and the Average

level

Component 0.50 0.71 1.00 1.41 2.00 Average

Var(Run) 0.003568 0.000648 0.003639 0.003135 0.002623 0.002723

Var(Error) 0.000766 0.004303 0.002954 0.000577 0.002258 0.002172

Overall 6.8% 7.3% 8.5% 6.3% 7.2% 7.2%

Acombined analysis can be performed if the variance components are similar across levels. Typically a heuristic method is
used for this assessment. One might hold the ratio of the maximum varianceto the minimum variance to no greater than 10
(10 is used because of the limitednumber of runs performed in the validation). Herethe ratiosassociated with the between-run
variance component, 0.003639/0.000648 =5.6, and the within-run component, 0.004303/0.000577 =7.5, meet the 10-fold
criterion. Had the ratio exceeded 10 and if this was due to excess variability in one or the other of the extremes in the levels
tested, that extreme would be eliminated from further analysis and the range would be limited to exclude that level.

Theanalysismight proceed usingstatistical softwarethat iscapable of applyinga mixedeffects modelto the validation results.
That analysis should account for any imbalance in the design, random effects such as analyst and media lot, and fixed effects
such as level (see section 2.7 Statistical Considerations, Modeling Validation Results Using Mixed Effects Models). Variance
components can be determined for analyst and media lot separately in order to characterize their contributions to the overall
variability of the bioassay.

Inthe example, variancecomponents can be averaged acrosslevels to report the IP ofthe bioassay. Thismethod ofcombining
estimates isexact only ifa balanced design has been employed in the validation (Le., the same replication strategy at each
level). A balanced design was employed for the example validation, so the IP can be reported as 7.2% GCV.

Because of the recommendation to report validation results with some measure of uncertainty, a one-sided 95% upper
confidence bound can be calculatedfor the IP ofthe bioassay. The literaturecontains methods for calculatingconfidence bounds
for variance components. The upper bound on IP for the bioassay example is 11.8% GCV. The upper confidence bound was
not calculated at each level separately because of the limiteddata at an individual level relative to the overall study design.

3.2 Relative Accuracy

The analysis might proceed with an assessment of relative accuracy at each level. Table 7 shows the average and 90%
confidence interval of validation results in the log scale, as well as corresponding potency and relative bias.

Table 7. Average Potency and Relative Bias at Individual Levels

log Potency Potency RelativeBias

level n" Average (90% CI) Average (90% CI) Average (90% CI)

0.50 8 -0.6613 (-0.7034, -0.6192) 0.52 (0.49, 0.54) 3.23% (-1.02, 7.67)

0.71 8 -0.3419 (-0.3773, -0.3064) 0.71 (0.69, 0.74) 0.06% (-3.42, 3.67)

1.00 b 8 0.0485 (0.0006, 0.0964) 1.05 (1.00,1.10) 4.97% (0.06, 10.12)

1.41 8 0.3723 (0.3331,0.4115) 1.45 (1.40, 1.51) 2.91% (-1.04,7.03)
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Table 1. Average Potency and Relative Bias at Individual Levels (continued)

USP 43

Log Potency Potency Relative Bias

Level I n • Average I (90% CI) Average I (90% CI) Average I (90% CI)

2.00 I 8 0.7859 I (0.7449,0.8269) 2.19 I (2.11, 2.29) 9.72% I (5.31,14.32)

aAnalysisperformed on averages of duplicates from each run.
b Calculation illustrated in section 2.7 Statistical Considerations, Scale of Analysis.

The analysis has been performedon the average of the duplicatesfrom each run (n =8 runs)because duplicate measurements
are correlated within a run by shared IP factors (analyst, media lot, and run in this case). A plot of relative bias versus level can
be used to examine patterns in the experimental resultsand to establish conformance to the target acceptance criterionfor
relative bias (12%).

-11%

0.50 071 1.00 1.41 2.00

Figure 4. Plotof 90% confidence intervals for relative bias versus the acceptance criterion. Note loweracceptance criterion
isequal to 100· [(1/1.12) - 1] =-11 %.

Figure 4 shows an average positive bias across sample levels (i.e., the average relative bias is positive at all levels). This
consistency isdue in part to the lack of independence of bioassay resultsacross levels. Inaddition there does not appear to be a
trend in relative bias across levels. The latter would indicate that a comparison of samples with different measured relative '
potency (such as stabilitysamples) is biased, resulting perhaps in an erroneous conclusion.Trend analysis can be performed
using a regressionof log relative potency versus log level. Introduction during the development of the bioassayvalidation
protocol of an acceptance criterion on a trend in relative accuracy across the range can be considered.

Afterestablishing that there is no meaningful trend across levels, the analysis proceeds with an assessment of the relative
accuracy at each level. The bioassay has acceptable relative biasat levels from 0.50 to 1.41, yielding 90% confidence bounds
(equivalent to a two one-sided t-test) that fall within the acceptance region of -11 % to 12% relative bias.The 90% confidence
interval at 2.0 falls outside the acceptance region, indicating that the relativebias may exceed 12%. ,

Acombined analysis can be performed utilizing statistical software that is capable of applying a mixedeffects modelto the
validation results. That analysis accurately accounts for the validation study design. The analysis also accommodates random
effects such as analyst, media lot, and run (see section 2.7 Statistical Considerations, Modeling Validation Results Using Mixed
Effects Models).

3.3 Range

The conclusionsderived from the assessment of IP and relative accuracy can be used to establish the bioassay's range that
demonstrates satisfactory performance. Based on the acceptance criterionfor IP equal to 8% GCV (see Table 6) and for relative
bias equal to 12% (see Table 7), the range of the bioassayis 0.50 to 1.41. In this range, level 1.0 has a slightly higher than
acceptable estimate of IP (8.5% versus the target acceptance criterion:::8.0%),which may be due to the variability of the
estimate that resultsfrom a smalldataset. Because of this and other results in Table 6, one may conclude that satisfactory IP
was demonstrated across the range.

3.4 Use of Validation Results for Bioassay Characterization

When the study has been performed to estimate the characteristics of the bioassay (characterization), the variance component
estimates can also be used to predict the variability for different bioassayformatsand thereby can determine a format that has a
desired level of precision. The predicted variability for k independent runs, with n individual dilutionseriesof the test preparation
within a run, isgiven by the following formula for format variability:

FormatVariability = 100 . (eWar(RUn)/k + Var(Error)/(nk) - 1)

Using estimates of intra-run and inter-run variancecomponents from Table 6 [Var(Run) =0.002723 and Var(Error) = 0.002172]
, ifthe bioassayis performed in three independent runs, the predicted variability of the reportable value(geometric mean of the
relative potency results) is equal to:

Format Variability =100 . (e "0.002723/3 + 0.002172/(1 ·3) - 1) =4.1%

Thiscalculationcan be expanded to include variouscombinations of runs and minimal sets (assuming that the numbers of
samples, dilutions, and replicates in the minimal sets are held constant) within runs as shown in Table 8.
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Table 8. Format Variability for Different Combinations of Number of Runs (k) and Number of Minimal Sets within Run (n)
Number of Runs (k)

Reps (n) 1 2 3 6

1 7.2% 5.10/0 4.1% 2.9%

2 6.4% 4.5% 3.6% 2.6%

3 6.0% 4.2% 3.4% 2.4%

6 5.7% 4.0% 3.3% 2.3%

Clearly the most effective means of reducing the variability of the reportable value (the geometric mean potency across runs
and minimal sets) is by independent runs of the bioassay procedure. In addition, confidence bounds on the variance
components used to derive IP can be utilized to establish the bioassay'sformat variability.

Significant sourcesof variability must be incorporated into runs inorder to effectvariancereduction. Amore thorough analysis
of the bioassay validation example would include analystand media lot as factors in the statistical model. Variance component
estimates obtained from such an analysis are presented in Table 9.

Table 9. REML Estimates of Variance Components Associated with Analyst, Media Lot, and Run

Variance Component Estimate

Var(MediaLot) 0.0000

Var(Analyst) 0.0014

Var(Analyst*Media Lot) 0.0000

Var(Run (Analyst*Media Lot» 0.0019

Var(Error) 0.0022

Identification ofanalystas a significantbioassayfactor should ideally be addressed during bioassaydevelopment. Nonetheless
the laboratory may choose to address the apparent contribution of analyst-to-analyst variability through improved training or
by using multiple analysts in formatting the assayfor routine performance of the bioassay.

Estimates of intra-run and inter-run variability can alsobe used to determine the sizesof differences (folddifference)that can
be distinguished between samples tested in the bioassay. Fork runs, with n minimalsets within each run, using an approximate
two-sided critical valuefrom the standard normal distribution with z = 2, the critical fold difference between reportable values
for two samples that are tested in the same runs of the bioassayis given by:

Critical Fold Difference =e2 . War(Run)/k+Var(Error)/(nk)

When samples have been tested in different runs of the bioassay (such as long-term stabilitysamples), the critical fold difference
is given by (assuming the same format is used to test the two series of samples):

Critical Fold Difference =e2 . "2. [Var(Run)/k+Var(Error)/(nk)]

Forcomparison ofsamplesthe laboratory can choose a design (bioassayformat) that hassuitable precision to detect a practically
meaningfulfold difference between samples.

3.5 Confirmation of Intermediate Precision and Revalidation

The estimate of IP from the validation ishighlyuncertain because of the smallnumber of runs performed. Afterthe laboratory
gains suitable experience with the bioassay, the estimate can be confirmed or updated by analysis of control sample
measurements such as the variability of a positivecontrol.Thisanalysis can be done with the control prepared and tested like a
Test sample (i.e., same or similardilution seriesand replication strategy). Thisassessment should be made after sufficient assays
have been performed to obtain an alternative estimate of the bioassay's intermediate precision, including implementation of
changes (e.g., different analysts, different key reagent lots, and different cell preparations) associated with the standardized
assay protocol. The reported IP of the bioassayshould be modified as an amendment to the validation report ifthe assessment
reveals a substantial disparity of results.

The bioassayshould be revalidated whenever a substantial change is made to the method. This includes but is not limited
to a change in technology or a change in readout. The revalidation may consist of a complete re-enactment of the bioassay
validation or a bridging study that compares the current and the modified methods.

APPENDICES

Appendix 1: Measures of Location and Spread for Log Normally Distributed Variables

Two assumptions of common statistical procedures, such as ANOVA or confidence interval estimation, are (1) the variation
in the bioassay response about its mean is normallydistributed and (2) the standard deviation of the observed response values
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is constant over the range of responses that are of interest. Such responses are said to have a "normal distribution" and an
"additive error structure". When these two conditions are not met, it may be useful to consider a transformation before using
common statistical procedures.

The variationin bioassayresponses isoften found to be non-normal (skewedtoward higher values)with a standard deviation
approximately proportional (or nearlyso) to the mean response. Such responses often have a "multiplicative error structure"
and follow a "log normal distribution" with a percent coefficient of variation(%CV) that isconstant across the response range
of interest. In such cases, a log transformation of the bioassay response will be found to be approximately normal with a nearly
constant standard deviationover the response range. After log transformation,then, the two assumptions are met, and common
statistical procedures can be performed on the log transformed response. The following discussion presumes a log normal
distribution for the bioassay response.

We refer to an observed bioassayresponse value, X, as being on the "originalscale of measurement" and to the log
transformed response, Y=log(X), as being on the "log transformed scale". Although common statistical procedures may be
appropriate only on the log transformed scale, we can summarize bioassayresponse results by estimating measuresof location
(e.g., mean or median), measures of spread (e.g., standard deviation), or confidence intervals on either scale of measurement,
as long as the scale being used is indicated. The %CV isuseful on the original scalewhere it isconstant over the response range.
Forthe same reason, the standard deviation (SD) isrelevanton the log transformed scale.There may be advantages to reporting
statistical summarieson the basisof the log transformed (Y) scale.However, it isoften informative to backtransformthe reported
measures to the originalscale of measurement (X).

Forany given value of X, there is only one unique value of Y= log(X), and viceversa. Similarly for measures of locationand
spread, there is a unique one-to-one correspondence between measures of location and spread obtained on the original and
log transformed scales. Further, just as there is a simple relationship between Xand Y= log(X), there are relatively simple
relationships that allowconversion between the corresponding measures on each scale, as indicated in Table A-1 below. In the
table, "Average"and "SD", wherever they appear, refer to measures calculated on.the log transformed (Y) scale.

Table A-l. Comparison of Measures of Location and Spread

Scale of Measurement

Measure Log Transformed (V) Original (X)

Geometric mean (GM)

=illXI =e
A

-
g
•

1=1
Location Mean (average)

Geometric standard deviation
Spread Standard deviation (SO) (GSO) =eSD

Confidence intervals Lower Average - k . SO/Wi GM/GSOklfri
(k is an appropriate constant based

Upper Average + k . SO/Wi GM . GSOklfrion the t-distribution or
large sample z approximation)

Width (upper - lower) Ratio(upper/lower)
Size =2 . k . SO/Wi =GS02k1fri

Percent coefficient of O/OCV =1OO~eSD2 -1 <: O/OGCV
variation (%CV) O/OGCV =100 . (GSO -1)

The geometric mean (GM)should not be misinterpreted as an estimate of the mean of the originalscale (X) variable, but is
instead an estimate of the median of X. The median isa more appropriate measure of location for variables with skewed error
distributionssuch as the log normal, as well as symmetric error distributionswhere the median isequal to the mean.

Similarly, the geometric standard deviation (GSD) should not be misinterpreted as the standard deviation of the original
scale (X) variable. GSD is, however, a useful multiplicative factor for obtaining confidence intervals on the original (X) scalethat
correspond to those on the log transformed (Y) scale, as shown in the above table. AGSD of 1 corresponds to no variation (SD
of Y= 0). The ratio of the Upper to the Lower confidence bounds, on the untransformed (X) scale, will be equal to GSD2k/.fri', as
can be seen from Table A-1.

The geometric coefficientof variation (%GCV) approximates the %CV on the original(X) scalewhen the %CV isbelow20%.
It is important not to confuse these different measures of spread. The %GCV isa measure relevant to the log transformed (Y)
scale, and the %CV is a measure relevant to the original (X) scale. Depending on the preferred frame of reference, either or
both measures may be useful.

Appendix 2: Information Sources

1. LimpertE, Stahel WA, Abbt M. (2001) Log-normal distributionsacross the sciences: keys and clues. BioScience 51(5):
341-252.

2. Kirkwood TBL. (1979) Geometric means and measures of dispersion. Biometrics 35: 908-909.
3. BohidarNR. (1991) Determination of geometric standard deviation for dissolution. Drug Development and Industrial

. Pharmacy 17(10): 1381-1 387.
4. Bohidar NR. (1993) Rebuttal to the "Reply". Drug Development and Industrial Pharmacy 19(3): 397-399.
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5. Kirkwood TBL. (1993) Geometric standard deviation-reply to Bohidar. Drug Development and Industrial Pharmacy
19(3): 395-396.

6. (1010) Analytical data: interpretation and treatment. USP 34. In: USP34-NF 29. Vol. 1. Rockville (MD): United States
PharmacopeiaIConvention; c2011. p. 419.

7. Tan CY. (2005) RSD and other variability measures of the lognormaldistribution. Pharmacopeial Forum 31 (2): 653':"655.

Appendix 3: Additional Sources of Information

Additional information and alternative methods can be found in the references listed below.
1. ASTM. Standard Practice for Using Significant Digits in Test Data to Determine Conformance with Specifications, ASTM

E29-08. Conshohocken, PA: ASTM; 2008.
2. BergerR, Hsu J. Bioequivalence trials, intersection-union tests and equivalence confidence intervals. Stat Sci 1996;11(4):

283-319.
3. Burdick R, Graybill F. Confidence Intervals on Variance Components. New York: Marcel Dekker; 1992:28-39.
4. Haaland P. Experimental Design in Biotechnology. New York: Marcel Dekker; 1989;64-66.
5. Schofield TL. Assay validation. In: Chow SC, ed. Encyclopedia of Biopharmaceutical Statistics. 2nd ed. New York: Marcel

Dekker; 2003.
6. Schofield TL. Assay development. In: Chow SC, ed. Encyclopedia ofBiopharmaceutical Statistics. 2nd ed. NewYork: Marcel

Dekker; 2003.
7. Winer B. Statistical Principles in Experimental Design. 2nd ed. New York: McGraw-Hili; 1971:244-251.

(1034) ANALYSIS OF BIOLOGICAL ASSAYS

1. INTRODUCTION

Although advances in chemicalcharacterization have reduced the reliance on bioassays for many products, bioassays are still
essentialfor the determination of potency and the assurance of activity of many proteins, vaccines, complex mixtures, and
products for celland gene therapy, as wellas for their role in monitoring the stabilityof biological products. The intended scope
of general chapter Analysis of Biological Assays (1034) includesguidance for the analysis of results both of bioassays described
in the UnitedStates Pharmacopeia (USP), and of non-USP bioassays that seek to conform to the qualitiesof bioassayanalysis
recommended by USP. Note the emphasis on analysis-design and validation are addressed in complementary chapters
(Development and Design of Bioassays (1032) and Biological Assay Validation (1033), respectively).

Topicsaddressed in (1 034) includestatistical concepts and methods of analysis for the calculationof potency and confidence
intervals for a varietyof relative potency bioassays, including those referenced in USP. Chapter (1034) is intended for use
primarily by those who do not have extensive training or experience in statisticsand by statisticianswho are not experienced
in the analysis of bioassays. Sectionsthat are primarily conceptual require only minimal statistics background. Most of the
chapter and all the methods sections require that the nonstatistician be comfortable with statistics at least at the level of USP
general chapter Analytical Data-Interpretation and Treatment (1 01 0) and with linear regression. Most of sections 3.4 Nonlinear
Models for QuantitativeResponse and 3.6 Dichotomous (Quanta/)Assays require more extensive statistics background and thus
are intended primarily for statisticians. Inaddition, (1034) introduces selected complex methods, the implementation of which
requires the guidance of an experienced statistician.

Approaches in (1034) are recommended, recognizing the possibility that alternative procedures may be employed.
Additionally, the information in (1 034) ispresented assumingthat computers and suitablesoftwarewill be used for data analysis.
Thisviewdoes not relieve the analystof responsibility for the consequences ofchoices pertaining to bioassaydesign and analysis.

2. OVERVIEW OF ANALYSIS OF BIOASSAY DATA

Following is a set of steps that will help guide the analysis of a bioassay. Thissection presumes that decisions were made
following a similar set of steps during development, checked during validation, and then not required routinely. Those steps
and decisionsare covered in general information chapter Design and Development ofBiological Assays (1 032). Section 3 Analysis
Models providesdetailsfor the various models considered.

1. As a part of the chosen analysis, select the subset of data to be used in the determination of the relative potency using
the prespecified scheme. Exclude only data known to resultfrom technical problems such as contaminated wells,
non-monotonic concentration-response curves, etc.

2. Fit the statistical model for detection of potential outliers, as chosen during development, including any weighting and
transformation.This isdone firstwithout assuming similarity of the Testand Standard curvesbut should include important
elements of the design structure, ideally using a model that makesfewer assumptions about the functional form of the
response than the model used to assesssimilarity.

3. Determinewhich potential outliersare to be removed and fit the model to be used for suitability assessment. Usually, an
investigation of outlier cause takes place before outlier removal. Some assaysystems can make use of a statistical
(noninvestigative) outlier removal rule, but removal on this basisshould be rare. One approach to "rare" is to choose
the outlier ruleso that the expected number of false positive outlier identifications is no more than one; e.g., use a 1%

www.webofpharma.com

https://nhathuocngocanh.com/



7352 (1034) / General Information USP43

test ifthe sample size is about 100. Ifa large number of outliersare found above that expected from the rule used, that
calls into question the assay.

4. Assess system suitability. Systemsuitability assesses whether the assay Standard preparation and any controls behaved
in a manner consistent with past performance of the assay. Ifan assay (or a run) fails system suitability, the entire assay
(or run) isdiscarded and no resultsare reported other than that the assay(or run) failed.Assessment of system suitability
usually includesadequacy of the fit of the model used to assess similarity. Forlinearmodels, adequacy of the model may
includeassessment of the linearityof the Standard curve. Ifthe suitability criterionfor linearity of the Standard is not met,
the exclusion of one or more extreme concentrations may result in the criterion being met. Examples of other possible
system suitability criteria include background, positive controls, max/min, max/background, slope, ICso (or ECso), and
variation around the fitted model.

5. Assess sample suitabilityfor each Test sample. This isdone to confirmthat the data for each Testsample satisfy necessary
assumptions. Ifa Test sample fails sample suitability, resultsfor that sample are reported as "Fails Sample Suitability."
Relative potencies for other Test samples in the assay may still be reported. Most prominent of sample suitabilitycriteria
is similarity, whether parallelism for parallel models or equivalence of intercepts for slope-ratio models. For nonlinear
models, similarity assessment involves all curve parameters other than ECso (or ICso) '

6. Forthose Test samples in the assay that meet the criterionfor similarity to the Standard (Le., sufficiently similar
concentration-response curves or similarstraight-linesubsets of concentrations), calculate relative potency estimates
assuming similarity between Test and Standard, Le., by analyzing the Test and Standard data together using a model
constrained to have exactly parallel linesor curves, or equal intercepts.

7. Asingle assay is often not sufficient to achieve a reportable value, and potency resultsfrom multiple assayscan be
combined into a single potency estimate. Repeatsteps 1-6 multiple times, as specified in the assay protocol or
monograph, before determining a final estimate of potency and a confidence interval.

8. Construct a variance estimate and a measure of uncertainty of the potency estimate (e.g., confidence interval). See
section 4 Confidence Intervals.

Astep not shown concerns replacement of missing data. Most modern statistical methodology and software do not require
equal numbers at each combination of concentration and sample. Thus, unlessotherwise directed by a specific monograph,
analysts generallydo not need to replace missing values.

3. ANALYSIS MODELS

A number of mathematical functions can be successfully used to describe a concentration-response relationship.The first
consideration in choosing a model is the form of the assayresponse. Is it a number, a count, or a category such as Dead/Alive?
The form will identifythe possible models that can be considered.

Other considerations in choosing a model include the need to incorporate design elements in the model and the possible
benefits of means models compared to regression models. Forpurposes of presenting the essentials of the model choices,
section 3 Analysis Models assumesa completely randomized design so that there are no design elements to consider and presents
the models in their regressionform.

3.1 Quantitative and Qualitative Assay Responses

The terms quantitative and qualitative refer to the nature of the response of the assayused in constructing the concentration­
response model. Assays with either quantitative or qualitative responses can be used to quantify product potency. Note that
the responses of the assay at the concentrations measured are not the relative potency of the bioassay. Analysts should
understand the differences among responses, concentration-response functions, and relative potency.

A quantitative response results in a number on a continuous scale. Common examples includespectrophotometric and
luminescence responses, body weights and measurements, and data calculated relative to a standard curve (e.g., cytokine
concentration). Modelsfor quantitative responses can be linearor nonlinear (see sections 3.2-3.5).

A qualitative measurement results in a categorical response. Forbioassay, qualitative responses are most often quantal,
meaning they entail two possiblecategories such as Positive/Negative, 0/1, or Dead/Alive. Quantal responses may be reported
as proportions (e.g., the proportion of animals in a group displaying a property). Quantal models are presented in section 3.6.
Qualitative responses can have more than two possible categories, such as end-point titer assays. Models for more than two
categories are not considered in this general chapter.

Assay responses can also be counts, such as number of plaques or colonies. Count responses are sometimes treated as
quantitative, sometimes as qualitative, and sometimes models specific to integers are used. The choice isoften based on the
range of counts. Ifthe count is mostly 0 and rarely greater than 1, the assay may be analyzed as quantal and the response is
Any/None. Ifthe counts are large and cover a wide range, such as 500 to 2500, then the assaymay be analyzed as quantitative,
possibly after transformation of the counts. Asquare root transformation of the count isoften helpful in such analysesto better
satisfy homogeneity of variances. Ifthe range of counts includesor is near 0 but 0 is not the preponderant value, it may be
preferable to use a model specific for integer responses. Poisson regression and negative binomial regression models are often
good options. Modelsspecific to integers will not be discussed further in this general chapter.

Assays with quantitative responses may be converted to quantal responses. Forexample, what may matter iswhether some
defined threshold is exceeded. The model could then be quantal-threshold exceeded or not. In general, assay systems have
more precise estimates of potency ifthe model uses all the information in the response. Using aboveor below a threshold,
rather than the measured quantitative responses, is likely to degrade the performance of an assay.
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3.2 Overview of Models for Quantitative Responses

In quantitative assays, the measurement is a number on a continuous scale. Optical density valuesfrom plate-based assays
are such measurements. Models for quantitative assays can be linearor nonlinear. Although the two display an apparent
difference in levels ofcomplexity, parallel-line (linear)and parallel-curve (nonlinear)modelsshare many commonalities. Because
of the differentform of the equations, slope-ratio assays are considered separately (section 3.5 Slope-Ratio Concentration­
Response Models).

ASSUMPTIONS-The basicparallel-line, parallel-curve, and slope-ratiomodels share some assumptions.All includea residual
term, e, that represents error (variability) which isassumed to be independent from measurement to measurement and to have
constant variance from concentration to concentration and sample to sample. Often the residual term isassumed to have a
normaldistributionaswell.The assumptionsof independence and equal variancesare commonlyviolated,so the goal inanalysis
is to incorporate the lackof independence and the unequal variances into the statistical model or the method of estimation.

Lack of independence often arisesbecauseof the design or conduct ofthe assay. Forexample, ifthe assayconsistsof responses
from multiple plates, observations from the same plate are likely to share some common influence that is not shared with
observationsfrom other plates. This is an example of intraplate correlation. Asimple approach for dealing with this lackof
independence is to include a block term in the statistical model for plate. With three or more plates this should be a random
effectsterm so that we obtain an estimate of plate-to-plate variability.

Ingeneral, the model needs to closely reflect the design. The basic model equations given in sections 3.3-3.5 apply onlyto
completely randomized designs. Any other design will mean additional terms in the statistical model. Forexample, if plates or
portions of plates are used as blocks, one will need terms for blocks.

CALCULATION OF POTENCY-A primaryassumption underlying methods used for the calculation of relative potency is
that of similarity. Two preparations are similar if they contain the same effective constituent or same effective constituents in
the same proportions. Ifthis condition holds, the Test preparation behaves as a dilution (or concentration) of the Standard
preparation. Similarity can be represented mathematically as follows. LetFTbe the concentration-response function for the
Test, and let Fs be the concentration-response function for the Standard. The underlying mathematical model for similarity is:

FT(z) =Fs(p z), [3.1]

where z represents the concentration and p represents the relative potency of the Test sample relative to the Standard sample.
Methods for estimating p in some common concentration-response models are discussed below. Forlinear models, the

distinction between parallel-line models (section 3.3 Parallel-Line Models for Quantitative Response) and slope-ratio models
(section 3.5 Slope-Ratio Concentration-Response Models) is based on whether a straight-linefit to log concentration or
concentration yields better agreement between the model and the data over the range of concentrations of interest.

3.3 Parallel-line Models for Quantitative Responses

Inthis section, a linearmodel refers to a concentration-response relationship, which isa straight-line(linear)function between
the logarithm of concentration, x, and the response, y. y may be the response in the scale as measured or a transformation of
the response. The functional form of this relationship isy = a + bx. Straight-line fits may be used for portions of nonlinear
concentration-response curves, although doing- so requires a method for selecting the concentrations to use for each of the
Standard and Test samples (see (1032».

MEANS MODEL VERSUS REGRESSION-A linear concentration-response model is most often analyzed with least squares
regression. Such an analysis results in estimates of the unknown coefficients (intercepts and slope) and their standard errors, as
well as measures of the goodness of fit [e.g., R2 and root-mean-square error (RMSE)].

Linear regression works best where all concentrations can be used and there is negligiblecurvature in the concentration­
response data. Another statistical method for analyzing linear concentration-response curves is the means model. This isan
analysis of variance (ANOVA) method that offers some advantages, particularly when one or more concentrations from one or
more samples are not used to estimate potency. Because a means model includesa separate mean for each unique combination
of sample and dose (as well as block or other effects associated with the design structure) it is equivalent to a saturated
polynomial regression model. Hence, a means model provides an estimate of error that is independent of regression lack of fit.
In contrast, a regression residual based estimate of error is a mixture of the assayerror, as estimated by the means model,
combined with lackoffit of the regression model. At least in this sense, the means model error isa better estimate of the residual
error variation in an assaysystem.

PARALLEL-LINE CONCENTRATION-RESPONSE MODELS-If the general concentration-response model (3.1 Quantitative
and QualitativeAssay Responses) can be made linear in x = log(z), the resulting equation is then:

y = a + ~Iog(z) + e = a + ~x + e,

where e isthe residual or error term, and the intercept, a, and slope, ~, will differbetween Testand Standard. Withthe parallelism
(equal slopes) assumption, the model becomes

Ys =a + ~Iog(z) + e =as+ ~x + e

Yr=(l + ~Iog(pz) + e =[a + ~Iog(p)] + Bx+ e =aT+ ~x + e,
[3.2]

where S denotes Standard, T denotes Test, as =a is the y-intercept for the Standard, and aT =a + ~Iog(p) is the y-intercept for
the Test (see Figure 3.1).
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Figure 3.1. Example of parallel-line model.
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Where concentration-response lines are parallel, as shown in Figure 3.1, a separation or horizontalshiftindicatesa difference
in the level of biological activity being assayed. Thishorizontal difference is numerically log(p), the logarithm of the relative
potency, and isfound as the vertical distance between the lines aT and as divided by the slope, p. The relative potency is then

,(a -a )p=antil09 p
ESTIMATION OF PARALLEL-LINE MODELS-Parallel~line modelsare fit by the method of least squares.lfthe equal variance

assumption holds, the parameters of equation [3.2] are chosen to minimize

[3.3]

where the carets denote estimates. This isa linear regression with two independent variables, T and x, where T isa variablethat
equals 1 for observationsfrom the Test and 0 for observationsfrom the Standard. The summation in equation [3.3] isover all
observations of the Test and Standard. Ifthe equal varianceassumption does not hold but the variance isknownto be inversely
proportional to a value,w, that does not depend on the current responses, the y's, and can be determined for each observation,
then the method isweighted least squares

[3.4]

Equation 3.4 is appropriate only if the weights are determined without using the response, the y's, from the current data
(see (1032) for guidance in determining weights). In equations [3.3] and [3.4] pis the same as the P in equation [3.2] and 0 =
aT - as = Plog p, So, the estimate of the relative potency, p, is

p=antilog(,%)
Commonly available statistical software and spreadsheets provide routines for least squares. Not all software can provide

weighted analyses.
See section 4 for methods to obtain a confidence interval for the estimated relative potency. Fora confidence interval based

on combining relative potency estimates from multipleass~s~use the methods of section 4.2. Fora confidence interval from a
single assay, use Fieller's Theorem (section 4.3) applied to olP.

MEASUREMENT OF NONPARALLELISM-Parallelism for linearmodels isassessed by considering the difference or ratio of
the two slopes. Forthe difference, this can be done by fitting the regression model,

y =as + oT+ Psx + yxT + e

where 0=aT - as,Y=PT - Ps, and T= 1 for Test data and T=0 for Standard data. Then use the standard t-distributionconfidence
interval for y. Forthe ratio of slopes, fit

y = as + oT + Psx(1 - T)+ PTxT + e

and use Fieller's Theorem, equation [4.3], to obtain a confidence interval for PT/PS'
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3.4 Nonlinear Models for Quantitative Responses

Nonlinear concentration-response models are typically S-shaped functions. Theyoccur when the range of concentrations is
wide enough so that responses are constrained by upper and lower asymptotes. The most common of these models is the
four-parameter logisticfunction as given below.

Let y denote the observed response and z the concentration. One form of the four-parameter logistic model is

One alternative, but equivalent, form is

A-D
y=o+--s +e

1+(t)

d

[3.5]

y =ao + [ ] +e1+antilog M(logz-b)

The two forms correspond as follows:
Lower asymptote: D = ao
Upperasymptote: A= ao + d
Steepness: B=M (related to the slope of the curve at the ECso)

Effective concentration 50% (ECso) : C = antilog(b) (may also be termed EDso) .

Any convenient base for logarithms issuitable; it isoften convenient to work in log base 2, particularly when concentrations
are twofold apart.

Thefour-parameter logistic curve issymmetric around the ECso when plotted against log concentration because the rates of
approach to the upper and lower asymptotes are the same (see Figure 3.2). Forassays where this symmetry does not hold,
asymmetrical model functions may be applied. These models are not considered further in this general chapter.
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Figure 3.2. Examples of symmetric (four-parameter logistic) and asymmetric sigmoids.

Inmany assays the analyst has a number of strategic choicesto make during assaydevelopment (see Development and Design
of Biological Assays (1032»). Forexample, the responses could be modeled using a transformed response to a four-parameter
logistic curve,or the responses could be weighted and fit to an asymmetricsigmoid curve. Also, it isoften important to include
terms in the model (often random effects)to address variation in the responses (or parameters of the response) associatedwith
blocks or experimental units in the design of the assay. Forsimple assays where observations are independent, these strategic
choices are fairly straightforward. Forassays performed with grouped dilutions (as with multichannel pipets), assays with serial
dilutions, or assaydesigns that include blocks (as with multiple plates per assay), it is usually a seriousviolation of the statistical
assumptions to ignore the design structure. Forsuch assays, a good approach involves a transformation that approximates a
solution to non-constant variance, non-normality, and asymmetry combined with a model that captures the important parts
of the design structure.

PARALLEL-CURVE CONCENTRATION-RESPONSE MODELS-The concept of parallelism is not restricted to linearmodels.
Fornonlinearcurves, parallel or similarmeans the concentration-response curves can be superimposed following a horizontal
displacement of one of the curves, as shown in Figure 3.3 for four-parameter logistic curves. In terms of the parameters of
equation [3.5], this means the values of A, D, and Bfor the Test are the same as for the Standard.
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Figure 3.3. Example of parallel curvesfrom a nonlinear model.

The equations corresponding to the figure (with error term, e, added) are

A-D
Ys=D+--a+e

1+(t)
A-D

Yr=D+--a+e
1+(EJ)

or

A-D
Y =D+ +e
s 1+antilog [M(logz-b)]

A-D
y =D+ +e
r 1+antilog [M(logz-b+logp)]

Log p isthe log of the relative potency and the horizontaldistance between the two curves, just as for the parallel-line model.
Because the ECsoof the standard isantilog(b) and that of the Test is antilog(b - log p) = antilog(b)/p, the relative potency is
the ratio of ECso's (standard over Test) when the parallel-curve model holds.

ESTIMATION OF PARALLEL-CURVE MODELS-Estimation of nonlinear, parallel-curve models is similarto that for
parallel-line models, possibly after transformation of the response and possibly with weighting. Forthe four-parameter logistic
model, the parameter estimates are found by minimizing:

[ ]

2

I' A-D
y-D 1+antilog [M(logz-6 +IT)]

with weighting. (As for equation [3.4], equation [3.6] is appropriate only ifthe weights are determined without using the
responses, y's, from the current data.) In either case, the estimate of r is the estimate of the log of the relative potency. For
some software, it may be easier to work with d = A-D.

The parameters of the four-parameter logistic function and those of the asymmetricsigmoid models cannot be found with
ordinary (linear) least squares regression routines. Computer programswith nonlinear estimation techniques must be used.

Analysts should not use the nonlinear regression fit to assessparallelism or estimate potency ifany ofthe following are present:
a) inadequate asymptote information is available; or b) a comparison of pooled error(s)from nonlinear regression to pooled
error(s) from a means model shows that the nonlinear model does not fit well; or c) other appropriate measures of goodness
of fit show that the nonlinear model is not appropriate (e.g., residual plots show evidence of a "hook").

See section 4 for methods to obtain a confidence interval for the estimated relative potency. Fora confidence interval based
on combining relative potency estimatesfrom multipleassays, use the methods of section 4.2. Fora confidence interval from a
single assay, advanced techniques, such as likelihood profiles or bootstrapping are needed to obtain a confidence interval for
the log relative potency, r.

without weighting, or

[ ]

2

". A-D
LJW y-D ••

1+antilog [M(logZ-b+fT)]
[3.6]
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MEASUREMENT OF NONPARALLELISM-Assessment of parallelism for a four-parameter logistic model means assessing
the slope parameter and the two asymptotes. During development (see (1032»), a decisionshould be made regarding which
parameters are important and how to measure nonparallelism. As discussed in (1032), the measure of nonsimilarity may be a
composite measure that considers all parameters together in a single measure, such as the parallelism sum of squares (see
(1032»), or may consider each parameter separately. In the latter case, the measure may be functions of the parameters, such
as an asymptote divided by the differenceof asymptotes or the ratio of the asymptotes. Foreach parameter (or function of
parameters), confidence intervals can be computed by bootstrap or likelihood profile methods. These methods are not
presented in this general chapter.

3.5 Slope-Ratio Concentration-Response Models

Ifa straight-line regressionfits the nontransformed concentration-response data well, a slope-ratio model may be used. The
equations for the slope-ratio model assuming similarity are then:

Ys =a.+ pz+ e =a + Psz + e

Yr =a.+ PCpz) + e =a + Pspz + e =a + Prl + e
[3.7]

An identifying characteristicof a slope-ratio concentration-response model that can be seen in the resultsof a ranging study
is that the linesfor different potencies from a ranging study have the same intercept and different slopes. Thus, a graph of the
ranging study resembles a fan. Figure 3.4 shows an example of a slope-ratio concentration-response model. Note that the
common intercept need not be at the origin.
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Figure 3.4. Example of slope-ratio model.

An assaywith a slope-ratio concentration-response model for measuring relative potency consists, at a minimum, of one
Standard sample and one Test sample, each measured at one or more concentrations and, usually, a measured response with
no sample (zero concentration). Because the concentrations are not log transformed, they are typically equally spaced on the
original, rather than log, scale. The model consists of one common intercept, a slope for the Test sample results, and a slope
for the Standard sample results as in equation [3.7]. The relative potency is then found from the ratio of the slopes:

Relative Potency = Test sample slope/Standard sample slope = Pp/P = p

ASSUMPTIONS FOR AND ESTIMATION OF SLOPE-RATIO MODELS-The assumptions for the slope-ratio model are the
same as for parallel-line models: The residual terms are independent, have constant variance, and may need to have a normal
distribution. The method of estimation is also least squares. Thismay be implemented either with or without weighting, as
demonstrated in equations [3.8] and [3.9], respectively.

[3.8]

[3.9]

Equation [3.9] is appropriate only ifthe weights are determined without using the response, the y's, from the current data.
This isa linear regression with two independent variables, z(l - T) and zT, where'T =1 for Test data and T =0 for Standard
data.B, is the estimated slope for the Test,13s the estimated slope for the Standard, and then the estimate of relative potency
is
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Because the slope-ratiomodel isa linear regression model, most statistical packages and spreadsheets can be used to obtain
the relative potency estimate. In some assay systems, it issometimes appropriate to omit the zero concentration (e.g., if the
no-dose controls are handled differently in the assay) and at times one or more of the high concentrations (e.g., if there is a
hook effect where the highest concentrations do not have the highest responses).The discussion about using a means model
and selecting subsets of concentrations for straight parallel-line bioassays applies to slope-ratio assays as well.

Seesection 4 for methods to obtain a confidence interval for the estimated relative potency. Fora confidence interval based
on combining relative potency estimates from multipleassays, use the methods of section 4.2. Fora confidence intervalfrom a
single assay, use Fieller's Theorem (section 4.3) applied to

MEASUREMENT OF NONSIMILARITY-For slope-ratio models, statistical similarity corresponds to equal intercepts for the
Standard and Test. To assessthe similarity assumption it is necessary to have at least two nonzero concentrations for each
sample. Ifthe intercepts are not equal, equation [3.7) becomes

Ys =as+ psz+ e

YT =aT + Prz + e

Departure from similarity is typically measured by the difference of intercepts, aT - as' Aneasy way to obtain a confidence
interval is to fit the model,

y = as + 6T+ ~sz(l - T) + ~TzT + e,

where 8 = aT - as and use the standard t-distribution-based confidence interval for 8.

3.6 Dichotomous (Quantal) Assays

Forquantal assays the assay measurement has a dichotomous or binaryoutcome, e.g., in animal assays the animal is dead
or alive or a certain physiologic response is or is not observed. Forcellular assays, the quantal response may be whether there
isor is not a response beyond some threshold in.the cell. Incell-basedviral titer or colony-forming assays, the quantal response
may be a limitof integer response such as an integer number of particles or colonies.When one can readily determine ifany
particlesare present-but not their actual number-then the assaycan be analyzed as quantal. Note that ifthe reaction can
be quantitated on a continuous scale, as with an optical density, then the assay is not quantal.

MODELS FOR QUANTAL ANALYSES-The. keyto modelsfor quantal responses isto workwith the probabilityof a response
(e.g., probabilityof death), in contrast to quantitative responsesfor which the model isfor the response itself. Foreach
concentration, z, a treated animal, as an example, has a probability of responding to that concentration, P(z). Often the curve
P(z) can be approximated by a sigmoid when plotted against the logarithmof concentration, as shown in Figure 3.5. This curve
shows that the probabilityof responding increaseswith concentration. The concentration that corresponds to a probabilityof
0.5 is the ECso•
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Figure 3.5. Example of sigmoid for P(z).

The sigmoid curve is usually modeled based on the normal or logistic distribution. Ifthe normal distribution is used, the
resulting analysis is termed probit analysis, and ifthe logistic is used the analysis is termed logit or logistic analysis. The probit
and logit models are practically indistinguishable, and either isan acceptable choice.The choice may be based on the availability
of software that meets the laboratory's analysis and reporting needs. Because software is more commonly available for logistic
models (often under the term logisticregression) this discussion will focus on the use and interpretation of logit analysis. The
considerations discussed in this section for logit analysis (using a logit transformation) apply as well to probit analysis (using a
probit transformation).

LOGIT MODEL-The logit model for the probabilityof response, P(z), can be expressed in two equivalent forms. Forthe
sigmoid,
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where 10g(EDso) = - PO/Pl' An alternative form shows the relationship to.llnearmodels:

logit transform of P == IOg(~) =/30 +/31Iog(Z) [3.10]
1-P

The linearform is usually shown using natural logs and isa useful reminder that many of the considerations,in particular
linearity and parallelism, discussed for parallel-line models insection 3.3 Parallel-Line Models for QuantitativeResponses apply to
quantal models as well.

For a logit analysis with Standard and Test preparations, let T be a variable that takes the value 1 for animals receiving the
Testpreparationand 0 for animals receiving the Standard.Assuming parallelism of the Testand Standardcurves, the logit model
for estimating relative potency isthen:

IOg(1~P)== fJo +fJl log(Z)+ fJ2T

The log of the relative potency of the Testcompared to the Standard preparation isthen P2/Pl' The two curves in Figure 3.6
show parallel Standard and Test sigmoids. (If the corresponding linear forms equation [3.10] were shown, they would be two
parallel straight lines.) The log of the relative potency isthe horizontal distance between the two curves, in the same way asfor
the linearand four-parameter logistic modelsgivenfor quantitativeresponses (sections3.3 Parallel-Line Models for Quantitative
Responses and 3.4 NonlinearModels for Quantitative Responses).
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Figure 3.6. Example of Parallel Sigmoid Curves.

ESTIMATING THE MODEL PARAMETERS AND RELATIVE POTENCY-Two methods are available for estimating the
parameters of logit and probit models: maximum likelihood and weighted least squares. The difference is not practically
important, and the laboratorycan accept the choice made by its software. The following assumesa general logistic regression
software program. Specialized softwareshould be similar.

Considering the form of equation [3.10], one observesa resemblance to linear regression. There are two independent
variables, x =log(z)and T. Foreach animal, there isa yes/no dependent variable, often coded as 1 for yes or response and 0 for
no or no response. 'Although bioassays are often designed with equal numbers of animals per concentration, that is not a
requirement of analysis. Utilizing the parameters estimated by software, which include Po, P" and P2 and their standard errors,
one obtains the estimate of the natural log of the relative potency:

Estimate of log of relative potency =~2
,81

Seesection 4 for methods to obtain a confidence interval for the estimated relative potency. For a confidence interval based
on combining relative potency estimatesfrom multipleass~s, ~se the methods of section 4.2. Fora confidence interval from a
singleassay, use Fieller's Theorem (section 4.3) applied to f32/ Pl' The confidence interval for the relative potency is then
[antilog(L), antilog(U)], where [L, U] isthe confidence interval for the log relative potency.

ASSUMPTIONS-Assumptions for quantal models have two parts.Thefirstconcerns underlying assumptions related to the
probability of responseofeach animal or unit in the bioassay. Theseare difficult to verify assumptionsthat depend on the design
of the assay. The second part concerns assumptionsfor the statistical model for P(z). Most important of these are parallelism
and linearity. These assumptionscan be checked much as for parallel-line analyses for quantitative responses.

In most cases, quantal analyses assume a standard binomial probability model, a common choice of distribution for
dichotomous data. The key assumptionsof the binomial are that at a given concentration each animal treated at that
concentration has the same probability of responding and the results for any animal are independent from those of all other
animals. This basicset of assumptions can be violated in many ways. Foremost among them is the presenceof litter effects,
where animals fromthe same littertend to respond more alike than do animals from differentlitters. Cage effects, in which the
environmental conditionsor care rendered to any specific cage makes the animalsfrom that cage more or less likely to respond
to experimental treatment, violates the equal-probability and independence assumptions.These assumption violations and
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others like them (that could be a deliberate design choice) do not preclude the use of logit or probit models. Still, they are
indications that a more complex approach to analysis than that presented here may be required (see (l032»).

CHECKING ASSUMPTIONS-The statistical model for P(z) assumes linearity and parallelism. To assess parallelism, equation
[3.10] may be modified as follows:

10g(~) =/30 +/31 10g(z)+/32T+/33T *log(z)
1-P

Here, ~3 is the differenceof slopes between Test and Standard and should be sufficiently small. [TheT*log(z) term is known as
an interaction term in statistical terminology.]The measure of nonparallel ism may also be expressed in terms of the ratio of
slopes, (~1 + ~3)/~1' Formodel-based confidence intervals for these measures of nonparallelism, bootstrap or profile likelihood
methods are recommended. These methods are not covered in this general chapter.

To assess linearity, it is good practice to start with a graphical examination. In accordance with equation [3.10], this would
be a plot of log[(y+ 0.5)/(n - y +0.5)] against log(concentration), where y isthe total number of responsesat the concentration
and n is the number of animals at that concentration. (The 0.5 corrections improve the properties of this calculation as an
estimate of 10g[P1(1 - P)].) The lines for Testand Standard should be parallel straight linesas for the linearmodel in quantitative
assays. Ifthe relationship is monotonic but does not appear to be linear, then the model in [3.10] can be extended with other
terms. Forexample, a quadratic term in log(concentration) could be added: [log(concentration)]2. Ifconcentration needs to
be transformed to something other than log concentration, then the quantal model analogue of slope-ratioassaysisan option.
The latter is possible but sufficiently unusual that it will not be discussed further in this general chapter.

OUTLIERS-Assessmentofoutliersismore difficult for quantal assays than for quantitative assays. Because the assayresponse
can be only yes or no, no individual response can be unusual. What may appear to fall into the outlier category isa single
response at a low concentration or a single no-response at a high concentration. Assuming that there has been no cause found
(e.g., failure to properly administer the drug to the animal), there is no statistical basisfor distinguishing an outlier from a rare
event.

ALTERNATIVE METHODS-Alternatives to the simplequantal analyses outlined here may be acceptable, depending on the
nature of the analytical challenge. One such challenge isa lackof independence among experimental units, as may be seen in
litter effects in animal assays. Some of the possibleapproaches that may be employed are Generalized Estimating Equations
(GEE), generalized linear models, and generalized linear mixed-effects models. AGEE analysis will yield standard errors and
confidence intervals whose validity does not depend on the satisfaction of the independence assumption.

There are also methods that make no particularchoice of the model equation for the sigmoid. Acommonly seen example
is the Spearman-Karber method.

4. CONFIDENCE INTERVALS

A report of an assay result should include a measure of the uncertainty of that result. This isoften a standard error or a
confidence interval. An interval (c, d), where c is the lowerconfidence limitand d is the upper confidence limit, is a 95%
confidence interval for a parameter (e.g., relative potency) if95% of such intervals upon repetition of the experiment would
include the actual value of the parameter. Aconfidence interval may be interpreted as indicating valuesof the parameter that
are consistent with the data. This interpretation of a confidence interval requires that various assumptions be satisfied.
Assumptions also need to be satisfied when the width or halfwidth [(d-c)/2] is used in a monograph as a measure of whether
there is adequate precision to report a potency. The interval width is sometimes used as a suitability criterion without the
confidence interpretation. In such cases the assumptions need not be satisfied.

Confidence intervalscan either be model-based or sample-based. A model-based interval is based on the standard errorsfor
each of the one or more estimates of log relative potency that come from the analysis of a particularstatistical model.
Model-based intervals should be avoided ifsample-based intervals are possible.Model-basedintervals requirethat the statistical
model correctly incorporate all the effectsand correlationsthat influence the model's estimate of precision. These include but
are not be limitedto serialdilution and plate effects. Section4.3 Model-Based Methods describes Fieller's Theorem, a commonly
used model-based interval.

Sample-based methods combine independent estimates of log relative potency. Multiple assays may arise because this was
determined to be required during development and validation or because the assay procedure fixes a maximum acceptable
width of the confidence intervaland two or more independent assays may be needed to meet the specified width requirement.
Somesample-based methods do not requirethat the statistical model correctlyincorporate alleffectsand correlation~.r,lp~ever"
this should not be interpreted as dismissing the value of addressing correlationsand other factors that infl~ence wlt~ln-assay
precision. The within-assayprecision is used in similarity assessment and is a portion of the that IS the basisfor the
sample-based intervals. Thus minimizing within-assay variability to the extent practicalis important. xarnore-oaseo
covered in section 4.2 CombiningIndependent Assays (Sample-Based Confidence IntervalMethods).

4.1 Combining Results from Multiple Assays

In order to mitigate the effects of variability, it is appropriate to replicate
to obtain a single reportable value. That single reportable value (and not the
applicable acceptance criteria. During assaydevelopment and validation,
combine the results of such assaysand, ifso, in what way to proceed.

There are two primary questions to address when considering how to
Are the assays mutually independent? ' '
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Aset of assays may be regarded as mutually independent when the responses of one do not in any way depend on the
distribution of responses of any of the others. This implies that the random errors in all essential factors influencing the
result (for example, dilutions of the standard and of the preparation to be examined or the sensitivity of the biological
indicator) in one assay must be independent of the corresponding random errors in the other assays. Assays on successive
days using the original and retained dilutions of the Standard, therefore, are not independent assays. Similarly, if the
responses, particularly the potency, depend on other reagents that are shared by assays (e.g., cellpreparations), the assays
may not be independent.
Assays need not be independent in order for analyststo combine results. However, methods for independent assays are
much simpler.Also, combining dependent assay results may require assumptions about the form of the correlation
between assay results that may be, at best, difficult to verify. Statistical methods are available for dependent assays, but
they are not presented in this general chapter.
Are the results of the assays homogeneous?
Homogeneous results differonly because of random within-assay errors. Anycontribution from factors associated with
intermediate precisionprecludes homogeneity of results. Intermediate precisionfactors are those that varybetween assays
within a laboratory and can include analyst, equipment, and environmental conditions. There are statistical tests for
heterogeneity, but lackof statistically significantheterogeneity is not properly taken as assurance of homogeneity and so
no test is recommended. If analysts use a method that assumes homogeneity, homogeneity should be assessed during
development, documented during validation, and monitored during ongoing use of the assay.

Additionally, before results from assays can be combined, analystsshould consider the scale on which that combination is
to be made. In general, the combination should be done on the scale for which the parameter estimates are approximately
normally distributed. Thus, for relative potencies based on a parallel-line, parallel-curve, or quantal method, the relative
potencies are combined in the logarithm scale.

4.2 Combining Independent Assays (Sample-Based Confidence Interval Methods)

Analysts can useseveral methods for combining the resultsof independent assays. Asimplemethod described below (Method
1) assumes a common distribution of relative potencies acrossthe assays and is recommended. Asecond procedure is provided
and may be useful if homogeneity of relative potency across assayscan be documented. Athird alternative is useful if the
assumptions for Methods 1 and 2 are not satisfied. Another alternative, analyzing allassays together using a linearor nonlinear
mixed-effects model, is not discussed in this general chapter.

METHOD 1-INDEPENDENT ASSAY RESULTS FROM A COMMON ASSAY DISTRIBUTION-The following is a simple
method that assumes independence of assays. It is assumed that the individual assay results (logarithms of relative potencies)
are from a common normal distribution with some nonzero variance. This common distribution assumption requires that all
assays to be combined used the same design and laboratoryprocedures. Implicit isthat the relative potencies may differbetween
the assays. Thismethod thus captures interassayvariability in relative potency. Note that the individual relative potencies should
not be rounded before combining results. .

Let Rj denote the logarithm of the relative potency of the ith assay of N assay resultsto be combined. To combine the N
results, the mean, standard deviation, and standard error of the Rj are calculated in the usualway:

. N

Mean R=L:R/N
i=l

Standard Deviation S = _1_±(Ri - R)2
N-1 i=l

Standard ErrorSE = S I-JN

A100(1 - 0.)% confidence interval is then found as

where tN -l,a/2 is the uppe~0./2 percentage point of a t-distributionwith N - 1 degrees of freedom. The quantity tN -l,a/2SE isthe
expanded uncertainty of R. The number, N, of assays to be combined is usually small, and hence the value of t is usually large.

Because the resultsare combined in the logarithm scale, the combined resultcan be reported in the untransformed scale
as a confidence interval for the geometric mean potency, estimated by antilog(R),

antilog(R - tN_1,aI2SE), antilog(R ± tN_1,a /2SE)

METHOD 2-INDEPENDENT ASSAY RESULTS, HOMOGENEITY ASSUMED-This method can be used provided the
following conditions are fulfilled:

1. The individual potency estimates form a homogeneous set with regard to the potency being estimated. Note that this
means documenting (usually during development and validation)that there are no contributions to between-assay
variability from intermediate precision factors. The individual resultsshould appear to be consistent with homogeneity.
In particular, differences between them should be consistent with their standard errors.

2. The potency estimates are derived from independent assays.
3. The number of degrees of freedom of the individual residual errors is not small. This is required so that the weights are

well determined.
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[4.1]

When these conditions are not fulfilled, this method cannot be applied and Method 1, Method 3, or some other method
should be used. Furthernote that Method 2 (because it assumes no inter-assay variability) often results in narrower confidence
intervals than Method 1, but this is not sufficient justification for using Method 2 absent satisfaction of the conditions listed
above.

CALCULATION OF WEIGHTING COEFFICIENTS-It isassumed that the resultsof each of the N assays have been analyzed
to give N estimates of log potency with associated confidence limits. Foreach assay, i, the logarithmicconfidence interval for
the log potency or log relative potency and a value Lj are obtained by subtracting the lower confidence limitfrom the upper.
(This formula, using the L, accommodates asymmetric confidence intervals such as from Fieller's Theorem, section 4.3
Model-Based Methods). Aweight Wi for each value of the log relative potency, Ri, is calculated as follows, where t j has the same
value as that used in the calculation of confidence limits in the ith assay:

W. '= 4t~
1 L~

CALCULATION OF THE WEIGHTED MEAN AND CONFIDENCE LIMITS-The products WiRi are formed for each assay,
and their sum isdivided by the total weight for allassays to givethe weighted mean log relative potency and its standard error
as follows:

N N

Mean R= IWg/Iwl
1=1 1=1

Standard Error SE = 1/~t,W,

A 100(1 - a)% confidence interval in the log scale is then found as

R±tk,a / 2SE [4.2]

where 4,a/2 is the upper a/2 percentage point of a t-distributionwith degrees of freedom, k, equal to the sum of the number of
degrees of freedom for the error mean squares in the individual assays. Thisconfidence interval can then be transformed back
to the originalscale as for Method 1.

METHOD 3-INDEPENDENT ASSAY RESULTS, COMMON ASSAY DISTRIBUTION NOT ASSUMED-Method 3 isan
approximate method that may be considered if the conditions for Method 1 (common assaydistribution) or Method 2
(homogeneity) are not met.

The observed variation then has two components:
• the intra-assay variationfor assay i:

s~ =1/"'"

• the inter-assay variation:

2 1 N( -2 1 N

SB=-I R1-R) --I.s~
N-1 1=1 N=l

Foreach assay, a weighting coefficient is then calculated as

W,=_1_
I s~ +s~

which replaces Wi in equation [4.1] and where t in equation [4.2] isoften approximated by the value 2.

4.3 Model-Based Methods

Many confidence intervals are of the form:

Confidence interval=value ± k times the standard error of that value.

Forsuch cases, as long as the multiplierk can be easily determined (e.g., from a table of the t-distribution), reporting the
standard error and the confidence interval are largelyequivalent because the confidence interval isthen easily determined from
the standard error. However, the logarithms of relative potencies for parallel-line models and some pararneterizationsof
nonlinear models and the relative potencies from slope-ratio models are ratios. In such cases, the confidence intervals are not
symmetric around the estimated log relative potency or potency, and Fieller's Theorem is needed. Forthese asymmetric cases­
the confidence interval should be reported because the standard error by itself does not capture the asymmetry.

Fieller's Theorem isthe formula for the confidence interval for a ratio. LetR=alb be the ratiofor which we need a confidence
interval. Forthe estimates of a arid b, we have their respectivestandard errors, SEa and SEb, and a covariance between them,
denoted Cov. (The covariance is a measure of the degree to which the estimates of a and b are related and is proportional to
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the correlation between the estimates of a and b.) The covariance may be 0, as for some parameterizations of standard
parallel-line analyses, but it need not be. The confidence interval for Rthen isas follows:

1R- g;~V ±i (l-glSE: +R'SE: - 2RCov +g;~'}
(RL,Ru) =-"---------~-----_..!...

1-g

where

and t is the appropriate t deviate value that will depend on the sample sizeand confidence level chosen (usually 95%). If g >
1, it means that the denominator, 'b, is not statistically significantly differentfrom°and the use of the ratio is not sensiblefor
those data.

Forthose cases where the estimates of a and b are statistically uncorrelated (Cov= 0), the confidence interval formula
simplifies to

[4.3]

5. ADDITIONAL SOURCES OF INFORMATION

Avarietyof statistical methods can be used to analyze bioassaydata. This chapter presents severalmethods, but many other
similar methods could also be employed. Additional information and alternative procedures can be found in the references
listed below and other sources.

1. Bliss CI. The Statistics of Bioassay. New York: AcademicPress; 1952.

2. Bliss CI.Analysis of the biological assays in U.S.P. XV. Drug Stand. 1956;24:33-67.

3. BohrerA. One-sided and two-sided critical valuesfor Dixon'soutlier test for sample sizesup to n =30. Econ Quality Control.2008;23:5-13.

4. Brown F,Mire-Sluis A,eds. TheDesign and Analysis of Potency Assays for Biotechnology Products. New York: Karger; 2002.

5. Callahan[D, Sajjadi NC.Testingthe null hypothesisfor a specifieddifference-the right way to test for parallelism. Bioprocessing l- 2003:2;71-78.

6. DeLean A,Munson Pj, Rodbard D. Simultaneous analysis of families of sigmoidalcurves: applicationto bioassay, radioligand assay,and physiological dose-
response curves.Amj Physiol. 1978;235:E97-E1 02.

7. EuropeanDirectoratefor the Qualityof Medicines. European Pharmacopoeia, Chapter 5.3, Statistical Analysis. Strasburg, France:EDQM; 2004:473-507.

8. Finney OJ. ProbitAnalysis. 3rd ed. Cambridge: Cambridge University Press; 1971.

9. Finney OJ. StatisticalMethod in Biological Assay. 3rd ed. London:Griffin; 1978.

10. Govindarajulu Z. StatisticalTechniques in Bioassay. 2nd ed. New York: Karger; 2001.

11. Hauck WW, Capen RC, CallahanjD, et al. Assessing parallelism prior to determining relative potency. PDA j PharmSciTechnol. 2005;59:127-137.

12. HewittW. Microbiological Assay for Pharmaceutical Analysis: A RationalApproach. New York: Interpharm/CRC; 2004.

13. Higgins KM, Davidian M, Chew G, BurgeH.The effectof serial dilutionerror on calibration inferencein immunoassay.Biometrics. 1998;54:19-32.

14. Hurlbert, SH. Pseudo replication and the design of ecological fieldexperiments. Ecological Monogr. 1984;54:187-211.

15. Iglewicz B, Hoaglin DC.How to Detectand HandleOutliers. Milwaukee, WI: QualityPress; 1993.

16. Neider jA, Wedderburn RWM. Generalized linearmodels. j Royal StatisticalSoc, Series A. 1972;135:370-384.

17. Rorabacher DB. Statistical treatment for rejectionofdeviantvalues: critical valuesof Dixon's"Q" parameter and related subrange ratiosat the 95% confidence
level. Anal Chern. 1991;63:39-48.
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1. INTRODUCTION

1.1 Scope and Purpose

USP 43

This chapter provides guidance regarding scientifically sound practicesfor the chemometric analysis and interpretation of
typical multivariate data for compendial and industrial applications. Established chemometric practices, including calibration
and validation,for applications using different analytical technologies (e.g., spectroscopic, chromatographic, and others) and
for different purposes (e.g., fingerprinting, identification, classification, properties prediction, and others) are discussedunder a
lifecycle approach. Both qualitative and quantitative applicationsare described.

The chapter discusses how method quality and performance are ensured through the proper lifecycle management of a
chemometrics-based model, includingthe selectionof appropriate algorithms,calibration,validation,verification, transfer,and
ongoing maintenance steps.

This chapter may be viewedas a supplement to other guidance chapters such as Analytical Data-Interpretation andTreatment
(1010), which are mainlyconcerned with the analysis and interpretation of univariatedata.

[NOTE-It should not be inferred that the multivariate analysis tools mentioned in this chapter form an exhaustive list. Other
equallyvalid models may be used at the discretion of the manufacturer and other users of this chapter.]

1.2 Content Summary of Document

The mind map below (Figure 1) providesa visual representation of the content of this chapter. Thisdiagram ismeant to assist
the reader by showing how the various concepts and practices of chemometries relate to each other.

Accuracy

Precision

Specificity ~=...;;.;.;,==~

Robustness

Unearlty

Range

EDAIOata mining

Chemometrlc and pre-processing tool selection

DoE

Outlier detection

Variance characterization

Risk Analysis

Performance metrics Cross-validation

Assay

~;I~~~~:: Tools and UnilormitylDissolulion

Impurities

Figure 1. Content summary of document.

1.3 Audience

This chapter provides direction for both the chemometrician applying chemometric techniques to develop a model for a
given application and the analyst that runs the model within an analytical procedure. The chemometrician will find support
regarding algorithm selection for a given application and guidance for ensuring model performance throughout its lifecycle.
The analystwill gain insight regarding the strengths and limitations of the chemometrics techniques as applied to support their
applications. .
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Chemometrics was originally defined as the chemical discipline that uses mathematical, statistical, and other methods that
employformal logic to accomplish two objectives: 1) to design or select optimal measurement proceduresand experiments,
and 2) to provide the maximumamount of relevantchemical information by analyzing chemical data. (7,2) Morespecifically,
"chemometrics"hascome to mean the application ofmultivariate methodsfor the analysis ofchemical or relateddata, although
the algorithmsinquestion may be used to extract information out ofalmostany measureddata, regardless oforigin-chemical,
physical, biological, pharmaceutical, or others. This chapter does not focus on the development of optimal procedures or
methods and the applied design of experiments (DoE), but rather on the analysis of multidimensional data collectedfrom an
analytical instrument,such as spectroscopicand chromatographicdata. Amultivariate data set (i.e., multivariate data obtained
for a number of samplesor objects)forms an m x n data table or matrix. The matrix isrepresented by X, with m as the number
of samplesor objects and n as the number of variables measuredfor each sample (Figure 2).

Consequently, the data analysis techniques considered in this chapter will be multivariate in nature. Depending on the
purpose of the data treatment, differenttools will be applied. Initially, the data handling techniques can be divided into two
categories: unsupervised and supervised. The unsupervised tools useonlythe X matrix to extract information, but in supervised
data analysis, inadditionto the Xmatrixthe samplesare alsodescribedbya y vector.This isan m x , tablecontaining property
information for each sample (e.g., concentration, enzyme inhibition activity). The supervised data analysis techniques are used
to builda model between the X matrixand the y vector. Inchemometric modeling, the equations provided are data drivento
empirically describethe underlying variancein the data foreither unsupervised or supervised purposes.Thedifferenttechniques
or tools applied for the different purposes are discussed in more detail in 4. Applications of Chemometries.

The most commonlyused unsupervised technique (principal component analysis, or PCA) and supervised technique (partial
least squares regression, or PLS) are by nature latent projection approaches (see Figure 2), which transform a large number of
potentially correlatedXvariables, such as intensities at differentretention times or wavelengths, into a possibly smallernumber
of uncorrelatedvariables (principal components, or PCs; latent variables). As can be seen in Figure 2, the original n-dimensional
space was transformed to a two-PC space. When samplesfrom the original data space are projected onto this
lower-dimensionality space, the resulting sample coordinatesare called scores(T). Visualization of the scores along two or more
PCs forms a score plot that contains information on the relationships among differentsamples.The loadings (P) are a linear
combination of the original variables and the coefficients or weights used in this linearcombination.The loadingsfor specific
latent variables alsocan be plotted in what is called a loading plot. The loading plot contains information on the relative
importance among the original variables. Both scoresand loading plots enable visualization and understanding of the
underlying data structure(i.e.,the presenceofgroups/clusters and/or outliers) withina reduced dimensional space.Thevariable
matrix (E) produced by the model isdefined as the residual error.The sample information along axes of common variance is
captured by the model's PCs. Variance unaccounted for by these PCs (residual error) is leftfor each sample at each variable,
forming the residual matrix (E).

Data decomposition by projection:

Figure 2. Schematic representationof latent projection techniques.

3. MODEL LlFECYCLE

The development ofa chemometric model, as part of an analytical procedure, aimsto fulfill a predefined, intended purpose.
The intended purpose is typically a statement describing what to measure, the output format, and the level of performance
needed with the result, and should be in accordance with the analytical target profile (ATP). The ATP mayspecify performance
criteria for keycharacteristics of the analytical procedure output and/or decision risk probabilities expected in routine use of
the analytical procedure.

Calibration of the model encompasses an iterative processthat involves selectionof the sample set to be used to develop
the chemometric model, tuning of an appropriate chemometricalgorithmwith the necessary preprocessing algorithm, and
evaluation of model performanceaccording to predefined metrics for the ATP. During the validation stage, the method
performance isdemonstrated to fulfill the intended purpose and ATP. Both the knowledgegained during calibration and the
assessment of specific metrics and corresponding limits are used to evaluate performance and define a method maintenance
protocol that will be used for the monitoring stage, before deployment to routine use. Changes that may have an impact on
model performanceshould trigger a defined set of activities to update it. Model update may also be triggered by the necessity
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of performing method transfer, in the course of its Iifecycle, to differentequipment or another site.Theextent of the revalidation
will be defined by the magnitude of the model update. Figure 3 shows a schematic representation of the described workflow.

Calibration <)

Validation

No

Yes

'R~~ti~;U~;--- -----t--------------

Monitoring

No

t
Update

YesI
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I--------------------------------------

Figure 3. Schematic representation of the Iifecycle workflow of a chemometric model.

3.1 Mode! Development: Calibration

The goal of multivariate calibration isto develop a model that links predictor variables (e.g., absorbance valuesfor the range
of spectral wavelengths) with response variables such as concentrations of certain chemicalcompounds. Response variables are
typically more difficult or costlyto obtain than predictor variables. Calibration isa critical step because details of the final model
are influenced by many factors including the selection of samples, variables, an algorithm, and preprocessing options, as well
as the quality of the reference method initially used (where applicable) to measure the response variable(s). Thus, the order of
individual components of model calibration presented in this section does not always represent the order of operation, and
individual steps might be repeated in an iterativefashion depending upon the outcome of subsequent steps. To perform well,
the calibration model should be robust to intended variations.

SAMPLE SELECTION

Selectionof samples for the calibrationmodel isa critical step in model development. Scientifically sound rationales must be
used to select representative calibrationsamples with respect to two criteria: the type/range of variability, and the number of
samples. The range of response valuesin selected samples should cover the entire expected range of response variationfor the
intended application. The range and type of variation in predictors may include relevantvariability in factors other than the
property being predicted, such as particlesize, different lots of ingredients used for sample preparation, analyst-to-analyst and
day-to-day variation, and other sources of variation. In the manufacturing setting, batches of samples representing within and
outside specification should be included. Arisk-based approach is recommended for deciding which factors and variability will
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be included in the calibration samples. Performing a failure mode and effect analysis (FMEA) or a feasibility study to evaluate
the effectsof such factors isone of the commonly used approaches.

The required number of samples increasesas the complexityofthe calibrationmodel (i.e.,the type and the range of variability
in both response and predictor variables) increases. In general, the larger the number of samples, the higher the probability
that correct resultscan be achieved throughout the range of calibration. Meanwhile, the distributionof the calibrationsamples
also deservesattention. A uniform distribution of the samples is preferred, although it is not required in all cases, depending
on the specifics of the application. Scientifically sound rationalesmust be in place to justify the number and the distribution of
calibration samples. When obtaining new calibrationsamples becomes costly, the DoE and/or historical database approaches
are commonly used alternatives to build calibration models.

Data obtained from selected samples (Le., a selected number of rows of the X matrix in Figure 2) should undergo further
triage. Exploratory data analysis (see QualitativeApplication Examples) may be valuablefor understanding data structure,
detecting potential clusters or groups of samples, identifying outliers, and selecting representativesamples. Outliers may be
detected using metrics that describe how well a givenobservationfitswithin model space (e.g., Hotelling's J2for latent variable
methods) and distance to the model subspace (e.g., residual for latent variable methods).

PREPROCESSING

The goal of preprocessing is to deploy mathematical transformations on the column of the X matrix (Figure 2) to amplify
variationof interest within the data set and attenuate extraneous variationfor both variables and observations. Preprocessing
is an important initial step for most data analyses, and can be applied iteratively with variable selection. The initial selection of
preprocessing options should be guided by an understanding of the sample data and/or the underlying analytical technique.
Guidance may also be obtained through exploratory multivariate data analyses (see Qualitative Application Examples). Initial
selectionscan be modified or refinedwithin the context of subsequent model performance optimization.Thisprocess isalmost
always cyclic in practice; comparison acrossdifferentpreprocessingstrategies leads to a better understanding of the data, which
can further refinethe preprocessing to maximize the signal-to-noise ratio.

However, there are two points of caution. Preprocessing should be used judiciously because: 1) overprocessingcan attenuate
the signal and inflate undesirable variations; and 2) many chemometric methods can accommodate noisyand visually
unappealing data. Furthermore, in some instances the preprocessing has been accomplished on the instrument; many
algorithmsused by instrument vendors are proprietary,and it may be impossibleto knowexactlywhat modifications have been
made to the data. The chemometrician must be aware of, and cautious about, any preprocessingalreadyapplied in the reported
raw data.

Preprocessing may consist of transformation, normalization, and/or other mathematical treatment of data. Preprocessing of
samples (rows of data matrix) may include mean or median centering, scaling, and other procedures. Variables (columns of
data matrix) can also be transformed, aligned (e.g., time warping), or scaled (e.g., autoscaling). Mean centering is probably
the most common preprocessing method. Forexample, the use of mean-centered data in the regression model removes the
intercept term, resulting in a potentially parsimonious model. It is also common to remove the linear baseline (e.g., bias/offset
correction) or polynomial interferences or to apply digital filtering techniques such as derivatives, wavelets, Fourier filter, or a
Savitzky-Golay filter to remove or attenuate linearoffsets and noise contribution. Normalization is the scalingof observations,
giving objects similar impact on model creation by: 1) accounting for factors other than the analyte of interest that impact
measurement (e.g., sample path length variability caused by particlesize,sample volume, or tablet thickness); 2) correcting for
variation in concentration or mass of an analyte.for qualitative models; and 3) attenuating measurement artifacts (e.g.,
instrument performance drift). When variables are highlycorrelated, such as in spectroscopic measurements, normalization is
typically performed via standard normal variate (SNV). and multiplicative scatter correction (MSC). These normalizationsare
typically conducted on each sample (row).

In cases where variableshave different units, sensitivities, or signal-to-noise ratios, variable scaling is typically applied to
correct for that; autoscaling istypically used, but the analystmay consider other alternatives, such as using the pooled standard
deviationsof measurement replicates as scaling/weight parameters. These normalizations are typically conducted on each
variable (column). No guidelines exist fordeciding which preprocessing approach is the best for a given data set. It is often a
trial-and-error process as the analyst applies different preprocessing techniques to find the best one. Combinations of
preprocessing techniques can be applied to a given data set as well.

ALGORITHM SELECTION

Manydifferent algorithms have been tried with varying degrees of success in chemometrics applications. The methods
include relatively simple ones such as multivariate linear regressionand its modifications (robust or weighted regression); the
Widely used latent variables approaches such as principal components regression(peR)and PLS; local methods such as k-nearest
neighbors (kNN); and the more sophisticated methods such as support vector machines (SVM) and artificial neural networks.
More details on commonly used algorithmic tools can be found in 4. Applications of (hemometries. In general, it is difficult to
predict which algorithm will produce the best resultsfor a particular data set. The multitude of choices for sample selection,
variable selection, and data normalization and preprocessing-as well as the combination of tuning parameters for each
algorithm-could significantly affectthe performanceof the calibrationmodel. Sometimes,the choice ofalgorithm even iterates
with the steps of sample selection, variableselection,and preprocessing. Thus, the choice of algorithm may depend on the task
at hand, software availability, and the subject matter expert's familiarity with the method. Another consideration is that some
algorithms provide useful tools for diagnostics and interpretation-such as PLS scores, loadings, and coefficients plots, whereas
others are sometimes referred to as "black boxes" because their inner workings can be difficult to interpret (e.g., neural
networks).

It is important to keep in mind that many algorithms are empirical in nature. Almost always, some kind of model can be
developed.Thus, the resultsshould be evaluated critically to ensure that resultsgenerated bythe model are relevantand correct,
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and that model performance meets the requirements of the ATP. This can be accomplished by cross-validation, and ultimately,
by validationwith the independent test data set that was not used to develop the model.

VARIABLE SELECTION

The intended purpose of variable selection is to identifya subset of predictor variables (Le., the column of the X matrix in
Figure 2) that can improve the performance of the model. The underlying rationalefor variableselection in chemometrics is
twofold. First, certain predictor variables could be irrelevant to the intended purpose, and ideally, these variables should be
minimized or removed from the model. Forexample, only specific wavelengths of the whole range generated by the
spectrometer may bear informationrelevant to the variationin levels of the responsevariable. Variable selectionfor this purpose
should be based on first principles and experience. Inclusion of unrelated predietors,such as irrelevant spectral regions, could
potentiallydegrade performance of the model. Asmallernumber ofvariables from the preprocessed data can be used to achieve
superior performance, such as accuracy, precision, and robustness.

The second part of the rationalefor variableselection is to avoid overfitting. Overfitting is the situation where the model is
not only describing the intended variability in the data but also includesthe modeling of the noise. The latter has a negative
influenceon the predictiveproperties of the model. Typically in chemometries, the number of predictor variables(hundreds or
thousands) is larger than the number of observations (dozens to hundreds). Thereare two general strategies for handling the
issueof overfitting.One strategy is to manuallyor computationallyselect only a subset of predictor variablesand use them for
model development. Predictorvariables can be selected manually(e.g., choosing certain spectral wavelengths characteristic
of a given compound) or by using a varietyof statistical selection methods such as stepwise regression and using simple
univariatestatistical measuressuch as the F-test, t-test, correlationcoefficient, signal-to-noise ratios, intensitythresholds, variable
importance in projection metric, or genetic algorithms. Multivariate approaches may use PCvariable loadings, linear
discriminants, or regressioncoefficients to define the keyfeatures.

In the second strategy for avoiding overfitting, variables are not selected at all. The latent variable methods-PLS and PCR
-by their nature have the capabilityto selectively give more weight to the important predictor variablesand de-weight the
less important ones. These new latent variables, or components, are constructed as linearcombinations of the observed
variables. Ifcombined with variable selection, the performance of latent variable modelscould potentially be improved, because
some predictor variables contain only noise, thus perturbing the model-buildinq process.

Selecting a subset of the predictor variables that are informative will reduce the sizeof the data set, provide computational
efficiency, and obtain better models for postprocessing. One caveat for applicationssuch as authentication is that eliminating
predictor variables that are devoid of informationmay prevent the recognitionofadulterants or novelobjects that havefeatures
in these excluded predictor variables.

CROSS-VALIDATION

In practice, cross-validation is used to obtain an estimate of the model performanceand to fine-tune an algorithm's
parameters (e.g., the number of components for PLS). This isaccomplished by repetitive splitting of the data (Le., the number
of rows of the X matrix in Figure 2) into a calibrationset, which is used to develop the model, and a testing set (or internal
validationset), which is used to make predictions and to compare actual and predicted values.

The approach of n-foldcross-validation iscommonly used to split the data into n subsets to perform cross-validation. Ineach
of the n iterations, n-l subsets are used to develop the model, which is used to predict the remaining nthdata split. The
procedure is repeated until allsubsets are predicted: The error between referencevalues and predicted values during
cross-validation is then recorded as root-mean-squared error of cross-validation (RMSECV). Multipleapproaches existfor
splitting the data into n segments. Regardless of how one decides to split the original calibrationdata, one aspect that deserves
attention is that any batches used in calibration and cross-validation must not be considered or reused as an independent .
dataset for method validation. The most straightforwardform iscalled leave-one-outcross-validation (LOOCV), where samples
are removed one at a time. The LOOCV can involve intensivecomputations; its results can be heavily affected by outliersand
are lessconsistent than the resultsof other forms of cross-validation. It is also possible to split the data according to prior
information, such as one subset per batch given the available historical data set across multiple batches. Another option for
cross-validation isbootstrapping, where ineach iterationa certain proportion ofdata israndomlysampled to create a calibration
set, while the remainder of the data are used as a testing set. The procedure is repeated many times (typically 100 or more
cycles) to obtain a stable estimate of prediction error.

The measure of error is the most common figure of merit used to characterize model performance during cross-validation.
The intended purpose of the method determines the nature of the errors, such as the misclassification rate for qualitative
methods and prediction error for quantitative methods. Irrespective of qualitative or quantitative applications, two metricsare
commonly used to characterize error within cross-validation: root-mean-squared error of calibration (RMSEC) and RMSECV.
The RMSEC iscalculatedfor the sampleswhen left in the calibration,which monotonically decreases with each additionalfactor
(Le., PC) added into the model. In comparison, the RMSECV that iscalculated during cross-validation will decrease until the
last meaningful (l.e., relevant signal-containing)factor isadded. Then, as each additional factor is incorporated intothe model,
the RMSECV will increase, indicating that the calibration data are being overfit. The plot of the RMSEC and/or the RMSECV
versus the number of factors in the model is referred to as a predicted residual error sum-of-squares plot. In general, the best
practice is to avoid inclusion of factors beyond where the minimum of the RMSECV plot line occurs. In addition, correlation
between observed and predicted values(e.g., R2) isalsocommonly used to assess performanceof quantitative methods. Finally,
the cross-validating resultsare onlymeaningfulwhen the calibrationand testing setsare comparable (l.e., drawn from the same
population). Otherwise, extrapolation may lead to incorrect predictions.
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The objectiveofvalidationisto demonstrate that the performance ofa method issuitablefor its intended purpose. Validation
of a model and validationof a method are two differentactivities. Model validation routinely involves the use of an internal
validation set or cross-validation to assess the appropriate parameters of a model via identification or quantification error and
uncertainty. Parameters often include the range of variables, the type of preprocessing, the model rank, the choice of the
algorithm, and others. These activities have been addressed in detail in 3.7 ModelDevelopment: Calibration. In comparison,
method validation must be based upon a fully independent external validation set and must followthe validation requirement
described in Validation ofCompendial Procedures (1225), according to the method type category. The acceptance criteriashould
be justified for the intended purpose. During the lifecycle, method revalidation is necessaryafter a model transfer or model
update. The method validation and revalidation strategy should be risk- and science-based and appropriate to its impact level.

The typical performance characteristics for method validationare specificity, accuracy, precision, linearity, range, and
robustnessfor quantitative models, and specificity and robustness for qualitativemodels.The metrics and their descriptionsare
discussedbelow. Inaddition to those typicalperformance metrics, metricssuch as limitof detection (LOD), limitof quantitation
(LOQ), sensitivity, analytical sensitivity, and effective resolutionmay not be required for validation purposes but could be useful
for understanding the boundary of the method performance for a specific analytical application and the analytical technique
that a model is associated with.

PERFORMANCE CHARACTERISTICS FOR METHOD VALIDATION

The sections that follow provide method validation attribute descriptions and metrics.
Accuracy: Statistical comparison between predicted and reference valuesis recommended. Forquantitative applications, root
mean-squared error of prediction (RMSEP), squared error of prediction (SEP), and bias are the typical measures of method
accuracy. Forqualitativeapplicationssuch as classification, sometimes misclassification rate or positiveprediction rate could be
used to characterize method accuracy.To ensure that a model isaccurate enough when tested with an independent test set,
RMSEP is often found to be comparable to RMSEC and RMSECV and to meet the requirements of ATP.
Precision: The routine metrics of RMSEP and SEP encompass both accuracy and precision. Assessmentof precision could
involve a determination of the uncertainty associated with the reportable result and a variance component analysis that
determines an "error budget" that quantifies the sources of variation that contribute to the uncertainty. Foran estimate of
precision alone, the standard deviationacross resultsfor replicateand independent analyseson the same sample within method,
across days, across analysts, across instruments, and across laboratories could be used.
Specificity: Forboth qualitative and quantitative methods, whenever possiblethe underlying chemical or physical meaning of
the chemometric model should be demonstrated and validated. Forexample, the scientific meaning of the variables (such as
spectral range) used for model construction, data preprocessing, regression vectors, and loading vectors [for PLS, PCR, PLS
discriminantanalysis (PLS-DA), and PCA] should be demonstrated. Specificity could also be validated by the tendency ofsample
components (matrix or other nonanalyte compounds present in the sample) to adverselyaffect the ability of the chemometric
method to report resultsaccurately and/or precisely. The level of specificity may be assessed by accuracy and precision in the
presence of varyingamounts of potentiallyinterfering substances. Substances to be tested can be identifiedby considering the
underlying physical/chemical methodology and modeling approach.

Specificity may be evaluated by includingadulterated, substandard, or nonauthentic samples. Authenticsamples, both within
and out of the target criteria, may not be available for practicalor economic reasons. Forexample, it may not be possible, due
to cost, to obtain out-of-target samplesfor a controlled, large-scale process.Where possible, an exclusionpanel of out-of-target
samples that may be closely related to the target samples should be considered to increase the confidence in the specificity of
the measurement. Simulatedoff-target samples (such as small-scale samples) may be used to validate the procedure's suitability
for the intended purpose and range. Inall cases, the SUitability of validation samples must be justified with appropriate inclusion
and exclusion criteria.

Forqualitative methods, the method should demonstrate the capabilityto correctly identify or classify the samples. The
receiveroperating characteristic(ROC) curveand/or the probabilityof identification (POI) are commonly used metrics(detailed
informationon ROC curvescan be found in 4.1Qualitativeand Figure 6). The ROC approach is intended to illustrate true-positive
rate (TPR) and false-positive rate (FPR) over a range of decision thresholds. Agood identification method should generate a
ROC curve with the area under the curve (AUC) close to 'I. Formost well-designed identification methods, the probabilityof a'
positive identification is near zero when the analyte is not present, and the probabilityshould approach 1 as the analyte
concentration or mass increases.
Linearity: The algorithm used for chemometric method construction can be linearor nonlinear, as long as it is appropriate for
modeling the relationship between the analytical signal and the analyte. The measures commonly used to assesseither the
model fit or its predictive properties are the correlation coefficient, slope, y-intercept, and residual sum of squares of the plot
between the predicted versus observed results. Note that the plot between the residual versus observed resultsacross the
analytical range is expected to show no pattern.
Range: The range of a method should be appropriate for its intended use (e.g., specification).
Robustness: Typical factors to be considered include the normal variability of materials (e.g., lot-to-lot variability), operating
environment variability, instrument variability, such as minor instrument maintenance, and method parameter variability, such
as the number of spectra averaged in a spectrometer. In conjunction with the validation results, the method development
strategy-such as the design of the calibrationset or library and the choice of model parameters-can be taken into account
to demonstrate the method robustness.

VALIDATION SAMPLES

Other general aspects to be considered for chemometric method validation include the validation samples. The validation
samplesshould be independent ofthe calibrationsamples to demonstrate the ability ofthe model to predict. Being independent
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means that the validation samples were not used in the calibrationset or used for model optimization. Internalvalidation or
cross-validation is typically used during calibration for model parameter optimization, but is not considered sufficientfor final
method validation.The validationsamples should be selected based upon the ATP and the desired performance characteristics
of the model. Method robustness is based on the evaluation of authentic samples with typicalsources of variance. For
pharmaceutical or dietary supplement products, validation samples of nominal production scale, such as those routinely
manufactured for in-process, release, and/or stability testing, may be included. For botanical articles, taxonomic identity,
geographic origin, season of collection, and other variantsmay be included. Fornaturally sourced materials such as manyfood
ingredients arid excipients, variables such as the geographic or microbiological source of the material, processing conditions,
impuritycomposition, and other relevant attributes may be ~ncluded in the validation sample set.

ACCEPTANCE AND DIAGNOSTIC CRITERIA

As with any other analytical procedure, the acceptance criteriafor a chemometric method should be defined before execution
of the validation protocol. Ifthe chemometric model was developed using data from a secondary technique [e.q., near-infrared
(NIR) or Raman] with referencevaluesfrom a primaryanalytical procedure [e.g., gravimetric, nuclearmagnetic resonance (NMR)
spectroscopy, or high-performance liquidchromatography (HPLC)], the ATP for validation may not exceed that which is
obtainable by the primary method. Some exceptions may occur, for example, it may be possible to achievesuperior precision
using a secondary procedure, although the accuracywill be limited to that of the reference technique.

Inaddition to those attributes addressed in Performance Characteristics for Method Validation, method validation must also
take into consideration the setting of diagnostics limits for a multivariate model before deployment for routine use. Samples
that are out of model space are considered outliersand not suitable for obtaining a reportable model prediction. The model
diagnostic should have a demonstrated capability to flag any of the out-of-model-space samples. To set up the diagnostics
limits, two cases must be considered. The first is to determine the statistical distribution of leverage and residual
within-the-calibration data set. The second is to prepare intended in- and out-of-model-space validation samples to test the
limit. Forinstance, for an NIR spectroscopy-based content uniformity method, the in-versusout-of-model-spacesamples could
be samples at target labelclaimversussamplescontaining active pharmaceutical ingredient (API) concentrations outside of the
intended range for the method.

3.3 Model Monitoring

Throughout the model Iifecycle, changes that can affect model performance may occur. Proceduresshould be in place for
continuous performance verification of the model and for model update and procedure revalidation if necessary. Aspecific
order among model monitoring, model update, and model transfer does not exist. Scientifically sound rationales must be
app'lied to determine an appropriate sequence for the intended application.

Acontrol strategy for checking model performance over its lifecycle should be developed and documented as part of model
development and procedure validation. The strategy should identifythe necessaryelements for ongoing monitoring and
evaluationof model performance. In addition, 'a plan for monitoring, analyzing, and adjusting the model should be in place
with a measurement frequency that allows identification of excursions related to critical aspects of the model. The level of
maintenance should be considered part of the risk assessment activities and should be adequate for the model criticality. If
applicable, analytical instrumentation used to generate the inputs for the model should be qualified and also subjected to a
continuous verification plan (for relevant guidance, see general chapters related to the applicable analytical instrumentation).

Ongoing assurance of performance of the model throughout its Iifecycle should include:
• Ongoing monitoring and reviewof the model.
• Evaluation of risk assessment
• Evaluation of post-implementation changes and predefined model maintenance
• Model update and procedure revalidation as needed
The ongoing reviewof a model should occur at predefined intervals and also should be triggered by events that may have

an impact on model performance. Examples ofsuch events includechanges in raw materialsvariability or manufacturer;changes
in the upstream process that may alter the sample matrix (e.g., process equipment or operation settings); drifts in model
prediction; and out-of-specification (005) or out-of-trend (DOT)resultsgiven by the model (dependent upon the root cause
of the 005 or DOT). In addition to triggers that are based on the prediction output of the model, triggers based on model
diagnostics metrics and corresponding action rulesshould be included. Multivariate models may be more strongly affected by
aberrant data signatures than are univariatemodels. Special care is needed to: 1) justify the multivariate model diagnostics
statistically, 2) verify with data from the model development and procedure validation process, and 3) implementmultivariate
diagnosticsfor monitoring as part of the control strategy. Comparison of model predictions and referenceor orthogonal .
procedures should take place on a periodic basisor as part of the investigation triggered by the reviewprocess.

The use of model diagnostics when applied to a new sample ensures that the model prediction is valid with regard to the
calibration and validationsets used during model development and procedure validation, and also ensuresthatthe resultdoes
not constitute an outlier. The observation of an outlier means that the result is invalid, but it is not a reliable indication of an
005 result; an 005 result is an observation produced by a model when the prediction falls out~ide the acceptance criteria and
the model diagnostics are within the thresholds. In the case of qualitative models, nonconforming resultsshoulq,be treated as
outliersand should trigger an investigation; the output of such an investigationwill indicate whether theres~lt Is005.

The reviewprocessfor a model should produce a gecision regarding the need fo.r an exte.n~ion ofmodeLmalnten~~ce;.such a
decisionmay be the result of a risk-assessment exerciseor the outcome of a pred~fl.ned decisionworkfl<?~. Mod~1 cr~tlcahty and
usage will define the extension of model maintenance/which can include restraining t~e :nodel conditions: adJu~t~ng the
calibrationset (samples can be added, replaced, or removed); or even completely rebuildinq the model. The decision, and
corresponding rationale, must be scientifically sound and documented. ,.
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3.4 Model Update and Method Transfer

Model updating must be consideredpart of the analytical procedureverification, and both the justification and the activities
must be documented asa part ofthe analytical procedure Iifecycle. Before performinga model update, it iscritical to understand
the underlying causalfactor that has prompted the update. The reasons for model updating can be roughly divided into two
categories.

The first category iswhen the calibration set simply needs to be expanded. In this case, nothing has actually changed in
terms of the response of the instrument to specific analytes. Instead, the original model is no longer valid because of the
expanded range of original calibration, the addition of new analytes, or the occurrence of other, previously unseen variations
(e.g., changes in particlesizedistribution, or the drift of a chemical processto a new steady state). Thus, the calibration space
must be expanded with samples exhibiting this variation.

The second category iswhen the samplesare the same but the measurement system responsefunction has changed. This
isoften due to changes in the measurement components (new light source, clouding of optics,wavelength registration shift)
or can be due to method transfer acrossdifferentinstruments. This, in essence, is an instrument standardization problem.
Changes in instrument or measurement proceduresover time can render a calibration model unusable, in which case a model
update becomes necessary or a new model should be developed.

In practice, there are multiplemodel updating techniques that could be applied to each category of model update. Some
updating techniques are relatively straightforward and simpleto implement, whereas others are technically complex. Selection
ofan appropriate model updating approach must be based on a full understanding of the underlying causal factor. As a general
rule, simple updating methods (e.g., slope and biasadjustment, as described below) should be consideredfirst.

Before any model maintenance workis initiated, it isqood practiceto confirm that the fundamental construct of the original
model-such as data preprocessing and variable selection-remains sound. Forboth qualitative and quantitative
applications-based model updates, a straightforward preprocessing approach and a scientifically sound variable selection
approach are recommended as the initial attempt to addresschallenges associatedwith updating the model.Theseapproaches
are equallyapplicable to differences caused by instruments, measurement conditions, or sample matrices.

SLOPE AND BIAS ADJUSTMENT

One of the simplest model-updating methods is to postprocess the predictionswith a biasadjustment, a slope adjustment,
or both. This approach isoften used for quantitative applications. Forsome qualitativeapplications, this approach may also be
useful, depending on the nature of the method. Ina limited set of circumstances, bias/slopeadjustmentsare expected to work.
Forexample, ifthe matrix of the samples being predicted were systematically differentfrom the calibration/validation sample
set, the model predictionswould be in error by a constant value. Bias/slope adjustments, however, would not correct for any
new variation in the data, such as variation that would resultfroma differentmatrix(e.g., new analytes/interferents). Therefore,
applyingslope/bias adjustments without a full understanding of the underlying causalfactor is not recommended. Guidance
may be obtained via inspectionof residuals corresponding to the new data obtained using the existing model or, alternately,
from supplemental exploratorydata analyses using techniques such as PCA (see 4. Applications of Chemometrics).

CALIBRATION EXPANSION

When expanding the original calibration set.one should considerthe number of new samplesto be added, the impact
(leverage) of the added samples on the overall compositionof the new calibration set, and how to partition any new samples
between the calibration and validation sets. It may be. appropriate to simply augment the original calibration and validation
sets with all the new samples,or it may be advisable to usea subset of the new and original samples. Multiple approaches, such
as the Kennard-Stone algorithm and nearest-neighborapproach, are available to aid in the selection of new samples to add to
an existing calibration set, but in general, all the approaches use methods to identify new sampleson the basis of high leverage
(Le., model influence). Hotelling's P, multivariate score plots, and their corresponding limits are also effective approaches for
accomplishing this goal.

CALIBRATION TRANSFER

Instrumentstandardization and calibration transfermethods are used to transform the responsefunction of a measurement
systemso that it matches that of a reference measurement system. The reference measurement system could consist of a
completelydifferentanalyzer, or it could be the same analyzer beforeit experienced a response-function shift. Thevast majority
of these methods generallyrequires the use of stable transfersamplesthat are measured on the original instrument and require
the instrument to be standardized at the same time. Inaddition, the approaches commonly usedfor instrumentstandardization
couldalsobe appliedeffectively to addressthe challenges resulting fromchanges insamplematrixand measurementconditions.

3.5 Revalidation

Before the redeployment of a multivariate model, appropriate procedure revalidation should be established using criteria
equivalentto those used in the original validation protocol.This revalidation isnecessary to document the validity of the model
as part of the analytical procedure verification. The nature and extent of the revalidation procedure, including aspects such as
scientific justification and experimental approaches, must be based on the cause of the update and the nature of the corrective
action requiredfor establishing suitable performance. Revalidation should be documented as part of the analytical procedure
Iifecycle.
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As discussed in 2. Whatis Chemometricsl, chemometric analyses may be performed in either a supervisedor unsupervised
manner depending on the availability of data and the specifics of a given application. Thissection providesan explanation of
these different analysis scenarios, as well as the chemometric tools (Le., algorithms) that are commonly used. Additionally,
several specific applications will be described in detail.

4.1 Qualitative

GENERAL ASPECTS

Qualitative chemometric analyses may be performed by usingsupervisedand/or unsupervisedapproaches. However, to be
incorporated into analytical procedures that are alternatives to compendial methods, the performance of any chemometric
model must be verified as described in 3. ModelLifeeycle. This may not be possible ifvery little is known about the samples
being analyzed. Nevertheless, unsupervisedanalysesplayan important supporting roleduring the development ofchemometric
alternatives to compendial procedures withinthe lifecycle framework, and are recommended for use before the development
of subsequent supervised approaches (examples are provided in Qualitative Application Examples).

Qualitativecompendial procedures are those that seek to supply the value of some categorical descriptor for an unknown
sample. Examples of categorical properties include (among others):

• Chemical identity: microcrystalline cellulose versusAPI
• Morphology: polymorph Aversus B; monoclinicversustriclinic
• Sample authenticity: authentic versus nonauthentic and/or adulterated
• Sample origin: facility Aversus B; lot ABC-OOl versus lot XYZ-002
Categorical properties can be modeled effectively using supervised chemometric algorithms that leverageeither proximity

or distance in multivariate space, resulting in a qualitativeassignment of samples to one or more classes depending on the
application and the technique used. According to (122.5>, procedures based on models of this type are suitablefor incorporation
into Category IV methods for identification and should be validated to demonstrate adequate specificity for the intended use.
"Identification" isa term that isgenerally used to describe a range of analysis scenarios;several common ones are described in
Qualitative Tools.

Supervisedtechniques used for classification purposes, besides the analytical sensor information, make use of discrete
information related to the samples in the data set (e.g., class labels). It is intended to define the borders of the clusters (or
classes), providingstatistical criteria,inaddition to the visualization techniques (e.g., scores plot of PCs from a PCA). The borders
then can be used as acceptance criteriafor inclusion or exclusion of new samples into a given class. Several useful tools are
available to the analystfor building the model, such as lineardiscriminantanalysis (LOA) and quadratic discriminantanalysis
(QDA), soft independent modeling of classanalogy (SIMCA), kNN, and PLS-DA. More complex techniques also may be used
with justification. Each type of model has its own strengths and weaknesses. Ifa particular algorithm does not give the desired
level of performance, a differentalgorithm may be selected. Theseaspects are discussedfurther in Qualitative Tools.

Formodel development, optimization, and validation, the classification and discrimination techniques follow the same
process described in 3. ModelLifeeycle. Thesetechniques develop a threshold or limits to make classassignments. The simplest
form of classification isa two-class system (e.g., good/bad or A/B). When a new sample isclassified as good or bad (A or B) by
the model, this results from what iscalled a discrimination technique. Classification isthe technique of assigninga new sample
as A, B, either Aor B, or neither A nor B. The error rate of the model is the total number of incorrect classifications divided by
the total number of samples. Depending on the requirements of the application and the associated risk levels, the error rate(s)
might be class-specific or pooled across classes. The specific details of the application will determine whether the assignment
ofa sample to more than one classwould be an acceptable result.Where this must be avoided, classification thresholds should
be set appropriately during model development to guarantee single-class results.

QUALITATIVE TOOLS

PCA: PCA isa commonly used exploratoryanalysis tool that was briefly introduced in2. Whatis(hemometries? PCA isa variable
reduction technique and acts on the data by defining new variables, so-called principalcomponents (PCs, see Figure 2). PCs
are orthogonal and are defined in the direction of the largest (remaining)variance in the data. The resultsof PCA are discussed
in terms of PC scores and loadings, which may be plotted graphically in two (and sometimes three) dimensionsfor visualizing
clustersof samples or outlyingsamples (score plots, see Figure 4), whereas the loadings plots provide informationonthe original
variables. The scores are the projections of the samples on the PCs, whereas the loadinqs provide the weights (coefficients) by
which the valuesof the original variables are multiplied to generate the component score for a particularsample. Loadings are
rich in information regarding which variables in the matrix are prominent and can be used to "understand" the information
captured by the latent variables that provide the basisfor the observed sample distribution in the scores plot (Figure 4). The
PCs may also be used as the basisfor quantitative models via PCR (see 4.2 Quantitative).
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Figure 4. PCA scores plot: projection of PCl versus PC2.

Clustering algorithms: The aim of clustering analyses is to partition data into differentgroups. Some methods, such as
hierarchical clusteranalysis (HCA), result in tree-like structurescalleddendrograms (Figure 5) that provideinformationon groups
of samples or outlying objectsoccurring in the data set. Dendrograms can be built in many differentways and thus may show
different aspects of the data set. Afirst possibility, called divisive or top-down methods, starts from the entire data set, which
issplit in consecutivesteps until each object is in an individual clusteror allelements of a clusterfulfill a given similarity criterion.
In the second scenario, called agglomerative or bottom-up methods, the opposite isdone. Starting from individual objects/
clusters, those most similar are merged until everything is in one cluster. Of the two options, bottom-up approaches tend to
be computationally less intensive, are part of most computer packages, and are more frequently used.

The parameters used to express (dis)similarity between objects or clusters (see y-axis on Figure 5) can be either
correlation-based (e.g., correlation coefficient, rfor similarity or l-I~ for dissimilarity), distance-based (e.g., Euclidian distance)
measures, or a combination of both (e.g., Mahalanobisdistance). Two clusters are linked in the dendrogram at the height
related to this (dis)similarity measure. The parameter applied is expressed in such a way that clusters/objects linked low (Le.,
close to the x-axis) are similar, whereas those linked high are dissimilar. Many different methods or criteriaexist for use in
deciding which objects/clusters are consecutivelymerged [e.g., single linkage, complete linkage, (weighted) average linkage,
and centroid linkage]. Depending on the applied criterion, the dendrograms may lookvery different. Drawing arbitrary
horizontal lines(see Figure 5) splits the data set into differentgroups, which occasionally may be linked to sample properties.
Outlying samples are linked very high in the dendrograms, most often as one-object clusters.The stability of clustering results
can be affected by many factors, such as noise in the data, sample size, choice of algorithm, distance measure, and others.
Divisive methods tend to produce more stable resultsthan agglomerative methods, even though they are hardly ever used.
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Figure 5. Hierarchical clustering based dendrogram for 27 objects. Abscissa: object numbers.

Parametric modeling: Authentication of a material or formulated product for quality assurance purposes may be achieved via
multivariateparametric modeling of the chemical profile (e.g., spectrum or chromatogram). These methods are sometimes
referred to as "one-classclassifiers". Basically, a parametric model isdeveloped statistically or empirically with a confidence
boundary around the data from known authentic samples. Parametricmodels describe the behavior or structure of the majority
of the data from a singleclass, assuming that a distribution (typically, a multivariate normal one) existsin those data. Predictions
against a parametric model identify deviating points outside the significant boundaries of that distribution. Whereas
classification or discrimination approaches provide identification (as previously described) of the unknown sample, parametric
models will designate the unknown sample as either belonging to the authentic classor as an outlier, or exhibiting features
other than those defined by the distribution. Some discrimination techniques will also optimize classseparation, and may have
greater selectivity, but will tend to fail when presented with an object from none of the classes. Incontrast, parametric modeling
methods will reject any sample that does not fall within the confidence boundary established for the model. Perhapsthe most
commonly used parametric modeling algorithm is SIMCA, where PCA is used to model the data and Hotelling's P. and Q
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residuals (DmodX) are used to define the limits. In some instances, parametric modeling approaches will result in "soft
classifications" wherein a sample may be assigned to more than one class. To satisfy compendial usage requirements,
appropriate action must be predefined for cases of ambiguous class assignment, and/or the a and perror rates must be
established and justified according to risk.

QUALITATIVE APPLICATION EXAMPLES

Exploratory analysis: Unsupervised algorithms are routinely used for initial exploratory data analyses, which precede formal
calibrationand validation exercises. Unsupervised data exploration can rapidlyindicate, in the absence of any prior knowledge,
whether distinct classes or outliersexist within the pool of available data. Forinstance, in Figure 4 a graphical example isshown
in which PCA applied to spectroscopic data was used to differentiate between samples from differentsuppliers. Exploratory
models yield latent variables that may be inspected to identifythe original variables with the greatest amounts of relevant
analyte signal to carryforward into subsequent models or to guide and/or verify the results of variable selection approaches.
Thismight occur during the analysis phase of a DoE study to assesswhich factors to include in subsequent designs and/or
calibrations. Further, exploratory analysesmay be used to test and empirically optimize various signalpreprocessing options to
maximizethe relative contribution of desired analyte signalversus signals from sources of interference(e.g., scattering effects,
optical path length differences, sample physical properties, and instrumental drift).

n.J1::lrOI~I"" irl""n"'ilr\l ...... .,.inl'l· Identlticatton testing routinely nor+,..,rrn".rf

packaolno materialst()~~?~~~?!E~?~:t~~~Cl~~>~~~if~?~a? ...S8rr,~~?~~?erials are used in
packaqtnq operations.~.~pg~tG9.~¢9piclgg"ltltl~g,tl9.lJN7[g§~~.<;I~/~)~ .(r;.Nt+MW.-2C1~()) ill ustratesone of the

identification, Fourier transform IR spectroscopy. Typically, identification testing involves
spectrum to the spectrum of a referencesample and assessing the level of agreement between the two.

Different rh,:>rn.nrnof"r,r algorithms can be applied for identification, and the general model development and maintenance
should follow the guidance in 3. Model litecycie. All methods for identity testing are supervised classification methods because
either a single reference spectrum or a set of reference spectra from material(s) with known identity is utilized by these
algorithms. Algorithms can be applied in either original variable space or transformed variable space (such as latent variable
space) after data preprocessing.

According to (1225), models of this type are suitablefor incorporation into Category IVmethods for identification and should,
at a minimum, be validated to demonstrate adequate specificity for the intended use. An example approach for performance
verification isthe documentation of TPR and FPR. TPR is the percentage of samples that are correctlyidentified, whereas FPR is
the percentage of samples that are incorrectlyidentified. TPR isalso referredto as sensitivity, and FPR is referred to as specificity.
Regardless of which approach is taken, there isalways a trade-off between FPR and TPR, and this trade-off behavior and overall
procedure performance are best visualized in a ROC curve plot (see Figure 6).

Aclassical ROC curve is generated by plotting the TPR on the ordinate and the FPR on the abscissa. Each point on a ROC
curve represents a specific TPR and FPR pair obtained at a specific threshold. The threshold is typically a number generated by
the algorithm, and when it isexceeded, this corresponds to a positive identification. This threshold value isdetermined during
the procedure development process. The threshold could be the Pvaluefrom hypothesis testing, hit quality index (HQI)
threshold, Mahalanobis distance threshold, P~S discriminantscore threshold, or some other threshold. .

Figure 6. ROC curve plot showing the AUC (3).

During procedure development, a number of known positive and negative samples are examined, and the algorithm output
for each sample is recorded. The performance of the method when operating at a particularthreshold t is characterized by a
single TPR/FPR pair, and the full operating characteristiccurve can be produced by plotting TPR/FPR pairsover a range of
decision thresholds. Afalse-positive identificationcorresponds to a decision threshold that is too low. False positivescan be
minimized by raising the decision threshold. However, excessively high decision thresholds can produce a false-negative
identification.

Agood identification method should generate a ROC curve that produces one or more TPR/FPR pairs in the top-left corner
of the plot, as shown in Figure 6. Thischaracteristic is best captured by the AUC. Arandom decision method is represented by
the diagonal linewith an AUC of 0.5, whereas a good identification method should have an AUC closerto 1. The shape of ROC
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curvedepends upon a combination ofspectral properties of the sample and the chemometric algorithm used for identification.
Characterizationof the ROC curve is a fundamental task associated with method development and validation.

Fora two-classmodel, falsepositives and falsenegatives are the incorrectly assignedsamples.Together with the true positives
and true negatives, they provide the basisfor the sensitivity and specificity of the model. The analyst may wish to care about
one type of error (a or p) more than another, and therefore could change the model to be more conservativewhen choosing a
threshold. Thresholds can be used as action criteria or evaluation criteria.
Complex material authentication testing: Nutraceuticalsand samplesof herbal originmay be complex mixturesof numerous
components. Authentication relies upon assessment of the presence of multiple analytes and their relative concentrations as
well as potentially demonstrating the absence of adulterants and/or related materials. Thus, authentication in this scenario isa
multivariate decision process that is appropriate for chemometric approaches. Typically, a characteristic "fingerprint" pattern
incorporating informationfrom the various analytes (and adulterants, potentially)that are present in the sample isobtained by
applying a combination of separation and characterization techniques or spectroscopic measurements. The chemical
composition information in the samplefingerprint providesa basisfor multivariate pattern recognition. Inparticular,techniques
with exceptional analytical selectivity, such as mass spectrometry and NMR spectroscopy, have emerged as powerful
fingerprinting tools, especially when operated as detectors for chromatographic separations of multicomponent samples.
Chromatographic fingerprinting isrecognizedas a viableidentification procedure for herbal medicinesby both the WorldHealth
Organization and the u.s. Food and DrugAdministration. (4,5)

Depending on the origin and purityof the sample, it may be appropriate to develop a multivariate classification model using
either the entire fingerprint or a selected subset of peaks.Variable selectionapproaches may be useful indetermining the optimal
approach, depending on the nature of the samples and/or the ATP. It is crucial that the samples have an associated class label
or quantitative property (activity) obtained by an objective reference technique (separate from that used to generate the
fingerprint) to enable supervised modeling and subsequent model performance verification. Care should be taken to ensure
that appropriate sources and levels of variability are included in model development and performance verification exercises
based on the intended use of the test. .

Several useful tools are available to the analyst for building the model, such as LDA and QDA, SIMCA, kNN, and PLS-DA.
More complex techniques may also be used with justification (e.g., SVM).

Chemometric methods for multicomponent sample authentication are consistent with Validation of Compendial Procedures
(1225), Validation, Data Elements Required for Validation, Cotegory IV.Various numericalmethods may be used to verify predictive
performance. As discussed in QualitativeTools for pure material identification, predictive performance may be verified by
comparison of the TPR and FPR once a classification threshold appropriate to the application has been established. It is crucial
to finalize this threshold before formal validation of the overall analytical method.
Classification: This is a supervised learning technique. The goal of calibration is to construct a classification rule based on a
calibrationset where both X and Y(class labels) are known. Once obtained, the classification rule can then be used for the
prediction of new objects whose X data are available.

Classification models may be dividedinto two main groups: hard and soft. Hardclassification directlytargets the classification
decision boundary without producing a probabilityestimation. Examples of hard classification techniques are kNN and expert
systems. Soft classification estimates the classconditional likelihood explicitly and then makes the classassignment based on
the largest estimated likelihood. SIMCA is a commonly used soft classification technique. In either scenario, the thresholds to
determine the class boundaries are important and should be established during method development based on the resulting
TPR and FPR, the requirements for which are determined by the ATP. These rates should also be verified as part of the full
procedure validation. .

In many applications, it is unacceptable to have a sample classified into two classes. Further, ifa sample is not classified into
any class, the sample isdeemed an outlier to the calibration set. Forexample, a classification model built from NIR spectra of
four materials(A, S,C, D)hasfour classes. Any material that has a source ofvariance(e.g., differentwater content) not previously
seen and included in the model calibration may not be classified, and therefore should be identified as an outlier and
investigated. Similarly, when a spectrum of another material (E) isapplied to the model, the model should not be able to classify
it into a given class. Ifsimilar samples are expected in the future, then the model should be revised to includethe outlier samples
in the calibrationset, either to supplement the calibration data for existingclasses or to create an entirelynew class, depending
on the nature of the outlier(s) and the specific requirements of the application.

4.2 Quantitative

GENERAL ASPECTS

When the intended use of an analytical procedure is the determination of one or more sample components or properties
that havevaluesthat can varycontinuouslyrather than categorically, then a quantitative model isrequired. Similar to the process
for qualitative modeling, quantitative chemometric models are produced in a supervised manner using both the independent
X-block and dependent y variablesto ensure optimal predictive performance. The difference arisesin the nature of the y values,
which are continuous/numerical (rather than categorical) for quantitative applications. Per(1225), quantitative chemometric
models are suitable for incorporation into Category I, II, or III methods for determination of the content of drug substance or
finished drug product, impurity levels, or performance characteristics, respectively. In-process tests applied in an offline manner
or an in/on/at-line manner that produce the valuefor a continuous variablewould alsorepresent appropriate usesofquantitative
chemometric models. The specific requirements of the analysis per the ATP (see 3. ModelLifecycle) should be used to guide the
validation metrics used to demonstrate performance.

QUANTITATIVE TOOLS

The algorithmic tools needed for quantitative applications are wide ranging; for more complete descriptions see Appendix,
AdditionalSources of Information. Tools that are commonly used are briefly described here. As isthe case with any chemometric
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model, the tool must be matched to the ATP, and vice versa. Certain advantages and disadvantages are characteristicof each
tool, and the chemometrician must be mindful of these when justifying their use.
Multiple linear Regression (MLR): This tool establishes a correlation between a dependent variable (or y, response variable)
and multiple independent variables (or x, explanatory variables) by fitting a linear equation to observed data. MLR has two .
broad applications, as follows.

Thefirst broad application of MLR isto establish a model that explainsthe importance or magnitude of effecton the response
variable, and this is typically used in the DoE screening or response analysis. Typically the input variablesare mutually
independent and by design represent large magnitudes. Often, the higher order of terms such as square terms and interaction
terms are included, and a step-wise procedure is used to exclude those that make a smallercontribution to the model. Caution
is advised to avoid having too many variables in the model, because including too many terms will overfit the model. The
adjusted R2 statistic is typically used to estimate whether there are too many factors in the model, although other metrics may
also be appropriate. Adjusted R2 isa modificationof the standard coefficient of determination that takes into account the number
of model terms and the number of samples, resulting in a plot of R2 (adjusted) that has a maximum value beyond which
additional terms result in overfitting.

The second broad application of MLR is to establish a prediction model for analytical purpose. MLR can be used to fit a
predictive model to an observed data set of y and x values.The established model can be used to predict the valuey from the
x of new samples. The model for prediction purpose created from correlated x inputs is suitable to explore the relationship
between y and individual x's.

The prediction MLR model can be used in a procedure or method for a pharmaceutical compendial test. Forexample, a filter
NIR, which is designed for a specific use such as water testing in the product, produces a "spectrum" of only a few data points.

The development and validationcan followthe same procedures as are used with latent variablemodels such as a PLS. During
the development and validation of an MLR model: 1) appropriate data preprocessing needs to be used; 2) cross-validation is
used to estimate the model performance; and 3) an independent data set is used to assess the model. .

A limitation of MLR is that model predictive performance may be negatively impacted when the modeled variables are
collinear.The issueof collinearity is not unique to MLR. It is mitigated in PLS modeling via generation of a new basisset of
orthogonal (noncollinear) latent variablesthat are linearcombinations of the originalvariables. However,this isnot relevantfor
MLR models. In MLR models, variableselection or transformation (e.q., mean centering) may be needed to avoid or reduce
collinearity inthe calibrationset. Even though MLR models have some diagnostic metricsto identifyoutliersand highlyleveraged
samples in the calibration, they do not have diagnostic metrics (such as Hotelling's P. and X residual test) that PLS models offer
during the prediction of new samples.
peR: This is a two-step modeling approach in which a PCA isfirst performed on the X-block data to obtain a basisset of PCs.
The PCs are then used in combination with the y data to develop a regression model to predict the y values.
PLS: This is one of the most commonly used chemometric algorithms for both quantitative and qualitative (PLS-DA, see
Qualitative Tools) modeling scenarios.The computational advantage that PLS offersover MLR and PCR isthat the PCs are derived
in the PLS algorithm using the X and y data simultaneously.Thisoften results in predictive models that require fewer latent
variables compared to PCR, thereby improving robustness. PLS is capable of handling mildly nonlinear relationships, whereas
PCR and MLR are linear modeling techniques. Further, more than one y variablecan be modeled using the same X-block data
via different algorithmic approaches. PLS-1 results in a separate model for each y variable. PLS-2 will produce a single model
capable of simultaneously predicting the values of two or more y variables. The relative advantages of each approach may vary
from one application to another. For instance, ifdifferent mathematical preprocessing is necessary to resolve each component
to be predicted, separate PLS-1 models may provide improved performance over a single PLS-2 model.

QUANTITATIVE APPLICATION EXAMPLES

Pharmaceutical dosage form assay and/or uniformity of content: Assay of the API content in the final dosage form is
commonly performed via measurement of a sample drawn from a homogenous composite of a number of individual dosage
units (e.g., tablets or capsules).The quantitative result is then reported as an "average content" (expressed as percentage of
target API amount) for the batch tested. Uniformity of content may be tested using a method similar to the assay, but
measurements are performed on individual samples. The reported result is primarily based on the variability in assay results
across the individual dosage units analyzed. Assay and uniformityof content methods are intended to characterize the "major"
component in the sample(s) in question and are considered Category I tests per the definitions established in (1225). In the
majority of cases, the target analyte will be the active ingredient in the sample, although quantitative assays for other
components exist throughout the compendia as well.

For pharmaceutical solid dosage forms, the majority of assay procedures are based upon HPLC. HPLC analysis is time
consuming and often involves the use of large volumes of solvent for the mobile phase. However, HPLC is highly linear and is
typically calibrated using univariate mathematics (i.e., one measured variable is directly and uniquely proportional to sample
concentration).

In contrast, alternative methods for assaythat are based on spectroscopy (e.g., NIR and transmission Raman spectroscopies)
offer the advantage of increased analysis speed and are nondestructive. However, in many cases the analyte signal may not
display the same degree of linearity or signal-to-noise as with the corresponding HPLC method. Moreover, no single variable
is directly and uniquely related to the concentration of interest. Forthis reason, multivariate models, often based on PLS
regression, are commonly used in spectroscopic procedures for assay and uniformityof content.

ForCategory I tests, it is crucial to demonstrate the accuracy, precision, specificity, linearity, and range of results during the
validation of the overall analytical procedure. Each of these performance aspects involves considerations during multivariate
model development or validation that are distinct from those related to univariatetechniques.

Most spectroscopic methods are not quantitative in an absolute sense. Forexample, models developed using NIR or Raman
data must be calibrated relative to a primary reference technique (often HPLC or NMR spectroscopy). Giventhe nondestructive
nature of NIR and Raman, it is straightforward to analyze a given set of samples using one of these techniques and then
subsequently analyze the same set of samples via HPLC or NMR spectroscopy to obtain the reference content values. This
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approach istypicalfor assays of soliddosage forms, however, it isworth noting that referencevaluesfor assays of some dosage
forms, APls, polymorphs, or excipients might be derived from other techniques such as gravimetric data recorded during the
calibration sample preparation. The chemometric models are developed via a multivariate calibration using the NIR or Raman
spectral data and the content valuesfrom the reference technique. Accuracy is determined by using the absolute difference
between the model predictionsand the reference values. Precision isdetermined by using the standard deviation of procedure
resultsalone, such as from replicateanalysesof the same sample. Thus, precision isa measure of performance for the analytical
procedure as a whole. The model itselfwill be absolutely precise.That is, given the same spectral input, the same numeric
output will always be generated. That said, precisionmay be influencedby the specifics of the chernornetrlcmodeling approach
(e.g., preprocessing, modeling algorithm, number of latent variables) and therefore precision should be evaluated during model
development as well as during validation. It is important to note that the accuracy of chemometric models will not be able to
exceed the accuracy of the reference analytical technique used to calibrate the model. However, it may in certain cases be
possible to exceed the precision of the reference technique.

The range of the method will be determined by the calibrationsamples that are used to develop the multivariate model.
Accordingto (1225), it is recommended that assaycalibrationsamples should have analyte contents ranging from 80%-120%
of the target amount. Forevaluating uniformityof content, the recommended range is 70%-130% of the target amount. In
some cases, both the assayresults and uniformityresultsmay be obtained from the same set ofsample measurements. Averaging
of a requisite number of individual dosage-unit assay resultswill providea valueequivalent to the "average content" parameter.
Calculation of the "acceptance value" (see Uniformityof Dosage Units (905» using this mean resultcombined with the standard
deviation for the same set of individual dosage unit resultswill provide a uniformity of content result. In this scenario, a single
calibration set that spans the wider of the two recommended ranges (70%-130%) should be used.

If it is not practical to obtain a sufficiently wide range of content values in calibration samples produced at commercial
manufacturing scale, calibration samples may also be produced in a smallerscale or in the laboratory. In this scenario, all
attempts should be made to replicate the physical properties representative of the commercial scale. Additionally, care should
be taken to verify that minimal bias exists between samples from different scales. Commercial-scale samples may need to be
incorporated into the model (and/or procedure) validation process to verify the accuracy and precision of the model (and/or
procedure) results against any differences and/or variability in physical properties. Mathematical processing algorithms (e.g.,
normalization, second derivatives) should be optimized as much as possible during initial exploratory data analysis (see
QualitativeApplicationExamples) to mitigate prediction bias resultingfrom these factors. Forinstance, it is knownthat thickness,
particle size,and density differences can lead to spectral slope changes and baselineoffsetsin NIR spectra. Depending on which
specific effect is present, improperlyselected preprocessing may not fully correct for spectral differences, leading to errors in
prediction.

Fitand predictive performance of chemometric models should be demonstrated via the linearity of a plot of the model
outputs versus the reference or nominal values of the target analyte(s), ideally using resultsfrom a set of independent test
samples. The rawanalytical signalmay demonstrate a nonlinear relationshipwith the referenceanalyteconcentrations. Likewise,
multiple latent variables may be utilized for the chemometric model building. However, the keyaspect of the model that must
be demonstrated to vary linearly with analyte concentration is the model outputs, not the inputs. Aplot of the prediction
residuals versus concentration may assist in revealing any systematic lackof fit. Anyobservations of patterns in this residuals
plot may indicate a need for revision of either 1) the number of latent variables included in the model, 2) the preprocessing
mathematics, or 3) the algorithm type used for modeling.

Demonstration of the specificity of the procedure for assay may be based on likely sources of interference or material
substitution based on an understanding of the material properties of the sample components and the manufacturing process
and/or supply chain. One approach might be to verify that lowassayresultsthat are 005 are consistentlyobtained for a placebo
version of the dosage unit. Another approach might be to verify that dosage units of a different product (especially one
manufactured in the same facility and/or tested in the same laboratory) result in assay values that are consistently 005.
Impurity limit tests: Routine testing is required for determination of impurities and/or degradants in intermediates, bulkdrug
substances, and finishedpharmaceuticalproducts. Testingfor this purpose maytake the form ofa limittest (Category II, (1225».

Typically, these impurities tests are based upon HPLC or other methods (e.g., Karl Fischer titration for water). Theseanalytical
procedures are highly linearand are typically calibrated using univariatemathematics. However, these methods are often time
consuming and involve manual sampling, which is disadvantageous, especially for products having high potency or for those
with toxic intermediates produced during API synthesis.

In contrast, alternative methods for assay based on spectroscopy (e.g., NIR and Raman spectroscopy) offer the advantage
of increased analysis speed, and more importantly, total elimination of human sampling due to the noninvasive nature of the
measurement. However, these advantages are typically offset by decreased sensitivity (LOD) and potentially nonlinear sensor
response across the required analyte concentration range as the corresponding reference method. Forthis reason, multivariate
approaches combining spectral preprocessing and latent variable models are often employed in spectroscopic methods for
these limittests. (6) However, due to the potential challenges involved inachievingadequate sensitivity for a spectroscopy-based
limit test, careful development and feasibility studies must be employed.

Fora limit test in Category II procedures, a calibration set containing varied concentrations of the analyte of interest isoften
used to characterize the performance of such an analytical procedure. Although it is not required, these performance metrics
could include accuracy, range, linearity, and others. The use of the performance metricsdepends on the nature of the limittest.

In contrast, it iscritical to illustrate specificity and LOD during validationof a limittest according to (1225). Forspecificity, a
comparison between loading/regressionvector and a spectrum representative of the pure component of interest isoften used.
Additionally, measuring matrixeffectson the determination of the analytewithin the specifiedrange isanother useful approach
to demonstrate that the analytical procedure isspecific to the analyteof interestwithout impactsfrom other variables introduced
in the calibration set. Moreover, evidence of method specificity can be demonstrated by calculation of a selectivity ratio from
the calibrationdata set, definedas the varianceof model-reconstructed spectra divided bythat of residual spectra. The selectivity
ratio at the analyte absorption band is expected to be higher relative to other spectral regions.

Regarding LOD, there is no generally accepted estimator for PLS models. Acommon practice to determine LOD involves
calculatinga spectral signal-to-noise ratio.The model resultsfor replicateanalysesof a blanksample(s)may be used to represent
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the noise. Alternatively, the noise may be approximated using the standard error of a multivariate model. Other more elaborate
approaches were suggested to address the multivariate nature of PLS models. (7) Withany approach, the estimated LOD should
be verified experimentally using samples with analyte levels at or near that concentration. Because the LOD obtainable via a
spectroscopic method will likely be higher than that obtainable via a chromatographic approach, it becomes crucial to
demonstrate that the LOD based on the chemometric model meets the requirements of the ATP.
Dissolution testing: In vitro dissolution is a crucial performance test for solid dosage forms that is used to predict in vivo
drug-release profiles during drug development and to assess batch-to-batch consistencyfor quality control purposes.
Chemometric models can be used to predict the drug product dissolutionfrom relevant measured product properties, and the
method that uses such a model may be established as an alternative procedure. Alternatively, the dissolution profilecan be
modeled via several responses from different time points on the dissolution curve using individual models.

Dissolution data may be collected as a profile (i.e., a series of values obtained at various time points), even though the
acceptance criteria may relyon a single time point. When buildinq a chemometric model, it is essential for the model to be
able to predict the entire profile. The number, and spacing in time, of points in the dissolutionprofile will varydepending upon
the product type (e.g., immediate versus modified/extended release). Acommon approach is to transform the profile into a
singlevalue,which then servesas a dependent variable(ory, response variable).Thisvariable, combined with another measured
variable,can be used to restore the dissolution profile. The transformation can be accomplished byfitting the dissolution profile
data into a mechanistic model (such as a first-order rate equation or its variants) or an empirical model (such as a Weibull
function). Aftertransformation, a few variables(typically, two or three variables)can be used to represent the dissolution profile.
Generally, the two variablesare a dissolution rate factor and a plateau factor; a third variablesuch as lag time may be necessary.
The dissolutionrate factor, which represents the rate of dissolution, will be the dependent variablefor the modeling. The plateau
factor represents the final amount of the drug in the solution, which should be equal to the drug content for most products.
These two factors are used to restore the profile. Therefore, the model for dissolution prediction is used to predict the
dissolution rate.

The keyto designing a successful model isdefiningthe input variables. The plateau factor may be obtained from drug content
data, whereas the dissolution rate factor may be modeled from a data set of chemical and physical attributes of the product or
intermediate product. The necessary knowledge of physicochemical properties and engineering concepts should be used to
identifyand justify the relevant inputs that have potential impact on the dissolution of the product. This typically involves risk
assessment and an additional data collection step such as a small-scale DoE study. The inputs typically include the measured
material attributes at various processing stages (such as particlesizedata for granules or blend; NIR measurements for blend or
tablets; and physical tablet properties).

There are two approaches for defining samples in the model calibration: batch samples and individual unit dose samples.
Forthe batch-sample approach, one product batch istreated as a sample, and the input variables are the attribute means of
the batch. The individual unit dose approach is to measure the attributes of individual unit doses (such as NIR measurement
on the individual tablets). The input variables from both approaches may be supplemented with other raw material properties
as justified by the critical quality attributes.

Thevalidationof the model-based dissolutionprediction method could be differentfrom the typicalHPLC dissolutionmethod
validation, depending on the specificapproach used. The HPLC dissolution method puts more emphasis on precision, as the
dissolution is treated as a Category III method in (1225).

In the batch-sample approach, the model-based method treats dissolution as a batch property instead of a property of
individual tablets, and accuracy is the focus of method validation or verification. Forexample, each batch forms a sample, and
it is not realistic to have a large validation sample set. This approach generates a single profile for a batch, and the result at a
certain time point can be used to assess the product batch quality. Evaluation of variability must be aligned with the criteria in
Dissolution (711). The variability of the final dissolution result can be evaluated by analyzing the variations of inputs. Possible
ways to evaluate the variation of the sample (batch) include the analysis of variationof inputs, simulations, and dividinga batch
into multiple sub-batches.

In the individual unit dose approach, the model-based method evaluates individual dosage units. Ifmany tablets are tested,
this becomes a large n situation in which the acceptance criteria in (711) should be used with caution. The chemometrician
may propose acceptance criteria as long as these criteriaare demonstrated (by simulation or other means) to have equivalent
or tighter passing criteria than those in (711). Inthe method validationor verification, it isdesirable to have at least one sample
that shows low dissolution (near or below the specification), and the chemometric model-based method should demonstrate
the capability to distinguish this low-dissolution sample from normal samples.

GLOSSARY
Many common chemometric terms have been defined within the text of this chapter. Some additional terms are defined

here and serve as a reference to their usage in the text. Fora more complete description, consult the texts listed in Appendix,
Additional Sources of Information.

Calibration model: Amathematical expression used to relate the response from an analytical instrument to the properties
of samples, or to capture the underlying structure of a calibration data set.

Calibration set: Collection of data used to develop a chemometric classification or model.
Derivatives: The change in intensity with respect to the measurement variable (Le., abscissa). Derivatives are usefulfor

removing baseline offsets (constant or linear) due to sample properties, or for highlighting small changes in a signal, helping
to enhance selectivity and sensitivity (e.g., one spectroscopy and chromatographic peak with a shoulder peak adjacent).

Internal validation: The application of resampling statisticssuch as cross-validation. Subsets of the calibration data set
are subjected to a variety of statistical processes to identifywhich calibration model best fits the available data. Each model is
characterized by a statistical parameter. Forcross-validation, the entire data set of samples issplit into individual samples or
groups of samples, which are removed individually from the rest of the samples and tested as unknowns against a calibration
model constructed using the rest of the samples. The characteristic statistic is the standard error of cross validation (SECV).
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Matrix: Atwo-dimensional data structure comprised of columns and rows used to organize inputs or outputs during
chemometric analyses. Common practice isfor each rowto correspond to an individual sample and each column to correspond
to an individual variable.

, Validation set: The data set that challengesthe performanceattributes of the model. Thevalidation data set isindependent
of the training data set, although testing on the training data set gives an optimistic view of performance and thus allows for
iteration of preprocessing and model tweaking until this optimisticview meets the expectations. Validation or cross-validation
isthen necessary to adequately gauge the performance of the model. The model performance with the validationdata set will
always be equal to or worse than its performance with the training data set. Ifthe performance attributes are not met, then the
chemometrician must assesswhether the model underfits or overfits the data and Whether iterationsof the model are needed
to meet the acceptable error rate. Ifthese effortsfail, it isrecommended to back up one step, alter the preprocessingconditions,
and perform the same task again.

APPENDIX

Additional Sources of Information

Many books have been written on the subject of chemometrics and multivariateanalysis. Various terms not found in the
glossary may be found in this short listof additional sources of information.

• Massart DL, Vandeginste BGM, Buydens LMC, Delong P, Lewi Pj, Smeyers-Verbeke 1, eds. Handbook of Chemometries and
Qualimetries: PartA. 1st ed. Amsterdam: Elsevier ScienceB.V.; 1997.

• Vandeginste BGM, Rutan SC, eds. Handbook ofChemometries and Qualimetries: Part B. 1st ed. Amsterdam:Elsevier Science
B.V.; 1998~

• Mocak l- Chemometrics in medicine and pharmacy. Nova Bioteehnologiea et Chimiea. 2012;11(1 ):11-25.
• Singh I, juneja P, Kaur B, KumarP. Pharmaceutical applicationsof chemometric techniques. ISRN Anal Chern. 2013; article

10 795178. http://www.hindawLcom/journals/isrn/2013/795178/. Accessed 25 May2016.
• Brown S, Tauler R, Walczak B, eds. Comprehensive Chemometries: Chemical and Biochemical Data Analysis. 1st ed.

Amsterdam: Elsevier Science B.V.; 2009.
• Varmuza K, Filzmoser P. Introduction to Multivariate Statistical Analysis in Chemometries. Boca Raton, FL: CRC Press (Taylor

& Francis Group); 2009.
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Anal Chern. 2014;86:7858-7866.

(1041) BIOLOGICS

Productssuch as antitoxins, antivenins, blood, blood derivatives, immune serums, immunologic dlaqnostic aids, toxoids,
vaccines, and related articles that are produced under licensein accordance with the terms of the federal Public Health Service
Act (58 Stat. 682) approved july 1, 1944, as amended, have long been known as "biologics." However, in Table III, Part F, of
the Act, the term "biological products" is applied to the group of licensed products as a whole. For Pharmacopeial purposes,
the term "biologics" refers to those products that must be licensed under the Actand comply with Foodand Drug Regulations
-Code of Federal Regulations, Title21 Parts 600-680, pertaining to federal control of these products (other than certain '
diagnostic aids), as administered by the Center for Biologics Evaluation and Research or, in the case of the relevant diagnostic
aids, by the Center for Devices and Radiological Health of the federal Food and Drug Administration.

Each lot of a licensedbiologic is.approvedfor distributionwhen it has been determined that the lot meets the specific control
requirements for that product as set forth by the Office. Licensing includes approval of a specific seriesof production steps and
in-process control tests as well as end-product specifications that must be met on a lot-by-lot basis. These can be altered only
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upon approval by the Center for Biologics Evaluation and Research and with the support of appropriate data demonstrating
that the change will yield a final product having equal or superior safety, purity, potency, and efficacy. No lot of any licensed
biological product is to be distributed by the manufacturer prior to the completion of the specifiedtests. Provisions generally
applicableto biologic products include tests for potency, general safety, sterility, purity, water (residual moisture), pyrogens,
identity, and constituent materials(Sections 610.10 to 610.15 and see SafetyTests-Biologicals under Biological Reactivity Tests,
In Vivo (88), Sterility Tests (71), WaterDetermination (921), and Pyrogen Test (151), as well as Bacterial Endotoxins Test (85»).
Constituent materials include ingredients, preservatives, diluents and adjuvants (which generallyshould meet compendial
standards), extraneous protein in cell-culture produced vaccines (which, ifother than serum-originating, isexcluded) and
antibiotics other than penicillin added to the production substrate of viral vaccines(forwhich compendial monographs on
antibiotics and antibiotic substances are available). Additional specific safety tests are also required to be performed on live
vaccines and certain other items. Wherestandard preparations are made available by the Center for Biologics Evaluation and
Research (Section 610.20), such preparations are specified for comparison in potency or virulencetesting. The U.S. Opacity
Standard is used in estimating the bacterial concentration of certain bacterial vaccines and/or evaluating challenge cultures
used in tests of them. ( General Notices, 5.50.10 UnitsofPotency (Biological).)

The PharmacopeiaI monographs conform to the Food and Drug Regulations in covering those aspects of identity, quality,
purity, potency, and packaging and storage that are of particular interest to pharmacistsand physicians responsiblefor the
purchase, storage, and use of biologics. Revisions of the federal requirements affecting the USP monographs will be made the
subjects of USP Supplements as promptly as practicable.

VEHICLES AND ADDED SUBSTANCES

Vehicles and added substances suitablefor biologics are those named in the Foodand Drug Regulations.

CONTAINERS FOR INJECTIONS

Containers for biologics intended to be administered by injection meet the requirements for Packaging and Storage
Requirements (659), Injection Packaging.

CONTAINER CONTENT

Thevolumes in containers of biologics intended to be administered by injectionmeet the requirements for ContainerContent
for Injections (697).

LABELING

Biologics intended to be administered by injectioncomply with the requirements for Labeling (7), Labels and Labeling for
Injectable Products. In addition, the label on the final container for each biologicstates the following: the title or proper name
(the name under which the product is licensed under the Public HealthService Act); the name, address, and licensenumber of
the manufacturer; the lot number; the expiration date; and the recommended individual dose for multiple-dosecontainers.
The package label includesallof the above, with the addition of the following: the preservative used and itsamount; the number
of containers, ifmore than one; the amount of product in the container; the recommended storage temperature; a statement,
if necessary, that freezing is to be avoided; and such other information as the Foodand Drug regulations may require.

PACKAGING AND STORAGE

The labeling gives the recommended storage temperature (see Packaging and Storage Requirements (659»). Precautions
should be taken where products labeled to be stored at a temperature between 2° and 8° are stored in a refrigerator, in order
to assure that they will not be frozen. Diluents packaged with biologics should not be frozen. Some products (as defined in
Section 600.15) are to be maintained during shipment at specified temperatures.

EXPIRATION DATE

For compendial articles the expiration date identifies the time during which the article may be expected to meet the
requirements of the Pharmacopeial monograph, provided it is kept under the prescribedstorage conditions. Thisdate limits
the time during which the product may be dispensed or used ( General Notices, 3.10 ApplicabilityofStandards). However, for
biological products, the stated date on each lotdetermines the dating period, which beginson the date of manufacture (Section
610.50) and beyond which the product cannot be expected beyond reasonable doubt to yield its specific resultsand to retain
the required safety, purity, and potency (Section 300.3 (1) and (m)). Such a dating period may comprise an in-house storage
period during which it is permitted to be held under prescribed conditions in the manufacturer's storage, followed by a period
after issuetherefrom. The individual monographs usually indicate both the latter period and (in parentheses) the permissible
in-house storage period. If the product is held in the manufacturer's storage for a longer period than that indicated (in
parentheses), the expiration date is set so as to reduce the dating period after issuefrom the manufacturer's storage by a
corresponding amount.
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(1043) ANCILLARY MATERIALS FOR CELL, GENE, AND
TISSUE-ENGINEERED PRODUCTS

Change to read:

INTRODUCTION

Awidevarietyof reagents and materials, many ofwhichare unique or complex,are ·used in. (USPl-May~2020) the manufacture
of cell, gene, and tissue-engineered ·(CGT). (USP l-May~i020) products.

,.The p se of this chapter isto provideguidance on the development of appropriate materi ificaiion programsfor
CGT prod . BecauseCGT products are notusually amenable to extensive purification, filtratio erminalsterilization
procedures, reagents and material qualification arecritically importal1t to ensuring CGT prod y: ~

_Theterm "ancillary materials" (AMs) refers to materials that come into contact withthe cellul g mat
intermediates, or finalCGT productduring manufacturing, but are hot intended to be presen inalC
aretherefore .distinct from the cellular starting material, the intermediates, and final CGT pro
intended to be present in e final product, are therefore not AMs~ . ing devicessuch a
may be considered AMs . ey havesurfaces and materials that co . cellsduri
con . rs that are consideredAMs ically incor orate natu' etic biomateri
inte be p rod are n s.Celrban .. ' s ba
cell . cor fineiI product maybe consi
(i.e., . pe require ts for cell and virusbank certification a
viruses and "Iper" plasmi s may be considered AMs ifthey are not intended to be pa

Reagents that fall under the AM classification includewell-char.acterized chemicals, compl mpounds (antibiotics,
anticoagulants, densitygradients, toxins), multi-componentmixtures (buffers, culture, media), and complex biological ...
compounds or mixtures(enzymes; blood-, plasma-, or serum.:.derived products; biological extracts;cytokines;antibodies;~nd
conditioned.mediafrom cultured cells)..;. (USPl-May-2020)

Add the following:

"'REGULATORY CONSIDERATIONS

Regulatory agencies have referred to AMs (asgefinedwithinthis chapter) as ancillary products,anc'lIary reagents, pi
materials, processingaids, and processreagents.The US FDA first introducedthe AM concept with h . ary
in a Federal Register notice, Application of CurrentStatutory Authorities to Human Somatic CellThe ne
Therapy ucts[FederalRegister 58(197), October 14, 1993, pp.53248-53251], which estabh
regulate an somatic celltherapy products and gene therapy products. Ina subsequent guidan
"ancillary reagent" as a material "used in the manufacture or production of a biological product t yo
as part of the final product," but the definition was not formalized or used consistently ih other FDA guiqan
for Industry: Characterization and Qualification of Cell-Substrates and OtherBiological Materials Used in the Productio
Vaccines for Infectious Disease Indications, February 2010). The term "AM" isalso synonymouswith "processing
defined in 21 CFR 1271, Current GoodTissue Practice.for Manufacturers of HumanCellular and Tissue-Based Product~;
and Enfofi ement;Proposed Rule [Federal Register 66(5), January 8, 2001, pp. 1508-1559]. The US FDAaiso provides i
to cell issueproduct manufacturersin 21 CFR 876.5885, Tissue Culture Media for Human Ex Vivo Tissue and C~

Proces h::ations.
Var lingterminology has used by AM manufacturers. The labeling terms "Research Use Onl .

"Inve I Use Only" (IUO) ori ed in the medical device labeling re tions and appl . I
vitr use (see Distribution VitroDiagnostic Products Labeled for esearch Use Ollly i
GiJid e for Industryand FDA Staff, N ber 2013). Because a givenAM's label may or may
use i GTproduct manufacturing, it imatelythe responsibility of the CGT procluct manufac
SUitability of a given AM in the CGT product anufacturing process.

.Globaland regional differences in AM la and documentation may dictate CGT produdregulato
reqUirements. In the US, the CGT prodtJct r can sometimes cross-reference an AM man
(DMF), which allows proprietaryAM informa .10 to be revie regulators,. but not neces
manufacturer. Other counVies and regulatory authoritiesman e submission ofAM informatio
importantfortheCGT product manufacturerto be aware of th . differences ifthe sameCGT produc
or marketed in more than one regulatoryjurisdiction. Inany case, the CGr product manufacturer isrespon
the AM's labeling, essentialfeatures, qualitycharacteristics, and SUitability for use.:., (USPl-MaY~20~O)

Add the following:' " ..... '" . . . '..'. . ...' . . .'.'

"'IM'PACT OF ANCILLARY MATERIAL QUALITY ON PRODUCT QUALITY

AM qualitycan pose risks to the stability, safety, potency, and purityof any produd. Theserisks are often heightened with
CGTproducts, whether due to their short shelf lives, limited abilityto conduct extensive.in-:process and releasetesting,orthe
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fact that many~CGT products expand in vivo after their administration to the patient. To minimize the risksassociated with
these commonly occurring scenarios, rigorous AM qualification and prudent application of manufacturingprocesscontrolsare
necessary.

Sourdngof AndllaryMaterials

AMs used in the manufactureofCCT products are often selectedfor their unique functional or biological effects, and riot
necessarilyon their qualityattributes~ ManyAMs are, onlyinfendedfbr -research use but may not be readily available in a grade
comparable to that 'ofwell.:characterized licensed therapeutic products manufacturedby controlledanddocumented methods.
Forthis reason, manyCGT prodlJctmanufacturers source~Ms that are approved or licensed therapeutic products. More
recently, many AM ~suppliers have committed to providing higher grade AMs, _using high-quality manufacturing and testing
approacheswith ext· ive mentation. Although the terms "diriical grade" and II good manufacturing practices" (GMP)
are often applied se ualityAMs, their dowmentation may not be fully compliantwith regulatoryrequirements
for finished phar i ts and excipients. Regardless of the AM labeling claims or descriptions, CGT product
manufacturersare a nsiple forensuring that the AM meets the necessary functional, quality, and documentation
requirements dem ed evant regulatoryauthorities.

Specific safegua are _.. '. in order to minimize or eliminatethe risk of tran~mitting adventitiousagents (viruses,
bacteria, mycoplasma, protozoa, fungi, prions, etc.) when sourcingAMs usinghuman~ or animal-derived components suchas
sera~ antibodies, or growth factors. In general, manufacturers of human- or animal-derived components and AMs should
practicethe following procedures to ensure CGT product safety:

1. S ing (e.g., through bacterial or viral testing) and documenting (e.g~, through herd certification and
tra esof human7 or animal-derived components as being free ofsuspected adventitious agents

2. \lalidati n (e.g., through chemical, thermal, orirradiation treatments) and removal (e.g., through
chroma atlonmethods) of suspected adventitious agents during the processing of human- or
animal- errve A co ponents ,

3. Testing ( , through polymerase chain reaction or virally-responsive cell lines) the initial raw material and finalpurified
human- nimal-derived AM components for the presence of suspected adventitious agents

Industry 'and regulators have not yet established standard terminologyto fully describe the presence or absente of human...
or animal-derived components in AMs. Nevertheless, CGT product manufacturers should strive to eliminateall possible risk of
adventitiousagents in theirfinalCGT products.The mostdirect wayto achievethisgoal isto eliminate'AMs containingmaterials
of human or animal origin. IfAMs containing human- or animal-derived components are used, CGT product manufacturers
should requireAM suppliers to verify anddocul1lent the absence of adventitious agents through the proper sourcing,
processing, and testing of their human- or animal-derived components.

Regardless of the stated grade of the AM, the CGT product manufactureris responsible for developing comprehensive and
scientifically sound qualification plansto ensure'the traceability, consistency, suitability, purity, and safetyofthe AM. Developers
woul,d be wellserved by referring to the International Council ·for Harmonisation (ICH)Q8(R2) guidelineon Pharmaceutical
Development, which providesintern . allyharmonized methodology for incorporating.a quality-by-design (QbD)approach
into development processes. This gUi nee allows systematicconsideration of the critiCal qualityattributes of a manufacturing
process, including materials, resulting In the desigr:l of a high quality product.~ (USP l-May-2020)

Change to read:

QUALIFICATION OF ANCILLARY MATERIALS

AAM qualification isthe processof acquiringand evaluating data to establish the source, identity,purity,safety, andoveral/
suitabilityof a specific AM. used in the manufacturing process. CGT product developers and manufacturers are responsible for
establishing and periodicall valuating rationaland scientifieally sound AM qualification progra Thesepr s should
includethe characterizati quantification of each AM throughout the manufacturing process ., measurin tendency
to be removed, degraded en up bycells during manufacturing). Although the heterogeneity of many CG cts and
AMs makes it difficult to , end specifictests or protocolsfor a qualification program, the following provi racticaI
approach applicableto most AMs. . , ''. . .' , . '

Thorough documentation isthe cornerstone of any qualification program. Awell-designed ahd well-documented AM
qualification pro ram becomes more comprehensiveas product development progresses. Development of progress' e
specifications f Mstypically runs in parallel to the development of progressive specifications forthe C ding
anal . Itestilnearly stages of CGT product development,safety isthe primary focus; a complete
cha (s, and precis antit 'on of residual AM in the CGT product, maybelimited by a lackof valida
CG t stages,'AM Iity·an duals specifications, along with analytical test methods, should be ore
compre ensivelyelaborat 0 support eventual licensure ofthe CGT product.. . . ,_

IncaseswhereAMs are products licensed for therapeutic useand manufacturedunder current good manufacturing practices
(cGMP), the extent of qualification .is typically lessthan that for. a material intended for research purposes.While use of r sed
therapeutic products as AMs mayensure a higher level of qualityand safety, It isoutside the scope of the Ii se t's
intended use and labeling; therefore, the AM's suitability for use in the CGT product manufacturing proc till, res
qualification. Modification ofthelkensed product, such as dilution, reformulation, mixturewith another a t, aliquotting, or
repackaging, could trigger additionalqualification. Modification of the licensed product's container-closure system mayalso
be necessary if it will be used as an AM.

www.webofpharma.com

https://nhathuocngocanh.com/



USP43 Genera/Information / (1043) 7383

Irfmany situations; complex or unique substances essentialfor ~GT product'p'rocesscontrol or production will nofb,e
,available in pharmaceutical grade. Even ifan AM manufactured in compliance with cGMP ,is used, the.CeT product
manufacturer Oll,lst deVelop ascientificallysound strategy for AM qualification based on assessmentsof.criticality and principles
pf risk management.:Thisassessment takes into'account major risks to the CGT product, AM or CGT product failure modes,
:andimpaets to the product or patient in the event of an AM or CGT'product failure. Aqualiflcati()n programfor AMs usedh,
CGr product manufacturing should address each of the following areas: 1) identification and sourcing, 2) selection and
s'uitabllityfpr use in manufacturing, 3) characterization, 4) vendor qualification, and 5) quality assurance and
.co[ltrol'A(US? 1~rviaY~2020)

Identification "'and Sourcing. CUSP 1-May-2020)

The first step in any qualification program is the listing of all of the AMs used in a given ACGTA(usp l-Mai20:Z0) produ~t
manufacturing Aprocess, including d~tails on'A (USP l-May~2020) where in the manufacturing process they are A~ (USP1-May-2020)
employed. The source and intended use for each material should be established, and the necessaryquantity or concentration
of each material should be determined. Alternate sources for each material should be identified Aanq qualified. A (USP l-May-2020)

Selection and Suitability for Use

Developers of CGT products should establish and document selection criteriafor AMs and qualification criteriafor each
vendor early in the design phase of ACGTA(USP l-May.i020) product development. Selection criteriashould include assessmentsof
microbiological and chemical purity, identity, and biological activity pertinent to the specific AtGTproduct~ (USP 1.May-2020)
manufacturing process. It is important to address these issues earlyin product development because certain AMs that are initially
considered necessarymay be impossibleor prohibitively expensiveto qualify, thereby justifying the investigation of alternatives
or replacements. Examples includesome animal-or human-derived materialsthat AmaYA (USPi-May-2020) have alternate (i.e., plant
or chemicallysynthesized) sources.

AMsAc~>ntairiingcomponentsA(USP1'MaY-2020) of animal or human origin Arequire carefulselection because of
theA(USP l-Ma -2020) potential Arisk ofA(USP 1.May-2020) infectious or zoonotic disease, Aand the associated regulatory scrutiny.

Vendorss d:provide documentation on the country of originforanimal-derived AMsto address concerns regarding
transmissi,spongiform encephalopathies and other diseasesofagricultural corkern (e.g., tuberculosis, brucellosis,
etc.). it. (USP1-May-2020) In many cases, the chain of custody for animal-derived AMs (i.e., abattoir - intermediate processingcenter
- final processingcenter) it. mustit.(USP1.May.2020) be documented. Vendorsof human-derived AMs should Ait. (USP1-May-2020) supply
documentation regarding material traceability. For instance, human plasma-derivedAMs should be sourced from licensed
facilities that control the donor pool and appropriately screen the individual donors for relevant human infectiousdiseases.
it. ~(LiSP l-rV1aY-2020) Vendors of animal- and human-derived AMs it. may supply different grades of materials, some more suitaQle for
use inCGT product manufacturing than others.A(USP l-May-202Q) Many animal- and human plasma-derived components are
subjected to AvalidatedA(USP l-May.2020) chemical (detergent or solvent treatment) or physical (heat, Airradiation, or
filtration)A (U ~y-2~20) treatments that have been shown Ait. (USpi-MaY~2020) to significantly reduce the risk of Acontamination
byA(USP 1.May.2020) adventitious microbial or viral Aagents.it. (USP l-May-2020)

Characterization

J.Quality control and characterization tests for each AM need to be developed (oradopted) and implemented. AMtesting
should assessa varietyof quality attributes, including identity, purity, functionality, andfreeqom from microbial or \liral
contaminatlQn.The appropriate level of testing for each AM isderivedfrom its risk assessment profile and the knowledgegained
during CGT.prodilc lopment. AM test specifications should be established and justified.toensure c0rlsistency and .
perf~rmance in the roduct manufacturing process. Acceptance criteriacan be based on data from lots used in preclinical
and earlyclinical stules, ots used for demonstration of manufacturing consistency, and relevant development data, sucha~
those arisingfrom analytical method development and stabilitystudies. AM testing data should be tracked over time for
c~>nsistencyandretained samples should be archivedfor Ipteranalysis"ifnecessary'A (USP 1.May-2020) .

SomeAMs that are biological in nature may be difficult to fullycharacterize. Because these materialsexert their effectsthrough
complex biological activities, and Abecausephysicochemical~ (USP1-May-2020) testing may not be predictiveof the AM's process
performance, Ait isfrequently nl:!cessary to include. (USP l-May-2020) functional or performance testing. A A(USP l-May-2020) Performance
variability of ....AMs'" (USP1-May-2020) may have a detrimental impact on the potency and consistencyof the ACGTA(USP l-May,2020)
product. Examples of complex AfunctionalA (USP 1.May-2020) testing for AMs include growth promotion testing AA(USP l-May-2020) of
fetal bovine serum (FBS) Aorhuman plasma/serum supplements, A(USP 1.May-2020) performance testing of digestive enzyme
preparations, and in vitro tissue culture cytotoxicityassays (see Performance Testing).

Vendor Qualification

Vendors~.it. (USP1.May.2020) of AM should be qualified at the earliest opportunity. Auditing the vendor's manufacturing facility,
includingtheir GMP~capabilitiesA(uSP1-MaY~2020) and AM testing program, are basicelements ofa vendor qualification program. A
reviewof the vendor's processing procedures and documentation program isessential inestablishingconfidence in the vendor
as a reliable supplier.Vendorscertifiedthrough an ISO inspection program or audited byAA(USPt-May.2020) governmental agencies
~typicaIlYit.(lJsPl~rvraY.2;020) have robust quality systems in place. Reports of past audits of US suppliers obtained through the
Freedom of Information (FOI) Act may augment the qualification process.
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AThe CGT productdeveroper:shoUldestablisQ a written quality agreement with each AM vendor inordertocleai-ljtderine
the rolesand .responsibilities, including communication channels, change control, audit procedure, and dispute
resolution. A(USP l-May-2020) It is important to develop a good working relationshipwith vendors. Insome cases, the vendor may
provide higher manufacturing standards, custom formulation services, or replacement of substandard components upon
request, with or without additional costs. AA (USP l-May-2(20) Vendors should be familiar with the principles of validation, especially
cleaning, viral inactivation, and sterilization validation. It is also critical to ensure that the AAM A(U5Pl-May-2020) vendor takes
appropriate step~ to prevent cross contamination between Adifferent AMsA(USP l-May-2020) during manufacture. Finally,4AM
vendors should... (USP l-May-2020) supply written certification of processingor sourcing changes to customers, well in advance of
the implementation of the changes so that customers can evaluate the potential impact of such changes.

Quality Control and Quality Assurance

Because the components of the ....AMi(uSP1~M~y-2020) qualification program are multifaceted and need to be in compliance
with cGMP, they should be monitored by a quality assurance/qualitycontrol unit (QAU). Typical QAU activities include the
following systems or programs: 1) incoming receipt, segregation, inspection, and releaseof materials prior to use in
manufacturing, 2) vendor auditing and certification, 3) certificate of analysis verification testing, 4) formal procedures and
policies for out-of-specification materials, 5) stabilitytesting, and 6) archival sample storage.

Change to read:

RISK &'MANAGEMENT

The evaluation of AM risk to CGT product quality should be based on scientific knowledge,with the ultimate goal ofpatient
protection. ICHQ9(step 4) "Quality Risk Managementl/ providesa useful approach to risk management principles, process,
rnethods,anddefinitions. Risk management processes include identifying, analyzing, and evaluating risks, followed by
controlling tial risks: To methods, such as a risk evaluationmatrix (REM), can quantify riskand facilitateappropriat~,
decisio and risk acce

Eac oe risk management process, from selection a'nd qualification to storag
and u n mariuf escribedearlier in this chapter~ and especially becauseof the ina .
re T product, AM selection should incorporatea risk-based ap
co rod t manufacturingprocess must be understood, inclu
AM's al q ityattributes (CQAs); these considerations are descn
4) I!Devel .'..." Sub ances". Assessmenttools can then be used to quantit
PClramete entof overall. risk. For example, iran AM had a suitable safety profile/Was
amounts i eCGTproduct manufacturing process, and was thoroughly removed from the
product, it w low'risk c . since both theHkelihood offailure (toxicity) and the occurrenc' '.
to the patient) are o. Conv~rse ly1~with known toxicitywh ich is introduced downstream woul
to appear as atoxic residual ~n the ." product, a'ndwould therefore be assigned to a medium or high ris
ofthe risk category, assessmentof AM remov.al sh"ould be completed during CGT product manufacturing process
characterization.and validation:

As part of the riskassessrnent process a rational and scientific qualification program should be designed for each
into account sourcesand manufacturing pr ses. Wheneveravailable, AMs that are approved orlicensed therape
are preferablebecause they are weJl:-charact ed, possess an establishedtoxicological profile, and are ma ' c
to controlle ent ocedures orpbrating licensedor approved biologics, small molec
device duct manufacturing processes presents a more favora
compa on programs for these AMs should reflectthe extensive
wen~s ufacture. Consequently, greater emphasis may then be
inhere unction. Forexample, ifa manufacturer selectsapprove
(HSA) . . tfor CGT product manufacturing, it may be prudent to ass
HSA'slot-to-lotvari,ability 0 ate and differentiation, its stability during manufacturing; or i
processing components. Su . on approaches focus on the AM's variability as it influencesfina
safety.A qualificationprog sshould be comprehensive to minimize risks to the consumer and the

To' ,GT man turer dd' 'elopers in the design of their AM risk management and qualificatio
risk categories are. nted '-4 in Table 1, Table 2, Table 3, and Table 4, respectively; these ar
to create an REM. The REM s uld also'c0rlsiderthe amount of the AM used, the stage at which the AM IS use
mclnufacturing process,,and the residual AM remaining Inthe final CGT product. .... (USP1-May-2020) ,. ,

Tier 1

ATh'e AM. isa highly qualified materialthat iswell-suited for use in manufacturing ofCGT products, such as
drug, or medical device.Tier lAMs generallycomewith sterilepackaging systems or dosage forms labeled
use,and the CGT product developer dearly defines and documents their use within the manufacturing pro
the packaging, dosage form, formu.lation,or storage.con.ditions must be qualified and documented; these eh,
trigger further AM release testing and stability·studies.A(USP l-MaY-2020)
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Tier 2

~fheAM isawell~characterizedmaterlal produced underan established:,quality system "well~suited fotCGTproduct
many'facturfng, but the AM .is not a licensed or approved ,medical product. ManY,Tier2 AM~ areprpducedspeclficallyforthe
manufacture .0fCGT products. Mostanimal-derived materials areexcll..!ded from thiscategory:i. (USP1,May-zOZo)

Tier 3

earch use/ locally Pf
proved by regl,Jlato

aterials. Using.a
product ma

d to the prod rocess for a diag . . .... YIn orderto produce aJeagent suitable
roduc~ manufacturin .rriaIJufacturing proce. ,....... . n anacademic or pilot-stage manufacturing

facility will likelyneed to be upgraded for late-stage clinical trials. and eventualcommercialization of the CGT
product.. (USPl-May-ZOZO)

Tier 4

r9cess,-CGT prodLict develope~s should,explore
.ay-ZOZO)

e tGT prodl:Jct manufactu
o~sible in development.• (

Mis producedfor'
ivedc .
,nn'

Anupgraae ofthe AM ma"nufacturing process
Selectiol1, screening;' and testing of the animal or humansources
Testing ofeadl AM lottoensurethatitis freeC>fadventitious'agentsor specific contaminants
Treatmenf"()f the AM to inacthh~te"or remove. adventitious agents or_specific contamin-ants
Val . ingprocess to assesscon~ish~ncy of removal ofaKnown toxfCsubstance;'cirid/
or residual levels

6. Validatioh of the. product manufacturingprocess tod~rnonstrateremoval or"'inacHvation o(adventitioLiSagentSor
specificcontamin

,Msdeemed 'cr'
s or sources~

Table 1. AM Risk Tier 1 i..Materials Intended 'for Use as ApprovecfBiologics, Drugs,or'Medical Devices... (USP1-May-2020)

TypicalUse in CGT
Qualification or Risk Reduction ... A.(USP1:MaY~20io)Example Product Manufacturing

"'<:nemically defined basalcellculture · DMF cross reference(when possibleor practl-
Recombinant insulin for injection me<;lium ~(USP 1~May.2020) cal)

· Certificate of analysis

Organ "'transport/~ (USP l-MaY-2020) preservation fluid
Process biological fluidemployed in tissue · Assess lot-to-loteffecton processperformancestransport or processing · Assess removalfrom finalproduct

Humanserum albuminfor injection Cell culture "'additive... (U~p l-MaY-292o) · ~~ssesS"4.fV1s~abmtYa.s stor~p alldusedJI1~GJ

Process biological fluidemployed in tissue
product'manufacturing'c

· V/sualinspections .
Sterile fluids for injection transport, cellprocessing, purification · Assess particulatesand extrac:tabl.es ...
Implantable A.materials... (uspJ;May:2020) (collagen,sill- (tlSP 1;May-2020)
cone, polyurethaneconstructs intended for Scaffolds, matrices for immobilized cellular

surgical implantation) cultivation

Recombinant deoxyribonuclease for inhalationor in- Process enzyme employed in viral vector
jection manufacturing,stem cellprocessing

... ..\(USP {:MaY.2~20) Biopsy transport fluid additiveto
Injectable antlblotks- reduce risk of bacterial contamination

Immunologically targeting specific cellpopulations
Injectable monoclonal antibodies for selectionor removal

Inje.ctable cytokin~s,. "'vifamir1s,cherl1icals,
Cell culture ~adaitive~ (USP l-M~y-2020)nutrients"'{USp l-May~2020)

....~. (USP 1'MaY-2(20) ...... (USP1'MaY-2:02~)

IV bags, transfersets and tubing, cryopreservation Storagevessels or container-closuresystems, closed
bags, syringes, needles aseptic transfersystems

a Betalactarnantibiotics should not be used as AMs due to the riskof patient hypersensitivity.
b Betalactamantibiotics should not be used as AMs due to the risk of patient hypersensitiVity. See Performance Testing.
C OftenAMs arealiquotedor stored at differentconcentrations,indifferentbuffers, or under conditionsthat are differentfrom those stated on the labelor previously
validated.Datashould be generated that demonstrate the stability and preservation of activity of the AM under the conditionsthat are specific to the manufacturing
application.
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Example Typical Use in CGTProduct Manufacturing Qualification or Risk Reduction J....(UsPl'tvl~;.2()2()

Recombinant growth factors, cytoklnes"

Immunomagneticbeads

Cell culture '~~(USP-I~MaH02~) additive

·Cen sE!fec~ion. (USP\~May~2020)

HumanAB serum Cell cultureS lUSP1.MaY-2020) additive

Progesterone, estrogen, vitamins, purified
chemicals (USP-grade)

Sterile processbuffers

Biocompatible polymers, scaffolds, hydrogels

Proteolytic enzymes

Cell culture~A,(USP'12Ma§_2020) additives, induction
agents, buffercomponents

Process biological fluid employed in tissue
transport, cellprocessing, purification

Scaffolds, matrices for immobilized cellular
cultivation

• Dige~t tissueorpro(einA(uSP~;M~Y-20io)

Tissue culture media. '

• (USP l-May,2020)

Cell culture A• (USP'1-MaY·2020) additive. ','A(USP I-May-2()2()

Density gradient media Cell separationviacentrifugation

,2020) producedfrom nonmammalian, recombinantsources(l.e.,microbially grown inthe absenceofanimal-derived growth mediumcomponents).

Table 3. AM Risk Tier 3 Moderate-Risk Materials Not Intended for Use as AMs·.qUSP1-May-i02o)

Example Typical Use In CGTProduct Manufacturing Qualification or Risk ReductionA.(US~):May.io20)

Recombinant growth factors, cytokines

Tissue culture media

Cell culture 'A;., (liSP I-MaY~2~10) additive

Cell culture .;. (US!, I:MaY-201~) additive

Monoclonal antibodiesA(forC/iagnClsticuseA
(usP I.M~Y.2020) produced in ceilculture)- ,

lectlon;activation,or
20)

Process buffers
Process biological fluidemployedintissuetransport,
cellprocessing, purification

Novel polymers, scaffolds, hydrogels
Scaffolds, matricesfor immobilized cellular
cultivation

Proteolytic enzymes ..Digesttissueot proteIn:" (l,JSP l-MaY.2020)

Purified chemicals (reagent-grade)'.' '''''', ' ,• (USP l-May-2020)

Culturemedium additives, inductionagents, buffer
components

Table 4. AM Risk Tier 4 High-Risk Materials
Example TypicalUse in CGTProduct Manufacturing Qualification or Risk Reduction

• ,'; , "', j,;",",' "",,'"
'0 ,to (UsP 1:May-2020) ". (lJ~p l-May-2020)

·AIIof the qualification and risk mitigation activiti~s
inTier3, plusthe following:
• Safety testing forresidualsin CGT prodlJct
• Recombination-competent retroviral testing for

relevantgene therapy AMsA(USP I-May-202Oj
• Adventitious agent testingforanimalsource-rel­

evant viruses

genase for
0)

20) additives;, ·targeting
11, aetivatiQn~ or

.It. ~ (USP J-MaY-i020)

Process
digest

Scaffolds, matrices for immobilized cellular
cultivation

Purified enzymes

Animal-derived polymers, scaffolds, hydrogels

Cell culturesubstratum or J.conditioned
Animal or human cells used as feeder layers me'dium. (l,JSPH,fiij-2020)

."" ',"" ",... (USP 1-May-1010)

ene
AToxic entities(i.e" metliotrexate,bacterlal!oxin$, rove cell
etc.)
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(IJange to. read:

PERfORMANCE TESTING

of the
uring
~down

"'In caseswhere an AM ischosen forits effecton a particularbiological function of an intermediateor finalCGTproduct,
performancetesting isan essential element of itsoverall qualification .. This isespecially true when the AM plaY$:a critical role'in
modulating a complex biochemkal effeCt or has. a large impact on yield,purity, and/or final product poten 'erformance
testing is particularly. critical for AMs that are complexsubstances, mixtures, or biologicallysourced;:these .elikelY
to show significant lot~to:-Iot variability, lacka.simple identitytest, and be difficult to characterize. The deve0 nof
well.,defined performance assaysforcomplexAMs will notonly ensure process reproducibility and final produ. uaHty;bu.t in
many caseswill satisfy regulatory requirementsfor identitytesting.

Often,the initial qualification 'of an AM for use .inCGT product manufacturir'lg investigates the dose;.'respons
AM on yield, purity, or potency of the therapeutic product. The optimalamount of AMused in CGT product rn
should consistently yield the desired. effect, whileminimizing residuals. Performance testing frequently utilizes a
or simulGlted manufacturing process.

Some.examples include:
• Fora 'cellular proliferation AM added to culture medium, the assay could demonstrate that each lot of AM produces the

expected rate and degree of cellular proliferation
• Fora monoclonal antibodyuSed to purify a particularcell type, the assay could demonstrat~ that each new lot of

monoclonal antibody purifies a. standard cell populationwith the expected recoveryand purity
• For a densitygradient material usedto purify a vector or cell,theassaycould demonstrate that each new lot of material

purifies the vect()f or cell with the expected recovery and purity
• Fora'helper viral vector used'to produce a gene therapy vector, the assay could demonstrate that new lots ofthe helper

vector produce the expected amounts of activegene therapy vector
Functional assays may evolve asCGT product manufacturing processes develop; and the critical relationships between AM

and final products are better understood.
,When performance tests yield relative results, it is helpful to compare e'ach new lot of AM side by side with a reference

stanqard AM, if?,vailable. Thissimultaneous comparison reduces the variability due to different lots of cells or vectors used in
testing.... (USP 1-May-2020)

Change to read:

... RESIDUAi. ... (USP 1.MAY.ZOZO) ASSESSMENT AND REMOVAL

CONCLUSION

...Though AMs are not intended to bepresent in'the finalCeT product,it isoften challenging to completely: removeAMs
without impairing the CGT product yield or quality. Toestablish appropriatespecifications for AM residuals, developers should
address both AM removal proceduresand AM analytical methods earlyin dev~lopment. Developing appropriate residuals
specifications and detection methods ensures C<:;iT product and process consistency, allows characterization of the .tinal C(jT
product, and reduces negativeeffects on product quality, clinical efficacy, and safety.

Thresholds for AM residuals are'established, and·may evolve, throughout productdevelopment. In earl
fold reduction'in AM concentration isoften estimated for each manufacturing unit operation, and AM re
expressedasa dilution factoror logreductionfactor, Inlatedevelopment,directresiduals measurementsu
However, all AM residuals measurementsmust be interpreted withsome caution, because intracellular and e acellular AM
coricentrati9ns ,may differ. . ' ,.,. ..

As a.part of CGT product manufacturing processvalidation, spiking experimentswith high AM concentrations may be
required, to mimica worst case scenario and demonstrate manufacturing process robustness.Validation studiesshould
incorporate thefollowing considerations:

1. Residuals assay should accurately quantitate the AM in each sample matrix
2. Ifa scaled-down validation isconducted, the comparability of the small~scale and full-scale processesmust be

demonstrated
3. Inspiking studies, the higherAM levels must not interfere with the purification process
Specifications for residual, AM in the finalCGT product are typically based on the residual AM in theCGT productfotsused

ilil toxicological or clinical studies, or on knowntoxicological data.... (USP 1-May-.z020)

Change to r.ead: .

"'AMcjualityis crItical toCGTproductquality. AMs must be carefully selected, characterized,.arid qualified,'sot
performconsistently and as intended in the CGr product manufacturing process. AM qualification programssh
developing appropriate AM specific'ltions,robustCGTproduct manufacturing processes, and AM. risk assessme
mitigations, in order to prevent negative impactson CGT product quality,clinical'efficacy, and patient safety.... (
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Change to read:

APPENDIX

lists of Relevant USP Chapters and Regulatory References

USP 43

AMs used in CGT products will be regulated in the context of the rnanutacturtnq process of the CGT products.:Jl.A(USP l-May-20iO)
The following lists of documents include relevant regulatory Aanatechriicalguidances onA (USP l-rviay~2020) product and process
development, manufacturing, quality control, and quality assurance.-

USP Chapters
• Biological Reactivity Tests, In Vitro(87)
• Biological Reactivity Tests, In Vivo (88)
• "'Cell,basedAdvanceCltheraplesanclTissue-based Products (l 046)"'(CN1~May.2oio)
• AGenetherapvProduCts (1 '(47)A(USP i.May-2020)
• Biotechnology-Derived Articles-Amino AcidAnalysis (1052)
• Capillary Electrophoresis (1053)
• Biotechnology-Derived Articles-IsoelectricFocusing (1054)
• Biotechnology-Derived Articles-Peptide Mapping·(1 055)
• Biotechnology-Derived Articles-Polyacrylamide GelElectrophoresis (1056)
• Biotechnology-Derived Articles-Total Protein Assay (1057)
Code of Federal Regulations (CFR)

ARegulations Title

21 CFR211 Subpart E,211.80 through 211.94 and 211.101 Control. of Components and DrugProduct Containers and Closures

21 CFR312 InvestigationarNew Drug A.pplication

2TCFR 314 A.pplications for FDAA.pproval to Market a New Drug

21 CFR801.1 09(b)(1) Labeling~Prescription Devices

21CFR 807 Subpart E,807.81 through 807.97 Premarket NotifiCation Procedures

21 CFR812 Investigational Device Exen'lptions

21 CFR814 I'remarketA.pproval of Medical Devices

21 CFR87o.5885
Tissl,Je.CultureMediafor Human ExVivo Tissue and Cell Culture Processing A.p.
plications .(USP l-May-2020)

FDA Guidance Documents
• '" A(USP l-May-2020)Guidance for Industry: MonoclonalAntibodies Used asReagents in DrugManufacturing,'" March 2001. https:/I

www.fda.gov/aownloaas/BiologicsBlooaVaccines/GuiaanceComplianceRegulatorylnformation/Guidances/Blooa/
ucm080417.paf. A (USP1-May·2020) ,

• Points to Consider in the Characterization of CellLinesUsed to Produce Biologicals, "'May 1993. https://www.fda.gov/
downloads/biologicsblooavaccines/safetyavailability/ucm16286j.paf.A(USP 1-May.2020)

• Class /I Special Controls Guidance Document: Tissue Culture Media for Humanex vivo Tissue and Cell Culture Processing
Applications-Final Guidance for Industryand FDA Reviewers, May 16, 2001. Ahttps://www:tda.gov/Regulatorylnformation/
Guiaances/ucm073567.htm.

• Guidance for Industry: ContractManufacturingArrangements for Drugs: QualityAgreements, November 2016. https://
www.faa.gov/downloaas/arugs/guidances/ucm353925.paf.

• Guidance for Industryand Food and Drug.Administration Staff: Use of InternationalStandardISO 10993-1~"Biological
evaluation of medicaldevices-:-p'art 1: Evaluation and testing'within a. riskmanagement process//, June 16, 2016. https://
www.faa.gov/downloaas/meaicalaevicesjdeviceregulationanaguidance/guidancedocuments/
ucm348890.pdf.", (USP 1-May-2020)

National and International Regulatory Documents
• ICH Q5A: Viral SafetyEvaluation of Biotechnology Products Derived from Cell Lines of Human ana Animal Origin.

AAvaiiable·at: http://v-.iww.lch.org~,,, (USP l-May-2020)
• ICH Q5D: Derivation and Characterisation of Cell Substrates Used for Production of Biotechnological/Biological Products.

AAvailable at: http://wwwJch;org.
• IcA Q8(R2): Pharmaceutical Development. Available at: http://www.kh.org.
• ICH Q9: Quality RiskManagement Available at: http://www.icn.org.~ (USP 1·May-2020)
• Public Health Service Guideline on Infectious Diseases Issuesin Xenotransplantation. JlAvailable at: https://Www.cac.gov/~
• Health Canada "Guiaarice DOCument: Preparation of Clinical TrialApplications for useof Celi TherapyProauctsin

Humans". Available at: https://www.tanada.ca/en/health-canaaa.htmI.A (USP1.May.2020)
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(1044) CRYOPRESERVATION OF CELLS

INTRODUCTION

Cryopreservation is the process of cooling and storing cells, tissues, or organs at very low temperatures to maintain their
viability. The purpose of cryopreservation is to bank the cells and allowtheir future use in in vitro or in vivo applicationsfor
which post-thaw function issufficiently representative of the cells' prefreezefunction. Cryopreservation also minimizes the risk
of genetic mutation or development of subpopulations due to cell replication. Depending on the application, sufficient
postcryopreservation function may be assessed by the ability to divide, proliferate, differentiate, express genes, or to produce
proteins, or by another specific functional property.

Thischapter presents best practicesfor cryopreservation, maintenance, and use of a wide range of cells, cell therapy products,
and cellbanks derived from a varietyof sources including human, animal, and microbialcultures (the chapter also contains an
Appendix with additional guidance documents that are useful for particularcell types and applications). Cryopreserved cells
providea ready source of viablecells that can be used, either directlyor indirectly, for the purposes of diagnostic tests, therapy,
manufacture of drug products and vaccines, and for bioassays used to evaluate the potency of therapeutic drugs and vaccines.
Insome cases the cells themselves, after cryopreservation and thaw, constitute the patient therapy, and in other cases the cells
are propagated or otherwise manipulated ex vivo in order to generate the product (e.g., a culture-expanded cellulartherapy, a
therapeutic protein, a monoclonal antibody, or a vaccine). In all cases, proper cryopreservation is essential for retention of
required cellular properties and, ultimately, for application toward the advancement of patient therapies.

, Overview

Understanding the role of water and the need to adequately remove it from cells or abrogate its ability to form ice crystals,
which damage the cellmembrane, iscritical to successful cryopreservation. When cellsare frozen in aqueous suspension, often
they are destroyed. However, in the 1940s Polge and others discovered the cryoprotective properties of glycerol. Since then
several chemicals, genericallycalled cryoprotectant agents(CPAs), have been identified. The mechanism of action of CPAs is
complex and is not fully understood. However, according to the commonly accepted theory of colligativeaction, CPAs increase
solute concentration both within the celland extracellularly, thereby suppressing ice formation. Forthis purpose, the so-called
penetrating (or intracellular) CPAs [e.g., dimethylsulfoxide (DMSO), glycerol, propanediol, and methanol] must be able to cross
the cell membrane readilyand penetrate the cellwithout significant toxicity.There also is a group of nonpenetrating (or
extracellular) CPAs (e.g., sucrose and trehalose) whose mechanism of action is thought to be related at least in part to their
stabilizing interactionwith cellmembranes. Thisproperty alsomayexplainthe cryoprotective activities ofcertain large molecular
weight compounds such as hydroxyethyl starch and polyvinylpropylene. Theoretical models of cryoprotection typically evoke
the colligative theory, but full explanation of CPA action isyet to be established.

Analternativeform of cell preservation, commonly called vitrification, whereby the cell suspension is loaded with high levels
of penetrating CPAs (often several in combination), induces a glass-like state in which cellularand extracellular water cannot
readilyform ice crystals. When cellsuspensions prepared in this way then are cooled very rapidly(cooling rates of 100°-1000°/
min or more) the extreme viscosity prevents osmosis, and the water moleculesare unable to form ice.This procedure has been
widely used for complex structures including a varietyof human, plant, and animal tissues and may help preserve those cell
preparations that have variabledegrees of cellularpermeabilityor when standard cryoprotection cannot deliverthe range of
conditions required to optimally preserveviability in all the tissues' component cell types.

CPAs have biological activities beyond their cryoprotective properties. Some, like DMSO, can affect the cell membrane,
cytoskeleton, and gene expression and may be toxic to cells following prolonged exposure. Therefore, during development of
new cryopreservation protocols analystsshould perform a toxicity assayin which the cells are exposed to the CPA over a range
of time intervals to evaluate loss of viability or alteration of functionality.

Key Elements of Cryopreservation Practice

I Forany cellularsample or therapeutic product being cryopreserved, method development should address the following
elements:

PREFREEZE PROCESSING AND CHARACTERIZATION

Optimizingthe condition of the cellsimmediately beforecryopreservation iscritical to a successful outcome. The nature and
extent of prefreeze processing depends on the state of the original cells harvested for preservation, the composition of the cell
suspension, and the specific processing steps leading into cryopreservation. Prefreeze processing may include selection of
subpopulations, ex vivo expansion, or incubation with activating or priming factors. .

Precryopreservation characteristics and identity should be established during early process development. Forcell banks in
particular, the cellstatus and optimal growth conditions, as well as documented history (with traceabilityto a qualified cell
bank or acceptable source), characteristics, and authenticity should be documented. Cell status and historytypically are
described in terms of the nature and number of manipulationsand culture passages from the primary cells or original isolate.
Finite or primary cells usually are cryopreserved at an early passage to maintain integrity of the original tissue, but continuous

www.webofpharma.com

https://nhathuocngocanh.com/



7390 (1044) / Genera/Information USP43

cell lines may be cloned and expanded, ensuring a homogeneous cell population. It is recommended to prepare cell banks
from a single preparation or expanded population of cells since it isoften necessaryto pool cells for freezing from multiple
culture vessels. Cells from cultureswith different passage histories and certainlyfrom differentdonors should not be pooled. In
both cases, analystsshould maintain detailed records of the procedures.

To prepare for cryopreservation of cultured cells, cells should be harvested during exponential or the most rapid phase of
growth and before the culture enters stationary phase. Harvesting cells during this phase ensures that the cells are most viable
and uniform. The optimal concentration of cellswill depend on the cell type, purpose, and best recovery. Typically this lies
between 106 and 107/mLfor manufacturing cell banks but may be differentfor other purposes. Complete growth medium
renewal a day before cell harvest also can be beneficial. Additionally, most cell suspensions benefit from washing by
centrifugation and resuspension in an isotonic medium to a specific cell concentration. Prefreeze processingshould not result
in cells that are stressed before the start of the freezing process, or cell losses during freezing or after thaw will be higher than
expected.

Optimizing the growth conditions of a cell line or primarycells is important to maintain high viability of the cells in culture.
Typically, cells growing actively and in exponential phase have a lowcytoplasm to nuclear volume ratio, which isconducive to
successful cryopreservation with penetrating cryoprotectants. Suboptimal or improper culture conditions may result in lower
viability and cell states that will be lessrobust for preservationand recovery. The culture medium should be optimized and the
same medium should be used throughout allexperiments, and each batch of animal-derived materials (e.g., serum) and other
culture reagents should be qualified (e.g., see the 2010 WHO guidance and the FDA 2010 guidance referenced in the
Appendix). Ifpossible, it is recommended to not use animal-derived components in the culture medium particularly for cells
used for therapy or as manufacturing substrates.

Per the WHO 2010 guidance and based on a risk assessment, either the Master Cell Bank (MCB) or the Working Cell Bank
(WCB) must be tested for adventitiousagents. Ideally, samples of cells should be tested for adventitious agents before freezing.
The specific testing regimen for potential microbial or viral contamination of cells depends on the donor source, the culture
history, and the intended use. Detailedrecordsof the cellhistoryshould be maintained as a basisfor appropriate risk assessment
to direct supplementary testing that may be required (e.g., exposure to bovine viruses in bovine serum albumin). Specific
regulatory requirements for testing of cells, or donors of the cells, for products intended for a particular use (e.g., cell therapy
or vaccine rT1anuf~sture~~E~pi:lse8?n past experience regar8in9key agents that must be included or considered. US?general
chaptertCell-:basediA,dvqf)qgcl.Thergpi(3sandTissue-:basedRroducts{1 046)"'(CN l-May-2020) contains guidance about sterility and
safety testing requirementsfor cell therapy products.

REAGENTS AND CONTAINERS

All cryoprotectants, containers,etc., should be fit for purpose as indicated in relevant regulatoryguidances. Sterile, single-use,
disposable plastic bags, cryovials, or straws are customarilyused for cryopreservation. Manufacturers' specifications should be
carefully reviewed to ensure that the material used to manufacture the cryocontainer is appropriate for use at the storage
temperature, is chemically compatible with the contents, minimizes the potential for leachables and extractables, and assures
container closure integrity. Ifstraws are used, then primaryor secondary containment during storage is important to prevent
direct contact of the preservedcells with liquid nitrogen. Cryovials should be selected based on their ability to provideadequate
cell bank integrity.

Preservation of cells typically requires the use of specialized solutions that contain a base (typically an isotonicsaline-based
solution) with CPAs (most commonly DMSO but sometimes glycerol) and sometimes proteins (fetal bovine serum, human
serum or plasma, conditioned medium, or human albumin). The optimum composition for different cell types may need to be
determined.

The types of vials, labels, ink, or markers used should withstand extreme liquid nitrogen temperatures. The markingson the
labelshould be legibleand barcoded ifpossible. The minimum informationon the labelshould include name or description of
cell population, date of cryopreservation, lot number, and passage number if needed. Sincemost cryolabels are very small,
additional information can be included on associated documentation. In certain applications it may also be necessaryto
sequentially number vials within a single lot as part of the minimum information on the label, to enable better control over
movement of vials from a single bank, and to identifysectors of the bank which may have received differentcryopreservation
conditions.

ADDITION OF CRYOPROTECTANT SOLUTION

Cryoprotectant solutionstypically are hypertonic and are not physiological. Forexample, a 10% DMSO solution used
commonly in cell preservation has a concentration of approximately 1.4 osmolarity(Osm/L). "Cells introduced into this type of
solution rapidlydehydrate as water leaves the cell in order to reduce the difference in osmotic potential between the insideand
outside of the cell. DMSO slowly permeates the cell to re-equilibrate. This may cause excursions in volume that can result in a
loss of cellviability. Therefore, cryopreservation solutionscommonly are added to a cell suspension in stepwise additions or
gradually (e.g., using a syringe pump) or slowly dispensing down the side of the container to prevent cell losses resultingfrom
osmotic stress. The method for introducing or removing a cryopreservation solution should be developed and evaluated for its
impact on cellviability and functionality. .

In the case of DMSO, a large latent enthalpy of mixing results in sample heating when the two solutionsare mixed. This
heating can be high enough to damage the cells, so solutions that contain DMSO commonly are precooled before mixing.
Prechilling the solution reduces heating associated with mixing of the solution, reduces the osmotic volume changes that the
cells experience, and reduces cell losses associated with exposure to DMSO. The time that cells are exposed to the
cryoprotectant, prior to freezing, should be limited and the maximum time allowable, without deleterious effects, should be
determined during development work for routine use.
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Twodifferenttypes offreezing typically are used for cells: controlled-ratecooling (using programmablefreezers) and passive
cooling (including use of insulatedcontainers). Controlled-rate freezers are attached to liquid nitrogen supplies. The
temperature of the chamber should be controlled by increasing or decreasing the flow of cold nitrogen gas into the chamber
according to a preprogrammed step. Controlled-rate freezing protocols typically involve several steps, each of which should
be evaluated and qualified for a specific cell type.

The use of controlled-ratefreezing provides more precise control of the freezing environment and therefore may provide
more consistent (and higher) post-thaw recovery for cells that may have a narrow range of cooling rates associated with
maximum survival or cells that are sensitive to the temperature at which ice forms in the extracellular solution. Temperature
probes placed near the cells being frozen, or in a mockcell suspension that undergoes cryopreservation simultaneously, are
used to monitor the freezing process and to provideprocess control. Ifreleaseof the latent heat of fusion isdelayed or poorly
controlled, cells undergoing cryopreservation may be damaged and may have diminished viability after thaw.

Disruption of the controlled-ratefreezing during the protocol may occur and typically iscaused by failure of a valve in the
controlled-ratefreezer or cryogen. Protocols for handling disruption of the freezing processand backup plans should be
prepared.

Passive freezing involves placing a product in a freezer(about -80° or -150°) and permitting the sample to cool in an
uncontrolledfashion. Insulation or specially designed boxesare used to slowthe cooling rate for the sample. The average
cooling rate achieved for the majority of the processand the consistency of freezing curvesshould be evaluated and qualified
for purpose. Ingeneral, control of the thermal environmentduring freezing results in improved post-thaw recovery, but certain
cells exhibit comparable post-thaw recovery when they are passively cooled.

CRYOGENIC STORAGE, SAFETY, AND TRANSPORT

After the freezing process has been completed, products are transferredfrom controlled-rateor mechanical freezers to
cryogenicstorage units. Some microbial cell culturescan be suitably maintained in mechanical freezers but this should be
demonstrated. Sample warming should be minimized during transferof the cell product from the freezing device to storage.
Coldtablesor insulated transferdevicescan be used to minimize warming during transfer.Newly cryopreserved cellscommonly
are placed in a quarantine cryogenicstorage unit beforecompletion of testing for adventitious agents. After testing, cells that
test negativefor adventitious agents can be released for transfer into long-term cryogenicstorage units.

The inventorysystem (or repository) for the maintenance of the cryopreserved cells should be designed for easy access to
minimize specimen handling,and the number of times per daythat a repository isaccessedshould be limited because exposure
to warmer temperatures may compromise cell viability and, consequently, longer-term stability. Cell banks (e.g., MCBs) or
other cell culturesthat are accessed infrequently should be stored separatelyfrom WCBs or other cell culturesthat are accessed
more often. Frequent retrieval from the cell bank/culture maycause shifts in temperature. This activity must not compromise
the long-term stability and performance of the infrequently used cell bank/culture. It isalsovaluable to dividea bank and store
it in multiple locations to decrease risks due to a catastrophicevent at a particularsite.

When storing cryopreserved cells, analysts should ensure that the storage temperature does not rise above a critical
temperature calledthe glasstransitiontemperature. For long-term storage offastidious specimenssuch as cell lines and primary
cell cultures, this critical temperature isnot warmer than -130° for nonclinical specimensor not warmer than -150° for clinical
material (to give an adequate margin of error) in the vapor phase of the liquid-nitrogen freezer. Liquid-nitrogen freezers are
prone to temperature gradients in the vapor phase basedon the shape and design of the freezerand the level of liquidnitrogen.
Although storing cryopreserved cells in liquid nitrogen prolongs longevity, hazards associated with unsuitablecontainers or
container use (e.g., exploding vials and rupturing bags) have prompted greater use of nitrogen vapor phase storage.
Liquid-nitrogen vapor phase providesa more convenientand safe environment for vial retrieval. Ifthe liquid-nitrogen freezer
is suitablyconfigured, the working temperature in the vapor phase iscommonly -150° or colder. The liquid-nitrogen freezer
should be qualified, and the temperature of the vapor phase should be routinely checked to ensure that the temperature does
not become warmer than -1 30° for cell lines or other frozen material or warmer than -150° for material used for clinical
applications (e.g., cell therapies).

Temperature-monitoring systemsshould permit recording and storage of temperature history for qualitycontrol purposes.
Storage units should be attached to alarmsand facility monitoring systems. Critical storage unitsshould be equipped with a
multilevel alarmsystemto ensure backup in the monitoring and response.The storage units should be routinely monitored for
temperature failure caused by power disruption and any other potential malfunctions. In the event of equipment or power
failure, backup refrigeration should be available.

Properoperation of a repository requires monitoringof temperature and liquid-nitrogen levels and automatic filling. In
addition, it is recommended to have a backupfor emergencycooling(e.g., empty backup cryogenic storage) in case of freezer
failure.

Onlyindividuals who are trained for this purposeshouldaccess cryopreserved products or samples. Insome cases,verification
by a second person is requiredfor source traceability. Personnel assigned to the implementation of the protocols should be
trained in standard operating procedures (SOPs). Sample tracking systemsthat incorporate computer softwareand sometimes
barcoding for identification, logging, and trackingof frozen samplesare particularly useful for largesample repositories and
may facilitate rapid retrieval of samples and minimize time that the entire repository isexposed to the risk of temperature
excursions. In addition, it is recommended that all changes to cryostorage inventories be recorded in log books near the
storage unit. . . .

Products and samples such as primarycells, cell lines, and cell therapy products routinely are shipped among sites of
collection, processing, storage, and use. Cryopreserved cells typically are shipped in liquid-nitrogen vapor shippers with
temperature-monitoringsystemsto ensurethat the unitdoes not become warmerthan -1 30° for cell lines and -150° for clinical
material during the shipping process.Shipping containersare subjected to significant vibrations and mechanical stressesduring
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shipment and should be evaluated on a regular basisfor proper function. Shipping validation studies should cover worst case
scenarios and include temperature monitors for critical materials.

Cryopreserved cells, whether shipped nationallyor internationally, should be transported using local postal, US Department
of Transportation, and InternationalAir Transport Association quidelines. Packages also should meet other regulatory
requirements for quarantine, biosafety, and biosecurity. Cryopreserved cells should be retrieved, packed, and shipped in a
manner that does not interferewith the integrityof the cells. Formost cryopreserved cells, shipping in dry icefor short duration
may be adequate, but the shipping processshould be validated,shown to have no adverse impact on the cells, and temperature
monitors should be included. However, some cells may requireshipping in liquid-nitrogenvapor phase (Dewars). Prevalidation
of the shipping methods may be required to determine the best option and prevalidation risk assessment should be performed
even ifonly one option for transport is being considered. With the shipment, shippers should include instructionsfor proper
storage upon cell receipt.

THAWING

Cells frozen using conventional methods (controlled rate or passive freezing) or by vitrification should be thawed as rapidly
as possible, and the thawing processstarts as soon as the frozen sample is removed from storage. Slowwarming rates result in
recrystallization damage or exposure of the cells to high extracellular concentrations of CPAs, either of which can result in cell
death. Foreach cell therapy product and cell linethe most appropriate thawing procedure (temperature, gradient, and time)
needs to be developed. These products and cell lines typically are thawed in a warm-water bath or for therapeutic cell
preparations in a bead bath or thermoblock. The water bath should be cleaned regularly and should contain sterilewater or
Waterfor Injection.The temperature of the bath alsoshould be monitored. Manyclinical labs use plasticoverwrap bags to hold,
the primarycontainer during rapid thaw to reduce the risk of product contamination in case the integrityof the inner container
is impaired. Alternatively, warm bead baths (usually approximately 37°) can be used to reduce contamination risks. Thawing
rates should be as rapid as possible (>1"Is for most mammalian cells). Increasing bath temperatures above 42° to increasethe
warming rate must be done with extreme caution because hyperthermic temperatures can damage cells, inducing necrosis or
apoptosis.

POST-THAW PROCESSING AND EVALUATION

Because cryopreservationsolutionsare not physiological, it isnot uncommon for some post-thaw processingto be performed.
Forcellspreserved in DMSO, cells typically are washed or diluted immediatelypost-thaw because this CPA isharmfulin particular
to frozen and thawed cells. Cells are more sensitiveto expansion than contraction, so CPA removal or dilution protocols must
be carefully optimized to prevent cell losses from dilution or removal.

Quantifying the viability of cellspost-thaw is important and may be performed by a varietyof methods depending on the
post-thaw requirements of the cells. Minimumviability limits should be set based on experience and thawed products with
viabilities below the set limits should be discarded. The processof cryopreservation subjects the cells to significantstressesthat
can alter metabolic function, membrane structure, etc. Therefore, development and validation of suitable post-thaw assays are
critical. Post-thawfunction is most commonly assessed using physical integrity (e.g., membrane integrity), metabolic activity,
mechanical activity(attachment or contraction), mitotic activity, or engraftment potential. The selection of assaydepends
strongly on the desired post-thaw function of the cell. Membrane integrity is used most often. Today, dyes like trypan blue are
used lessoften to measure post-thaw physical. integrity because the dye isdifficult to validate on frozen and thawed cells. The
method to test viability needs to be carefully selected and qualified for the particularcell type being measured with a protocol
that specifies diluents and time. Fluorescent dyes are used with increasing frequency to determine cells' post-thaw physical
integrity. Rigorous methods of post-thaw assessment typically involve multiple measures of cellviability and, in particular, at
least two independent assays to measure post-thaw viability. Forexample, post-thaw attachment and proliferation commonly
are used to evaluate viability. As the complexityof the desired cellfunction after thawing increases, so do the demands on
post-thaw assessment. Forexample, post-thaw assessment of stem cells may require assayof membrane integrity as well as
proliferation and the ability of the cells to differentiate into different lineages post-thaw. Post-thaw assays should be carefully
developed and validated to avoid measurement bias.Acertain fraction of cells will lyse during freezing, and methods of
measuring cell recovery should include a complete assessment of cell losses (cells that have lysed as well as cells that are intact
but not viable). Stability of cryopreservedcells can be assured by periodically thawing and testing a vial of the cells (alsosee
ICH Q5D).

Testingfor adventitious agents after the preparation of MCBs and WCBs should be routine, and US? general chapters Viral
SafetyEvaluation of Biotechnology Products Derived from CellLines of Human or Animal Origin (1050) and Virology Test Methods
(1237) provide additional testing guidance (see also the FDA 2010 guidance cited in the Appendix). Testing for mycobacterial
contamination, which may not be isolated in standard sterility testing, also can be considered for some cell substrates.
Representative vials should be retrieved and tested for contamination (bacteria, fungi, Mycoplasma, and viruses). Numerous
well-established methods are available for detecting Mycoplasma in cell cultures (see US? general chapter Mycoplasma Tests
(63»).

The batch record should be detailed, includingthe historyof the cells and all activities starting from their receipt to release
of the cell banks or products for use. The record should include detailed information about the cryopreservation process,
including the procedure, the equipment used (with unique identifier), and a printed record of the freeze profile. The viabilities
of thecryopreserved cells should be monitored over time to ascertain the effectiveness of the freezing process and the storage
conditions. The informationcaptured in each batch file of a cell linemust be traceable to the originalsource, and all documents
should be maintained and updated according to the quality management system in place.
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Cell preservation methods are used to ensure product stabilitydufi~gh8Igt~~?~~Q~I~ngtr~n~e()rt~t~es!()~~\I\Iig~~~~ge of
huma~. ~~II-ba7~d products (additional information isfound inj.Gell"fJasedAd\{(]nc~dTh~rapiesaI1.a.T.is$L/~-bC1$eCfPrqCfJ;Jct$
(104p).1.(Cr\l1-MaY-2020»). Cells can be preserved in liquid suspensionfor up to a few days, but quantitative and qualitativechanges
in the cellular product invariably occur over time. Although preservation in the frozen state also affects the cellularproduct, it
allows more predictable preservation of specific product characteristicsover much longer time intervals.

Forany given cell product, the decision to use cryopreservation depends primarily on the timing of final product
administration in relationshipto cellsource collection and product manufacturing steps. Many patient-specificautologous and
allogeneic products are maintained in liquid suspension, without cryopreservation,from starting cell source through final
formulation and are released as fresh products after a relatively short time. However, many clinical applications require
cryopreservation of the cell source, intermediate products, or final product. In these cases, cryopreservationcan permit
optimization ofworkflow during manufacturing, completion of lot-release testing, maintenance and management of a product
inventory, transport of the product to the clinical site, and coordination of product administration with the patient's medical
or surgical regimen. Forexample, umbilical cord blood iscryopreserved and stored in public banks for subsequent transport
to, and temporary storage at, clinical transplant centers, where it is thawed immediately before infusion into a patient.

Development of a cryopreservation processfor a clinical cell therapy must consider the consequences for the product, the
patient, and the overall feasibility of the therapy. Forthe cell product, the manufacturer must ensure that expected cell losses
because of cryopreservationand thaw occur in a manner that is reasonably predictable and must ensure that the final product
administered to the patient will meet specifications for cell number, viability, and functional characteristics.

Forthe patient, cryopreservation may affect the efficacy and safety of the final product. Forexample, the cryoprotectant
DMSO is associated with risk of predictable dose-dependent gastrointestinal, cardiovascular, and neurologic toxicitiesthat
typically are ascribed to histamine release. Residual DMSO in the final product should be estimated or measured. DMSO is
categorized by ICH as a Class 3 (relatively low risk) solvent or excipient in pharmaceutical products, and amounts of up to
50 mg/day, or less, are considered acceptable without justification (see ICH Q3C). Cryopreserved cellularproducts frequently
contain 10-20 times this amount unless they are washed after thawing. Even higher amounts of DMSO may occur with
administration of multiple cryopreserved products, and this occurs commonly with autologous peripheral blood sterncell
transplantation. ADMSO limitof 1 g/kg recipientweight/day iscommonly used in clinical cell therapy practice. Proceduresto
prevent DMSO toxicityalsoshould be considered. It iscommon clinical practice to premedicate patients with diphenhydramine
or other antihistamine agents to prevent DMSO toxicity. Product washing methods by either manual (centrifugation) or
automated methods also can be considered but must be validated to ensure adequate postwash recoveryand cellfunction.

Useof cryopreserved cell therapy products may require the clinical site to receive, store, thaw, and perform other final
preparation steps on the cryopreserved product. Feasibility assessment requires consideration of the site's capabilities with
regard to specialized personnel, training, equipment, and facilities to execute those tasks.

Ifcryopreservation is planned as part of the manufacturing process, development teams must consider the effect of
cryopreservation on cell number and characteristics and should require reliablemethods for cell enumeration and assessment
of cell viability and function. During development runs, more assays often are performed than will be required eventuallyfor
in-processand final product testing. This isdone in order to evaluate the effects of each manipulation of the product. Because
some cells may be more susceptible than others to freeze-thaw damage, these studies should include assessment of selective
losses of important cell subpopulations within the product.

As described in the Introduction, several critical processes influence the outcome of a cryopreservation protocol. Following
is a brief discussion of issues unique to cell therapies.

Prefreeze Processing

Ifcells are harvested with plasma present, samples should be properly processed with an anticoagulant to prevent clotting.
Inaddition, some cellsare prone to clumping or aggregation when centrifuged, and some cell products may exhibit excessive
damage or loss of one or more populations within the product. Cells harvested from adherent or nonadherent culture may
include substantial numbers of dead or fragile cells. Therefore, centrifugation and wash steps should be optimized and specific
for the product's cellular contents, suspension volume, suspension medium, and container, along with appropriate evaluation
of the cellularproduct before and after these manipulations. Prefreeze processing should not result in cells that are stressed
(e.g., cells that demonstrate elevated earlyapoptotic markersor temperature-shock responses) before the start of the freezing
process, or cell losses will be higher than expected.

Reagents and Containers

Clinical-grade reagents and containers should be used whenever possible (see Ancillary Materials for Cell, Gene, and
Tissue-Engineered Products (1043»). It is customary to use sterile,single-use, disposable plastic bags or cryovials that have been
qualified for the specific cryopreservationprocess and subsequent storage conditions. Cryopreservation media for cell therapy
products usually consistof isotonicsaline-basedsolutionswith one or more CPA, typically the intracellular cryoprotectant DMSO
at 5%-10% final concentration with or without an extracellular cryoprotectant such as hydroxyethyl starch. The use of
human-derived protein additives such as human serum albumin, serum, or plasma iscommon, but they may need extensive
qualification, so they should be avoided ifpossible and alternatives should be evaluated. Additives such as animal-derived
heparin, citrate-based anticoagulants, and DNase sometimes are used. Many centers formulate their own cryopreservation
media, but commercial cryopreservation media, which typically include 5%-10% DMSO and other proprietary components,
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increasingly are used by cell therapy manufacturers to eliminate variability and the need for additional qualification activities
associated with local formulation.

Addition of Cryoprotectant Solution and Cooling

Proceduresfor introduction or removal of a cryopreservation solution should be assessed before freezing to ensure that cell
losses resultingfrom this step are minimized. The cryopreservation medium usually isadded to the cell suspension in steps or
gradually (e.g., using a syringe pump) to prevent cell losses resulting from osmotic stress. It is common to prechill the
cryopreservation medium and keepthe cellsuspension and the admixture chilledusing cold packs, a frozen blanket,or a chilled
work surface to prevent heat-related cell damage during addition of DMSO. Once the cryopreservation medium isadded, the
cellsuspensiontypically istransferred to the precooled chamber of a controlled-ratefreezer. Duringthe freeze process, a record
of chamber and product temperature over time, or freeze curve, isgenerated for inclusion in the production record. Product
temperatures can be recorded from a probe placed on the product bag's outer surface or from the insideof a comparable
product in a dummy bag or vial that undergoes concurrent freezing.

Storage and Transport

Cryopreserved cell therapy products typically are stored and transported at temperatures of -150° or colder. FDA requires
screening and testing for evidence of transmissible disease only for allogeneic donors of cell therapy products arid not for
autologous donations. However, many centers test autologous donors as welland segregate products from autologous donors
who are known to have transmissible diseaseswhen their products must be stored. Areport of hepatitis Bcross-contamination
of cellular products within a liquid-nitrogen storage tank led to the currently common practices of storage in the vapor phase
of liquid nitrogen and the use of overwrap bags to reinforce product containment. Liquid-nitrogen vapor phase storage may
be associatedwith vertical temperature gradients: products at the top of the storage tank may have a warmer temperature than
those stored at the bottom of the tank. Temperature gradients should be monitored, and vertical temperature gradients should
be minimized, e.g., by use of metal heat shunts. Overwrap bags may reduce the warming rate of the sample ifused during the
subsequent thaw process, and their use should be qualified as part of the overall cryopreservation process validation.

Transportof cryopreservedcelltherapy products usually isaccomplishedby using dry shipperscontaining absorbent material
that can be charged with liquid nitrogen to maintain vapor-phase temperatures for up to 2 weeks if properly charged. Data
loggers are used to document the temperature historyduring transport. These shipping containers and procedures must be
validated before cell therapy products for clinical use are shipped in the containers.

Warming (Thawing)

Although bedside thawing of cell therapy products before infusion has been a common clinical practice, the use of trained
personnel in a controlled laboratory environment is now recognized as the preferred method for thawing because it allows a
more standardized process and a higher degree of control when staff must respond to a container failure, which may require
product salvage in a more sterileenvironment. Product thawing typically isdone by immersion in 3JO water baths and using
overwrap bags to minimize product loss and contamination in case of primarycontainer failure. Bags may be gently kneaded
during thaw to reduce temperature gradients acrossthe bag and to accelerate thawing. The product is removedfrom the water
bath when some ice is still present in the product but the majority of the product is thawed.

Post-Thaw Processing

DMSO istoxic to cellsin liquid suspension.Toxicity may be reduced bydilutingor washing the cellsuspensionbefore infusion
or further manipulation. Because cryopreserved, thawed cells are more sensitive to volumetric expansion when the cells
transitionfrom a hypertonic solution to an isotonicsolution, the dilution and washing solutionsand methods must be carefully .
designed and validated. Cell washing using either a conventional centrifuge or an automated device can result in additional
mechanicalstressto the cells, so cell losses must be assessed by an appropriate method before a specific method isimplemented
in clinical practice.

Quality Control Practices

Qualitymanagement of cryopreservation, storage, and thaw of clinical celltherapy products must incorporate qualitysystem
elements common to current Good Tissue Practices (cGTP) and current Good Manufacturing Practices (cGMP), including
personnel qualification, facility controls, document control, control of equipment and materials, label control, and use of
validated SOPs (21 CFR 1271, 210, and 211). Qualitycontrol practicesspecific to clinical cryopreservation typically include
assessment and documentation offreeze curvesfor all products, retention of tubing segments and vials for subsequent testing,
and regular monitoring of post-thaw product quality. Practices required by cGTPs and applicable to all human cell- and
tissue-based products include measures to ensure accurate and complete labeling and records, to ensure that the correct
product goes to the patient, and to allowtracking of the cell product from collection to infusion. The practical implications of
these requirements are that labelingand records, including inventorysystems,for cryopreserved products must be designed
to prevent errors in identification of products. Identityverifications of products moving into and out of cryopreserved storage
are performed routinely, e.g., with two people checkingthe product labelagainst records. If necessaryfor additionalverification
of product identity, the contents of a tubing segment attached to the product bag can be thawed and tested bef?re thaw of
the entire product. ISBT 128, an internationally rec~gnized systemfor labeling of blood and cell-theraI?Y. pro~ucts, mcorpora~es
useofconsistent product nomenclature and barcodmg ofthe product from donor source through administration (seeAppendIx).
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Studies of the response of hematopoietic stem cells (HSCs) to freezing began in the 1950s, and cryopreserved HSCs have
been widely used in clinical practice during the past 30 years. The most common method of cryopreserving HSCs for clinical
applications involves the use of 10% DMSO and a controlled-rate freezerset at a cooling rate of 10 Imin. Another method, less
commonly used, involves the use of passive freezing of the HSC product in a -800 mechanical freezer and the use of 5% DMSO
+ 6% hydroxyethyl starch solution. Cells commonly are frozen at densitiesof 30-50 x 106 cells/mL. Exceeding cytocritsof 20%
(v/v) has been shown to reduce cell recovery. Post-thaw assessment of the sample consists of enumeration of nucleated cells,
viable CD34+ cells, and hematopoietic colony-forming units, along with subsequent calculation of recoveries from
corresponding prefreezevalues.

HSCs cryopreservedfor clinical use may be obtained from bone marrow, mobilized peripheral blood, or umbilical cord blood
(UCB). Each source has unique requirements for preservation. Forexample, peripheral blood progenitor cell products contain
larger numbers of cells and may be frozen in multiple bags with relatively high cell concentrations. Protocols for UCB
preservation may include the use of syringe pumps to introduce cryopreservation solutions while minimizing osmotic stresses.
ForUCB, specialized solutionsoften are used after thaw to dilute or remove DMSO while minimizing osmotic stressfor the cells.

MESENCHYMAL STEM CELLS

Research on the clinical use of mesenchymal stem cells (MSC) has grown rapidlysince the mid-1990s. Reliable, safe, and
efficientmethods ofcryopreservation and storage are critical, especially for allogeneic off-the-shelf MSC products manufactured
in multiple product doses for treatment of a large number of patients with a range of clinical indications.

Because MSCs traditionally have been generated in cultures that contain fetal bovine serum (FBS), cryopreservation media
for these cells often have incorporated FBS. More recently, alternatives to gamma-irradiated FBS are being explored for the
culture expansion before cryopreservation, and cryopreservation has been successful in media that contain 5%-10% DMSO
and other components without bovine sources of protein. Althoughthere isno consistent method of post-thaw cell processing,
some protocols includedilutionor washing of the cellsto mitigate the effectsof DMSO. Emerging clinical applicationsfor MSCs
may require repeat dosing of the cellularproduct, a practicethat requiresattention to potential immunogenicity ofcomponents
of the cryopreservation medium, e.g., FBS or other proteins.

Post-thawassessment of MSCs typically has involved the useof membrane-integrity dyes such as trypan blue, surfaceantigen
expression, and evidence that the cellsare capable of multilineagedifferentiation. Becausethe mechanism of action of MSCs
may involve the immunomodulatory or trophic properties of the cells, post-thaw assessment also should include relevant cell
function.

. lYMPHOID CELLS

Lymphocytes are used for a varietyof clinical applications including immunotherapy to treat cancer, viral infection, and
autoimmune disease. Therapy based on lymphocytes may consist of mixed lymphocyte populations or lymphocyte
subpopulations that have been selected or activated ex vivo, e.g., regulatoryT cells, natural killer cells, and activated T cells. As
with hematopoietic cells, lymphocytes typically are cryopreserved using a 10% DMSO solution and a controlled cooling rate
of 1°/min.

Lymphocytes mayundergo extensivepost-thaw apoptosls,whichcan influencethe clinical efficacy of the cells. Highly purified
populations of lymphocytes may exhibit higher levels of post-thaw apoptosis than mixed lymphocyte populations. Strategies
such as caspase inhibition and cytokine rescue have been used to diminish post-thaw apoptosis of lymphocytes.

PRESERVATION Of HUMAN PLURIPOTENT STEM CELL LINES

Pluripotent stem cells (PSCs) are cells that appear to have the capacity to (1) undergo self-renewal and replicate indefinitely
and (2) generate cells that are representative of the three germ-layertissues required to create all cellsof the human body as
demonstrated by the capacity to generate teratomas in immune-deficient mice. The two predominant types of stem cell line
used for in vitro laboratory research are human embryonic stem cells (hESCs) and human induced pluripotent stem cells
(hiPSCs). hESCs are derivedfrom donated surplus blastocysts by isolation and culture of the blastocyst inner cellmass (the tissue
that would have progressed to form the embryo). hiPSCs are created byartificial reprogramming ofsomatic cells (bythe delivery
of reprogramming factors using a varietyof methods) to yield cells that express the critical properties of PSCs listed above.
hiPSCs can be derived from a range of somatic cell types using an increasing range of methods to secure expression of certain
reprogramming factors.Arange of tissue-derived culturesare knownto harbor stem cellpopulations invitro(e.g., subcutaneous
fat, bone marrow, cord and blood of the fetal umbilicus, primordial germ cells from the fetal neural crest, and neural stem cell
spheroid cultures) that have been shown to have a limitedcapacityfor in vitro replication and have not been established as
stable diploid PSC lines. Such cultures will not be covered in this chapter, and the following sections will deal specifically with
hESC and hiPSC lines.

PSC linesare complex multicomponent cell cultures and may contain a variety of different cell populations with greater or
lesserdegrees of differentiation or lineage commitment. However, the keyproperty of a stem cell culture, self-renewal, must
be sustained. Inaddition, the cells must retain the capacity to undergo asymmetricdivision to yieldtwo differentdaughter cells:
one that isa stem cell identical to the parent cell and one with a reduced degree of potency (Le., abilityto generate different
cell lineages).
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Currently, individual labs have their preferred methodology, no single approach appears to dominate for routine use, and it
seems possible to obtain acceptable levels of post-thaw viability and recovery by either vitrification or controlled slow rate
cryopreservation; however, a common method that results in better cell recovery isdescribed here. Briefly, this technique
involves placing coloniesof hESCs in a vitrification solution composed of 20% DMSO + 20% ethylene glycol (EG) + 0.5 mol/L
sucrose after equilibration with lower-concentration DMSO + EG solutions. The coloniesare loaded into straws and plunged
into liquid nitrogen. Another common method involves placingcolonies in a solution consistingof 10% (v/v) DMSO and using
either a passive freezing device or a controlled-rate freezer designed to achieve an average cooling rate of approximately 1°/
min.

Vitrified IPS or hES samples have specialstorage and shipping requirements. All cryopreservedor vitrified samples must be
stored at temperatures below the glass transition temperature of the sample, and for vitrified samples this is much lower (e.g.,
-150°) than for traditionally cryopreserved cell samples. In addition, fluctuations in temperatures during storage or shipment
can lead to crystallization and therefore degradation of the sample. Because vitrified samples are sensitive to these temperature
fluctuations, they should be shipped at liquid nitrogen temperatures and should not be shipped on dry ice.

Challengesfor the reliable and reproducible preservation of PSC lineslie not just in the preservation process itself but also in
the preparation, cryoprotection, and recovery procedures. Specifically, methods of harvesting and handling before
cryopreservation may result in significantcell losses. Processing procedures should be made as reproducible as possibleand
with the use of an SOP to enhance the reproducibility of preservation outcomes. Furthermore, the effective banking of PSC
lines ischallenged by the methods by which the cells typically are passaged and harvested for preservation (Le., individual
coloniesdissected and transferred as smallcolonyfragments to fresh culture flasks for expansion or to preservation medium for
freezing). First, in order to avoid extensive loss of viability in the earlier harvested cells, cultures used to make a bank actually
may require preservation in small batches over a working day. Second, preparation of PSC banks comprising smaller pools of
cell colonyfragments is not only time consuming and laborious, but it also makes it impossible to homogenize the preparation
of cells before aliquoting into vials, as would happen with more traditional methods of preserving cell lines. Thus, consistency
between vials of PSC lines iscompromised. Third,freezing PSCs as.colonyfragments preserves the gap junctions known to form
between cells, potentially leading to intercellular propaqation of ice crystals and extensive loss of viability.

Toavoidsome of these issues, analystscan use enzymaticdisaggregation of coloniesto simplify and accelerate cellharvesting
andto enable cryopreservation of more homogenous, single-cell suspensions before preservation. To be prudent, some
laboratorieschoose to perform enzymatic disaggregation solely before cryopreservationbut not for routine culture. Whenever
possible, analystsshould use non-animal-sourced enzymaticagents for cell dissociation. Another important characteristicof
PSC lines is the common but variable incidence of undirected differentiation that occurs within coloniesand may vary
considerablyacross the many colonies in a culture. Colonies with a high proportion of differentiated cells should be discarded
because the differentiated cells are an undesirablecomponent of a PSC culture and may affect the properties of the
undifferentiated cells within the colony.

Points to Consider in the Preservation of PSC lines

Analysts should consider a number of important factors in the preservationof PSC linesthat should be addressed at the levels
of preparation, harvesting, banking, and testinq of cryopreserved stocks.

EVALUATION AND HARVESTING

Analysts should observe cell cultures on a regular basis. Culturesthat exhibit high levels of differentiated cells should be
discarded. An individual investigator or banking facility should have a quality control program that evaluates differentiation of
cultures on a regular basisand develops threshold levels of acceptable differentiation in a culture. The protocol for harvesting
followed by equilibration of the sample with CPAs should be carried out rapidly in order to minimize cell losses because of
harvesting.

THE BANKING PROCESS

Conventionalcell banking procedures require the development of MCB and WCB. Cells in the MCB should be preserved at
an early passage number (P1 0-P20) in order for experimental and cell line development work to be performed on cells at the
lowest possible passage number. The firstWCB should be established with the minimum passages to achieve the cell number
required.To promote consistency,the WCBs subsequently can be replaced at the same passage level from the MCB as required.

VIABILITY

Determinationof post-thaw viability and function for PSCs can be complicated and isoften done incorrectly. The most
common method of post-thaw assessment is use of a membrane integrity dye. As a measure of viability, the fraction of cells
with intact membranes iscompared to those without. Anotherfairly common method isto quantitate PSC colonyformations.
The total number of coloniesseeded into a plate is counted and then is counted again after a certain incubation time. This
method also evaluates other functional characteristics of the cells, such as their abilityto attach and proliferate. Note that
procedures such as 'harvesting and cryopreservation may induce apoptosis. Stainingfor early (phosphatidylserine on the cell
surface)or later (Annexin VI) apoptotic markers may provide insights into the general health of frozen and thawed cultures.
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As already described, preservation of colony fragments by vitrification can exacerbate the lack of homogeneity between vials
or straws of cells. When larger banks of PSCs are established, analysts should test vials from early, middle, and late positions in
the filling sequence of the cell bank for viability, growth rate, and key markers as indicated in Viability.

STEMNESS

In order to check that a PSC line has not lost any of its stem cell characteristics during preservation, analysts should check
expression of a number of key stem cell-related markers. One extensive study analyzed 59 hESC lines and a panel of 94 genes
and resolved five stem cell-related molecules for which mRNA was expressed consistently in hESCs. These genes now are
included in commercially available microfluidics gene cards that are specifically designed for investigating stem cell populations.
If it is crucial to demonstrate that the PSCs have retained their pluripotency, then a number of characterization tests can be
performed, including teratoma formation in immune-deficient mice, formation of trilaminar embryoid bodies, and directed
differentiation to demonstrate that the culture can produce representatives of each of the three germ layer tissues that are
required to form all of the cells of the human body.

GENETIC STABILITY

In both iPSC and hESC lines, it is not unusual for clones of abnormal karyotype to arise on extended passage and overgrow
the culture. Thus analysts should monitor cultures for such abnormal cells. Traditionally, this has been performed by karyotypic
studies of metaphase spreads of the cells using Giemsa staining. The occurrence of nondiploid cells, even at very low incidence,
can be problematic. Guidance documents such as the 2009 International Stem Cell Banking Initiative are helpful to determine
if such cultures should be discarded. However, newer procedures such as array comparative genome hybridization and
single-nucleotide polymorphism arrays provide much more detailed analysis of genetic stability and can be used in parallel with
Giemsa banding to give greater confidence in genetic stability.

BEST PRACTICES

In addition to following good cell culture practices, analysts should note the availability of a specific guidance that contains
principles and best practices in the procurement, banking, testing, and storage of hESCs for research purposes (see the ISCB
2009 reference in the Appendix). This guidance is useful for both iPSC and hESClines.

CELL SUBSTRATES USED IN PRODUCTION AND CHARACTERIZATION OF
BIOTECHNOLOGY-DERIVED AND BIOLOGIC THERAPEUTIC PRODUCTS

A wide variety of both recombinant and nonrecombinant cells are cryopreserved and used in the production and
characterization of human biologics and biotechnology-derived (B&B) products (more information can be found in ICH Q5D
Derivation and Characterisation of CellSubstrates Used forBiotechnological/Biological Products). The major groups include cell lines
derived from mammals (including humans), insects (primarily moths), and selected strains of bacteria and yeast. The most
common microbial substrates used for production of human biotechnology-derived products are recombinant strains of
Escherichia coli, Pichia pastoris, or Saccharomyces spp. (yeasts). Despite the high degree of diversity among cell types used to
manufacture B&B products, there is a surprising deqree of uniformity across cryopreservation practices and the same principles
apply to cells used for manufacture and those used in tests for adventitious agents and product potency.

Typically, a two- or three-tiered cell banking system is used for maintenance of manufacturing cell lines or microbial strains.
For those that use a three-tier system, the first tier bank can be referred to as a research, seed, stock, accession, pre-MCB, or
parent cell bank. The source of the pre-MCB can be a research or development laboratory, or cells can be purchased from a
commercial repository. It is advisable to characterize the parental cell bank prior to its use in cloning. The second tier (or first
tier in a two-bank system) MCB or Master Cell Stock (MCS) is prepared directly from this parent cell bank with minimal cell
passages or generations. The MCB or MCS is extensively tested to confirm purity, phenotype, genotype, protein expression, or
other important attributes. The WCB or Working Cell Stock (WCS) is derived from vials of the MCB after successivepassages in
culture. The WCB is the manufacturing cell substrate that isscaled up through repeated subcultures to seed the final production
bioreactor, fermenter, or lot of culture vessels (e.g., roller bottles). At each tier in the cell banking system, proper
cryopreservation is paramount to success in both product development and manufacturing. In some cases, the end of
production cells also may be banked for testing purposes as part of cell bank qualification.

Mammalian and Insect Cell Lines

Mammalian cell lines are the cellular substrates of choice for the production of complex protein molecules. Mammalian cells
possess the intrinsic biological machinery required for posttranslational glycosylation of proteins that often is critical for stability
and bioactivity in humans. Both diploid and heteroploid cell lines (including hybridomas) are used for production of
biotechnology-derived therapeutics. Diploid cell lines are common vaccine substrates [e.g., WI-38 and MRC-5 (human fibroblast
cell lines), BHK-21 (baby hamster kidney cell line), and MDCK (Madin-Darby canine kidney)]. Additionally, the African green
monkey Vero cell line (a heteroploid cell line) is used for several US-licensed vaccines. Today, commonly used heteroploid cell
lines include various recombinant Chinese Hamster Ovary and human embryonic kidney cell lines. Cryopreservation methods
are fairly well standardized for these cell lines. However, investigators may find it useful to investigate the toxicity of different
cryoprotectants and concentrations when they use a new cell substrate.
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Insectcell lineshave proven their capabilityfor production of variousrecombinant polypeptides.The most common cell lines
are derived from the moths Spodotera frugiperda and Trichoplusia nil and their established cell linesare called Sf9and Tn5 (or
High Five), respectively. Production of recombinant proteins employs recombinant baculovirus infectionfor transfer of
heterologous genes. Although insect cell lines require different nutritional factors, lower incubation temperatures, and higher
osmolaritythan their mammalian counterparts, the same essential elements of cryopreservation apply to both groups.

In addition to the guidance given in the Key Elements of Cryopreservation Practice section, these additional points should be
considered for animal cell line substrates:

PREFREEZE PROCESSING

Analysts should ensure that cells are not contaminated and are still Viable. Fordiploidcells, analystsshould grow to a passage
level to maintain diploidyand below the intended level for use.Analysts pool cellcultures and perform a cellcount to determine
the number of viable cellsavailable for banking. Harvested cells are centrifuged at a relatively low speed for a short duration,
e.g., 100-200 x 9 for 5-10 min, preferably using a refrigerated centrifuge.

CPAS AND CRYOCONTAINERS

The membrane-permeable CPA of choice is5%-10% (v/v) DMSO diluted in fresh growth medium. Forcertain sensitive cell
lines, cell culture-conditioned medium can be added to supplement the cryopreservation medium. DMSO must be sterile and
tissue-culturegrade (>99% purity).The most appropriate cryocontainer isa presterilized polypropylenescrew-cap vial designed
for cryogenic storage in vapor phase liquid nitrogen.

INTRODUCTION OF CRYOPRESERVATION MEDIUM

Immediatelyfollowingcentrifugation of cells, growth medium is removed from cell pellets, and cellsare gently resuspended
by slow addition of cryopreservation medium that is often precooled for many cell types. The cell suspension is immediately
diluted with an appropriate volume of cryopreservation medium based on viablecellcount and targeted celldensity (typically,
cell banks are produced at a viablecell density of approximately 1 x 107 cells/mL). As mentioned in the previoussection,
cryopreservation medium ishighlyhypertonic, and exposure time should be limited.Thefinal cellsuspension istransferred to a
vessel in which the cellscan be gently mixed during vial filling to facilitate uniformityof the cell bank.

COOLING AND CONTROLLED FREEZING AND STORAGE

Vials can be filled manually byusing a hand-held pipetting device or by using an automated vial-filling machine. In either
case, vials are usually refrigerated as the filling progresses in order to minimize potential toxic effects of DMSO at higher
temperatures. Time limits should be established for the entire filling process and recorded in the batch record. Immediately
after the vials are filled, analysts should transfer them into a controlled-rate freezer or, alternatively, into an ultracold static
freezer (e.g., -80°) using an insulated container designed for controlled cooling. Anycontrolled freezing system should be
properlyqualifiedto ensure expected cooling rates are deliveredto allvials within the load. When using a controlled-rate freezer,
analystsdetermine optimal cooling programs empirically, but a rate in the range of 1°-SO/min after transition through heat of
fusion should be acceptable for most cell lines(colder than about -40°, the rate can be increased, e.g., 1OO/min). Aftervials
have been frozen to approximately -80° or below in the freezing system, they are transferred as quickly as possible to
liquid-nitrogen vapor phase storage units.

WARMING AND VIAL THAWING

In general, cells frozen at a slow cooling rate should be thawed as quickly as possibleto maximizecell Viability. In order to
ensure uniformityof temperature, vials should be transferred directlyfrom liquid-nitrogen vapor phase storage into a portable
vapor phase (dry) shipper for transport to the laboratory. Ifa liquid-nitrogen Dewar is'not available, then vials can sometimes
be packed in dry ice, but this processshould be demonstrated as suitable because it can result in detrimental pH changes. After
transfer to the laboratory, vials are placed directly into a warm water bath (e.g., 37°, making sure caps are not immersed),a
bead bath, or a thermoblock. Note that insect cell linesshould be thawed at 2r-30°. Vials should be agitated to facilitate
uniform thawing of cells. Immediatelyafter thawing, vials should be transferred into the biological safety cabinet and sanitized
before opening. Typically, growth medium isslowly added to thawed cellswhileagitating to dilute DMSO and to slowly reduce
the osmolarity of the post-thaw milieu back to a physiological level.

POST-THAW PROCESSING

Differentmethods can accomplish this step, but analystsshould achieve sufficientdilution of the DMSO and return the cells
to their normal isotonic growth environment. Manipulation of cells immediately post-thaw should be minimized because of
the stresses induced by the freeze-thaw process. Forexample, pipetting and centrifugation should be minimized.

Microbial Strains: E. Coli, Yeast, and Bacterial Vaccine Strains

Recombinant E. coli strains have a proven track record for production of a number of commercially viable
biotechnology-derived products, including recombinant insulin analogs, human growth hormone, and parathyroid hormone.
Compared to their mammalian and insect counterparts, recombinant E. coli strains are relatively simple to grow and scale up
to large volumes, e.g., 40,000 L. However, bacteria lackthe sophisticated cellularmachineryfor building more complex protein
molecules that require post-translational modifications such as glycosylation. Yeasts are unicellular, eukaryotic cellsthat can be
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manipulated genetically to produce a wide range of recombinant proteins and peptides with limited complexity. Despite the
evolutionary distances between the mammalian and microbial cell substrates, the same set of essential cryopreservation
elements described above apply, with the following unique points:

PREFREEZE PROCESSING

Cultures should be propagated in shake flasks to late logarithmic or early stationary phase using strain-specific growth
conditions.

CPAS AND CRYOCONTAINERS

The cell wall or cell membrane-permeable CPA of choice is glycerol (although DMSO is also sometimes used) at
concentrations typically ranging from 50/0-10% (v/v). Synthetic glycerol should be used for registration of commercial products
along with other raw materials that are free of animal components.

INTRODUCTION OF CRYOPRESERVATION MEDIUM

Because microbial cells possess cell walls for protection and support of cytoplasmic contents, physical manipulation and
osmotic shifts do not have the same negative impact seen in animal cell lines. Immediately after centrifugation, cell pellets are
Vigorously resuspended in the cryopreservation medium (to a dilution based on requirements of the cell bank for number of
vials and viable colony-forming units/mL). This dilution step can be based on active measurement of culture optical density or
other cell enumeration assays. The final cell suspension is transferred to a vessel in which the cells can be mixed during filling
of final containers to facilitate uniformity of the cell bank. Because of potential toxicity, analysts should limit the time of exposure
to glycerol, despite the relative robustness of microbial cells. Vials can be filled manually by using a hand-held pipetting device
or by using an automated vial-filling machine.

COOLING AND CONTROLLED FREEZING AND STORAGE

Again, because of their inherent robustness, microbial cells do not require as strict control of cooling rate as do animal cell
lines. Consequently, the choice of freezing system or method has a smaller effect on the viability of the cell bank. Filled
cryocontainers simply can be transferred into an approximately -800 freezer overnight followed by transfer to vapor phase
liquid nitrogen. Alternatively, microbial cell banks may not use liquid nitrogen storage but can be stored at approximately -800

•

However, if liquid-nitrogen storage is available, it is preferred for long-term storage (e.g., years). If a controlled-rate freezer is
employed, then it should be fully qualified to deliver a uniform cooling rate that is within an expected range, e.g., 1°-5°/min.

WARMING AND CONTAINER THAWING

Controlling the rates of cooling and warming is less critical for microbial cells, but the cells still should be thawed as quickly
as possible using a warm water bath (e.g., 300-35 0

) . Temperatures can be adjusted to the incubation temperature of the strain.

POST-THAW PROCESSING

Growth medium is added to dilute the thawed cells to a desired level of colony-forming units/mL and to induce removal of
intracellular glycerol. .

All cells are not created equal and are divergent by nature. A broad span of evolutionary time separates the various cell
substrates used for manufacture of human B&:B products. Fortunately for the practitioner of industrial cell culture,
cryopreservation strategies converge to a set of shared principles and methods that translate across evolutionary paths.

APPENDIX

Useful Guidances

• FDA. Guidance for industry: characterization and qualification of cell substrates and other biological materials used in the
production of viral vaccines for infectious disease indications. 2010. http://www.fda.gov/downloads/
biologicsbloodvaccines/guidancecomplianceregulatoryinformation/guidances/vaccines/ucm202439.pdf. Accessed 24
September 2012 .

• ICCBBA.OECD best practices guidelines for BRCs [128 Standard Technical Specifications]. 2007. http://
www.iccbba.org/. Accessed 01 October 2012.

• ICH. Q5D Derivation and characterisation of cell substrates used for biotechnological/biological products. 1997. http://
www.ich.org/fileadmin/Public_Web_Site/ICH_Products/Guidelines/Quality/Q5D/Step4/Q5D_Guideline.pdf. Accessed
25 July 2013.

• Coecke S, Balls M, Bowe G, et al. (2005). Guidance on good cell culture practice. A report of the second ECVAM Task
Force on Good Cell Culture Practice, AlternLabAnim. 2005; 33(3):261-287.

• Andrews PW, Arias-Dlaz J,Auerbach J, et al. Consensus guidance for banking and supply of human embryonic stem cell
lines for research purposes: International Stem Cell Banking Initiative. Stem Cell Rev. 2009; 5(4):301-314.
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CD WHO. Recommendationsfor the evaluation of animalcellculturesas substrates for the manufacture of biological medicinal
products and for characterization of cell banks. 2010. http://www.who.int/biologicals/
Cell_Substrates_c1ean_version_18_April.pdf. Accessed 26 July 2013.

TISSUE-BASED PRODUCTS

INTRODUCTION

I~is~~~~r~ls~~p~er provides a comprehensive overviewof considerationsfor the development of~~~lITt?_~~~gi\~gY~Q~~Jtf
tbt.fapit§i"'(U§f>1-ty1~Ys~030? and!iss~t~~a~~~pr~~ucts. Acollection of terms commonly used in this field is provided in Glossary.
~Q~1J7t>a~~<;f~<:I\lan~~qther?lpi~s ... «()SPJ"May"2()20) and tissue-based therapies are medical products that contain human or animal
cellsthat will be administered to humans to repair, replace, regenerate, or augment a recipient's cells, tissues, or organs that
are diseased, dysfunctional, or injured.The source cellsor tissues can be harvested for use without manipulation or may be
propagated, expanded, pharmacologically treated, or otherwis~~ltere.9.in> bi.81.8~.isal. c~arast~ri~~iS~~~\~i~~ before
admini~~r~tio~.The~ive~sity o.fslinical i.~dications and types ~f~S~II-b9se~9~V?ll1c:eqtb~n1pi~~~(Q$P!~;r\IliiY:~020) are shown in Table
7.~Exal"Tlples'oftissue-l:>ased productsareincluded. in Table2. A(USPl ~MilY-2020) .

Table 1. Examples of Cell-Based AAdvaricedTherapies

Disease/Condition 1="",,,",,,1.. ..

\U~'''~'·r'''~''''''J

Hematopoietic stem and progenitor cellsthat havebeen harvested,propagated,
Hematopoieticstem cell transplantationfollowing selected,and/or treated for removal ofcontaminating cellsby meansofdevices
ablative therapy and/or reagents

T cells, NK cells,dendriticcells, or macrophages~~arg¢t~q.i2M!~\:~a~~iQ_i9) to
cancer-specific peptides to elicitan anticancer response;autologous or alloge-
neic cancer cells, genetically or biochemically modifiedand irradiatedto elicit

Cancer an anticancer response

Diabetes Encapsulated ~-islet cells

Autologous or allogeneicstem/progenitor cells; skeletal myocytes; cardiac-de-
Myocardial infarction rivedstem cells

Graft-versus-host disease Allogeneic mesenchymalstem cells

Autologous keratinocytes or allogeneicdermal fibroblasts on a biocompatible
Wound healing scaffold

Focal defects in knee cartilage Autologous or allogeneicchondrocyteswith orwithout a biocompatiblescaffold

Bonerepair Mesenchymal stem cellsin a biocompatiblescaffold

Neuronalprogenitor cellsderivedfrom embryonic,fetal,or adult source tissues;
cellsgenetically modified to secrete neurotrophic factors,with or without en-

Neurodegenerativediseases capsulation

Infectious disease Activated T cells

Autoimmunedisease Regulatory T cells(T,eg)

Spinal cord injury Neuronalprogenitor cells

Autologous or allogeneiccellson biocompatible biomaterials (gels)or 3-dimen-
Organ repair or regeneration sionalscaffold structure

.Cell therapy products can be modifiedby treatment with integrating or non-integrating genetic materials(DNA, RNA, siRNA,
etc.) so that the pattern of gene expression is changed. Typically, cells are taken from the patient or a healthy donor, and are
modifiedoutside of the body before they are given to the patient. Regulatory bodies consider the ex vivo gene-modified cellular
product to be a gene therapy product. Agreat deal of information in this chapter is relevant to processing, characterization,
manufacturing, and administration of genetically modified cells. However detailed information about the use of variousgene
transfer systems, patient monitoring considerations, genetic analysis, and other issues pertinent to gene therapy products are
addressed in Gene Therapy Products (1047).
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Uses Example Product$

Oecellularized, freeze-.dried deminerali4ed"humarjbon¢:Ccol{ticar,or- c'lric~llqus)

Decellularized, freeze-dried human bone (cortiCalorcariceHousj

Decellularized human dermis

Decellularized bovinederlTlis

Decellularized porcinedermis

Decellularized porcinesUbiritestinal 50bO'llJc:osa (Sf?)

Human cancellous bone with adipcise-derivedstem' tells

Humandemineralized cortical boneanq cancellolJs boneWithbone marrpw-de,
Musculoskeletal rivedstem cells " - ,

Neurological Decellularized human nervetissue

Humanamniotictissue

Ophthalmology Humanplacentaltissue

Decellularized human dermis

Decellularized porcineSIS

HumanamniotiC tissue

Wound care Humanplacental tissue

.Fortissue-basedgrafts that contain non-?iutologous cells, the cells are derivedfromthe same donor; tbey maybe narvested
with the tissue,or harvestedfroma differentorgan (e.g.,'bone marrowaspirate,adipose)andrecombined withth¢ tissue(~.g.;

bon~).'4- (USP 1~May~2020)
This chapter describesissues related to the manufacturing, sourcingof components, and characterization of.cell-bas~d

advanced therapies4- (USP1-May-2020) or tissue-based products to ensure their safetyand efficacy. AHst ofr~I,evantregulatory and
guidance documents is presented in the Appendix. Manufacturers of 4- cell-based advanced therapies~ (USP 1-.MaY-:2020) or
tissue-based products should considerand apply the controlsand procedures outlined in this chapter to ensure the products'
safe use in humans. New methodologies are continually being developed and validatedand will be included in the United
States Pharmacopeia (USP) as they become available. USP monographs for specific tissueand tissue-based products outline test
specifications that should be met throughout a product's time in the market place.The term "cellular 4-thera'PY.(USP1-MaY_2~2Q)
product" refers to living human or animal cells or tissues that 4-are subject to approval. (USP 1~May-2020) by the US FDA. ' This
generallymeansclinical trials are requiredto demonstrate safetyand efficacy priorto commercialization u ' . log' nse
application(BLA), or for a medical device, premarketapproval (PMA). Additionally, mostcellulartherapy u ply
with both good tissue practices(GTPs) and good manufacturingpractices(GMPs). Asubset of cell-b ,as
combination products, or tissueengineering products, referto cells combined with a medical,devic'
synthetic scaffold. These products mustalso meet similar standards for'establishing safetyand effic
GTps and GMPs, or medical devicequalitysystemregulations (QSR). Mostcell-based advancedth
products are likely to fall within the legislation that defines regenerative medicineadvanced ther
commercially available tissue-based products are human derived. Human tissue-:based mat~ri

HCT/Ps, or human.cells, tissues, cellular and tissue;.based products. HCT/Ps that meet criteria'
Reg tions (CFR) 1271.3(d)(1) and Section 361 of the Public Health Service (PHS) Actdo"o
FDA :e., BLA or PMA) and only need to complywith GTP regulations. These "361 products" meet
manipulation", and (ire utilized in applications consistent with "homologous use". Human tissue pro
criteriamay require premarket clearance [51 O(k)] or PMA or BLA. While less common, som~tissue-b
derived(ind generallyrequire premarket clearance [51 O(k)] .... (USP l-MaY~2020)

Considerations for Incorporating Quality System Concepts Early in &Cell~:-Based'Advanced
Therapies", (USP l-May-2020) and Tissue-Based Product Development

Current and future regulatory requirementswill continue to challenge developers of 4- cell-based"advanced
therapies4-(USP1-May-z020) and tissue-based products to incorporate robust qualityattributes earlyin the design phase to ensure a
focus on patient safetyby means of a high degree of process understanding. Modern qualitysystemsthat harmonize current
Good Manufacturing Practices (cGMPs) withother non-US pharmaceutical regulatory systems[suchas thelntern~ti,?~al Council
for.Harmonisation(ICH) and the ISO] and the FDA medical devicequalitysystem are being recognized~for,c=nsuring

quality•• (USP1-May,2020) Thesenewstandards includeproduct developmentconcepts such asQuality by Design (QbD)and Process
Analytical Technology(PAT). Moreover, these qualitysystemsintegrate approaches to continual improvement and risk
management that promote adoption of the latest scientific advancesand innovative manufacturing technologies.

Employing the principles of Quality Risk Management (QRM) earlyin product development may identify areas of risk that
can be mitigated before they are incorporated into the manufacturing processand affectthe safetyand efficacy of the product.
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Developers of Atell~based advanced therapiesi(uspl-May-~020) and tissue-based products should employ risk management and
assessment techniques as a keycomponent of their qualitysystems. "Riskrn~~aQer11~~t"i~d~fin~9a~~~xs!~l'l1atisprocess for
the identification, assessment, and control of risks to the qualityof the ~ce,ll:-lJqs~dadYC:ln<:~cft8~r~'PI~Si(LlsPt.M~Y:io2() or
tissue-based product across the product Iifecycle. Using QRM techniques can help achieve safe and efficacious products by
assessing patient risks, determining design space boundaries, or ranking quality attributes. QRM can also establishand
maintain a state of control by using risk management to drive process control. Finally, QRM can be used to facilitate continual
improvement by prioritizing opportunities for improvement. The level of effort, formality, and docur11e~~~~i.o80f.~~~ri~k

management processshould be commensurate with the level of risk, should be based on scientific .l.andr.neCli@IA'(uspJ-M~)'-~b~i»
knowledge, and ultimatelyshould be linked to patient protection.

The elements of risk management have become an accepted paradigm;+theseiared¢scdp~qi(LJspiliM")'.~d~i» in FDA and
international regulatory guidance documents, especially ICH Q9. A number of tools have been developed to facilitate this
assessment.Thesetools providea quantifiablemeans ofprioritizing risk so that higher-risk elements ofa processcan be identified
and corrected.

Depending on the objective of the risk management program, risk analysis can be more or lessformalized.+~'(Vsl'<i~M~Y-~{):Z6)
Amore formalized risk assessment system is necessary for process or product development. This isespecially important when
limitedresourcesmust be prioritized. Formalized systemsare predicated on well-established tools that can quantify risk in every
phase or step of manufacturing. These systems can also be used in evaluating raw material choices, validation prioritization,
facility alterations, equipment changes, and utility deliberations.

Formal risk analysis tools include process mapping, preliminary hazard analysis, Hazard Analysis of Critical Control Points
(HACCP), Hazard Operability Analysis (HAZOP), Fault Tree Analysis (FTA), Failure Mode Effects Analysis (FMEA), and Failure
Mode E~~cts a~d Criticality Analysis (FfYiECA).

For +<:eU"pi:\sed advanced therapiesA(USPI-lvIay-2()20) and tissue-based products, FMEA has been commonly used to identify,
quantify, and prioritize risk. FMEA can assign a numerical rating in one of three categories:

• "Severity", which is the consequence of a failure;
• "Occurrence", which is the likelihood of the failure happening based on past experience or nonconformance; and
• "Detection", based on the ability to detect the failure.
Each category isassigned a numerical rating (typically 1-5 or 1-10) consistent with the severity of the excursionfrom the

operating parameter range, the probabilityof an excursion, and the likelihood of detecting an excursion before it has an effect
on the product. Lower numbers referto an unlikely probability of detection whereas higher numbers referto the likelihood of a
failure or hazardous effect.The product of the severity, occurrence, and detection values isa Risk Priority Number (RPN). In the
risk-evaluation process RPNs are prioritized, and the most immediate remediation can be directed to areas of highest risk.

COMPONENTS USED IN
TISSUE-BASED PRODUCT MANUFACTURING

Introduction

Manufacturers off¢el.l-baseCl<ad\fanC:ecitb~rapje~A«l)spl~M~y31616) or tissue-based products must ensure!~a!~II.~~r11P~8~8!S
u~.~~.i~..r11~n~f~E~~r.iDQ. are appropriately qualifled. Examples of components used in the production of+<:~1I7PC:l~~CliC:lciYi:\:nc::;~g
tn~rapi~s""(l.JsJ'f~MilY~.io2(» or tissue-based therapies includethe source cellsand tissues; natural or synthetic biomaterials; ancillary
materials required durin9.. r11~.n~f~.ct~ringbut ..D.9t int~~~~~t~~~present in the final tnerape~tic. pr9~~~!;.~~~~~~ig.i~~~~u~.~~
in. the.f9~r11~I~!i9~ oft:~~lbt>Cl~.~~a~\I(]Q<:t.cJ!Q.~r~pi.~f ....(Y~gJ_tvl"y-~g.t2)9r tis~.~t:p~:ed.tne~~pi~~:>fF' gr~inf~wriJ~lipn.pnC:ln~iIJctrM
Q)C:lt~ri.C:lI~,<~~.~ ...·;:\n<:iJJarYlV1ateriqls•••ForGell,.··.qen~, ...4f](jTIssu~-Engif]¢~rgf;jlJrqCl.qpt~KIQfl-~>."'(lJSPX)· (»

Qualification is the process of acquiring and evaluatingdata to establish t~~~~~~~.~!.ig~~!i!~(/p~ri!~(;pi~I~Q!~;~I~~f.~!x(;~nd
overall suitability of a specific component to ensure quality. The diversity of~l.':~II ..Q9~~q~gY(;lr;lc::;~q.tD~:mlpi§lS~·(lJSP.J~M~YtiQ2d) and
tissue-therapy products and the materialsused to produce them makes it difficult to recommend specific tests or protocols for a
qualification program. Therefore, rational and scientifically sound programs must be developed for each component.

Material qualification activities will change as products move from clinical trials to licensure and commercialization. A
well-designed qualification program becomes more comprehensive as product development progresses. In the early stages of
product development, safety concerns should be the primaryfocus of a material qualification plan. In the later stages, material
qualification activities should be completely developed and should comply with cGMP.

Qualification of Source Cells and Tissues

Various human- and animal-derived cells and tissues serveas source materialfor cell and tissue-basedproducts. Three sources
of donor cells for cell-therapy products include:

1. The patient's own cells (autologous cell products)
2. Cells from another human being (allogeneiccell products)
3. Cells derived from animals (xenogeneic cell products)
The source of cells used for a particularcellor tissue-based therapy largelydepends on compatibility, purity, and availability.

Use of autologous cells has the advantage of minimal concerns regarding immune rejection. However, an autologous source
is not always available and appropriate ifthe celltype isdysfunctional, malignant, not readily obtainable, or contaminated.
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The alternative isa compatible allogeneiccellsource that may be more readily available. Of primaryconcern with the use of
allogeneiccellsources isimmune incompatibility, which could leadto rejectionof the administered cell-or tissue-basedtherapy.
In immunocompromised recipients, the donor cells may react to the patient's cells, leading to graft-versus-hostdisease,which
can be life threatening. Despite the potential complications of uslnq allogeneic donor cellsor tissues, in the absence of other
alternativesthe risk-to-benefit ratio Jt.m(lybeacceptable~ ... (u.'iPl~lvIiw~2o:20) Anumber of approaches successfully circumvent
immune barriersfor the use of allogeneicsources. Immunosuppressive drugs developed for solid organ transplantation and
advances in inducing immune tolerance are increasingly applied to cell transplantation. Certain allogeneic cellselicitminimal
immune reactions, even in human leukocyte antigen (HLA)~nlismatched,recipien~s. Examples include mesenchymal stem cells,
certain dermal and epidermal cells, and fibroblasts.J.CelIs maybeobtainedfromli\llngorCJeceaseq~on()rs;~(US~1~Ma~~2026)

Despiteadvances in the derivation of new types of therapeutic cells, particularly stem cells (adult, fetal, embryonic and
induced pluripotent cells), the ability to generate certain types of cells or tissues remains elusive. As a result, o~going efforts
use xenoqeneic cells and tissues to treat a number of human diseasesor conditions. Useof xenogeneic cells1l:and
tissuesA: (USP 1-lV"IY~2(JZO) must address concerns about both immune reiecti?n,andtransmissio~ ofanimalyirusesto humans (see
AnimalSourcesof Cells and Tissues below). ~Bothhuman-and animal-s0urce(j:cel.ls and.tissues canJ~ose.~· riskfortransmissie>['
pf a.(:lventitious ~gents.Jt. (USP1.M~y:zozoj

Somegeneral principles in the sourcing of tissuesinclude: 1) systems must allowthe material to be traced backto the donor,
while adhering to privacylegislation;2)steps.must beta~en to. preventthe tr.ansmissionof infectiousdiseases f.r0rll thedonor
to the recipient; and 3) Jt.whUe.terniln'alsterfli,iation i$.employedforsl.)medecellularizeCltJssue-:bas.ea:mate~ials;,,,:(uspi-May:zoioj
aseptic procurement and processing must ensure the safety of the final product because terminal sterilization of products
containing living cells and tissues is not possible. The FDA has promulgated a specific set of regulations, referred to as GTPs,
that specifically address the need to procure and processtissuesi~ a rnann~r that avpidstransmission ofa communicable disease.
GTPs and/or GMPs must be fo,U.0V'.'edf?fACell-basedadyancedtherapies·A:(QsPl-Mily:zo20) or tissue-based therapy products,
depending on cell source.A:Jt.(UsPJ:May:Z9Z0) .

DONOR ELIGIBILITY

FDA has enacted a comprehensive set of regulations governing human tissues and human cellsthat are intended for
implantation, transplantation, infusion, or transfer into a human recipient.These materialsare referredto as HCTIPs. Paramount
for procurement of HCT/Ps for medical use isadherence to donor eligibility requirements. These dictate that a donor's relevant
medical records must be reviewedto evaluaterisk factors a~d clinical evidence of comrllunica~le~i,s~~~e~g~~ts. This includes
obtaining a health historyand,4.<:ouldincIUdeJt. (USP.l-May-Z020) performing a physical .~assessrnel1tJt.(USPJ.MaY"20ZQ) on a donor to
screen for communicable diseases. In addition, donors must also undergo appropriate laboratory testing using FDA-cleared
or -approved test kits for specific relevant communicable disease agents and diseases (RC[)ADs). Required disease testing will
expandas new RCDADs are identifiedand FDA-cleared or -approved~testsor~(osjJl-May-2020) test kits become available.
Jt.i(lJSP1-fvlay-zOZo) Sourcesfor information about communicable disease testing are FDA's Guidance on EligibilityDetermination for
DonorsofHumanCells, Tissues, and Cellular and Tissue-Based Products (HCT/Ps), Jt.Anlerican AssociatiQn,ofTi~sue Banking (AATB)
Standards, and subsequentre~oml11endationsfor emerging .RCDADs such asW~st.Nile Virus andZiRaVirusareavailqole from
the. FDA website.(Ww~.fda.gov/BiologicsBloodVaccines/GuidanceComplianceRegulatorylnformation/Guidancesi0Eissuefi

defaLilt~htm)iJt. (USP1~May.20Z0)

HUMAN CELLS, TISSUES, OR ACELL.-BASEDADV~NCED>-'-HERAPIES.(USP1:M~Y-2020) ORTISSUE-BASED PRODUCTS

HCTIPs may be sourced from normal healthy donors, cadaveric donors, or patients with diseases such as cancer. The
suitability of tissuesourcedfrom patients with cancer and other diseasesshould be assessed before collectionto ensure adequate
safety and function of the final celltherapy product. Additionally, the regulations in 45 CFR Part 46 apply to all federally
supported human subject research.These regulations require that an Institutional Review Boardreviewand approve the use of
any tissue taken from a human donor. The regulations also include specialconsiderations for research on prisoners, children,
pregnant women, or gestational tissue. Inall casesappropriate written consent must be obtained from the donor or the donor's
next of kin describing the tissue that is being procured and its intended use.

The risk of disease transmission to the manufacturing operator should be minimized by appropriate training for handling
potentially infectious materialsand by the use of protective equipment and clothing. Tissues should be obtained under
environmental conditions and controls that provide a high degree of assurance for aseptic recovery.

Hematopoietic progenitor cells(HPCs) are one of the most extensively used cell sources for human transplantation. These
cells can be collected from the bone marrow, peripheral blood, or umbilical cord blood. The source of cells depends on the
patient, the disease, and the clinical protocol. Regardless of the cellsource, methods for processing the cellsare similar. HPCs
can be sourced from healthy donors or patients with hematological disorders. In addition to FDA's HCT/Ps regulations,
applicable guidelines and standards for the collection and processing of these materials have been published by the American
Association of Blood Banks (MBB), the Foundation for the Accreditation of Hematopoietic Cell Therapy, and the National
MarrowDonor Program (NMDP). '

Forcell or tissue sources obtained from surgical specimens or cadavericdonors, standard hospital operating room practices
are applicable.Theairquality ina typical limited-access operating room isadequate for such procedures. Procurement personnel
must be appropriately trained in all aspects of tissue recovery, such as surgicalscrubbing, gowning, operating room behavior,
anatomy, surgical site preparation, and aseptic technique. Special care is required when tissue or organ rocurementrequires
extensivem~nipulaticm.ofthe bowel,which.may result in the. ina.dvertent.puncture.ofthe bowel.: ' oul(j~e

givento samplingj~comingti~sue~fo.frniCropi"tbioourden.TQ .<i.tisxeco-eat suits : .....,. . <~stil"!g
W()uldliR~lynotb.e availaol~.lIntHaft:erthetJss4e,·l'lqsbeenproc~sS~.JjR ~he.EL _..pfequ_· 9s,~rye.CJl1]!ic:rQbial
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contamination during downstreamproc€ssingor positivesterility result, the bioburden resultsfrom the incoming tissue could
aid ifl the investigation of the source of the contamination.• (USP l-May-2020)

ANIMAL SOURCES OF CELLS AND TISSUES

Ideally, cellulartherapy products would consist of human cellsmanufactured with minimal exposure to animal-based
materials. However, at present important unmet medical needs may potentiallybe addr~s~e.dl:>ys~II~I~rth~rapy products from
animal cellsor tissues. One example is pancreatic islets intended to treat diabetes..~qLJrrel1tIY"(lJspTtMilY;2q2(}) human sources of
pancreatic islets are available onlyfrom pancreas donated at the time of death. The qualityof donor organ islets isvariable, and
the available supply is inadequate to meet potential demand. One approach is procurement of pancreatic islets from
appropriately qualified animal sourcesf?rsu~s~9u~ntuse in humans (xenotranspla~tati?n) c.........."iC

Developer~vVh?i~te~.,9. to use ~.yiable''(t.JsPl-Ma}'.2020) animal cells or tissues in a ~c:eU..bCls~qad"'Clm::eClthe~ClpyiQI'
ti$~lJe",bClsedj,(lJSPhM,l)i-2(}2(}) product must adequately address public health concerns and must develop approaches to mitigate
the potential risk of introduction and propagation of zoonotic infectious agents into the general human population. The PHS
Guideline on Infectious Disease Issues in Xenotransplantation (January 2001) describes potential risks. The FDA guidance Source
Animal,Pr?~uct, pceclinical, and Clinical Issues Concerning the Use ofXenotransplantation Products in Humans (April
~g~1!8~(I.I~Pl'MilY-2(}fO»re!lestsufJ9at~9apfJroachesand expect~tionsto minimizerisks of xenogeneic cellularproducts
~··!q~·Q8\1lr~QyICl~8rx...i·nfQfI"l'1Clti.8nl$~Clrc:h ..fq.i:l_9HiCl~nC~-<:i()<:Hrnerlts( .. . . '.. ...
so~r<:e..an.irn~l-pr()C1Y<:F-P~~<:liniSi:!'''~8ci-c:Jinica.t-JssHe~ ..c:()n<:e.rnJng-LJSe-~.~nQtranspl.9I1t9ti()n"REQ<:lYC:~~'(ilQ.rtl<.)~~~~~~~,
q~E~IIHICl~jzeCl(.i.~.inQP\liClQJ~>~tr1()grClft:ti~~Ue-PClS.eqpr()C1ucts"Clrein()t.·s.u.bj.~.<:ttQt.h.e ••.•·PIool§"9HiCl~/ir1~/ClpCl.~~~$lHiCli:lQ..<:~

[e.g.,pJQ(k)]ClPCl/ClIJ~~I~t~~ ..~~~Mir.ement.$~"'(lJsf'J.-MaY'2020)
The use of ~yiClble.(usPl~MilY'2020) animal tissue in the manufacture of Jo.cell-based"~qy~h~~C:J·~t-I~£~pi~~"'.(t.I$p"1&~~i~26~6) requires

thatthe tissue be sourced in a controlled and documented manner from designated pathogen-free animals bred and raised in
captivityin countries or geographic regions that have appropriate disease prevention and control systems. Inaddition/ the care
and use of animals should be approved by a certified institutionalanimal care and use committee. Donor animals must have
documented lineage, be obtained from closed herds or colonies, and be under health maintenance and monitoring programs.
The animal housing facility should be USDA certified (large vertebrate animals) or Association for Assessment and Accreditation
of Laboratory~nil"l'1al ~ar~l~t~r~a~i()n~1 (~lI\9 certified (small vertebrate animals) and should meet the recommendations
stated inth~2S~rr~nt>\lersio.nofthe"'(l.iSPl"Mayt.2(}.2(j)Guide for the Care and Use ofLaboratory Animals(National Research
Council ...... (l./spl.MaY.2020», which can be obtained from AAALAC (www.aaalac.org). Such facilities should be staffed with
veterinariansand other trained personnel who ensure animal health and disease prevention. The facility's procedures should
be documented, and records should be kept. Health maintenance and monitoring programs should be based on standard
veterinary care for the species, including physical examinations, monitoring, laboratory diagnostic tests, and vaccinations. A
stepwise "batch" or "all-in-all-out" method of source animal movement through the facility can minimize the potential for
transmission of infectious agents. .

Feed components should be documented and should exclude recycled or rendered materials in order to reduce the risk of
prion-associated diseases. .

To provide a high degree of assurance of product safety, animal donors and tissuesshould be screened at several stages
throughout the processto ruleout the presence of microbial agents. Thesecontrol tests should utilize assays that are sufficiently
sensitive and specific to detect bacteria,mycoplasma,fungi, or viruses of interest. Donoranimalsshould be screened for relevant
diseases before tissue procurement. Post-tissue-retrieval necropsies, sentinel animal programs, and archival storage of donor
organs, tissues, blood, and other specimens also ensure the safety of animal tissuefor use in cellular therapeutic applications.

In general, similar aseptic procurement issues apply to animal and human tissues. The tissue should be obtained under
environmental conditions and controls that provide a high degree of assurance of aseptic recovery. Specifically designed
procurement facilities/ usually closely associated with the animal holding facility, should be employed. Recommended design
features and attributes of the animal tissue procurement facility should include the following: 1) staging of events such as
shaving, sedation, and operating room preparation in separate rooms with appropriate environmental controls; 2)
high-efficiency particulate air (HEPA) filtration; 3) adjacent but separate facilities for further tissue processing; and 4) dedicated
areas for carcass removal. Issues relatingto personnel training, bowel manipulationand punct~r~,an9 .~isinfection apply to the
surgical procurerT1e~t of both human and animal tissues (see Human Cells/ Tissues/ or "'Cell-;Bqsed(Adl,lanced
TQ.~,.ap/es+(y~pl;Mfy-2?~~)?r Tissue-Based Products above). When researchers establish animal cell lines for use~il1
production,"(l.JsPl.MaY~2020) cell banksshould be created/ tested, and characterized as described in the next section.

CELL BANK SYSTEM

Acell bank isa collectionof cells obtained from pooled cells or derived from a single cellclone or donor tissue that isstored
in bags or vials under defined conditionsthat maintain genotypic and phenotypic stability. The cellbank system usually consists
of a master cellbank (MCB) and a working cellbank (WCB), although alternativ~~epr8~s~~~are possible. The MCB isproduced
in accordance with cGMP and preferably is obtained from a qualified source AA.(lJSP1-MaY-.2020) with known and documented
history. Human cells and tissuesshould be obtained by means of a licensed tissueacquisition vendor with a donor qualification
progral"l'1in acc8r9.anc~t8 ..?1 CFR 1271. The WCB is produced or derived by expanding one or more vials of the MCB. The
Jo.W<::BQrMCBJo.(LisPl.MilY~202(j) becomes the source of cells for everybatch produced for human use. Cell banksystemscontribute
greatly toproduction batch consistency because the starting cell material isalways the same. However, it may not be possible
or feasible to create a cellba~k/~?aepr()priat~lyt~ste~~ncI9ualified primarycells may be used in lieu of creation ofcell banks.
The MCB and WCB should Aata minimum beA. (USP l-Mayt.2020) tested for identity, sterility, purity, viability, and the presence of
viruses and mycoplasma.
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CELL BANK QUALIFICATION

General Information / (1046) 7405

Cell bank safety testing and characterizationare important steps toward obtaining a uniform final product with lot-to-Iot
consistencyand freedom from adventitious agents. ICH Q5A, ViralSafety Evaluation of Biotechnology Products Derived from Cell
Lines of Human or Animal Origin, givesspecific recommendations for testing cell banksfor viral agents. While this guideline is
not specifically intended to cover cell- or tissue-basedproducts, the same tests are generallyapplicable.Additional virustesting
may be needed depending on the prevalenceof viral diseases endemic in the donor population. Testing to qualify the MCB is
performed once and can be done on an aliquot of the banked material or on cell culturesderivedfrom the cell bank.
Specifications for qualification of the MCB should be prospectively established. It is important to document the MCB history,
the methods and reagents used to produce the bank, and the storage conditions. All the ancillary materials required for
production of the banks, such as media, sera, cytokines, growth factors, and enzymes, should also be qualified, documented,
and appropriately tested.

SAFETY TESTING OF MCB AND WCB

Master cell bank: Safety testing to qualify the MCB includes testing to demonstrate freedom from adventitious agents and
endogenous viruses. The testing for adventitious agents should include tests for bas!~ria, fun i, m coplasma, and viruses.
Freedomfrom adventitious viruses/~~~.~.19 ...~e dem~n~~~?~~~~Ti~!Q;.~~~h in vitro and~ in vivo test and
.~E8r~p~i~.t~ sp~Si~~-TP~Sific~;s~(;0.9~~~ - -~in9i~~.~~~ii~\!*i~~~~
sE;Si~.~ ..~p;c:inSi~;~~~;(fI'l.~~~iY';i8~F~II;Ii~;<;1.· ...i.:i·•..·.·;••• .: ..•·.•·•. ·i..·.•.•.·, ••. "g~~m~f.m~9~r!~; .... , .......t(;:.:.·.····;! .• :'
tg··()I.ig()Ql1cle()ticl~<ar(ays,()rll1c.lS$~P~C:,tt()m,~try"c.l~iic:lll()~~clJ:)Yi(§g.l.llc:lt()!'Y'c.lll,tl"l()ri~ •..........
Worldng cell bank: Safety testing of the WCB is less extensive and generallyfocuses on for introduction of
adventitiousviruses or activationof latent virus during the additional culture required to the WCB. End-of-production
(EOP) safetytesting should also be performed to ensure that the cells can be expanded a known maximum number of
generations whilestill producing an acceptable product. Forinformation about which types of adventitiousvirus testing should
be performed on the MCB, WCB, and EOP cells, consult Viral Safety Evaluation of Biotechnology Products Derived from Cell Lines
of Human or Animal Origin(1050).

CHARACTERIZATION OF MCB AN D WCB

Characterization ofthe MCB and WCB includes identitytesting to establishspeciesorigin,e.g., isoenzyme analysesto confirm
the human origin of the cells. However, cell bank characterization should encompass additional assessments such as the
following:

• Growth kinetics and population doubling time
• Morphological assessment
• Percent confluence at passage
• Cell counts
• Viability (pre- and postcryopreservation)
• Phenotypicexpression of desired and undesired cell types (pre- and postcryopreservation)
• Monitoring of unique biochemical markers (pre- and postcryopreservation)
• Assessments of functional activity (pre- and postcryopreservation)
• Gene and protein expressionanalysis (pre- and postcryopreservation)
• Expression of immune histocompatibility antigens (HLA/M HC)
• Molecular fingerprinting
• Chromosomalstability

Biocompatible Scaffold Materials

I+l\iIa''{fl.\J.2:W most natural.()r sy~!~;~i; .~.S~~~1,9rn~t~r.i~I~~~;r;Q~I~t.;d~s ...~..~.~icaIge*i<:;s(al!mough
. - ..I..IJ;1.~Q.i~HI.,~~J~Q.l .' -,li" ...I~.Q~M~·;g~~jc:rfct~·~!~~~l ;;i~n;lJo~[c.lH~gc;i,

,~~);c.l(~r~g.l.llc:ll~))fr; j~§lJ~([;J-;fGi]hRS':~;(LI'se;t . 'q~O~ When
HV1i1FI.\J.~W} use previously been approved for other clinical uses because these materialsshould

"n,;or,nr,,'\o extensivesafetyand quality testing. Forapplications in cellor tissue-based products, the scaffold
materialshould allowcells to attach, proliferate, and migrate, and high porosity isoften desired to facilitate cellseeding within
t~e ..fI'l~.~erial·Th; sS~ff~lg fI'l.~~tR[~vi9~ .. ~9,;9u~tegi~~si~D~f.~U!~i;~~~!gr S~II ..b;~I~~~~9E?I<:!~~<:!.....(),f~ .:~I.I:~~.5t.?~~~ products.
..D~pending.on .theintencjeduse/themq~eri.al.sh()ulcjl"l(l\l~c:l9~qq(lt~fl)~c:h(l('lic:c:l1~tr¢pgthc:lncly.p¢,,'(u?p;1':lv1iiY·2o<!(»amenable to
manipulation, chemical modification, and manufacture. The scaffold material should be biocompatible, relatively inert, and
immunologically benign.

Scaffolds can generallybe classified as hard or soft. Hard scaffolds are used in applications where a specific shape is required,
such as forming a blood vessel or a bladder. Softscaffolds are used in applicationswhere the product needs to conform flexibly
to an existingshape in the body.

Scaffold materialscan be synthetic or natural polymers, biog~gr~9~,~I~c_~~e;[rt'l~~;~~~ Bi~9~gra~~ti~D,~II~"Y~?~b;,~5~~g~~s~g
be resorbed or removed from the body without manipulation '~c.lQg>t()rJ~~,g~t~,c:P·it8;,p~fiIJ~c::I:YYi~~1Ylc:ll:?J~·~j~§Hg·~i(l.J$gil~M~Y:20~O)
The scaffold degradation rate must coincidewith the rate of formation or regeneration of the tissue. The natural scaffold
structure must replacethe degrading scaffold in such a waythat it maintainsthe structural integrityof the tissue or organ being
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regenerated. Forexample, a newlyformed blood vessel must withstand both the internal blood pressure as well as external
mechanicalforces.

The most commonly used synthetic biodegradable polymer is polyglycolic acid (PGA). Polylactic acid (PLA) isalso widely
used, sometimes in combination with PGA. These polymersdegrade withinthe body, are readily removed before degradation,
and have a long historyof use in suture materials. APolycaprolacton(PCL)'A(usP l-May-2020) which exhibitsa slower rate of
degradation than PLA or PGA, is used in applications that require a long presence in the body.

Extracellular matrix (ECM) and its derivatives are natural materials used for scaffolds in the manufacture of cell-biomaterial
combination products....Examplesourcespf ECM include dermis" subintestinalsuhrnucosa(SI~), pericarCfium,-aI"lCf,qth~r
predominantlycollagencontainingorgans.... (USP1,May.2020) Proteins such as collagen or fibrin and polysaccharides such as
chitosan or glycosaminoglycans (GAGs) have also been used in growing cells to make combination products. Collagen isbyfar
the most popular substrate for cells and has been molded into scaffolds for a varietyof products, mainly in tissue-engineered
skin applications. Cross-linking agents such as glutaraldehyde and water-solublecarbodiimideshavebeenusedto enhance the
strength of natural scaffolds. Depending on the source ofthe material, Aand theextentofdecellularization,i(uspl::MaY.2020) natural
scaffolds can be immunogenic.

... ... (USP 1-May-2020)
The safety and biocompatibility of the scaffold and product-contact materialsmust be established. Afull battery of tests

"'should beperformedas",(uSpl.MaY.2020) recommended by Biological Reactivity Tests, In Vitro(87), Biological Reactivity Tests, In
Vivo (88), AlSO 10993-1, or FDA Guidance: Useof International Standard ISO 10993-1~"'.(USP 1-M~y.2020) Process residuals and
degradation products from the preparation of the scaffold should be quantified and limits should be established. The stability
and storage conditions of scaffold materialsshould be established.

Qualification of Ancillary Materials

Ancillary products include awide varietyof raw materialsand components used in manufacturing! Abutaren'ot intended to
be present in the final therapeutic product. ... (USP l-May-2020) They ... ·... (USP l-May-2020) include ... ~ (USP 1.May.2020) substances such as
culture media, buffers, growth factors, cytokines, cultivation and processingcomponents, "'monoclonalantibodies, and
components of cell-separation systems.

Residual ancillary materials may be antigenic, so their removalfrom the final product should be assessed,.and appropriate
limitsshould be establishedwhen necessary.

Ancillary materialqualityCan profoundlyaffectthe safety,potency, and purityof the cellularor ti
each ancillary _material should be produced under conditions that are in compliance with cGMP.
unique substances may not be available fromcGMP-corhpliant suppliers. In thesesituations, the c
product manufacturer should developa scientifically sound strategy for qualifying the ancillary .
program should address each.of the following areas: 1) identification and selection,2) suitabili se i
characterization and acceptance criteria, 4) vendor qualification, and 5) quality assurance (QA). Lothisto
constructed for each ancillary materiaL ... (USP 1:MilY-2020)

Conformance to ...... (USP l-May-2020) specifications should be compared to A... (USP l-May-2020) the certificate of analysis
... data .... (USP1.May.2020) Traceability isessential, and lot numbersfor each ancillary materialusedshould be noted inthe productions
records of the cell-based product. ·Chapter (1043) contains. (USP l-May-2020) specific information about implementing an
appropriate qualification program for these 'materials.Other USP chapters provide considerations about the qualification of
specific ancillary materials (e.g., Bovine Serum (1024), Fetal Bovine Serum-Quality Attributesand Functionality Tests (90), and
Growth Factors and Cytokines Used in CellManufacturing (92».

Qualification of Excipients

During the final steps in the manufacturing process, excipients or substances that increasestability"'and
functionality. (USP l-May-2020) of the therapeutic cells may be included. Examples of excipients include culture media, salineTS or
other electrolyte solutionsapproved for injection, exogenous proteins such as human serum albumin, or cryoprotectants such
as dimethyl sulfoxide (DMSO). Excipients are not intended to exert a direct therapeutic effect upon the patient; rather they are
intended to contribute to the maintenance of the quality attributes of the final cellularproduct. Because excipients will be
administered to the patient along with the cells, particularattention must be paid to their qualification. In general, excipients
that are already FDA-approved for human use should be used whenever possible. Ifnon-approved excipients are used, a
complete safety assessmentshould be done. Fornovelexcipients such as cryopreservationsolutions, appropriately d~signeCf

preclinical safety studies may be needed. ·'n addition, preclinical studies should include product formulatedthesame.wayas
intended for clinical. use.A(USP1-May.2020)
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Change to read: . " " '.. .. .'... ,... . ..... '" ..~': ",.... '
, MANUFACTURING OF CELLl.~'BASED ADVANCED.THERAPIES~(us~~.MAy:202~) OR TISSUE-BASED

PRODUCTS

Introduction

The manufacturing of Acell-based adyancedth~rapies ... (USP l-May~2020) or tissue-based products requires a number ofoperations
and manipulations by individuals who are well trained in aseptic processing techniques. The technical competence of the
personnel is particularly crucial to product safetyand efficacy. A ... (USP l-May-2020)

Cell Isolation and Selection

"'Regardless of the source,there existseveral generally-accepted principles for p(ocessing human or ani
The source cellor tissuematerial should be packaged in sterile, leak-proof containersand transported fro
area:to the processing area under controlled conditions optimized to maintainquality.'Thetransportm
antibiotics, but care should be taken during processing so that antibioticsare.not present'in the final ce .' . . , . ". ,.e
case, of blood.:derived materials, or tissuescontaining substantial amounts of blood; the transport medium should tontainan
anticoagulant;...•(USP l-May:i020) ,

ISOLATION

"'Solid organs or tissuesare usually dissectedto expose a desired region. IfmultiCellular organoick
lahgerhans) or single-cell.suspensions are desired, the tissue maybe subjected to mechanical or enzy
ord~r to prevent excessive cell clumping, enzymessuch as deoxyribonuclease may be'addedto di
from damaged cells,. ' .

Cell andtissue. i$olationsinvolving open manipulation steps should be carried out in an ISO 5
cabinet; the environmentsurroundingthe biological safetycabinet should maintainasepticprocess
manipulated HCTIPs in closedsystems, these environments may be controlled but unclassified.
tissue-basedtherapiesthat are manipulatedand manufacturedunder cGMPs,theenvironmentsurr
cabinet should be controlledand classified, usually as an ISO '7 (Class 10,000) clean room. Inall cas.
line clearance, and lot segregation should be employed in order to avoid product cross.:contamina

SELECTION

Cell Ex Vivo Expansion and Differentiation

EX VIVO EXPANSION

Akeyissue for manufacturers of "cell-b.asedadyancedtherapies... (USP l-MaY-2020) and tissue-based products isthe ability to
produce and deliver a therapeutically relevantdose ofthe requiredcell population to the patient. Depending on the application,
the product may be a pure, homogeneous cell type, or it may be a mixtureof differentfunctional cell types. Manytarget cell
populations are present at a low level or low purity in complex primarysource tissues. Insuch cases, production of a
therapeutic dose"'~retypica"yachieved ... (USP l-May-2020) by specific enrichment and ex vivo expansion of the required cells.

Ex vivo expansionof cells mayoccur insuspension culture(e.g., Tcells or hematopoieticstem and progenitor cells), adherent
culture (e.g., mesenchymal "'strornal"'(USP1-MaY~2020) cells, embryonicstem cells, induced pluripotent stem cells, neuronal stem
cells, or dermal fibroblasts), or a mixture of both (e.g., bone marrowstroma expansion). Numeroustechnologies existfor cell
culture. Cells can be propagated in tissue-culture flasks (Tflasks), in roller bottles, on polymeric scaffolds, or in nonrigid,

"'Cell mixturesmay requirefurther processing in order to enricha desiredcell populationor rembye an undesirablecelltype,
Cell populations can be enriched by varying the force and duration of centrifugation, oftenin conjunction with a 'able,

density gradient medium: Continuous-flow elutriation centrifugesseparate cell populations by subj~ctingth~m_t~:9sing

centrifugal and fluid stream forceswithin a special rotor chamber.
Cell separation can also be achievedbytaking'advantage of cytological or biochemical characteristics

populations. Soybeanagglutininaggregates cells that bear a particularcarbohydrate moietyexpressed
but not stem cells, allowing. enrichment of the stem cells. Certain cell populations adhere to specific soli
tissue-culture plastic,collagen-coated materials, or polymeric scaffolds; this allows the surface~bound cell,ty
removed from'the initial cell suspension.

Monoclonal antibodies directed against specific cell-~urface proteins'can be used fo
example,amonoclonal antibody-:bound cell population can be removed from the cell spensio
antibody-specificrTIagnetic nanoparticles, followed by magnetic collection..Target cell p6pulati '
unlabeled cell susp'enslons by incubating the suspensionwith antibody-coated plasticsurfaces
fluorescence-activated cellsorter (FAC5) canbe used to separate differenfcell typ.es bound to fluoresce.

Cell populations mayalso be enriched by destroying unwanted cells,e.g., viaantibodybinding and exo ,nousco ,. . nt
fixation, or by incubationwith cytotoxicagents Or mitoticinhibitors. Suchdestructiveproceduresrequire thorough processing
to the remove dead cells, cell. fragments, C1ndcytotoxic,agents from the final cell product.... (\JSP l-May-2020)
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gas-permeable bags, usually inside incubator units controlled for temperature, humidity, and gas composition. Multilayered,
high-capacitycell culture systems composed of tissue culture plastic, multibag systems, and bioreactors using microcarriers
enable expansion, harvesting, and formulation to be carried out in a closedsystem. Traditional small-scale fermenter units can
be usedfor expansion of cells insuspension culture. It isalso possibleto expand adherent cells insuch unitseither by providinga
surfacefor attachment (microcarriers, coated beads, or disks) or by adapting the cells to propagate in suspension culture. Some
culture systemsare specifically designed forthe propagation ofcells for therapeutic applications. Thesetend to be closedsystems
that use disposable bioreactor cartridges in automated processing units with direct control of temperature, gas composition,
and media perfusion rate. In some cases automated software allows patient-donor tracking and documentation of culture
conditions and manipulations. These features are useful in the design and implementation of quality control (QC) product
release testing programs and for the QA documentation of processing runs.

In adherent culture, the cells are usually harvested from the surface upon which they have expanded. Methods of release
include physical agitation, enzymatic cleavage, and chelation of metal ions and competitive inhibitionof adhesion or matrix
molecules. As described above, consideration must be given to the source, safety, toxicology, and residual testing for any
reagent used to release adherent cellsduring manufacturing. Some product-specific systemsdo not require the releaseof
adherent cells. Cells are expanded on a biocompatiblesynthetic or natural scaffold that isthen applied topically (for example,
engineered skin substitutes), or the cells are grown insideor outside of fibersfor ex vivo perfusion (for example,hepatocytes
in hollow-fiber devices to treat liver disease).

I.n a".s~s~s.s~~.Q.dar? sell culture parameters should be optimized for maximum process effjciency~~i1(;j
c()lJ$ist~m:Y.""«()SP1.fv1ay.2()io) Such parameters include composition of cellularsource material, initial seeding density, media
composition, rate of media exchange, temperature, gas composition, pH, and rate of delivery. Depending on the nature of the
product, the potential effect of process parameters on the potencyandf~n5tioQ of the target cells s~~.~ld ..~~.gTn8Tg ...((.
Bioreactors: Specialized bioreactors and devices A.l11ay ben~e(:f~g}:A(lJSP1"MaY.2020) for manufacturing~F~J"1jflJlJ·A(lJspi+MilY.20~M
three-dimensional combination products. These bioreactors hold the biocompatible scaffold/matrices for the manufacture of
the construct. Although the bioreactor can provide a closed system for construct manufacturing, it creates a challenge in
providingaccessto the scaffold for seeding cells and samplingfor product releasetesting whilemaintainingsterility. Bioreactors
are often single-usedevicesthat ensure that no cross-contamination occurs between products. Preferably the product will not
be repackaged for transport and delivery. For example, bioreactors may also serve as the final container for product shipment.

Container-closure testing must be performedfor all final container-closure systems. Compatibility for sterilization of the
bioreactor and the scaffold should be verified, and the sterilization process must be validated for each product configuration.
Leachables and extractables from product-contact materials such as bioreactors and packaging components should be
quantified, and limits should be established.

Inclosed bioreactorsystemsit can be difficult to observe or sample cells. Measurement of metabolic parameters can providea
surrogate method that is amenable to validation with which to evaluate the rate of proliferation and predict when to harvest
the cell product. The relationshipof such parameters to the viability, potency, and function of the cell product should be well
defined. Postexpansion purification and enrichment of target cells by using methods such as those described above may be
required.

DIFFERENTIATION

Some celltherapies require lineage or functional differentiation of the source cells. Forexample, hematopoietic stem cell
expansion processesnormallyresult in products that contain a mixture of multipotent stem cells, lineage-committed progenitor
cells, and lineage-differentiated cells. The composition of these products can be manipulated by different combinations of
growth factors and cytokines during the expansion process.The inverse is true for processes in which mature cells are
"de-differentiated"to enable them to then be recommitted to a lineage pathway (forexample, chondrocytes incartilage repair).
Specific examples of ex vivo manipulation are the production of antigen-specific T cells to target various specific disease
indicationsor derivation of th~rape~tic .~ell. types fr~r:n~rTl~ry()8ic stem cells. Before releasefor clinical use, the resulting
differentiatedtarget cells~~houl(:f.b~.. appropriat~IY'''(USPl.Ma)!.2020) characterized. Assessing the potential for de-differentiation of
multipotent cells that have undergone differentiation may be necessary to ensure the safety of the product. Where the cells
have been expanded and subsequently differentiated, karyotypeanalysis or in vitro transformation assays may be performed
to demonstrate the cells are acceptable for clinical use.

EX VIVO GENETIC MANIPULATION

Genetic modification of cells ex vivo isa common processing procedure that is used to alter the pattern of gene expression
.in a defin~dp'0pulation. The introduction of integrating or nonintegrating genetic materials(DNA, RN)\(.~i~N~r ... : ..... (( .. (._.._
A.yirus)"" (USP l-May-2020) is performed in order to induce the expression of new genes and products or to ~cMalJg~"-(USP1:M~)!.2020)
endogenous gene expression. Ex vivo genetic modification in autologous transplantation settings involves the manipulation
of a harvested or expanded cell population from a patient and subsequent re-administration of the cells to the donor. In a
typical allogeneic transplant setting, a stable, genetically modified cell population that has been characterized and banked is
administered to a broad patient population. Inorder to control graft-versus-hostdisease in allogeneicbone marrowtransplants,
selected donor Tcells have been treated with lethalgenes such as thymidine kinasethat makethe cells sUs5~e~t~I~!.~~~8~Xdovir

tr~atment aftertransplaQt~xall1ples of autologous geneticallymodified cell therapy products include~cMim§r;(2()n~ig~n
receptor T-cells(CAR-T)/.6. (u$pl.tv1<ly-zOZO) the transduction of tumor cells with cytokineor other immunomodulatory genes,
lymphocytes transduced with receptors for tumor antigens, and the introduction into harvested lymphocytesof an antiviral
ribozyme vector~s. a str~tegy to treat human immunodeficiency virus infection. Allogeneic cell therapy product examples
include "-CAR..T,.:A(USP1-MaY.26z6) geneticallymodified and irradiated tumor cell lines used as tumor vaccines, and encapsulated
cells transfected with a gene to express a neurotrophic factor for localized therapeutic protein delivery in the central nervous
system.
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Ex vivo genetically modified cellsare considered gene therapy. Issues associated with gene therapy products are addressed
indetail in (1047), especially the production of the vector or genetic material used to accomplish gene transfer, analytical testing
strategies, patient safety, and monitoring. The manufacturing, cell processing, and process control methodologies addressed
above are applicable,i~ the p~o,cedures used for genetic manipulation. Frequently cell populations that are geneticallymodified
are isolatedand"'lor"'(lJSP1~MaY~2020) expanded or selected before the introduction of the genetic material. Specialized equipment
and processesfor introduction of genetic materia,l "'must bevali9a~edan~l"1l()nitor;? Issues associated with cell
banking and stabilityapply to cell linesused in ;"'c~lltf\er " ,', " al1ufacturing'.~>(l.JSI"1:~~y.2()20) Finally, issues associated
with analysis and administration of the genetically modified cell population are discussed later in this chapter.

Formulation of Cell and Tissue-Based Products

Approachesfor formulating cell and tissue-based products depend largely on the planned storage time for the cells before
delivery to the patient. Forsome cell-based products, the time between completion of manufacturing and delivery to the
intended recipient can be measured on the order of hours to days. Other cell-based products may be cryopreserved in order
to extend their shelf life. Adifferent approach for formulating celland tissue-based products may involve the addition of a
natural or synthetic scaffold that can facilitate handling, protecting the cells from immunological responses, and creating a
specific shape that contributes to the therapeutic effect. Considerations for formulating each of these types of cell and
tissue-based products are discussed below.

• [)ec~lIulari:led,Tissue~Based'P.roducts
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NONCRYOPRESERVED CELL'&.;lG~~j:,rv1ay-~o20)-BASED PRODUCTS

Products consisting of suspensions of cells for delivery to patients within hours after the completion of manufacturing
freg~~ntlyareformulated in sterile, buffered solutions suitable for direct administration. Forother noncryopreserved cell
"''''>(l.JSp1~MaY.2.o2o)-based products extension of shelf life from hours to days may be possible by use of solutions that contain
appropriate nutrients and antioxidants. In most cases, these excipientsare not intended for direct administration into patients.
Consequently, the excipients may require removal before delivery to the patient (see ClinicalSitePreparation and
Administration). Ifan unapproved formulation buffer will be administered to patients, preclinical toxicology testing should be
performed.

CRYOPRESERVED CELL j..&(USP1~May-20iO)-BASED PRODUCTS

Most cell cryopreservation medium formulations are supplemented with 5%-10% DMSO with or without hydroxyethyl
starch (generally6%) and a plasma protein such as 4%-10% human serum albumin ina balanced salt solution. DMSO prevents
dehydration by altering the increased concentration of nonpenetrating extracellularsolutions during ice formation. The high
molecularweight polymerichydroxyethyl solution protects the cells from dehydration as water isincorp()rat~d into., extracellular
ice crystals. The use of protein often results in maximum recoveryand viability of cells after thawing. :":Ai~usfrlC~aY~20?O) Some
cryopreservatron formulations are completely free of protein.

The optimal concentration of cellsfor cryopreservation depends on the cell type and should be determined empirically, but
it generally ranges from 106 to 107 cells/mL. The homogeneity and viability of the cellpop.ulationbeing cryopreservedcan also
differafter thawing and should be carefully assessed. Insituationswhere the final ~cell;.pased jj," (USPl.May.20:z0) product is intended
to be thawed and administered immediately, the presence of DMSO in the formulation buffer does subject the patient to an
increased level of infusion-related toxicity, although this is related to the volume administered and the final concentration of
the cryopreservative. Refer to ClinicalSite Preparation and Administration for additional considerations.

CELLS COMBINED WITH BIOCOMPATIBLE SCAFFOLDS

, Many cell andti~sLle~t~erapy products are administered in combination with a biocompatible scaffold ....(alsoreferred to as
tissue engineering);" Some", (USP 1.M~y.2020) wound healing or skin substitute products contain cellsseeded on a scaffold. The
biochemical and physical structure ofthe scaff<?ld andthe method forcombining cellswith the scaffoldare ,specific to the
product~"'Thebiocompati ' caffold(e.g~,demineralized corticarbone particles; cancellous granules) mayal,so be',human
tissue derived from,tne sa111 , ' onorasthe allogenekcells.... (USP 17M~y~2020)

Cells can be loaded into a semipermeable membrane devicefor delivery. Usually the pore size of the membrane is large
enough to allow the cell-secreted therapeutic factors to pass, but it issmallenough to stop immunoglobulins and host cells
from making contact with, destroying, or mounting an immune response to the therapeutic cells.The device can be a single
hollow-fiber or a semipermeable capsule with cells inside that secrete therapeutic compounds, or it can be part of a larger
system of pumps and filters such as hollow-fiber modules with hepatocytes for the treatment of liverdisease.
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Cells can be seeded onto a three-dimensional scaffold and allowed to propagate and form a tissue-like structure. In the
resulting product, the cells are oriented in a unique manner that is important for the intended use of the product (e.g., skin
substitutes).

Cells can be encapsulated in a gel or cross-linkable polymersolution, and the resulting implantable structure can serve as a
culture vessel, as a means to shield the cells from the host's immune system, or as a way to mold cells into a defined shape.
Some of the polymers used include alginate, hyaluronic acid, collagen, chitin, or synthetic polymers. Encapsulated pancreatic
p-islet cells have been implanted in patients to treat diabetes. To treat urinaryincontinence, chondrocytes have been mixed
with alginate to form a structure upon injection.

Cells can be adhered to scaffolds of defined shape that are then implanted. Some examples include osteogenic precursor
cells on scaffolds of demineralized cadaveric human bone, ceramic hydroxyapatite, ceramic hydroxyapatite-tricalcium
phosphate, or biodegradable glass, which can be used in the repair of bone defects.

General Considerations

The complexity and scope of cell-based therapies are reflected in the wide range of analytical.l1leth?9s t~at are used to
estab.lish in-process controls and final product releasecriteria. Qualityspecifications fortc~II-l:Ja~~dadVi:m<:f.!q
therapies.A(usP l-May-2020) and tissue products should be chosen to confirmthe product's quality, safety, and potency. Selected
tests should be product specific and should have appropriate acceptance criteria to ensure that the product exhibitsconsistent
quality parameters within acceptable levels of biological variation, loss of activity, physicochemical changes, or degradation
throughout the product's shelf life. The development and setting of specifications for celland tissue products should follow the
principles outlined in ICH Q6B, Specifications: Test Procedures and Acceptance Criteriafor Biotechnological/Biological Products.

Specifications are established on the basisof thorough characterizationof the product during the development phase and
an understanding of the process and its capability. Characterization should include measurements of the physicochemical
properties,safety, purity,processand product-related impurities, potency, viability, sterility, and quantity. Manufacturers should
develop specifications for each product developed from this information by application of appropriate statistical methods. The
data should include lots used in preclinical and clinical studies, and should also include assayand process validation data that
can be correlated to stability, safety, and efficacy assessments.

In-process controls ..~~9~P~ci!i~~ti?~s f?r ..~~~.R.r~9~.ft shouldtig~~IIY"{(dsel-I\-1~}':26~6) be anchored by use of an appropriate
reference standard.~Qrr~f~r~Dg~ll"l(lt~ri(lI{"'(l.JSPltMaY"20?O) Anautologous product may relyon a reference standard generated
from processing cells or tissuefrom a healthy donor or from a source that supplies cells and tissues to research institutions. The
reference standard ensures that the process, as measured by the releaseassays, does not change significantly over time, and it
verifies that a test produces acceptable results,Le., system suitability requirements are met. The reference standard is made
from a lot that is produced under controlled conditions and passes all in-process and final release testing. In addition, this
referencestandard issubjected to an additional level of characterization that includes tests not normallyperformedfor product
release. The referencestandard need not be stored at the same dose, formulation, or temperature as the final product. However,
the stability of this reference standard must be determined.

Alternatively, a working standard can be used. Ifso, in the test it should behave like the reference standard. Changing to a
new reference standard should include many tests, all of which are run side by side with the existing reference standard. The
impact of any change in the properties of the new referencestandard should be carefully evaluated before it is adopted. One
option for a reference standard for a cell product with a short shelf life or for an autologous or patient-specific application can
be a bank of normal donor cells of the appropriate celltype. This cellbank can be used to ensure that the manufacturing process
is capable of making a consistent product.

In-Process Controls

Manufacturing processes should have weU-defined.go...no go decision criteria that are established for key in-process
manufacturing steps. In-process control ~tf.!~t~.Ai(USPI-MaY-2020) ensure that the in-process material isof sufficient quality and
quantity to ensure manufacture of an acceptable final product. Examples of in-process controls include:

• A'Celr.A(USP1-May-2()20) enumeration and viability
• Microbiological (sterility, endotoxin, mycoplasma)
• Expression of phenotypic or genotypic markers
• Verification of morphology against visual reference standards
• Production of a desired bioactivesubstance
• Determination of population doublings, passage number, age of culture
• Assays ~fC>ri(GsPl-M~Y.2()io) process impurities
• Monitoring of culture system parameters [% carbon dioxide (C0 2) , % relative humidity, pH, glucose, lactate, etc.]
• Functional tests such as colonyforming units (cfu) and expression of cell-specific proteins
• ~gbht~r1tl.Jriif(jrmitY
• Quar"ltitafionotp~r±i4~late, ••.r11atter
• Visual inspeCtiorlfol"cellularaggl"egates and other impurities
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A primaryreasonfor in-process control tests isto.reliaplyobfain: adequateprd(jLJctqualitya~d yield: Asecondary
reasonA(USP l-May-2020) isto gather process and product characterization ~~!a ~h~t can be usefLJl,in assessing theimp~c~,of pr()c.e~~
changes or excursions. ARefer to Risk Assessment fordis<:ussion ()[I,critical, process,paraineters.:(CPP).; In:'process samplingmust
always be balanced.againstadequatefinal,prodyctyield.Therefore, onlytruly informative andtimely.in,~pr()cessJestingshould

be implemented.A(USP 1~May-2020) Intermediate AA (USp"-May-2020) process material that fails to satisfy in-process control criteria
should not be used for further manufacturing. ANon-:conforniing A(USP ',May~2020) material AmayA<ySP'~tiAay;2020) be reprocessed if
there are procedures in place. AA(USP1-May-2020) The effectof reprocessing on other qualityattributes suchasstability must be
defined before the material can undergo further manufacturing. 'AThe repr~c~secrmateriall1)us{safisfy the ()i'igin~Lhl:process
specifications. A(USP l-May-2020) Ifseveralsub-lots(e.g., cells harvested from differentculture vessels) will be pooled for further
processing, Anon-conformingsub-lotsA (USPJrMay-2020) should not be included A.... (USP1-May-2020) even ifthe AlargerA. (USP1~May-2020)
pool containing these failed sub-lotswould pass the in-process assay criteria. AFor manufacturing·r cesses thatyield multiple
containersof cellsuspensions,in~process visual inspectionsare highly recommended.. Forexampers;polYrner fragments
and other visible particulatematter can accumulate and co;.ml le'withcellspresentjng apatient . ty,concern.tn:'process
visual inspectionafter the final container filling, blJtpriorto th nalproduct labelingor cryQpreservation (iffrozen), allows the
culling of nonconformingcontainers beforeJinal product samg andtesting.,Timely in-process visual inspection may be
challenging, particularly when attempting to Iimitcellexposur~ to cryopreservatives such as [)MSO.,l .& (USP1~May-2(j20)

During AA(USP l-May~2020) processdevelopment, assays for product qualityand yieldshould be performedafter most processing
steps to determine which steps are Aquality~critkal, stability-indicating,. or se'nsitiveto processdeviations. St~itistical process
controlsand critical product qualityparameters, alongwithstatistically valid sampling, should be used to establish limits for
processvalidations and manufacturing investigations. tn-process controlsshould be performed even for fully validated
manufacturing processes to ensure proper processcontrol.Assay results'should betracked and trende!=l6ver ~ime, a~d~ctions

should be taken to correct problems as they arise.... (USP l-May-2020)

Final Product Release Specifications

Cell-based therapies regulated as biological products must complywith applicablesectionsof 21 CFR 211 and 21 CFR
610 to ensure Athey meet essential quality'attributessuch as"'(USP1-May~2020) identity,purity, potency,and microbiological safety.
AA(USP1.May-2020)

Because terminalsterilization is not possible for a living cell-based product, essentially all cell-based products are requir~d to
meet acceptance criteria forproduct tests such as sterility, mycoplasma "'(not needed ifcells arecultur~aJess)han2~,h" or:if
tissue has beendecellularized),A(u~Pl~May.io20) and endotoxin-typically, negative or no growth demonstrates sterility and the
absence of mycoplasma, and products must demonstrate <5 endotoxin units (EU) per kilogram of patient body weight. In the
case of intrathecal injection, the specified endotoxin limit is more stringent: :::;0.2 EU/kg of patient body weight. Adventitious
virus testing is rarely performed on the final cell-based therapy product because the source cells or cell banks and ancillary
materials of biological origin have been screened and tested for viral agents of concern before manufacturing.

For almost all other final product release criteria, such as those for identity, purity, and potency, the analytical procedures
with methods and acceptance criteria are specific to the individual cell-based product. Table 3 provides an overview of the
expected final product releasetests for cell-based therapies and lists examplesof approaches that are used to satisfy the testing
requirements.

Table 3. Overview of Final Product Release Testing

ReleaseTest Examples Criteria

Sterility SterilityTests (71 > Negative

Directand indirectculture method (FDA Points to Consider)
Negative; not detected. 'ATesting notusuiilly:reqlliredif cellsare

Mycoplasma cultured lessthan 24 h.i (USP1"May'2020)

Endotoxin Bacterial Endotoxins Test (85) <5 EU/kg «0.2 EU/kg intrathecal)

· Surfacemarkerdetermination

· Isoenzyme analysis

· Geneticfingerprint

· Morphology

· Bioassay
Identity · Biochemical marker Product specific

· Percentageof viablecells

· Percentageof cellsexpressing specific marker(s)

· Limits on undesiredcelltypes

· Limits on processcontaminants (e.g., serum)
Purity · AScaffold 'coJl1position:.\(lJ~p·1.MaY.2~2o) Productspecific

1Clarke. 0, Jean 5, Powers 0, Karnieli 0, Nahum5, Abraham E, et al. Managing-partiCulates'in celltnerapy: g~ldancefOrpestpractice.Cytottierapy.;
2016;18(9):1063-1076.
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Table 3. Overview of Final Product Release Testing (continued)

USP 43

Release Test Examples Criteria

· Viable cellnumber

· Colony-formation assay

· Change in expression of specific genes

· Secretion of desired macromolecule

· "'E><pr~s~IQb\9f.C~II-$1.J.ff?l~et1"19IeC41~sJ.(JsPl:tv1~;~2~~O) HLA

· ~,"~l"getspec:ifI<:c:ell··ki.lli!JgJ.(us;1.tv1a;:102.ll)

· Evidence of metabolicactivity
Potency · Evidence of cellfunction Productspecific

· Viable cellnumber

· Enumeration of specific cellpopulation

· Total DNA
Dose · Totalprotein Productspecific

~ "" ~C" " <fre~\,ll
tAppearClnce rn~tt~;G''''~ '"Injec~ions (1), Visible Particulates in Injections (790) IVldY-LVLV/

· o rcc -k,;".,i\,nl

· Morphology

· Size
Others · Tensile or burst strength Productspecific

STERILITY

Cell~~l1d .tissue, (USP l-May-202o)-based products are required to comply with final product release testing requirements,
including sterility. Sterility testing isalsofrequently performed in-process t~ =st~~lish ...~krobial purity for cells that require
extended culturing. Asuitable sterility test includesthe test described in"'l>.(uspl~tv1aY~20'2.o)Sterility Tests (71). These culture-based
test methods require 14 days and thus are suitable onlyfor cell-based therapy products that have extended shelf lives (e.g.,
following cryopreservation). Manycell-basedtherapies haveshort shelflives and must be deliveredto patients before the 14-day
test resultsare available. Insuch situations,the FDA has identified an approach that will allowthe administrationof the cell-based
product to patients in this setting [see Guidance for FDA Reviewers and Sponsors: Contentand Review ofChemistry, Manufacturing,
and Control (CMC) Information for Human Somatic CellTherapy Investigational New Drug Applications (INDs)]:

• In-process sterility testing on a sample taken 48-72 h before final harvest or after the last refeeding of the cultures
• A rapid microbial detection test such as a Gram stain or other procedure on the final formulated product
• Sterility testing compliant with 21 CFR 610.12 on the final formulated product
Under this alternative approach, the releasecriteria for sterility would be based on a negative result of the Gram stain and a

no-growth result from the 48- to 72-h in-processsterility test. In the event that the 14-day sterility test is determined to be
positive after the product isadministered to the subject, the manufacturer is required to report the sterility failure, results of
investigationof the cause, and any correctiveactions as an amendment to the IND within 30 calendar days after initial receipt
of the positive culture test result. '

Because of concerns regarding the sensitivity of a Gram stain and the inability to obtain full sterility resultsfor 14 days after
administration to the patient, there iswidespread interest in the use of rapid microbiological methods as an alternative to the
14-day culture method. This isdiscussed in Alternative Test Methodologies.

MYCOPLASMA

';'A(USP l-May-2020)
Testing for mycoplasma is recommended for all raw materials derived from a human~r ~.~imal source; Ai~~(lJsP!'_M~},22()~O) is

required as a .Iot-release assayfor cell-Aand tissue-basedA(USP l-May-2020) products AiftheyareC:L1ltLlreq.fprlongerthan
24h. A(UsPl-May-2020)The FDA has published a document (Points to Consider in the Characterization of CellLines Used to Produce
Biologicals) describing indetail the accepted methods for the cultivation and isolation of mycoplasm~'f\Ileth~ds f?r mycoplasma
detection are also described in Mycoplasma Tests (63). Because the classical assaytakes 1 month A.t.,\(USPJ-MaY-2020) to complete,
alternative methods are being developed and validated for the rapid detection of mycoplasma; this isdiscussed in Alternative
Test Methodologies.

ENDOTOXINS

,AEndotoxins exert numerous biological effects:they can affectsecretion and cytokineproduction,induce fever in recipients,
or serve as powerfulmitogens. Because.ofthese wide-ranging impacts, endotoxin assessment must be included inrawmaterial
and manufacturing processqualifications for cell and tissue-based therapies. Bacterial Endotoxins Test(85) describes methods
for measuring eridotoxins, all based on the Limulus amoebocyte lysateassay.Thisassaycan be validatedfor a wide range of
biopharmaceutical,products;one important feature isthe ability to rapidlyconduct the assaybefore the releaseof short-shelf-life
products.A(USP '·May-2020)
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IDENTITY

. ALot-rei~ase testing for cell;based productS must includean identity test to unequivocally identify the'product Th~
complexity of the .identitytest depends on the nature of the specifiC product and the array of products b~ing manufaCtured,:
e.g., in a single-productvs,.a multi"product fadUtY. .". '.... '. . ", ., ,.

Identity tests fot cell-based products must be relevant to the cell type andmanipulationsapplie
'Differential surface markers arefrequently used to ascertainproductidentity,as describeo inTable
immunoassay methods are the most common means of d~tecting and quantifying these markers. soe.. . . ysescan
confirm speciesof origin,whiCh is especially useful for xenogeneic celLproducts.Cell morphology maybe used to distinguish
specific cell types. Gen,etic fingerprint technologiessuch as short tandem repeats can alsO establish cell.line
identity.... (USP l-May-2020) . . ..

PURITY

e
,ocess
xicity

"'Purity methods specifically quantify the intended activepr.oduct components, or.unwanted irnpurit
process-related residual contaminants), in the final product..Table 3 describes examplesof severa .
requirement to test for a partiCular impurity for product lot release depends on: 1) the capability 0 ..

toremove or inac.tivate the impurity,as demonstrated by processya!idation, and 2) the impact.of thel
or altered product fundion .... (USP l-May-2020)

Examples of process-related impurities associated with ....cell-based ... (USP l-May-2020) therapy products include residual
production-medium components (e.g., serum, antibiotics, or exogenous cytokines), ancillary materials used in downstream
processing (e.g., nucleases or proteases), and leachables (e.g., plasticizers from tubing or culture plastic). Impurities may be
bioactive (e.g., cytokines or hormones) or immunogenic(e.g., aggregates, degradation products, or animal-derived proteins).
Impurities may have other deleterious effects, depending on the dose of the product.

"'Product-relatedimpuritiesare specific to each product type. Impurityexamples include' t~1I debris; c'ellsth
non-functional, altered, or otherwiseunwanted. Analytical methods should qualltitateboth productand impuri
allowthe manufacturer to assess the lot-to-Iotconsistency of the product-impurityprofile~ It maybe pos~ible t
manufacturing process to the extent that specific lot-release testing for impurities' limited~

Testing for impuritiesisoften extensive during product characterizationand pro . atio
manufacturingand purification processis being assessed. In-process testing for imp . . n
regardingthe con~istency of manufacturing and materials. In-Process Controls describes t e role "
in monitoringand limiting impurities, both during processdevelopmentand manufacturi ~ Lot-reI.
refle,ct the safety risks .associated with the impurity, and the ability of the process,to con ently re
impurity.... (USPl-May-2020)

POTENCY

Potencyisdefined under 21 CFR 600.3(s)as "the specific ability or capacityof the product, as indicated by appropriate
laboratorytests or by adequately controlled clinical data obtained through the administration of the product in the manner
intended, to effect a given result."Together with dose, potency defines the biological activity of each lot (see Dose-Definin
Assays, below). "'Therelationship between product potency measurements and c1inica ty e . . ..
batch release. Potencymaybe assessedby cell enumeration, in vitroor in·vivo bioassa , .a .
is not uncommon for potency assays to have large coefficients of variation/these assays oftenreq
characterized representative reference material. In part because of their inherent variability,cpatie
autologous immunotherapiespresent a particular challengeindemonstrating potency. Potencyass
'oncharacterizing and controlling the sourcesofassayvariability. Information about potency assay
inform the product stabilitystudy design, as well as the proposed statistical approach to expirat
assignment... (USP l-May-2020) (see Stability, below).

_"'Assays measuring the potency of cell;.based therapy products varyWidely, and
characteristics and shelf life~ Forsome cell-based products, product potency may
a colony-forming assayor enumeration of committed progenitor cellsmay correlate
clinical studies.Product potency may alsocorrelatewith responses measured in ani a or cellular
cell;.based product releases a bioactive macromolecule, a potency assayeQuid be.based on the units. of-activi
example,theproduction of insulin in response to changes inglucose levels could be the basis ofa potencyass
therapy product intended to treat diabetes.. '. '.' . ' , ' , .,' .

Approaches to measuring product potencyshould be discussed with regulatoryauthorities' early.indevel
h~s issued gUidance that discusses usinga matrixof biological and nonbiological assays, includingb
quantitative assays, .to establish product potency.Information in this guidance is particularlyrelevaJi
that havea short shelfUfe, a complex mechanism of action, or multiplebiological activities (see,the·FD
Potency Tests for Cellularand Gene Therapyproducts).

Avalidatedpotency assayistypically reqUired before regulatoryapproval,which means thata v".
assay(or" assays) should be in placebefore the initiation of pivotal clinical trials..Therefore, implem
candidClte potency assays early indinical development isstronglyencouraged. Data from these can
also be particularly useful for assessing proposed manufacturing, chang~, during technology transfer
product stability. A (USP l-May-2020)
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DOSE-DEFINING ASSAYS

USP 43

An assaythat precisely measures the amount of the product is referred to as a dose-defining assay, and it isselected on the
basisof its accuracyand precision.

·Cell-based. (USP l-May~20;10) therapy products may be dosed on the basis of enumeration of one or more cell populations. For
products·consisling.(usp '-May-2020) of a homogeneous, single-cell suspension, viable cell number is the most frequently used
assay. Suchassays may includeenumeration ofallcells, total nucleated cells, or another subset of cells. Viability assays are usually
based on a cell'sabilityto excludea supravital dye, such as trypan blue. Results are expressed as the number of cells that exclude
the dye and are therefore considered viable. Fluorescent compounds that bind to nuclear proteins and are excluded by viable
cells may be incorporated into flow-cytometric methods for simultaneous determination of viability and cell-identity markers.

Cell counting may be performed rapidlyby manual or automated methods. Manual cell counting by visual enumeration of
cells in a hemacytometer chamber is a readily available technique with accep~able ~ccu~~cy but a lower degree of precision
than most automated methods. Typical instruments for automated"bloodJ.(usPl~MaY-2020) cellcounting provide reproducible
enumeration of nonnucleated cells (e.g., erythrocytes and platelets) and nucleatedcells and differential c()unting of the.
nucleated cells into mononuclearand polymorphonuclearleukocytepopulations.~~t Ico on
c()l1lputer algorithms for visual field analysis of stail1ed cell· populatiQns. BeyondcelLc / ntifi
~l1urneration.. (USPJ-May-2020) of specific cell populations usually requirescell-surface phenotype analysis by flow cytometric or
other methods (see identity above). The proportion of aspecific subpopulation ofcells may bedete~rni~~d.byFACS a~aly~is()r

by flow cytometry. "An example of a specificcellenumeration assaythat incorporateSoviabilitYassessrnent.is described inFlow
Cytometric Enumeration of CD34+ Cells (127).1. (USP '-May-2020)

Forproducts that contain cells in a nonhomogeneous suspension,such as cells that are combined with a biomaterial (e.g., a
scaffold), alternative cell enumeration measures have been used, including total area of a cellsheet, wet weight, total protein,
and total DNA. If such measuresare used to determine product dose, then supplemental tests should be performed to establish
relevance.

Considerations for Release Testing of Cell-Biomaterial Constructs

Forsome cell-based"therapy .. (USP '-Mayc2020) products such as cells combined with biomaterialsto form combination products,
it may not be feasible to directly test the cell-biomaterialconstruct. Thisisfrequently the casewhen autologous cells are involved
and the cell-biomaterial construct consistsof a single unit and sampling of the construct is not feasible. In such cases, the
individual components are tested before they are combined, and the final construct is not subjected to direct testing. Indirect
measures such as sampling of the culture media can be employed to address regulatory requirements. The qualityand stability
of the formulated cell-biomaterialconstruct and relevanceof indirectmeasures must be established by validation studiesduring
product development.

Sampling Issues

"GMP samples from each lot must be retainedafter the completion oHinal
iss ~ arise later. Eveo ifthe product hasa very short shelf life, retained sample
u ubstances.lf rapid-release strategies are employed, manufact
st h as en or fixed) samples, so that product quality can
an m e va . ed against relevant testing methods and s
re e duct and m nal sampling plans to be written, specific, an
Sampling.consi tions.areespecially.important for products dispensed.·int
on.the appropri ess, stability, and expected distributionfor each parame e~ es e
inclUde considerationsfof samples (e.g., uniformity, size, handling, storage) and stat
confidence limits, replicates). Process development studies generally hel .dete .
the statistical sampling plan d~sign;process validations must confirm0

limits. See.5tabilityProtocol Development (below)for additional considera 10 ,

for examples of statistical sampling approaches... (USP l-May-2020)

Alternative Test Methodologies

As described in FinalProduct Release Specifications (above), cell-basedtherapies must undergo testing for sterility,
mycoplasma, and endotoxin. Additional acceptance criteriafor tests relating to identity, purity, potency, dose, and other
relevant characteristics must be met before clinical use. With the exception of sterility, mycoplasma, and endotoxin, most of
the test procedures and their underlying methods used to ensure that the final product meets release acceptance criteria are
unique to the product and can be adapted to meet the specific characteristics and applications of the cell-based
"therapy.. (USP 1"May-2020) product. Ingeneral, test methods should be developed based on the best available science and should
be suitable for use in a GMP manufacturing environment. The assays should be robust, reliable, and capable of being validated
and should provide resultsbefore releasefor clinical use. Validation of Compendial Procedures (1225) providesbasicconsiderations
for methods validation.

Forsome cell-based therapies, the sample size and volume of material required for testing or the length of time necessary
to obtain test resultscan consume significant amounts of the final product, or the time requiredfor obtaining results mayexceed
the product's shelf life-or both. This creates problems with the available supply of product to treat patients and in other
situations precludes the possibility of obtaining results before administration to patients. This isa particular problem for the
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compendial sterility test as well as the FDA-recommended broth-agar culture method for mycoplasma. Consequently, both
industryand regulatoryauthorities have shown considerable interest infacilitating the development of alternative test methods
for both sterility and mycoplasma.

FDA regulationsfor biological products specifically address the use of equivalent methods provided they ensure that the
safety, purity, potency, and effectiveness of the biological product isequal to or greater than the assurances provided by the
specified method (21 CFR 610.9). Some of the available alternative test methods for sterility and mycoplasma are described
below.

The range of available technologies is broad and continues to be developed by assay designers for use in the cell therapy
industry. Attributes that should be included in any reviewof proposed technology include accuracy for the intended purpose,
speed in productivity, cost, acceptability by the scientific community and regulatory agencies, simplicity of operation, training
requirements and reagents, the reputation of the vendor, technical services provided by the vendor, and, finally, utility and
space requirements.

Validation of these test methods and demonstration of equivalenceas described in 21 CFR 610.9 are required at the time of
BLA or a PMA submission.

STERILITY

Detection platformsfor al~ernative microbiological methods have been 'J.described in RapidMicrobialTests 'forReledse ofStirile
Short-Life Products~ARisk-Based Approach (1071)'4 (USP l-May-2()20)The primaryadvantage of these systems isthe automated nature
of the test resultsand recoveryof microorganisms for failure investigations and other microbial characterization methodologies.
"'4 (USP l-May-2020) Principles of validation of alternative microbiological methods are also described in Validation of Alternative
Microbiological Methods (1223).

4

A(USP l-MaY-2020)

MYCOPLASMA

CompendiaItesting methodologies for mycoplasmaare growth based in agar and broth cultures and require at least 28 days
to monitor appropriately the presence of mycoplasmacontamination. Because of this limitation,a number of rapid mycoplasma
testing technologies have been developed based on nucleicacid amplification techniques such as PCR, as well as nonamplified
nucleic acid hybridization assays, enzyme-linked immunosorbent assays (ELISA), and enzyme-based assays.

Chimge to read:

QUALITY SYSTEMS

"'Quality systemsweave to
FDA requires manufacturers
manufacturing facilities,p
training, and the 'ng
and tissue must b
21 CFR2102
produ' .
comph cted III cI .4 . .r : •. . •.•••

Data obtained from in-processand final product release testing should be !Arecorded and4 (USP l-tv1ay-2020) monitored. Results
that are out of specification (OOS), or even those that are out of trend, must be investigated before dispositionof the material.
The FDA's Guidance for Industry: Investigating Out-oF-Specification (OOS) Test Results forPharmaceutical Production (October 2006)
provides a systematic approach for conducting an investigation.

I.....(USP l-May-2020) An effe~tive risk-management approach at th~.earlies~ ~ta es of 4'·'
development :"'helpsJ.(us~J-MilY~2020) ensure the l1ighest 4product qualityby pr
and mitigating potential quality issues..4... (USP1~MaY-?020) Risk management can .a soA -2020) be used to establish
meaningful specifications and Ps... (U '. ,2020,tO ensure that quality attributes are met.

Risk analysis ,4and mitigatio stems e"(U~p ]-May-2020) experience and process knowledge to define risk categories.
44 (USP l-M~y-2020) As an example, Risk Levels 1-4 are defined belowand can be adopted as one means ofconducting a preliminary
risk assessment:

Risk level 1: Technicality-Poses no risk to the patient and does not impact the safety and effectiveness of the product.
Example: A missing signature on a batch record.
Risk level 2: Alert-May pose a safety risk to the patient or may have a potential impact on ~hesafety and efficacy of the
product. Compliancemust be re-establishedwith appropriate justification to proceed after "'QA4 (USP1.May-2020) review and
approval. Example: Digestion time for biopsy processingfalls outside a defined range.
Risk level 3: Donot ship/reject lot-May pose a safety risk to the patient Or~r11aY4. (USP 1:M~y=-;O.2~) impair the efficacy of the
product even after corrective action. Shipment is not permitted. Example: Culturesfail to demonstrate adequate cell
growth.
Risk level 4: Post-Distribution Event-May pose a safetyriskto the patient or"'~afirl"p~ir~:(us~ \~MaY~~02b) the safety,
potency, or purityof the product. The Adefect ... (USPJ-May-2020) isidentified after product distribution. Example: Failed sterility
test occurred after distribution of product.
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Change,to read:

FACILITY DESIGN AND OPERATION CONSIDERATIONS

eking
for

Alike bibpharmaceutical.operations,cell~based advanced therapy and tissue-based productJ.(USPH~laY;~020) manufacturing
facilities AA(USP l-May-2020) must be carefully designed to maintain AcGtylP-compliantA (USP1~May-2020) aseptic processing operations
while also accommodating Auniqueproduct requirements',A (USP.l-May-2020) Cells or tissue Astar . materialsA (U . 0) may
need to be received and processed in a segregated area under quarantine to avoid Across~con rninating~ (US e
main facility. ASpecially designed equipmentand spaces may be r~quired for tissue or cell processing.The faci ..' dtp
store, process,anddispose ofspecialized chemicalsor i,nfectious waste.AI.lofthese issues mayconstrainthed.esi ~ ,eJacil.ity,'
especially air-handling systems and clean roomenvironments.. . .' .' "

While protecting the cell-based advanced therapy or tissue-based product from inadvertent contaminatio
concern, minimizing risk to the manufacturingoperators must alsobe ensured through appropriate training, pr .' clothing
(gowns, gloves, sleeves, surgical masks, eye protection, and head coverings)and engineering controls (biological safety
cabinets, appropriate air quality, etc')'A (USP l-MaY-2020)

The degree of control required for cell and tissue processing operations depends on a number of factors, including the
complexityof the aseptic manufacturing process, the primarysite of manufacturing, and the final product shelf life., ..
A... (USP l-May-2020) ISO 7 (Class 10,000) clean rooms and ISO 5 (Class 100) biological safety cabinets are Atypical A(USP l-May-2020)
components for cell therapy manufacturing processes, especially those that involve open manipulations.

AA(USP1-May-2020) The differential pressuresbetween classified manufacturing should comply with the FDA's September 2004
document, Guidance for Industry: Sterile DrugProducts Produced byAseptic Processing-Current GoodManufacturingPractice. The
facility and processing areas should be monitored for air quality in a manner that providesa high level of Aaseptic
assurances.ACUSP l-May-2020) Forguidance in thisarea, see Microbiological Controland Monitoring ofAseptic Processing Environments
(1116).

Facility cleaning, component and product segregation, sanitization procedures, Aandenvironmental monitoring
systemsA(U~P l-May-2020) must be in place to avoid microbial contamination and cross-contamination between
Aproduttion. (USP l-May-2020) lots. ATechniques such as bar-codingand radiofrequency (RF) tagscan be used for' r
anetsegregation. Forguidance in'this area, see 21 CFR 211.42, 211.113, 1271, and the's Septemper 20
Industry: SterileDrug Products Produced by Aseptic Processing__CurrentGoodMdnufacturi . ctice~ ,

Unlike facilities designed for allogeneic products which relyon volume scale-up, facilities for autologous produc
utilize multiple small-unitscale out, which must be considered in the design and operation' facility. Automatt
used to effectively manage repetitive manual cell manipulationsand multiple simultaneous . n lots., '. .'..

Processequipmentand software that controls or monitors critical parameters must be qual d validated;.such
equipment should also be fitted with alarm systems and emergency back-up power.A(USP 1.May~2020)

Change to read:

CONSIDERATIONS fOR VALIDATION AND QUALIfiCATION

The principles of validation recommended by ICH and FDA guidance documents and (1225) and Validation ofMicrobia!
Recovery from Pharmacopeia! Articles (1227) apply to cellor tissue-based products. AAnalytical a anufacturing equi nt
and methods should be validated following the .principles described in (1225), in addition to g nee documents iss
ICH [see Q2 (R1 )].
, Cell-based advanced therapies and tissue-based prodUcts present some unique validationchallenges.
tissu .rting materialscan be quite variable, with a wide range in the quality and quantity. Second, ma
steps especially manual manipulations)can be complexand variable. Manufacturersshould develop
acceptance criteria,robust manufacturing processes,andanalytical methods that consistentlyresultin e ts/
even ifthe process relies on nonstandard or variabletissue materials. A (USP l-May-2020)

Process validation should take this variability into consideration and should ensure that critical manufacturing and testing
endpoints consistently meet specifications.

Aseptic processvalidations should be performed using Amicrobial growth media in place of the usual process materials, in
orderA(USP l-May~2020) to show that the manufacturing staffcan execute the procedures and produce a product free of microbial
contamination. Procedures intended to maintain segregation during manufacturing should be challenged to verify that there
is minimal opportunity for cross-contaminationor Ainadvertent exchangeA(USP l-May-i020) among different patient product lots.
APersonnel training plans should be established, and proficiency qualifications should be performed periodicall facilities
where raw materialsare procured or products are administered, personnel may need to be trained and qualifie rder to
minimize variability.... (USP l-May-2020)

Depending on the variability in the source cellsor tissuesand the complexityof the manufacturing process, it may be
necessaryto manufacture more than three qualification lots to verify the consistency and the robustness of the manufacturing
process.AManufacturing data should be trackedandtrended to enable manufacturersto discoverandcorrectpr nua!
product revievvs sbould summarizesuch factors as in-process and final product testing results, processfailures, d 5,
and effectiveness of correctiveand preventiveaction (CAPA) over a 12-month period.A(usp l-MaY-2020), .. . . , ~, .

Equipmentand facility cleaning validations should be performed to Aevaluate celland DNA carry-:over, and tOA(USP1.fIJ!aY.2020)

demonstrate the efficacy ofcleaning Aand sanitizing" (USP1-May-2020) agents on Aboth A: (USP1-May-2020) star'ldard microbial and fungal
contaminants Aandenvironmental isolates from the manufacturing facility. Measur~mentof residual cleaning a'gents should
be addressed in equipment cleaning validations.
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Shippingvalidations/includingef}'1ironmehtatc : essuch ~sex~r~rTl~s ()f,temlperature ·andvibration,sh6uld ~~
perform~d forthe celJularortissue starting:m~teri~ :.en,asttiefinal'pro~uc " IidGltions~·should als.obe. perform~d~qti
softwarethat tracksand controls labeling,· shipping;. ndJnVentory system.s....( :. ay~2(20)

CLINICAL SITE PREPARATION AND ADMINISTRATioN
Cha~ge'to~ead:

,transport
ur~ of fTlany

..tBefore administration of som
be requirea.These modific;ations . ..e .;
may not be under thed' conttol ofthe on
characteristics of t t.

At the c1inicalsl. .' . 'race
steps, and modifh:ationsist n .
cell or tissue-based productsheig
administration.... (USP l-MaY~2020)

Product Manipulations

A. ... (USP1.May.2020)Typical manipulations includethe following:
• Change in final container: The manufactured product may have been stored or transported in one container and may

require transferto a differentcontainer for administration.
• Change in physical state or temperature: A product may require thawing or warming.
• Change in solution or suspension: Aproduct may have to be dissolved, diluted, or suspended in a liquid.
• Combination with a biomaterial: Therapeuticcells may require combination with a scaffold material such as

decellularized extracellular matrixsheets, gels, plugs,capsules, sponges, particles, or granules. Inother cases, cells can be
added to an existing medical devicesuch as a hollow-fiber filtration unit before use.

• Admixture or compounding: Forsome cell products, mixing or compounding at the clinical site may be necessary.
• Filtration or washing: The presence of unwanted materials in the manufactured product, such as particulates, cellular

debris, metabolites, or compounds remaining from previous manipulations, may requirewashing or filtration steps.
• Sampling: Sampling of the final product before administration may be required to test the final formulation...... .

.. (USP1-May.2020)

Thawing Cell-Based Products

Thawing isperformedrapidly. If a small number ofcells will be reinfused or transplanted, DMSO does not need to be removed
from the suspension because most cell preparationscan be concentrated adequately to keep the DMSO concentration within
tolerable limits. DMSO use has two effects on cells after thawing: cells mayclump ifdamaged, and DMSO reduces cell viability
in minutes. If the DMSO must be removed or cells must be concentrated for administration, the thawed cellsuspension is
generally serially diluted (to avoidosmotic shock)and resuspended in a protein-containing medium. Cell Viability and potency
may be monitored after thawing, but the information isfrequently intended only to gather information rather than as a
specification that must be met for clinical use of the cellular product.

... ..'... (USP 1-MaY"2020)

Additional Release Testing of Clinical Site-Manipulated Cell Products

"'Cell-based... (USP 1,MaY.20iO) therapy products that undergo preparativesteps or manipulations at clinical sites must be
subjectedto appropriate checksor tests to ensure that all qualityspecifications are met beforerelease for patient administration.
The nature and extent of manipulations determines whether additional release requirementsor critical specifications must be
added to those required immediately after initial manufacture.

Prerelease steps usually include the following:
• Physical inspection of the product, including product appearance (color, turbidity, particulates, or foreign matter),

container integrity, temperature, and accuracy and convenienceof labeling
• Review of process records and/or certificate of analysis
• For patient-specific products, verification of product labeling and records related to identityof the intended recipient
"'A.(USP 1.May.i();~)

Administration to Patients

....... ';::' .
... (USP1-May-2020)

In all cases, adequate anesthesia and premedication must be carefully evaluated. Forexample, ifthe DMSO will remain in a
thawed, cryopreserved cellular product, the patient may be given an antihistamine before adf"l1i~istratioD~Pre-adrnil"l!stration

evaluation must also. include assessmentof concurrent therapies that may interact with the "jjce!l..basec.t·a~van:.;t~§!rapY?r
tissue-based... (USP1;Mayc20iO) product to modify itseffects. Sometherapies may be adjunctive to the :"'cell:-baseCf ad ceatqerapy
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or tissue~based, ... (USP1~May-2020) such as cytokines that promote proliferation or differentiation of the infused or implanted tissue.
Other commonly used drugs such as antibiotics, antineoplastics, anticoagulants, and anti-inflammatory agents must be
evaluated for possible effects.

DELIVERY OF CELL-BASED THERAPY TO PATIENTS

Some 4cell-basedadvanced therapyodissue-based ... (USP1-May-20io) products are patient specific because they are
manufactured from a selected autologous or allogeneic tissue source, cells, or tissue. Certain patient-specific products have a
defined potential for benefit or adverse immunoreactivity. Systems must be in placeto prevent administration ofsuch a product
to the wrong patient. Recommended systems include procedures similar to those used for administration of human blood
products, and at least two people should verify the identity of the patient and patient-specific product immediatelybefore
administration.

...... (OSP1-tv1~y-2020) Avarietyof delivery systems such as catheters, syringes, and intravenous (IV) linesare frequently used to
administer cells to patients. Before clinical use manufacturers should ensure that these medical device components are
compatible with the cellsand formulation solutions. In all cases, standard operating procedures and a quality program must
be in place to ensure that the product isadministered in the intended manner.

...... (USP 1~May-2020)

Change to read:

STABILITY

General Considerations

"'Stability studies for cell-basedtherapies and tissue-based produ'cts should be basedon a comprehensive-understimding of
the final therapeutic product and its intended use. Manufacturer.s should assess the stabilityof the finalproduct, in-process hold
steps, cell banks, critical raw materials, and reference standards.... (USP l-May-2020)

Where feasible, stability testing should be carried out in accordance with the principles described in ICH guideline Q5C,
presented in Quality of Biotechnological Products: Stability Testing of Biotechnological/Biological Products (1049). Stability data
should also be collected for bulkand other in-process materialsthat are stored before final processing and filling.

"'Forsome cell-basedadvanced therapies and tissue-based products, final lotsmayhaye smallvoiumes and/o ­
such cases, stabilityprotocols should be based on materialsfrom multiple donors. Because it is diffiCult or u
sufficient stabilitystudy cells or tissues from patients, cellsor tissuesfrom several sources such as normal
repositories, cadaveric sources, or well-characterized banked'primary cells may be used in stabilitystudies tova . storage(
shipping, and expiration dating. These resultsmust be interpreted with. caution until data confirmthat the actua product cells
and "surrogate" source materialsexhibitsimilarstability profiles.~ (USP l-May-2020)

Forcombination products that includecells and biomaterlals, the stabilityof .... all cornponentswhen combined ... (OSP l-May-2020)

must be considered. When biodegradable scaffold materialsare present, scaffold degradation should be considered in
determining the stabilityand shelf life of the combination product.

Stability Protocol Development

Formal stabilitystudies to support licensure and early-phase product stability information gathering should be detailedin a
written plan that describes how stability data will be collected and analyzedto support the expiration date. "'i. (tJsPl~~aY.2020)

Stability studies must verify that the storage conditions maintain the qualityattributes of the product so that "'it.. (USPl-May~2.020)

complieswith stabilityspecifications. Thesespecifications may differfrom releasespecificatiOns, but they must address product
potency. ... ... (USP.l-May-2020)

Initial studies to establish a provisional expiration date must be conducted before administration to the first patient.
"'Such~ (LJSP1.MaY-2020) initial studies are useful for determining which assays are stability indicating, that is, the best indicators of
product degradation .... i (USP1-May-2020)

Shipping validations are a special type of stabilitystudy.......(USPl-May-2020) Typically, the product is packaged and shipped
"'Corsubjected to simulated shipping)... (USP1-May:2020) under normal and extreme conditions, and the material is tested before
and after shipping to ensure that it still meets the product release requirements. As described inStorage and Shipping (1:>~lo\N)'

specialattention must be given to the specific thermal, mechanical, and radiological stresses "'that cell-basedtherapiesa'ld
tissue-based... (USP 1~May-2020) products will likely encounter.

Stability Challenge Conditions

"'Based on risk assessment, stability studies for cell-based advanced therapiesand tissue-based products sQouldinc:lude
challenge conditionsoutside ofthespecified storage ranges, such as ttioseencounteredduring periods of abnormal storage;
shipping, or handling.... (USP1-May-:2020) Examples include brief incubator malfunctions, incubator or cold storage failure, periods
of extreme temperature fluctuation caused by shipping to hot or cold climates, hypobaric conditions in the cargo hold of a
commercial airliner, or temperatures likely to be encountered in the surgical suite.

Ashort exposure to an environmentalcondition well outside of an established limitand a long exposure to one just outside
of an established limitmay be equallydetrimental. ...... (USP l-May-2020) The effect of light on the stability-indicating profile should
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be investigated if it is scientifically warranted. Special attention should be given to products stored in fluids containing
light-sensitive or light-reactive components that may give riseto cytotoxic by-products.
,.4Acceleratedaging studies areusefyf to characterize how the cell-basedadvanced therapy or tissl.Je:base~]~'r()du~t-Ciegrade~,1

andwhich.assaysare stability indicating'A(USP l-May-ZOZO) Such studies should be performed before formal stabilitystudies begin
so that the formal studies incorporate the validated stability-indicating assays into the protocol.

'Change to j'eatl:' .

STORAGE AND SHIPPING

General Considerations

.+.Storage conditions are chosen to preservethe qualityof the cell-basedadvanced therapyortissue-b ' '
product spedficationsare maintained throughout storage, shipping, and handling at thedinic.: Beforec
studies must be conducted to determine acceptable storage, shipping, handling, and expiration Qating. ay-) Once
stability-indicating methods are developed and the final container-closure, storage, and shipping conditions are chosen, these
conditions must be validated, as discussed in Stability (above).

.+. '+'(USP l-May-ZOZO) The product '+'in its fimil container closure.+. (USP l-May-ZOZO) should be placed in a lightproof, leakproof
AshippingA(USP 1.May-ZOZO) container with adequate physical support to ensure stability and ApreventA'(USP'1-MaY~2ozo1Ieakage during
AA(USP l-May-ZOZO) shipment. Special consideration should be given to the ability of gas to permeate the shipping container,
especially if the '+'cell~based therapy A(USP l-May-ZOZO) product is stored or shipped on dry ice or liquid nitrogen.

Storage

Foreach type of Acell-basedA(USP 1.May-ZOZO) therapy product, the manufacturer should establish product storage specifications
and acceptable storage conditions, includingtemperature range or liquid nitrogen level. '+'Storageunit
monitoring and ~ (USP l~May-ZOZO) alarm systems Ashould. irm nediately notify. manufaCturingA(usp 1.May-Z020) of unaccept~blestorage
conditions. The stabilityof the product during routine storage should be monitored Aanddocumented via~(usPl~M~y~20~oj a
stabilityprogram (see Stability, above).

,ACryopreservation is the mainmode of long-term cell storage: Cell-based therapy 'products are m
using controlled-rate freezing, or equivalent procedures known to maintain viability. Freezer, equipm
and temperature mapped so,thatcells are stored at an appropriately low temperature. Product stabilllV- ~f1(JUIl.

under the holding conditionsafboth the manufacturing facility and clinical site'A(USP1-May-ZOZO)
Many cell-based products cannot be cryopreserved. Because cellscontinue to metabolize during storage, their expir,ation

period isshort-on the order of hours or daysA..:-though the expiration date may be extended by increasing'the.volume of;
the storage medium, or by adjusting the storage temperature. A(USP l-May-Z020)

Shipping

AShipping containers and procedures for cell-based therapies and tissue-based products mustensure'acceptable
temperatures are maintained under conditions of actual use. These conditions include extremes of temperature inside ahd
outside the shipping container; and other shipping challenges such as X-rays or mechanicalvibraf . ' . es should,
be conducted during product development in order to identify which stressesaffectthe.product. rac , .ting.' ,
materialsshould then be chosen and validated to provide a packaging system that will protect the pro . nstextreme
temperatures and mechanical stressesand maintain the final container closure integrity. Shipping valid s mustensur~that
the product meets qualityspecific;ations(including potency) once it reaches itsfinal destination'A (USP 1 OZO)

Most '+'cell a'nd tissue-based... (USP l-May-ZOZO) products are shipped by commercialshippers or courier systems.'" A:'(USP1~M~y~~026j
Commercial Aaircraft shipments:.. (USP l~May.ZOZO) must obtain special permission in order to bypass scanning by airport X-ray
equipment. Special attention should be paid to shipping container labels because both biohazard and patient-specific
information may be required in specific areas of the packaging. Shipping validations must be conducted under predefined
protocols with predetermined acceptance criteria to ensure that the product meets quality specifications (including potency)
once it reaches its final destination.

Cryopreserved cell-based AtherapyA(USP l-May-ZOZO) products are typically shipped to medical centers on dry ice or in liquid
nitrogen dry shippers. Dryshippers may be preferable because temperature is more readily maintained and monitored. Dry
shippers also allowcontinuous monitoring of the shipper's temperature, which can be collected and logged for up to 14 days.
Dryice and liquid nitrogen are both considered hazardous materialsduring shipping and must be labeled accordingly.

Change to read:

LABELING

Labeling of cell therapy products is regulated by the FDA under 21 CFR 201, 601, 610, and 1271. Forbiologics, 21 CFR 610
Subpart G outlines the requirements for container and package labeling.When possible, a full label should be affixed to the
product container. A.... (USp 1-May-ZOZO) When partial labelsare used, the container must be placed in a package that contains a
label bearing all the items required for the package label. Forcontainers that cannot accommodate any label, the container
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must be placed in a package that bears all the information required for a package label.AA(usl' 1-rvt~Y~2020) When affixed to the
container the label should not impede inspection of the contents. Forproducts with veryshort shelf lives, expiration dating
requires adjustment and correction for time zones to provide the user an accurate assessment of shelflife.

ARegulations in 21 CFR 610.62 refer to the position and prominence of the proper or UnitedStatesAdopted Ncimes(USAN),
name in relation to a trade name... (USP l-May-2020)

Additional labeling requirements Ain 21 CFR 1271.90 ... (USPl-MaY-2020) apply because ~somecell-basedA;(uspi-MaY~2020) therapy
products are also considered HCT/Ps. AA(USPl-May-2020) Forautologous cell therapies, the manufacturer isexempt from the
requirements of determining donor eligibility. However, ifthe recommended testing for pathogenic or microbial contaminants
is not performed before release, the label must contain the statement "FOR AUTOLOGOUS USE ONLY" or "NOT EVALUATED
FOR INFECTIOUS SUBSTANCES." The label must also contain the Biohazard legend shown in 21 CFR 1271.3(h) with the
statement "WARNING: Advise patient of communicable disease risks." Forpatient-specific products, the patient's full name,
initials, or a combination of these must appear on the labeling to ensur~ that the product will be administeredto the a propriate
patient.,AFormaterials containing human tissue, per AATB standards, transport package labels Iso h inent
identifkation of contents as "DONATED HUMAN TISSUE" as w~lIas prescribedstorage,cond,i,tion , hspo date
(ifapplicable).

Regulations in 21 CFR 201.56 and 201.57 govern the conteritand format of the package ins'eft:
Several groups have designed a standard for uniform labelingof.cellular therapy ,products,,ISBT 1.28;Whidl,d

structures andthe placement of bar codes and their corresponding.eye-readable text that appears bEmeat
addition, ISBT 128 providesclass names for different types of cellular products, andvarious otherte
label~. Although this voluntary ISBT 128 standard meets differentorganizations' requirements for la .• . c

does not currently meet FDA regulatory requirements. Consequently, labelsthat comply with ISBT 128 lTIustbesupple
with additional lnforrnatlon reqUired by FDA. A(USPl-May-2020)

Chcmge to read:

CONSIDERATIONS FOR TECHNOLOGY TRANSFER

Transfer of the skills, knowledge, technologies, and methods of manufacturing necessaryto create,acell ~r tissue-based
product is essential to ensure that scientific and technological developments are accessible"andtran~feraE>letq
others. A(USP1.May-2020) Some general considerations ,for technology transfer activitiesar,e summarized below.

The processof developing a AceJl-based therapy or'tissue-basedproductA«(JS~1'MaY'202oj iscomplex and often involves several
rounds of technology transferthroughout the product's life cycle. Some examplesof technology transferactivities include:from
bench research to translational research; transfer from research and development to GMP-compliant manufacturing; and
change in manufacturing facility (for example, from in-house manufacturing to a contract manufacturer).

Manufacturersshould anticipate the need for technology transfer during the research and development stage of a cell or
tissue-therapy process. This should result in good documentation practices for product research and development, including
testing procedures. Data and results should be retained in the format of development reports or technical reports to provide
historical information that can be referenced and used in regulatoryfilings. Critical raw materials, procedures, and equipment
should also be identified during technology transfer. Product and process development progress should be monitored against
milestonesestablished as part of risk assessment and gap identification in the technology transfer plan. Table 4 providesan
overview of the steps involved in technology transfer.

Table 4. Technology Transfer-Fundamental Steps

· Definethe scope, strategy, and risks associatedwith the project that will be transferred

· Identify overall gaps and process transferability

· Assess availability of documentation such as manufacturingand testing procedures, sampling plans, in-process and final
product data and specifications, materialspecifications (includingsource, testing requirements,and quantities requiredfor a
manufacturing procedure or test procedure),equipment specifications, specialized training requirements,facility require-
ments, and infrastructure requirements

· Establish a governance body consisting of leads,experts, and mentorsfrom both the sending and receiving sides;determine
responsibilities for each group and individual

· Definecommunicationand reporting channels
Preparation · Identifyperformance measurements, milestones, and timelines

· Establish a risk management plan

· Establish a technology transfermaster plan

· Developa training plan

· Establish documents at the receiving site (specifications, SOPs, batch records, and standard test methods)

· Trainoperations, quality, and support personnelfor sustainability

· Qualify materials and vendors

· Establish and execute equipment comparability/suitability protocols

· Calibrateequipment at receiving site

· Qualify personnel,equipment, and facility at receiving site (includesexecution of aseptic processvalidations, sterile media
fills, and cleaningvalidations)

· Establish and execute methods/assay qualifications

· Establish a product stabilityprogram

· Perform engineering and consistency/qualification runs
Developmentand · Assess need to establishcomparability and prepare regulatoryfilings
Implementation · Establish and execute shipping qualifications
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Table 4. Technology Transfer-Fundamental Steps (continued)

• Collectand trend process/productdata
• Monitor product stability
• Manage change control
• Trainand requalify personnel
• Recalibrate and requalify equipment
• Update regulatoryfilings

The ultimate goal of technology transfer isfor the recipient to consistently reproduce a process .4iir1Qrg~ri,(U~~l,.ivt~y'..id~() to
make a comparable product in compliance with regulations. It is not atypicalfor manufacturers to develop and implement
process improvemen~~~~rin~:~fly stages of technology transf:~t~s~pg~r~scale-up and manufacturing for Phase 1/11 clinical
trials. However,.lfor.A.(USP1-May-2020) technology transfertglJripg.Ai(\JsPj.May.2020) Phase III studies, pivotal trials, or commercial
manufacturing, changes to the process or product should be avoided because they could require additional clinical studies and
adversely affect time to market.

REGULATIONS AND STANDARDS

The Federal Food, Drug, and Cosmetic Act (FD&C Act)and the Public Health Service Act (PHS Act) provide the legal
frameworkfor FDA regulation of biological products, includingcell-based therapy products. A listof frequently used terms in
regulation of cellular-therapy products is presented in Table 5. In1993 FDA provided notice that it intended to regulate cellular
aQgQ.e.Q.~:~~.;f~g~.er.~ducts as biological products (Federal Register 1993;58:53248-53251). The FDA defined somatic
....c~lllJlar ..... (USPl:May.2020) therapy products as autologous (Le., self), allogeneic(Le., intraspecies), or xenogeneic (Le., interspecies)
cellsthat have been propagated, expanded, selected, pharmacologically treated, or otherwisealtered ex vivo for administration
to humans for the prevention, treatment, cure, diagnosis, or mitigation of disease or injuries. Forother biological products and
drugs, clinical trials involving somatic cellular therapy products must be initiated under an investigational new drug (IND)
application.After a sponsor submits sufficientevidenceot product safetyand clinical effectiveness, FDA approvalcan be obtained
for marketing in the form of a BLA or PMA.

As defined by the FDA, cellulartherapy products are considered to be drugs, biological products but also HCTIPs that are
regulated under Section 351 and/or Section 361 of the PHS Act. This means that cell-based therapies are subject to cGMP
(21 CFR 210 and 211), Biologics Product regulations (21 CFR 610), and HCT/P regulations (21 CFR 1271) including cGTP.

In recent years, the FDA has issued a number of regulationsand guidance documents for human cell and tissue products
(see Appendix and www.fda.gov/cber/). Of particular importance are the regulations at 21 CFR 1271 that establish a tiered,
risk-based approach for HCT/Ps. In this regulatoryframework, many conventional human cells or tissues are not subject to
premarket approval and have only to comply with GTPs, includingdonor eligibility. This lower tier of regulatory oversight is
intended to prevent the introduction, transmission, or spread of communicable disease. When human cells or tissue are the
starting materialfor the creation of a novel cell-based product, additional regulatory requirements are applicable. This higher
tier of regulatoryoversight includes compliance with GMPs, biological product standards, and premarket approval (see21 CFR
1271.10). Inalmost allcases, the cell-based products described in this chapter should comply with the higher tier of regulatory
oversight.

In addition to cellulartherapy-specificregulations and guidance, many general guidelines such as those related to aseptic
processing, GMP expectations during development,' process validation, and othefsafef;I;~~~!~ng~eBlic~ble(see

www.fda.gov).Additionally, ICH has issued guidance documents for qualifyingt<:~lbl:>?I~~g,.~Q.~r?lPY"'i(lJ~eJ-rYI~Y-202oj and
tissue-based products (see Appendix and www.ich.orq). Some of the guidelines and concepts in these documents are
reproduced in USP-NF.

The regulatory pathway for '''cell..basedtheiapY~(USP1_MaY_202()) products parallels that of pharmaceuticals, and as the product
moves from early research through pivotal trialsand finally marketing approval, the degree of manufacturing control becomes
increasingly stringent. This has implications for the manufacturing unit and may dictate that the site be moved.
Standards-setting organizations encourage the use of a fully functional quality unit to oversee manufacturing progress.
Information is available on the FDA website, along with references to groups charged with guiding the medical community
and the manufacturing unit during development. ..... ...........•. "•....... ,...... ..,<»",' ...•........ ,.. ,..... •.••••

In addition to USP general chapters and monographs for ...celH)9S~dtQer?lpje~)andtis$lJ~-bas~giProdu¢ts; ... (OsF'1-rYIW-2020) a
number of professional standards-setting organizations (see Table 6 and Appendix) have worked closely with regulatory
authorities to develop standards and practices.These organizations ensure that standards are current and comply with
governmental regulations.Suchstandards are a supplemental source of knowledge in identification of donors, donor screening
and testing, product collections, processing of cellular products, administration, adverse event reporting, and follow-upafter
treatment. The AATB has developed guidelinesfor sourcing allogeneic tissue. Over the years variousorganizations have tried
to harmonize standards, including the development of common information circulars that can be compared with package
inserts.Atpresent, however, compliance with one organization's standards does not ensure compliancewith those of any other
organization.

Many benefits accrue to manufacturing facilities that participate in voluntary standards programs. Professional
standards-setting organizations participate in educational workshops and disseminate information about operational' issues.
They also maintain close surveillance of FDA activity and training of inspectors. Further, the FDA relies on accreditation by
voluntarystandards program, and the FDA's unannounced inspections have led to an increasingly high level of compliance in
laboratory and clinical settings and has also undoubtedly increased patient safety. Third-party payors and hospital-ranking
services have begun to use accreditation reports in their evaluation of quality programs.
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Table 5. Frequently Used Terms in Regulation of Cellular-Therapy Products

USP 43

Term Definition

351 products Regulated under Section351 of the PHS Act

Regulated under 21 CFR 1271, HumanCells, Tissues, and Cellular and
361 products Tissue-Based Products

BLA Biologics kli;"~~~":;;E~}(;0:j;;;;;;( Application

rh'iri1';i'i"k;';'";;;Q'':ri:Q'''.Z'''~''' ',;;;,;;; It"C'J";:CC':;""'::?',,,
',"'&',c:,'

"

CBER Center for Biologics Evaluation and Research

CDRH Center for Devices and Radiologic Health

~:.i:":;';~":;['l,~ 2~r.MP< 4?~.;':~"i0:r~::~i:;~.~~,,~J) Good manufacturing practicesCo, ,\V'.", P '.J -.-,

Good tissue practices,221 CFR 1271, Human Cells, Tissues, and Cellular and Tis-
GTP sue-Based Products

rfP~
",. :c: ., ,.', ".''';;;'';:':. ""':', ,.,:'"'T;::;:~:;'!T:Et,

<> '.' ll,I~~JI,M~Y,<:,,41}

Investigational Device Exemption.
AnIDE allows the investigational deviceto be used ina clinical study in order to collect
safetyand effectiveness data requiredto support a Premarket Approval (PMA) applica-

IDE tion or a PremarketNotification [510(k)] submission to the FDA.

Investigational New Drug.
AnIND is a request for FDA authorization to administeran investigational drug to hu-

IND mans. IND regulationsare contained in 21 CFR 312.

:~M<:;~ 1VI~~fpr:'" 'v.'" ",,::/;,; .''" '_J

PMA Premarketapproval

y~9hv.;igr".:"':~;;t;/ ::~,
'-J

Table 6. Cenular Therapy Product Standards-Setting Organizations

AABB, formerly knownas the American Association of Blood Banks, isan international
association representingindividuals and institutions involved in activities related to

AABB transfusion and cellular therapies,including transplantationmedicine. www.aabb.org/

The American Association of Tissue Banks isan educationaland scientific, tax-exempt
organizationthat facilitates the provision of transplantabletissuesof uniformly high
qualityto meet nationalneeds. AATB publishes standards to ensure that the conduct
of tissue banking meets acceptable normsof technicaland ethical performance.AATB
conducts an accreditationprogram forestablishments that retrieve, process,store, or
distributehuman tissuefor transplant.Acertification program is administeredfor tis-
sue-bankpersonnel to ensure that tissue-banking activities are performed in a profes-

AATB sionalmanner consistentwith the standardsof the association. www.aatb.org/

ASTM International (ASTM), originally known as the American Society for Testingand
Materials, isone of the largestvoluntary standards-developmentorganizations in the
world and providestechnicalstandardsfor materials, products, systems,and services.
ASTM International standards are used in the information infrastructure that guides

ASTM design, manufacturing, and trade in the globaleconomy. www.astm.org/

The Foundationfor the Accreditation of Cellular Therapyis a nonprofitcorporation
co-founded by the International Society for Cellular Therapy (ISCT) and the American
Society of Blood and Marrow Transplantation (ASBMT) for voluntaryinspectionand

FACT accreditationin the fieldof cellular therapy. www.factwebsite.org/

The National Marrow DonorProgram isa nonprofitorganizationthat operates the fed-
erally funded registry ofvolunteerhematopoietic celldonors and umbilical cord blood

www.nmdp.org/NMDP units in the UnitedStates.

The International Council for Commonality in Blood Banking Automationwas estab-
lished and given the responsibility for implementation and management of the ISBT
128 standard, a systemfor identification, labeling, and processingof human blood,

ICCBBA tissue, and cellular-therapy products usingan internationally standardizedsystem. www.iccbba.org/

GLOSSARY

Adventitious agent: A foreign material that is introduced inadvertently; not natural or hereditary (as in microbial,
chemical, or biochemical contamination of a purified substance).

Allogeneic: From an unrelated member of the same species but with a different genotype.
Ancillary materials: Components used during manufacturing that should not be present in the final product. Examples:

growth factors, cytokines, monoclonal antibodies, cell-separation devices, and media components.
Apheresis: Procedure of withdrawing blood from a donor, removing select components (e.g., platelets or leukocytes), and

transfusing the remainder into the donor.
Autologous: From one's own body.
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Bioassay: Measurement of the effectiveness of a compound by its effect on animals or cells in comparison with a standard
preparation. (See also Potency.) .

Biological product: Anyvirus, therapeutic serum, toxin, antitoxin, or analogous product applicable to the prevention,
treatment, or cure of diseasesor injuries in humans. (The term "analogous product" has been interpreted to include essentially
all biotechnology-derived products and procedures including gene therapy, transgenics, and somatic cell therapy.)

Biotechnology: Any technique that uses living organisms (or parts of organisms) to make or modifyproducts, to improve
plantsor animals,or to develop microorganisms for specific uses.The newer definitionrefers to the industrial and pharmaceutical
use of rDNA, cellfusion, novel bioprocessingtechniques, and gene therapy.

B lymphocytes (B cells): Aclassof lymphocytesthat produce antibodies and are derived from bone marrow.
Bone marrow cells: Avarietyof undifferentiated cells (stem cells) and differentiated cells (lymphocytes, granulocytes,

erythrocytes, and platelets) found in the internal cavities of bones or bone marrow.
Bone marrow transplantation: Transplantationof bone marrow cellsthat are capable of maintaining the hematological

functions indefinitely. Technique used in the treatment of immunologicaldisorders (severecombined immune deficiencies such
asADA deficiency), hematologicaldisorders(anemia), metabolicdisorders(Gaucher disease),and malignant diseases(leukemia,
lymphoma, or solid tumor).

CD34: Cluster of differentiation cell-surface marker 34. CD34 isa protein that distinguishesstem and progenitor cellsfrom
more mature blood cells.

Cell lines: Cells that are derived from primaryculture embryos, tissue, or organs. Such cell lines may have a finite life span
or be immortalized (made to replicate indefinitely).

Cellular therapy: Therapy that uses whole cells to treat a disease, condition, or injury.
cGMP: Current good manufacturing practice.
Chondrocytes: Cells that produce the components of cartilage.
Clonal: Genes, cells, or entire organisms derived from and genetically identical to a single common ancestor gene, cell,or

organism.
Clonogenic assay: Procedure based on the ability to give riseto a clone of cells.
Combination products: Therapeutic products that combine drugs, devices, and/or biological products.
Culture medium: The liquidthat coverscells in a culture vessel and contains ingredients to nourish and support the cells.

Culture medium may also include growth factors added to produce desired changes in the cells.
Cytokine: Any factor that acts on cells; usually a protein that promotes growth.
Cytoplasm: Cellular material that iswithin the cell membrane and surrounds the nucleus.
Cytotoxic: Able to cause cell death.
Dendritic cells: Cells that sensitizeT cells to antigens.
Differentiation: Aprocess of biochemical and structural changes by which cells become specialized inform and function.
Enzyme-linked immunosorbent assay (ELISA): An immunoassay that uses an enzyme-labeled antigen or antibody to

detect the binding of a molecule to a solid matrix.
Embryonic stem cell, human (hESC): Stem cellderived from the inner cell mass of the blastocyst.
Endothelial cells: Epithelial cells of mesodermal origin that line the internal cavities of the body, such as heart and blood

and lymph vessels.
Engraftment: Process whereby cells, tissues, or organs are implanted or transplanted into another organism. Refers to both

the mechanical and the biological processes necessaryto have a fully functional graft.
Epidermal: Pertainingto the outermost and nonvascular layerof the skin derived from embryonic ectoderm.
Epithelial cells: Cells from the linings of variousorgans, e.g., respiratory, intestinal, or vascular epithelial cells.
Ex vivo: Outside of the living body. Refers to a medical procedure in which an organ, cells, or tissue are taken from a living

body for a treatment or procedure, and then returned to the living body.
Feeder cells: Cells used in co-culture to maintain pluripotent stem cells. For hESC, typical feeder layers include mouse

embryonic fibroblasts or human embryonic fibroblasts that have been treated to prevent them from dividing.
Fibroblasts: Connective tissue cellsthat have the capacity to produce collagen.
Fluorescence-activated cell sorter (FACS): A machine that sorts cells based on fluorescent markers attached to them.
Formulated: Prepared in accordance with a prescribed method or conditions.
Graft-versus-host disease: Rejection of the transplanted tissue by the host. It is the leading cause of patient death when

mismatched allogeneic tissue is used.
Granulocyte: One of three types of white blood cells. These cellsdigest bacteria and parasites.
Granulocyte-macrophage colony-stimulating factor (GM CSF): A natural hormone that stimulates white blood cell

production, particularly that of granulocytes and monocytes.
Growth factors: Factors responsiblefor regulatory cell proliferation, function, and differentiation.
Hemacytometer: Adevice used to manuallycount cells.
Hematopoietic: Pertainingto or affecting the formation of blood cells.
Hematopoietic stem cells: Stem cells that give rise to all red and white blood cellsand platelets.
Hepatocytes: The predominant cell type in the liver that has an important role in metabolism and is a source of serum

proteins. These cells are generally not dividing, but when injured they can divide and regenerate until the injured cells are
replaced.

Human leukocyte antigen (HLA): Proteins controlled by the major histocompatibilitycomplex. These proteins playa key
role in determining transplant compatibility.

Immunoassay: Technique for identifying substances based on the use of antibodies.
Immunofluorescence: Technique that combines an antibody detection strategy with a fluorescent labelfor visualization

often used in combination with microscopy orfluorescence activated cell sorting.
Immunogenic: Substance capable of inducing an immune response; a form of antigen that induces an immune response,

as opposed to a tolerogen that induces tolerance.
In vitro: In the laboratory (outside the body). The opposite of in vivo (in the body).
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In vivo: Procedure performed in the living organism.
Islet cells: ~-islet cells of the pancreas that secrete insulin.
Keratlnecytes: Differentiated epidermal cells that constitute the top layerof cells in the skin.
Lineage (committed progenitor cells, differentiated cells): Specific path of cell differentiation that can be traced to a single

cell of origin.
Macrophage: Any of many forms of mononuclear phagocytes that are found in tissuesand arisefrom hematopoietic stem

cells in the bone marrow.
Mesenchymal stem cells: Multipotent stem cells that can differentiate into a varietyof cell types.
Monoclonal antibodies: Antibodies that are derivedfrom a single cell clone.
Myocytes: Fundamental cell units in the muscle. Target cells for insertion of genes that encode secretory proteins.
Natural killer cells (or NK cells): Cytotoxiclymphocytesthat constitute a majorcomponent of the innate immune system.
Neuronal stem cells: Stem cells found in neural tissue that can give riseto neurons and glial cells.
Osteogenic cells: Derived from or involved in the growth or repair of bone.
Passage: The process in which cells are disassociated, washed, and seeded into new cultures after a round of cellgrowth

and proliferation. The number of passages is a good indication of the age of the cultures and expected stability.
Process validation: Meansfor providing documentation that the manufacturing process is controlled, reproducible, and

capable of consistentlyproducinq a product that meets predetermined specifications.
Polymerase chain reaction (PCR): Technique to amplify a target DNA or RNA sequence of nucleotides by cycles of

polymerase-basedcopying, resulting in geometric increases in copy number.
Potency: Aquantitative measure of biological activity based on the attribute of the product linked to the relevant biological

properties.
Progenitor cell: Parentor ancestral cell,usually one that isalreadycommitted to differentiateinto a specific type or lineage

of cells.
Regenerative medicine: An emerging interdisciplinary field of research and clinical applicationsfocused on the repair,

replacement or regeneration of cells, tissuesor organs to restoreimpairedfunction usinga combination ofapproaches including,
but not limited to, the use of soluble molecules, gene therapy, stem cell transplantation, tissue engineering, and the
reprogramming of celland tissue types.

Seru~:!~~~:~ef~r7to sellgr()~t~[11~8i~f;lthat lacks a serum component.
~$I$.:.;~.I../.l:>IIJ~~~t.iIJClI~~l:>l11l,1COSCl;A(USP1-M(l.)""2Q~0)
Somatic cells: Cells other than the germ cells.
Stem cell: Immortal cell that is capable of proliferating and differentiating into different types of specialized cells. Each

major tissue system is thought to have its own putative stem cell.
Supravital dye: Adye that stains only living cells.
Suspension culture: Growth, insuspension, of cells not requiring attachment to substrate in order to undergo celldivision.
T cells: Lymphocytes that acquire functional repertoiresand the concept of self in the thymus and are responsiblefor

cell-mediated immunity. There are several subsets of T cells (helper T cells, suppressor T cells, and cytotoxicT cells).
Umbilical cord blood stem cells: Stemcells derivedfrom the blood that remains in the placenta and in the attached

umbilical cord after childbirth.
Undi!!e~~B1~i~.t~d.~ell..s: ....C~I.lst~a,th~~~n~tyet8ey~1op~din~~ .~. speci~li~e~ c~lItyp~>or ti~~u~.

stanqarq.,t.(USP1.MaY;20.40)
Xenogeneic: From a different species. .
Xenotransplantation: Transplantation of organs from one species to another (e.g., from pigs to humans).

lists of Relevant Regulatory References

Cellular therapies and cell-therapy components are regulated by FDA as biological products. The general requirements are
listed in national laws and international guidance. In the US, national requirements are codified in differentsections of 21 CFR,
and additional recommendations are available in FDA guidance documents. Internationalguidance documents are available
from the ICH, the European Agencyof Medicines (EMA), and the World Health Organization (WHO). Although guidance
documents from the ICH are well referenced in this chapter, those from WHO and European Medicines Evaluation Agency
(EMEA) are not, and manufacturers of cellularor tissue-based products intended for markets outside the United States are
advised to referto relevantguidances from relevant nations. Beyond USP chapters referenced in this chapter, the following lists
include regulatory documents as well as best practices in product and process development, manufacturing, quality control,
and quality assurance.

Code of Federal Regulations (CFR)

~Reglilati()l'Is scop~

21CFR201 L.alJeliOg

21CFR21 0 cGtvlP forOl'llgs

21CFR21 1 cGrvlPsforfinal f)I'OOtlc:ts

21 CFR1500.3 O'efil'litionsOf importanfterms for biologiCal prodlictS
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AReglllations Scope

21 CFR 601 R~quirements for marketing authorization ofbjofogicsu_nder BLJX

21CFR610
Iqentity,· purity, ppt~mcy, ah(j.microbial safety'testing requjfelllentsfol',blol6gi~
cal products

2T.CFR.610.12 Sterility

21CFR610.60":'68 Prodl1ct and containerlabelingreqiJirementSforbiolbgiealproduds .

21CFR820 Quality systemsfQrproducts. regulatedas medical qevices

2H:FR1271 Gooatissue practices(GTPs)

45CFRPart4'6
DepartmentofHe~lth and·HumanSer"Vices,Part 46, Protection.ofHuman.Sub~
jects4 (USP1.May-2020)

FDA Guidance Documents
• .A.A (USP leMay-2020) Guidance for FDA Reviewers and Sponsors: Content and Review of Chemistry, Manufacturing, and Control

(CMC) Information for HumanSomatic Cell Therapy Investigational New DrugApplications (lNDs),.AAprif2008. "https://
www~fda.gov/downloads/biologicsl:>loodvaccines/guidancecomplianceregulatoryinformatipn/guidancesl

xenotransplantationIucm092705.pdf ..A (USP1-May-2020)

• .A.A (USP l-May-2020) Guidance for Industry: Potency Tests for Cellular and Gene Therapy Products, .AJanuary 2011. https:!/
www.fda.gov/downloads/BiologicsBloo(jVa~cines/GuidanceComplianceRegulatorylnformation/Guidances/

CellularandGeneTherapy/UCM243 392.pdf.
• Guidance Tor Industry: Bip/ogrcs License Applications for Minimally.Manipulated, Unrelated AllogeneicPIGcental/Umbili(:al Cord

BloodIntendedfor Hematopoietic cmd Immunologic Reconstitution in Patients with Disorders Affecting .theHematopoietic
System, March 2014. http://www.fda.gov/dowhloads/BiologicsBloodVaccinesl
GuidanceComplianceRegulatorylnformation/Guidances/CellularandGeneTherapy/UCM357135.pdf.

• Guidanceforlrldustry:Considerations forAllogeneic PancteaticlsletCell Products, September 2009; https://www.fda.gov/
downloads/BiologicsBloodVaccines/GuidanceComplianceRegulatorylnformation/Guidances/CellularandGeneTherapy/
UCM182441.pdf;,.. (USP1-May-2020)

• .AA(USP1-May-2020) Guidance for Industry: Current GoodTissue Practice (cGTP) and AdditionalRequirements for Manufacturers of
Human Cells, Tissues, and CellulC!r and Tissue-Based Products (HCT/Ps), .A Deceinber 2011; https://Www.fda.gov/downloadsl
BiologicsBloodVaccines/GuidanceComplianceRegulatorylnformation/Guidances/Tissue/UCM285223.pdf.A (USP,l-May-2020)

• Guidance for Industry: Eligibility Determination for Donors of Human Cells, Tissues, and Cellular and Tissue-Based Products
(HCT/Ps), .A February 2007. https://www.fda.gov/downloads/biologicsblooclvaccines/
guidcmcecomplianceregulatoryinformation!guidances/tissue/ucm091345.pdf.

• Guidance for Industry:DonorScreening Recommendations to Reduce the Risk of Transmission of Zika Virus by HumanCells,
Tissues, and Cellular and Tissue-Based Products, March 2016~ https://www.fda.gov/downloads/BiologicsBloodVaccinesl
GuidanceComplianceRegulatorylnformation/Guidances/Tissue/UCM488582.pdf. . .

• Guidance. for Industry: Use of Nucleic AcidTests to Reduce the Risk of Transmission of West Nile Virus from LivingDonors of
Humi:mCells, Tissues, and CeJlularand Tissue-Based Products (HCT/Ps), May 2017. http://www.fda.gov/downloads/
BiologicsBloodVaccines/GuidanceComplianceRegulatorylnformation/Guidances/Tissue/UCM372084.pdf.

• Guidance for Industry: Use of Nucleic AcidTests to Reduce the Rlskof Transmission of Hepatitis BVirus from ponorsof HUrnaf1
Cellsr Tissues,and Cellular and Tissue-Based Products, August 2016~ http://www.fda.gov/downloadsl
BiologicsBloodVaccines/GuidanceComplianceRegulatorylnformation/Guidances/UCM5166,S0.pdf.

• Guidance.for Industiy:Use' ofDonor Screening Tests to Test Donors of Human Cells, 'Tissues and Cellular,a'nd Tissue-Based
Products forlnfection with Treponema pallidum (Syphilis), September 2015. http://www.fda.gov/downloads/
BiologicsBloodVaccines/GuidanceComplianceRegulatorylnformation/Guidances/Tissue/UCM373311;pdf..A (USP loMay-20.20)

• Guidance for Industry: Source Animalr Product, Preclinical, and Clinical Issues Concerning the Use of Xenotransplantation
Products in Humans, .A December. 2016 ..A(usp l-May-2020) https://www.fda.gov/downloads/BiologicsBloodVaccines/
GuidanceComplianceRegulatorylnformation/Guidances/Xenotransplantation/UCM533036.pdf.

• PHS Guideline on Infectious Disease Issues in Xenotransplantation, January 2001 . https://www.fda.gov/downloads/
BiologicsBloodVaccines/GuidanceComplianceRegulatorylnformation/Guidances/Xenotransplantation/UCM092858.

• Guidance for Industry: Investigating Out-of-Specification (005) Test Results for Pharmaceutical Production, October 2006.
www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatorylnformation/Guidances/UCM070287.pdf.

• A Guidance for Industry: SterileDrugProducts Produced by Aseptic Processing-:-Current GoodManufacturingPractice,
September 2004. https://www.gmp-compliance.org/guidelines/gmp-.guideline/
fda-guidance-for-industry-sterile-drug-products-pr6duced-by-aseptic-processing-current-,g.ood-manufacturing:-practite-s
eptember-200.

• GillCiantefor Indust,yondFood and DrugAdministration Staff, Use of InternationalStaridardISO 10993;.1, "Biological
evaluationofmedical devices~Part1 : Evaluation and testing within a risk manag~ment process". https://www.fda.gov/
d()wnloads/MeqicaIDevi~es/DeviceRegulationaridGuidance/GuidanceDocuments/UCM348890.pdf:.A(USP 1.May-2020)

National and International Regulatory Documents
• The United StatesConsensus, Standard for the Uniform Labeling of Cellular Therapy Products using ISBT128. Available at:

http://www.iccbba.org/.
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•

(USP'l.rvlily.ZOZO) Biological evaluationof medicaldevices-Part 1: Evaluation and testing
.......",.,""<''''' Available at: http://www.iso.org.

8.n~h,'tir~1 Procedures: Text and IVIE!tnodoICIl1V

(lnctN~n-,<:eilluli:lrJ·helra'pies ..... (l'Sf>l.Ma)'~202~oj Avauanie at: http://www.ama-assn.org/.
(I\.I;~tln,n~1 ~""=,Q~,.t-h Council, 1996). Available at: http://www.nap.edu/.

•

• ICH Q5C: Qualityof Biotechnological Products: Stability Testing of Biotechnological/Biological Products.Available at:
http://www.ich.org.

• ICH Q6B: Specifications: Test Proceduresand Acceptance Criteria for Biotechnological/Biological Products.Available at:
http://www.ich.org.

• ICH Q9: Risk Available at:

<'047) GENE THERAPY PRODUCTS

Gene therapy products allowadministration of nucleic acids to modifythe genetic materialof cells. Gene therapy products
can be broadly classified based on the approach to delivery and include the following: 1) viral vectors [viruses that harbor the
gene(s) of interest but usually without the mechanism to self-replicate in vivo]; 2) nucleicacids in a simpleformulation (naked
DNA); and 3) nucleic acids formulated with agents such as llposornes that enhance their ability to penetrate the cell.Where
introduction of nucleicacid to cellstakes place ex vivo, the cell population that is administered becomes the gene therapy
product. GUi8a~cei~B~~ifi~.~8.~~.~ .•,Il1~n.~!~~~~fi.~~, B~8~~;~si~~(~~~f~.~~~r.!~~~i8~«~~8.~~~.i~}stration of cell-basedproducts is
provided in~G.gll'7qC!sitcl.l4aV(Jncga'Tf1erapigs<,(J",c1}7Ii~~l..lg;;.J:i(JS;ecl0·lJr9clg¢~~c~(j;Cilf!~~:2~i(~f.{01iM~~~~~Q5

Decisions regarding the choice of a gene vector can be complex (see Design Considerations for Gene Vectors). The viruses
most commonly used include murine retroviruses, human adenoviruses, and human adeno-associated viruses (AAVs). It is
inherent in the definitionof gene therapy in this chapter that the administration of nucleicacid through transduction is
expressed as RNA and then as protein. Examples of gene therapy products are shown in Table 7.

Table 1. Examples of Gene Therapy Products
Categories or Strategies Indication: Administered Product

Gene replacement Cardiovascular disease:growth factor vector on a biocompatiblescaffold'
Short-term Cystic fibrosis: transmembrane conductance regulatoryvector
Long-term Hemophilia: factor VIII or IX vector

Directcellkilling Cancer:recombinantoncolytic viruses

Cancer:autologoustumor cells transduced with cytokine or other immunomodulatorygenes;
, lymphocytes transduced with receptorsfor tumor antigens

Immunotherapy Arthritis: gene-modified autologous lymphocytes

Conditionally lethalqenes"
Cancer(solid tumor): thymidinekinase (TK) or cytosinedeaminase(CD)vector into tumor cells
Graft-versus-host disease(GVHD): TK or CDvector transduced into donor T cells

Cancer:anti-oncogenevector
Cytomegalovirus retinitis: anti-viral vector

Gene disruption viaantisense RNAs, ribozymes, and inhibitory Humanimmunodeficiency virus (HIV): autologouslymphocytes transduced with antiviral ribo-
RNAs expressedviaa vector zymevector

Intrabodies
Canceror HIV: vector encoding single-chain antibodyto a tumor protein or a viral protein, re-
spectively

a This product promotes formation of new blood vessels.
bCells with conditionally lethalgenes as wellas their neighboringcells are killed after the administration of a second drug in vivo. ForTK, the drug isgancyclovir.
ForCD, the drug is5-fluorocytosine.

CHAPTER PURPOSE AND ORGANIZATION

Clinical usesfor gene therapy products, their manufacturing processes, and analytical schemes for determining identity,
dose, potency, purity, and safety are rapidly evolving, and are as diverseas the products themselves.Thischapter summarizes
the issues and best current practices in the manufacturing, testing, and administration of gene therapy products. Usually USP
chapters focus on materialsthat are commercially available. Thischapter, however, not only discusses products for commercial
applications, but it also addresses the production of clinical trial materials. When differentapproaches are options for clinical
trial material compared to those used for commercial product, this is discussed.

Whereappropriate, reference ismade to applicableguidance including InternationalCouncil for Harmonisation (ICH) quality
guidelines because the principles apply even though gene therapy products may be outside the official scope. Alistof regulatory
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and guidance documents applicable to gene therapy ispresented in the Appendix, together with a listof terms commonly used
in the gene therapy field. The traditional compendial perspectiveis to.develop public standards that can be applied to a .
particularfinal product without providing production details. This chapter attempts to specifywhen traditional methodologies
or standards can be adapted.

This chapter isextensive because of the diverse nature of the products and the special considerationsthat they require.
Manufacturing has been divided into two sections: the firstdiscusses general aspects of manufacturing and process
development, and the second discusses vector design and class-specific topics. On-Site Preparation and Administrationfollows
the manufacturing sections because the handling of these products at the clinicoften requiresfacilities and expertise not found
in a typical hospital. Other manufacturing-related sections include:Analytical Methods; Stability; Storage and Shipping; and
Labeling. Regulations and Standards summarizesexistingguidelinesand highlights the need for the development and validation
of new methodologies to assessproduct quality.The Glossary lists and defines the terms and abbreviations used in this chapter
and those commonly employed in this field.

Introduction

The manufacturing of gene therapy products has been divided into two sections. Thissection discusses fivetopics that apply
to manufacturing of allgene therapy products: 1) raw materials, 2) characterization of banked materials, 3) in-processcontrols,
4) specifications, and 5) validation considerations.The second section, Manufacturing of Gene Therapy Products, addresses
manufacturing of gene therapy vectors, both viral and nonviral, and discussesthe design of gene vectors in detail.

All the general principles of current good manufacturing practice (cGMP) outlined by the FDA in 21 Code of Federal
Regulations (CFR) 210, 211, 600s (especially 21 CFR 610), and 820, as well as other USP chapters apply to the manufacturing
of gene therapy products. The manufacturing facility, equipment and process, raw materials, qualitysystems, and trained
personnel are some of the keyelements of cGMP. cGMPs are applied throughout clinical development. Typically, the extent of
control increasesas clinical development progresses, and full cGMP compliance is expected by initiation of manufacturing in
support of Phase III clinical trial(s). The facility and equipment should be carefully designed, built, and validated to support the
manufacturing process and to maintain the required product/facility segregation. Preventive maintenance and calibration
should be performed routinelyon critical equipment. Incubators, bioreactors, and freezers should be fitted with alarm systems
that can remotely signal failure. Qualitysystems should be established to ensure manufacturing isconsistent and in control.
Systems include but are not limited to the following: change control, document control, environmental monitoring, training,
validation master plans, raw material testing and release, vendor approval, product testing and release, stability testing, and
corrective/preventive action (CAPA).

Ancillary Materials

Awide varietyof raw materials, including ancillary materials, may be used in manufacturing. Raw materials may include
complex substances such as cells, tissues, biological fluids, growth factors, and monoclonal antibodies. Some of these materials
may remain in the final therapeutic product as activesubstances, cryoprotectants, or exciplents. An ancillary material exerts an
effect on a therapeutic material (for example, a cytokine may activate a population of cells) but is not intended to be present
in the final therapeutic product. The quality of raw materials used in the production of a gene therapy product can affect the
safety, potency, and purityof the product. Therefore,qualification of this type of materials isnecessary to ensure the consistency
and qualityof all gene therapy products. Activities involved with raw materialqualification will change as products move through
variousstages of clinical development and on to licensure and commercialization. Awell-designed qualification program
becomes more comprehensive as product development progresses.Aqualification program for raw materials used in the
manufacturing of gene therapy products should address each of the following areas: 1) identification and selection, 2) suitability
for use, 3) characterization,4) animal-derived components, and 5) qualityassurance. Forallraw materials, it must be considered
when and where each is used in the manufacturing process because this can help define selection criteria. AncillaryMaterials
for Cell, Gene, and Tissue-Engineered Products (1043) should be consulted for specific information about implementing an
appropriate qualification program for these materials. Other USP chapters provide information about the qualification and
standards of specific ancillary materials (e.g., Bovine Serum (1024), Fetal Bovine Serum-Quality Attributes and Functionality Tests
(90), and Growth Factors and Cytokines Used in CellTherapy Manufacturing(92».

Characterization of Cell and Virus Banks

CELL BANKS

Acell bank isa collection of vials containing cells stored under defined conditions, with uniform composition, and obtained
from pooled cells derivedfrom a single cellclone. The cell bank system usually consists of a master cell bank (MCB) and a
working cellbank (WCB), although more tiers are possible. The MCB is manufactured in accordance with cGMP and preferably
isobtained from a qualified repositorysource (source free from adventitious agents) with known and documented history.The
WCB is produced or derived by expanding one or more vials of the MCB. The WCB, or MCB in earlytrials, becomes the source
of cellsfor every batch produced for human use. Cell bank systems contribute greatly to consistencyof production of clinical
or licensed product batches because the starting cell material is always the same. Cell banks used for the preparation of virus
banks or clinical product should be suitablycharacterized before use. Aspects of cell banking and validation are addressed in
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(1046), Qualityof Biotechnological Products: Analysis of theExpression Construct in Cells Used for Production of rONA-Derived Protein
Products (1048), and ViralSafety Evaluation of Biotechnology Products Derived from CellLines of Humanor Animal Origin (1050).

VIRUS BANKS

The master virus bank (MVB) issimilar in concept to the MCB because it isderived from a single production run and is uniform
in composition. The working virus bank (WVB) is derived directly from the MVB. Aswith the cell banks, the purpose of a virus
bank is to have a consistent source of virus that is shown to be free of adventitious agents for use in production of clinical or
product batches. In regulations, testing of the cell bank that will be used for production of the virus banks,
including quality testing, should be completed before the use of this cell bank for production of virus
banks.

QUALIFICATION

Cell and viral bank characterization is an important step toward obtaining a uniform final product with lot-to-lot consistency
and freedom from adventitious agents. Testing to qualify the MCB or MVB is performed once, and can be done on an aliquot
of the banked material or on cell cultures derived from the cell bank. Specifications for qualification of the MCB or MVB should
be established. It is important to document the MCB and MVB history, the methods and reagents used to produce the bank,
and the storage conditions. All the raw materials required for production of the banks-media, sera, trypsin, and similar
substances-must also be tested for adventitious agents.

QUALIFYING THE MASTER CELL BANK

The FDA Guidance for Industry: HumanSomatic CellTherapy and Gene Therapy (March 1998) provides specific
recommendations for qualifying MCBs. Additional guidance is provided in ICH Q5D. A description and history of the cell line
is required, along with a description of the freezing process, storage conditions, and the number of vials prepared. The identity
of the cells should be analyzed by genotypic and/or phenotypic markers. For MCB containing vector sequences, the presence
and integrity of the vector should be demonstrated using molecular assays (restriction endonuclease mapping and/or nucleic
acid sequencing) and/or measurement of vector gene expression. Purity must be analyzed to exclude bacterial, mycoplasma,
fungal, and viral contamination (other than vector sequences). Freedom from adventitious viruses should be demonstrated
using both in vitro and in vivo virus tests and appropriate species-specific tests such as the mouse antibody production (MAP)
test. Special attention should be given to the detection of replication-competent virus (RCV)arising from recombination of the
vector and viral sequences. The MCB is further qualified by tests conducted on cells (from the MCB or WCB) expanded to the
limit of in vitro cell age for production.

QUALIFYING THE MASTER VIRUS BANK

Testing of the MVB is similar to that of the MCB and should include testing for freedom from adventitious agents in general
(such as bacteria, fungi, mycoplasma, or viruses) and for organisms specific to the production cell line, including RCV. Identity
testing of the MVB should establish the properties of the virus and the stability of these properties during manufacture.

QUALIFYING THE WORKING CELLOR VIRUS BANK

Characterization of the WCB or WVB is generally less extensive and requires the following: 1) testing for freedom from
adventitious agents that may have been introduced during generation of the WCB, 2) testing for RCV, if relevant, 3) routine
identity tests to check for cell line cross-contamination, and 4) demonstration that aliquots can consistently be used for final
product production. This assumes that the WCB and WVB were prepared in a controlled environment using media and
equipment that were screened appropriately for adventitious agents. If not, additional releasetesting is required.

In-Process Controls

Manufacturing processes should have well-defined go-no go decision criteria that are applied to key in-process intermediates
and are used to pool material that has been processed through a step in several sublots. Quality must be built into the product
aswell as tested during batch release. In-process controls are the assays or tests that are performed to ensure that the in-process
intermediate is of sufficient quality and quantity to ensure manufacture of a quality final product. Examplesof in-process controls
are listed in Table 2. The main reasonfor performing the in-process control is to ensure that the correct product with anticipated
quality and yield is obtained. Intermediate in-process material that fails to satisfy the in-process control criteria should not be
used for further manufacturing. This material may be reprocessed if there are procedures in place for such activities. The
reprocessed material must satisfy the original in-process specifications before it can undergo further manufacturing. If several
sublots will be pooled for further processing, sublots that fail to satisfy the criteria should not be included in the pool, even if
the pool containing these failed sublots would passthe in-process assay criteria. During clinical development, assays for product
quality and yield should be performed after most processing steps to determine which steps are critical and which assays are
most sensitive to deviations in the process. The information from these runs is also used to set the criteria for the selected assays.
In-process controls are performed for fully validated processes to ensure that the process continues to be under control. The
results of these assays should be trended, and actions should be taken to correct problems as they arise.

www.webofpharma.com

https://nhathuocngocanh.com/



USP 43 Genera/Information / (1047) 7429

Table 2. Examples of In-Process Control Applications

Type of Product Attribute to Control

Quantity of virus after virus culture
Specific activity of virus in fractions after column chromatography

Viral gene therapy Quantity of host-cell DNA in fractions after column chromatography

Optical density or change in oxygen consumption during culture
Amount and form of plasmid before culture harvesting
Amount and form of plasmid after extraction steps

Nonviral gene therapy Amount of pyrogen or endotoxin after extraction steps in plasmid pool

Specifications

The specification for a gene therapy product should be chosen to ensure the safety and efficacy of the product before use.
Selected tests should be product-specific and should have appropriate acceptance criteria to ensure that the product exhibits
consistent quality parameters within acceptable levels of biological variation, loss of activity, physicochemical changes, or
degradation throughout the product's shelflife. The development and setting ofspecifications for celland gene products should
follow the principles outlined in ICH Q6B and should reflect the FDA's Guidance for FDA Reviewers and Sponsors: Contentand
Review of Chemistry, Manufacturing, and Control(CMC) Informationfor Human Gene Therapy Investigational NewDrugApplications
(lNDs).

Establishing specifications for a drug substance and drug product is part of an overall manufacturing control strategy that
includes control of raw materials, excipients, and cell and virus banks; in-process testing; process evaluation and validation;
stabilitytesting; and testing for consistencyof lots. When combined, these elements provide assurance that the process is in
control and that the keyqualityattributes of the product are maintained. Appropriatespecifications are established on the basis
of thorough characterization of the product during the development phase and an understanding of the process and its
capability. Characterizationshould include measurements of the physicochemical properties, safety, purity, process and
product-related impurities, potency, viability, sterility, and quantity. Specifications for each product and its ingredients should
be developed from this information by application of appropriate statistical methods. The data should include lotsused in
preclinical and clinical studies and should also include assayand process validation data that can be correlated to safety and
efficacy assessments. Specifications should accommodate the inherent variabilities exhibited by the production process and by
the assay. Some lot-releasespecifications typically applied to biologics may require re-examination for these product types.

The procedures in a specification for the product are anchored by appropriate reference standards. The reference standard
for the product ensures that the product, as measured by the release assays, does not change significantly over time. The
reference standard is manufactured using the same process as used for clinical production and issubject to all in-processand
final releasetesting. Inaddition, the referencestandard may be subjected to additional characterization not typically performed
as part of lot release.The referencestandard need not be stored at the same dose, formulation, or temperature as the product,
but the stabilityof this referencestandard should be determined. The referencestandard verifies that a test produces acceptable
results(passes its system suitability tests). Aspecific assaystandard (working standard) can be used in the test, but it should be
calibrated against and behave like the reference standard. Changing to a new reference standard (lot) should include many
tests, all of which are run side by side with the existing reference standard. The impact of any change in the properties of the
new reference standard should be carefully evaluated before it is adopted.

Additional specifications may be needed to produce a safe and effective gene therapy product. These might relate to some
ofthe controls and action limits used to maintainstandards and consistencyfor raw materials, excipients,and the manufacturing
process(see AncillaryMaterialsand In-Process Controls). Specifications should be established to allowacceptance of raw materials
and excipients used in the final formulation of the product. In addition, tests should be performed at critical decision steps
during manufacture or at points where data serve to confirmconsistencyof the process. In-process releasespecifications should
be established for each control step. Heterogeneity can resultfrom the manufacturing process or storage of the product.
Therefore, the manufacturer should define the pattern of heterogeneity within the product and should establish limits that will
maintain the therapeutic efficacy and safetyof the product.

In some cases, specifications may be established for lot release as well as for shelf life. As discussed in ICH Q5C and Quality
of Biotechnological Products: Stability Testing of Biotechnological/Biological Products (1049), the use of different specifications
should be supported by sufficient data to demonstrate that the clinical performance is not affected. Acceptance criteriashould
be established and justified on the basisof data obtained from lots used in preclinical and clinical studies and lots used for
demonstration of manufacturing consistencyand on the basisof relevantdevelopment data such as those arising from validated
analytical procedures and stabilitystudies. Acceptance criteriashould also be correlated with safety and efficacy assessments.

Once specifications have been established, test results should be trended. Results that are out-of-specification (OOS)-or
'eventhose that are out of trend-should be investigated before the material isconsidered for further processing. The purpose
of an investigation is to determine the cause of the discordant result. The FDA's Guidance for Industry: Investigating
Out-of-Specification (OOS) Test Results for Pharmaceutical Production providesa systematic approach for conducting an
investigation. An assay result can be rejected if it can be confirmed that an error, such as analyst error, calculation error, or
equipment failure, has taken place. Ifthe investigation concludes that the product is not within the specification, the lot should
be rejected. In unique situations, a product that does not meet all specifications may have to be administered to a patient.
However, procedures must be in place to govern the communication of the OOS results to the physician or to the person
responsiblefor makingthe decisionto use the product and to provide instructionfor any follow-uptesting, patient monitoring,
and communication of those results.
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The potential for wide biological variation in gene therapy products, particularly for patient-specific treatments, affects the
validation effort. Nevertheless, the basic principles of processvalidationfor any biological product, includingrecommendations
by ICH, FDA guidance documents, Validation of Compendial Procedures (1225), and Validation ofMicrobialRecovery from
Pharmacopeial Articles (1227), apply to the validationof most gene therapy products. Guidelines for validating viral vaccines
can be relevant to gene therapy processesthat produce viral vectors. The hold steps in a manufacturing process should be
validated to ensure that in-process intermediates are within specification and that the qualityattributes of the final product are
maintained. Product-release assays should be validated before production of the materials for Phase III pivotal clinical trials.

Process validation demonstrates that the unit operations of the manufacturing process perform consistentlyand can
generate a quality product that meets specifications. Because biological processesare prone to variability, the consistencyand
robustnessof the manufacturing processshould be determined byvalidatingthe processon at leastthree lots.Process validation
issues pertinent to cell-based products are addressed in (1046).

Ifpossible, the processshould be validatedfor virus clearance according to principles discussed in ICH Q5A. Ifthis isdifficult
because of the nature of the gene therapy vector (e.g., enveloped virus), additional characterizationof cells and animal-derived
components used in the production process should be considered. Ifthe gene therapy product is manufactured in a
multiproduct facility, validate cleaning of multiproduct equipment and rooms to demonstrate the effectiveness of cleaning
agents to inactivate or remove virus.

Introduction

Principles for the production of pharmaceutical or biological products are also relevant to the production of gene therapy
vectors for use in humans. The same cGMP requirements are applied to ensure that a high-quality product is delivered to the
patient. Because of the nature of gene therapy manutacturing systems, most manufacturersface development issues such as
scalability, yield, cost efficiency, and product stability.

Mostgene therapy vectors have been produced only in relatively smallbatches necessaryto meet the needs of earlyclinical
trials conducted in small numbers of patients. However, the promise of gene therapy in larger patient populations has led to
progress in large-scale production and purification technology. Thissection focuses on designing vectors for gene therapy and
choosing a suitable production technology.

Design Considerations for Gene Vectors

TYPES OF VECTORS

Atypicalgene therapy vector iscomposed of the following: 1) the vector backbone; 2) a promoter; 3) the therapeutic gene,
either as cDNA or genomic sequence; and .4) a polyadenylation signal. Awide array of viruses-including murine and human
retroviruses, adenoviruses, parvoviruses such as AAV, herpes viruses, poxviruses, toga viruses, and nonviral plasmid therapy
systems-have been developed for gene therapy applications. Thesevectors (see Table 3) differ greatly in terms of their capacity
to deliver genetic material and the duration of ex-pression. Some viral vectors preferentially target dividing cells, but others are
capable of transducing both diViding and nondividingcells. There are significantvariations in transgene capacity (i.e., there are
limitations on the size of the foreign DNA fragment that can be incorporated into the vector genome). The level, timing, and
duration of gene expression requiredfor a gene therapy product depends on the clinical indication. Low-level, long-term gene
expression may be required for some diseases, includingadenosine deaminase (ADA) deficiency or type Aand type B
hemophilia. High-level, short-term expressionmay be more appropriate for cancer when genes that induce apoptosis are used
or for cardiovascular diseasewhen preventing hyperproliferation of smooth-muscle cells that may impede restenosis of
saphenous vein grafts.

Table 3. Types of Gene Vectors

Viral Nonviral

Herpes-
Family Retroviridae Adenoviridae Parvoviridae viridae Togaviridae Poxviridae -

MurineLeu- HerpesSimplex Poxvirus (Vacci- Plasmid
Examples species kemiaVirus HIV Adenovirus AAV Virus Sindbis nia) derived

Vector Characteristics

Insertsize limit 8 kb 8 kb 4.3-34 kb 4-5 kb 40-150 kb 5 kb 25-50 kb 12 kb

Can be inte- Can be inte-
Chromosome in- No, grated or epi- grated or epi- Yes, but at very
tegration Yes Yes episomal somal somal No No lowfrequency

Therapeuticex- Stableor transi- Stable.ortransi- Stable or transi-
pression Stable Stable ent Stable ent Transient Transient ent

www.webofpharma.com

https://nhathuocngocanh.com/



USP 43
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Viral Nonviral

Vector localiza-
tion Nucleus Nucleus Nucleus Nucleus Nucleus Cytoplasm Cytoplasm Nucleus

Types of cells Dividing and Dividing and Dividing and Dividing and Dividing and Dividing and Dividing and
transduced Dividing only quiescent quiescent quiescent quiescent quiescent quiescent quiescent

Efficiency of
Highgene transfer High High High High High High Low

Expression of vi- Yes,unlessviral
ral proteins No No genes deleted No Yes Yes Yes No

Can be used

- - - as a plasmid - -Tropism can be altered by pseu- therapy sys-
Other dotyping tem

VECTOR DESIGN CRITERIA

Manytypes of gene therapy vectors are being developed, and the vector selected for a particularclinical application depends
on the disease state, the target cell,and the intended route of administration. As shown in Table 3, capacity depends on vector
type, so clinical applicationsthat require a large amount of genetic material will limitthe choice of vector system. The payload
of a vector system becomes increasingly important when one designs vectors with genomic DNA or a vector that contains
extensive regulatory sequences. ,

Vectors are also selected based on the intended duration of expression and the target cell. Forexample, retroviral vectors
integrate stably into target cells and are therefore well suited for stem cellsor lymphocytes that are expected to undergo
extensive cell division. In contrast, adenoviral and plasmid vectors are episomal and may be lost during celldivision. However,
adenoviralvectors are attractive for vaccine development and cancer applications where tumor cell elimination isthe goal.
Other vectors, such as MV, do not integrate at high efficiency but can be expressed long-term in nondividing cellssuch as
neurons or hepatocytes.

Tar~~~s;II~~p;can also play into the selection of an appropriate vector system (see Targeting Transduction). Forexample,
the~+~(l.ISel;'M~y;g()ig) Coxsackie virusBand adenovirus receptor (CAR) isexpressed poorly on hematopoietic tissues, which limits
the usefulness of the vector system for blood-derived cells. Vectors based on murine retroviruses require cell cyclingand are
not well suited to the transduction of nondividing cells such as neurons.

The immune systemcan target both the viral components of the vector and the expressed transgene. Pre-existing antibodies
or cellularimmunity to certain vector systems can exist and may limit their usefulness. Vectors can elicitan innate immune
response that can decrease the efficiency of gene transferand may also induce a severe adverseevent. Alarge number of current
gene therapy approaches seek to limittoxicityand immune response by administration of vector to cells ex vivo. Nevertheless,
the majorityof diseasessuitable for gene therapy will require in vivo administration, and ongoing research seeks vectors with
limited immune recognition.

The route of administration and manipulation of the total dose of vector are strategies that can be used to compensate for
some limitations of specific vector systems. Additionally, there are advantages and disadvantages for the manufacture of each
of the different vector systems that should be considered when planning a clinical application. Productionconsistencyfavors
systems with well-defined fermentation or culture systems, such as plasmid, retroviral, or adenoviral vectors. Forviral vector
systems that require helper functions (see below),a rationally engineered cell line can overcome the scalability and consistency
limitationsof co-transfections. Useof a cell line that isadapted to suspension culture can affect scalability and cost efficiency.

TARGETING TRANSDUCTION

To be effective, a vector must firstfind and transduce itstarget cell.Viruses have a natural host range that isstrongly influenced
by the expressionof specific cell-surface receptors, the current phase of the cellcycle,and the route of administration. Integrins
are a classof cell-adhesion receptors that interact with either the penton base or the fiber protein of adenoviruses.The fiber
and penton base proteins of adenoviruses mediate binding to the CAR, CD46, and integrins.Adeno-associated viruses primarily
interact with heparan sulfate proteoglycan and sialic acid receptors on the cell surface. However, interaction with secondary
receptors such as integrins, laminin, and growth factor receptors isrequired for efficientcellentry and trafficking of virus particles
to the nucleus. An amphotropic variant of the murine leukemia virus (MLV), commonly used for gene therapy applications,
utilizes the sodium-dependent phosphate transporter RAM-1 to enter cellulartargets. Expression levels ofeach of these receptors
vary according to tissue type, which dictates the transduction efficiency of the vector.

The host and tissue range can be modified or targeted by biochemical and genetic manipulation of the vector. Alterations
in the tissue and cellspecificity of retroviruses-and lentiviruses in particular-occur largelythrough genetic pseudotyping.
During this process, the envelope proteins that dictate virus binding and entry via a specific cellular receptor of one virusare
replaced with the envelope protein of another retrovirus or with a protein from an entirely differentvirus such as the vesicular
stomatitis virus glycoprotein. The relative complexityof adenovirus and adeno-associated virus capsids allows them to be
geneticallymodifiedinseveral ways.Substitutionofa singlevirus protein (e.g., adenovirusfiberor M VVP1) with that ofanother
serotype within the same family isvery much like the pseudotyping process for retroviruses. However, mosaic virus particles
created by interspersing individual capsid proteins from several different virusserotypes in one virion, and chimeric particles
created by capsid proteins of two distinctlydifferent serotypes on a particle of yet another serotype (e.g., adenovirus 35 knob
on adenovirus 41 fiber on an adenovirus 5 particle)can also effectively change the types of cells and tissues that a vector can
transduce. Although this approach may seem straightforward, certain modificationsof virus capsid proteins at the genetic level
do not facilitate virus particleformation. Although most modifications improve virusuptake in one specific cellulartarget, they

www.webofpharma.com

https://nhathuocngocanh.com/



7432 (1047) / General Information USP 43

may also increase uptake in severalother tissues in which gene transfer would not be desirable. Thus, selection of proteins and
ligands must be carefully considered and tested in preclinical models of disease before these vectors can be used extensively.

Viral coat proteins and nonviral vectors can be chemically modifiedfor ligand-mediated receptor targeting. They can be
conjugated to cell-targeting ligands by antibody-virus interactions with bi-specific antibodies. Molecular bridges like biotin­
avidincomplexes and chemical crosslinkers such as bifunctional polyethylene glycol (PEG) tethered to cell specific
receptor-binding proteins are easily conjugated to virus particlesand often are incorporated in targeting strategies. These
approaches can easily be combined and/or exchanged with genetic modifications and with each other to create vectors that
effectively target several receptors. Although the biochemical approach avoids the functional complications of introducing
foreign domains into viral proteins, each lot of vector must be modified because progeny virus will default to their original
geneticallyencoded tropism. Biochemical processesalso require the use of multiple reagents, which may complicate transfer
to the clinic.

Another common and effective strategy to target viral vectors to tumor cells takes advantage of the virus replication cycle.
Deletion of genes critical for taking over functional cellular checkpoints to support normal virus replication allows the virus to
replicate only in cancerous cells where those checkpoints are either defectiveor inactive. This effect can be further enhanced
creating small mutations in virus replication genes driven by tumor- and tissue-specific promoters. With respect to cell cycling,
adenovirusesand adeno-associated viruses easily infect both quiescent and dividing cells, but MLV-based retroviral vectors are
efficient only when transducing rapidlydividing cells. Lentiviral vectors can infectquiescent cells, including cellsof neuronal
origin. In general, nonviral vectors can enter both dividing and nondividing cells but have lower transduction efficiencies than
viral vectors. Transductionefficiencies of nonviral vectors can be enhanced by the formulationand direct injection in the tissue
of interest.

INFLUENCE OF HUMORAL IMMUNE SYSTEM AND COMPLEMENT

One of the most significant barriers to effective gene transfer is the humoral immune response to the vector. Regardless of
the route of administration, the intended target cell, and the dose, the vector is likely to encounter some component of the .
immune system. Forviral vectors, the humoral immune system cannot readilydistinguish between wild-type viral infections
and recombinant viral vectors because the humoral response isdirected against proteins in the viral envelope or capsid.
Protein-containing formulations of nonviral vectors can also elicita humoral immune response. Specific and cross-reacting
humoral responses may pre-exist because of natural exposure to wild-typeversions of viral vectors, or they may be elicited
during dosing, and the antibody response may varyin its capacity to diminishgene transduction in individual patients. Because
neutralizing capacity isfrequently enhanced upon multipledosing, repeated administration can also be problematic. Some of
these issues may be remedied by the use of nonviral systems. However, the level of transduction efficiency of these vectors is
not currently sufficient for many gene-transfer applications. Transduction efficiency of all vectors isalso importantly
compromised by the complement system. Manycomplement proteins have a natural affinity for virus capsid proteins. This
interaction initiates release of cytokines and chemokines that facilitate rapid removal of vector from the systemic circulation.
Thisaffinity isoften heightened (especially in the caseof retroviruses) when nonhuman cellular proteinsand culture components
(e.g., fetal bovineserum) are incorporated into and/or coat the virusparticle during large-scale production. Useof producer
cell linesof human origin and serum-freeculture conditions has decreased inactivation of vectors by complement.

Several strategies for mitigating and avoiding the humoral immune response and complement inactivation have been
developed. Increasing the vector dose to compensate for the neutralizing activityof the antibodies and altering dosing regimens
to coincide with periods of low antibody titer are logical choices, but possibletoxicityassociated with high doses of virus and
the individual variability of the immune response are potential negative consequences of this approach. Alternatively, viral
vectors can be engineered to evade the immune system. One approach involves increasing expression of specific viral genes
that allowthe virus to evade the host's humoral response. Recombinantviruses constructed from serotypes with limited
exposure rates such as simian adenovirus 7 can avoid neutralization in those previously exposed to more common serotypes.
Mosaic and chimeric viruses can alsoavoid neutralization. Bothapproaches effectively address the issueof efficient gene transfer
in those with pre-existing immunity, but both approaches requirefurther investigation in response to concerns regarding safety
and large-scale production as well as induction of immune responses in naive patient populations. Covalent attachment of
polyethylene glycol (PEGylation) to the virus capsid can both protect the virus from neutralization and blunt the immune
response. Pharmaceutical methods such as embedding viral vectors in polymer matrices and administration of vectors to the
mucosa (oral and nasal)can also protect viral vectorsfrom the humoral immune response.

INFLUENCE OF CELLULAR IMMUNE RESPONSES

Once transgene expression is initiated,cellular immune responses rapidlyremove cells transduced by both viral and nonviral
vectors. Thisdecreases the overall therapeutic effectiveness of gene transfer of low-to-moderatevector doses and can be highly
toxic when higher doses are administered. Active protein synthesis is not requiredfor cellular immune responses to viral capsid
proteins. Forexample, the capsid proteins of recombinant AAV vectors have been shown to be long-lived, leading to a delayed
immune response and elimination of vector-transduced cells. De novo synthesisof viral gene products can also exacerbate
host-cellular responses. Viral vectors have been designed with specific backbone deletions to eliminate the expression of viral
structural genes and reduce this effect. Examples of such vectors include gutless adenoviruses, herpes viruses, and
adeno-associated viruses in which all viral genes have been deleted, making them dependent on another helper virus for
subsequent replication. Certain plasmid sequences, especially those with unmethylated CpG dinucleotides, can elicita strong
cellularimmune response and have been used as adjuvants in some DNA-based vaccines. Amplifying plasmids in bacteria that
express the CpG Methylase (M.Sssl), removal of CpG sequences by site-directed mutagenesis, and removal of unnecessary
prokaryoticsequences to create minimal plasmids have reduced the incidence of unwanted cellular responses. One
nonmolecular approach to minimize the cellular response against the vector involves the use of immunosuppressants
(cyclosporine, sirolimus, dacluzumab) at the time of initial vector administration as well as methods described for reducinq the
humoral response (use of chimeric vectors, PEGylation) outlined above.
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ANTIGENICITY OF THE GENE THERAPY PRODUCT

In many cases, the gene therapy product and associated promoter and enhancer elements are antigenic in certain cellular
targets. When proteins that are retained in the target cellare used, cellular responses may eliminate the target cell. Ifsustained
protein expression is required, the cellularimmune response may decrease the effectiveness of the therapy or eliminate it
entirely. In terms of treating genetic diseases, patients with a null mutation who have never seen the transgene product may
be at a higher risk for immune response than patients who produce a defective protein. Also, truncation of a gene such as the
cysticfibrosis transmembrane conductance regulator (CFTR) so that it fits within a chosen vector may result in creation of a
distinct antigen.

Inother applications, the transgene product isa foreign protein, e.g., thymidine kinase derivedfrom the herpes simplexvirus
(HSV), and thus mayelicitan immune response. Insome casesthis isthe desired therapeutic effect, particularly inantigen-based
immunotherapy for cancer or a viral disease. Efforts to minimize the immune response against elements associated with the
transgene cassette include designing vectors with the ability to carryfull-length humanized sequences for the transgene of
interest and administration of immunosuppressants at initial dosing and other intervals throughout the treatment protocol.

VECTOR LOCALIZATION WITHIN THE TARGET CELL

Once the vector reaches the target cell, severalfactors can affectthe level and duration of therapeutic gene expression, and
these factors dictate the choice of an appropriate vector system for a specific clinical indication. The localization of the vector
genome within the cell, the strength of the gene expression control elements, the stabilityof the message, and the stability of
the translated protein all affect therapeutic impact. Alphavirus-based vectors, such as those derived from Sindbisor Semliki
Forestvirus, reside in the cytoplasm and typically exhibit a veryhigh level of gene expression. Retroviral, adenoviral, and other
viral vectors have advantages in gene delivery with their natural mechanismsfor nuclear delivery of the therapeutic gene and
reasonable levels of gene expression from viral or other promoters. Nonviral plasmid vectorsare episomal and are often
susceptible to DNA degradation when they are shunted into cell endosomes. However, 'some nonviral systems incorporate
nuclear targeting signals as a means of increasing therapeutic gene transcription efficiency.

TISSUE-SPECIFIC EXPRESSION

Another means of controlling gene expression is the incorporation of tissue-specific promoters to stimulate or to restrict '
expressionof the therapeutic gene. Unfortunately, many tissue-specific promoters do not provide high levels ofgene expression,
and incorporating these sequences into viral vectors may result in loss of specificity or low-level expression in cells that do not
normallyexpress the promoter. Tagging vector with sequences recognized by the microRNA system has also permitted
tissue-specific expression and may offer tighter control than typically seen with tissue-specific promoter systems.

Drug-responsive promoters are being used to control gene expression. Rapamycin, mifepristone, and tetracycline (tet-on)
systems have been used to repress gene expression. This type of regulation is particularly useful when constitutive expression
of the vector transgene is toxic.

IMPACT OF REPLICATION STATUS OF VECTOR

Replication status isanother important consideration for vector design and selection. Viral vectors are most frequently
constructed to be incompetent or replication-defective inorder to limituncontrolled vector spread and pathogenicity. However,
the ability to replicate and spread within a specific cell population, e.g., within a tumor or to metastatic sites, may provide a
significanttherapeutic advantage over cell type-specifictargeting of replication-incompetent vectors. Replication can be
engineered to be conditionalwhen, for example, specific viral gene interactions are matched with intracellular pathway targets
by means of targeted deletions and/or changes in transcriptional or translational control. When these targets are defective or
missing, as in cancer cells, the viruscan replicate, but when the target cell isfunctioning normally, viral replication is repressed.
Viruses that have been genetically engineered for selective oncolytic replication include: adenovirus, HSV, vaccinia, measles
virus, picornaviruses, influenza virus, Coxsackie virus, and Sendai virus. Some nongenetically-modified viruses are inherently
oncolytic in human cells, e.g., reovirus and Newcastle disease virus.

One of the risks inherent in the use of conditionally replicating viral vectors is that such systems are leaky, i.e., the growth of
the virus is not absolutely restricted to a single cell type. Also, subsequent rounds of viremia become considerations in the
evaluationof tissuedistribution/exposure and shedding. The therapeutic promiseof these approaches depends on the reliability
with which conditionalityof replicationcan be selected or engineered. This therapeutic potential will be realized only ifbalanced
with steps to control the potential risks to patients (associatedwith replication competence of the viruses/viral vectors) and to
address associated shedding-related issues of third party exposure and envirorimental concerns.

As a proactive contribution to the safety profileand to take advantage of scientific and clinical information already available,
virus strains that have been used for human vaccination are often used as the vector backbone. Nevertheless, because the
product is replicationcompetent, it presents specific technical challengesfor adventitious agent testing and product
characterization.

Nonviral vectors are normally designed as nonreplicating systems, but some groups are experimenting with replicating
nonviral plasmids to increasegene expression levels (because of the low transduction efficiency of most nonviral systems) and
to increase the duration of gene expression. Additional preclinical studies are needed to establish the safety of these systems.
Artificial chromosomes have also been designed to take advantage of normal mechanisms for retaining gene expression in
rapidlydividing target cells.
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The duration of gene expression isalso a function of the persistenceof the vector genome in target cells. Retroviral vectors
can stably integrate into the host-cell genome, providing long-term expression.Adenoviruses and nonviral plasmid vectors,
e.g., those not administered using electroporation, do not integrate, and expressiongenerallydecreasesover time. Recombinant
AAV vectorsgenerallydo not integrate, and when they do, it is not site-specific. However, stable episomes have been observed
in certain cell types such as muscle cells. .

Site-specific integration can be a desirable feature for vectors that are intended to correct genetic disorders.Although it is
not currentlyefficient enough to be useful, the control of the site of integration is desirable in order to prevent insertional
mutagenesis. Insertional mutagenesis has the potential to kill a cellifa critically functioning gene isinactivatedor to predispose a
cellto malignant transformation ifa tumor-suppressor gene isinactivated.Ofclinical relevance, promoter or enhancer elements
withinvectors can lead to activation of cellularoncogenes and have been associated with malignant transformation in children
undergoing retroviral gene transfer for X-linked severe combined immunodeficiency.

The successof any gene therapy product depends on the relationship between the vector-delivery system and the
requirements of the disease in terms of the site, level, and duration of therapeutic gene expression. Auniversal vector now
appears unlikely, and the challenge lies in fitting one of several possiblevectors to the disease and to the gene to be delivered.

Manufacturing and Purification Strategies

VECTOR CONSTRUCTION

Viral and nonviral gene-transfer vectors are constructed by usingstandard molecular biologyprotocols. Forviral vectors, the
vectorbackbone consistsof viral RNA or DNA sequences from which the regions encoding viral structural genes or the regions
required for replication have been deleted. The deleted region of the vector is usually modified with specific restriction
endonuclease sites used to allow insertion of the gene of interest. Fornonviral vectors, the plasmid DNA backbone contains
multiple restriction sites for cloning and the bacterial elements necessaryfor plasmid production. Vector backbones can
accommodate singleor multiplegene insertionsdepending on the maximumamount ofsequence they can carry.The promoter
that facilitates transcription of the gene insert can be a related viral promoter, such as the murine leukemia virus long terminal
repeat (MuLV LTR), or a heterologous promoter that iseither tissue-specific, such as the alpha crystalline promoter (of the eye),
or constitutive,such as the cytomegalovirus(CMV) late gene promoter. Forexample, in a retroviral vector construct containing
two gene inserts, transcription of one is regulated from the 5'-LTR-promoter sequence, and a second gene insert can be linked
to an internal heterologous promoter from Simian virus 40 (SV40).

The complementary DNA (eDNA) containing the therapeutic gene of interest, including its introns, isexcisedfrom its source
using restriction enzymes and is inserted at the multiplecloningsite of the gene-transfer vector.The polyadenylationsignal can
be derivedfrom multiplesources such as the SV40 virus or human growth hormone gene. Characterization and testing of gene
therapy vectors are described under Analytical Methods.

HELPER FUNCTION SYSTEMS

Recombinantviral vectorsare most often modifiedto be replication defective,a condition created by deletion or modification
of the viral genes needed for replicationand.production of infectious virus. Becausethe vectors are stripped of some or all of
the viral genes, a system must be developed to supplyviral proteinsand to encapsulate the vector into a viral particle.Generally,
this is accomplished by two methods: transient transfection or stable packaging cell lines.

In the transient transfection method, a seriesof differentplasmids are generated, includinga plasmid containing the vector
and another vector containing the viral genes. Forexample, retroviral vectors can be generated using a three-plasmid system:
1) the transgene-containing vector plasmid; 2) a plasmidcontaining the gag/polviral gene region; and 3) a plasmidcontaining
the viral envelope. All three plasmids are transfected into cells, e.g., HEK293 or HT1080, and vector-containing virions are
harvestedafter 2-3 days.The separation ofvector and viral genes on differentplasmids, along with vector designs that minimize
the homology between vector and viral sequences, decrease the chance for recombination and generation of
replication-competent virus. Similar approaches can be taken with most viral vector systems.

The transient transfection method has the advantage of a rapid production time and flexibility when changing components
of the vector or viral constructs. Nevertheless, it can be cumbersome when scaling up for manufacturing, and specialcare must
be taken to provide consistent production yields. Analternativemethod has been the use of vector packaging cell lines. In this
scenario, the viral genes are introduced stably into an immortalized cell line that yields persistent expression of viral genes. As
with transient transfection, the viral genes generallyare expressedfrom differentplasmidsto decrease the risk of recombination.
Sinceplasmids integrate infrequently, considerable time and effort are required to isolatea high-titer packaging cell line and
to generate an MCB. Vectorconstructs can be introduced into cells from the MCB, and researchers, by screening for a high-titer
clone may allow isolation of a stable cell line that generates the vector of interest. These cell lines generallycan be expanded
to great numbers and often produce vector for up to a week at a time, facilitating vector scale-up and product consistency.

Typical helper function systems are as follows:
Retroviral vector systems: Initial packaging cellswere based on the murine fibroblast cell line NIH 3T3.The PG13 cell line
(expressingthe Gibbon Ape Leukemia Virus envelope) has been used extensively with a low incidenceof recombination events
leading to RCV. More recently, the human HEK293 and HTl 080 cell lineshave been modifiedto serve as packaging cell lines
for retroviruses. The use of a human cell line decreases elimination of vector particles by the human complement system
(although this isgenerally not a concern for vectorsused in ex vivoprotocols).
Adenoviral vector systems: HEK293 cells are widelyused to supplythe El function necessaryfor efficient adenoviralreplication
that isdeleted from first-generation adenoviral vectors.Other complementing cell lines, such as El-modifiedA549cells(human
lung carcinoma) and the PER.C6 cell line(human embryonic retinoblast), have also been created to supply El or other missing
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functions. PER.C6 contains the E1 region under the control of a phosphoglycerate kinase (PGK) promoter and has no flanking
adenoviral sequences in order to eliminate production of replication-competent adenovirus (RCA).
MV vector systems: Thesesystemsclassically useadenovirus-infected HEK293 celllinestransientlytransfected with MV helper
plasmid containing the rep and capgenes, which are required for MV replication and capsid formation, respectively, and are
deleted from the MV vector. In some MV production systems, wild-type adenovirus has been removed from the process by
using triple transfection of plasmids expressingAd earlygenes, rep and cap, and the vector transgene. The HeLa cell line(from
human uterine cervical carcinoma) has also been used as a transient production system. More recently, both of these cell lines
have been used to establish stably transfected packaging cell lines that express rep and capgenes and in some cases express
the adenoviral functions needed for MV replication when rep and capare present (E1 a, E1 b, E2a, E4, and VA RNA). MV
production systems using recombinant HSV and Baculovirus have also been developed.
Gutless adenoviruses: Early manufacturing systemsfor the adenovirus vector known as gutless adenovirus were similarto
classical MV vector manufacturing systems because HEK293 cells were transiently transfected with helper plasmid containing
required adenoviralfunctions. Development of helper viruses housing a packaging signal flanked by 10xP sites and
complementing HEK293 cell lines that express the bacteriophage P1 site-specific Cre recombinase has greatly improved the
yield of the gutless virus. This technology notably reduces the amount of helper virus contamination by preventing packaging
of the helper virusgenome while permitting it to replicate and support replication and encapsidation of the gutless vector..

VIRAL GENE THERAPY VECTORS

Retrovirus and adenovirus vectors typically have been produced at laboratory, non-GMP scaleby use of traditional cultivation
methods for anchorage- and serum-dependent celllines employingflasks, trays, and roller bottles. Initially, gene therapy vectors
were produced by these methods because large volumes of product were not required for earlyclinical studies. Cell-bank
systemsare used as the source of cells, and virus banksare the source of virus for clinical production. In many cases, supernatant
is collected, clarified, and stored frozen in bags at -70°. In many earlyclinical trials, unpurifiedsupernatant has been used for
ex vivo gene transfer.

Larger-scale upstream production methods have been reported and are commonly used. They include suspension,
bioreactor,and fixed-bed or microcarrierculture methods. Somegroups have reported adapting their processcells to serum-free
culture conditions. Cellsare harvested and lysed or supernatant is collected. The harvest is clarified and purified to remove
host-cell debris, host-cell DNA, and other process-derived contaminants.

Traditionally, viruses are purified by gradient ultracentrifugation, but this is time-consuming and unsuitable for larger-scale
production purposes. The selection of downstream process steps and their sequence is determined by the nature of the virus
itselfand the upstream process used for manufacturing the virus. As processesare being developed for the manufacture of gene
therapy vectors, many different purification steps have been reported. These include ion-exchange and sulfonated-cellulose
chromatography, zinc ion affinity chromatography, and size-exclusion chromatography. Typically, DNaseor other nuclease
treatments are used in the process in order to reduce host-cell or plasmid DNA. MV production and lentiviral production are
complicated by a need for transient transfection or co-transfection of plasmid or helper virus. These processes have generally
required anchorage-dependent cell linesthat are difficult to scale up. The development of stably transfected cell lineswould
allowlarge-scale production. .

PURIFICATION METHODS: VIRAL VECTORS

Retroviruses: To date, purificationof retrovirus preparations for Phase I clinical trialshas often been minimal at best, i.e., the
simple concentration of culture supernatants is insufficient to meet the stringent qualitystandards required for in vivotherapy.
Centrifugation and microfiltration techniques are veryuseful for clarification of culture supernatants and removal of cellular
debris. Ion-exchange, size-exclusion, and affinity chromatography techniques have also been employed to remove excess salt,
serum, and low molecular weight contaminants also concentrated with the virus.
Adenoviruses: Recombinant adenoviral vectors were often purified by cesium chloride density gradient ultracentrifugation.
This is still used for research-scale preparations, but the procedure is neither scalable nor efficient for large quantities of
clinical-grade virus. The most recent scalable purification methods use anion-exchange chromatography because of the strong
affinity of intact virus particlesfor the resinwith respect to that of cellularand individual capsid proteins. Published loading
estimates for anion-exchange resins range from 0.5 x 1012 to 5 x 1012 virus particles/rut of resinor 0.14 mg of virus to 1.4 mg
of virus/mL of resin. Gelfiltration and immobilized metal affinity chromatography are often used in polishingsteps following
anion-exchange purification of recombinant adenovirus-based products.
Adeno-associated viruses: The toxicity of cesium chloride, the aggregation of MV particles, and the fact that adenovirus is
not completely removed after extensive centrifugation complicate MV purification by cesium chloride density gradient
ultracentrifugation. Another density separation medium, iodixanol, which is less toxic than cesium chloride and prevents MV
aggregation, has been employed in a single centrifugation step. Passageof the MV fraction over an affinity column consisting
of either a heparinizedsupport matrixor monoclonalantibodies produced against MV2 strongly increased purityand infectivity
offinal preparations. These methods are appropriate onlyfor specific MV serotypes. Ion-exchangechromatography isthe most
powerful and versatilemethod for MV purification, although buffer pH, detergent concentration, and column medium must
be tailored for each MV serotype. Infectivity and purity of preparations obtained from these purification strategies are
comparable to those obtained from affinity chromatographic methods and are complete within 3 h.

PLASMID OR NONVIRAL VECTORS

Plasmidsare double-stranded, circularDNA moleculesthat exist in bacteria as extrachromosomal, self-replicating molecules.
They have been modifiedto serve as cloning systems, to contain multiple restrictionendonuclease recognition sitesfor insertion
of the cloned transgene, and to contain selectable genetic markersfor identification of cells that carry the recombinant vector.
Plasmid-based, nonviral vectors are frequently used as gene delivery systemsfor both in vivoand ex vivo gene therapies. These
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vectors are in the form of naked DNA or are complexed with lipids or other agents that facilitate transfer across the cell
membrane and delivery to the cell nucleuswithout degradation. An advantage of a plasmid-vectorsystem isthe efficient
production of large quantities of the vector that is easily characterized and avoidsthe risk of RCV associated with many viral
systems.

Nonviral vectors are typically produced by using an Escherichia colibacterial system. Plasmidsare transfected into E. coli, and
an appropriate single bacterialcolony isselected and expanded to create an MCB. After reselectionof a colonyfrom a bacterial
plate inoculated from the MCB, plasmid DNA is isolatedfrom cultures that can range in sizefrom 1 Lon a laboratoryscale to
hundreds of liters in bacterialfermenters. Plasmid DNA can be purified by several methods including affinity or ion-exchange
chromatography and cesium chloride-ethidium bromide density gradients. Cesium chloride-ethidium bromide density
gradients are not recommended for production of clinical-grade material.

PRODUCTION AND PROCESSING OF NONVIRAL VECTORS

One benefit of nonviral vectors for gene transfer is that the production process is rather generic and can be applied to any
plasmid preparation regardlessof composition or application. Because the current average human dose of plasmid DNA for
gene transfer and vaccination isapproximately1 mg, the primarychallenge associatedwith large-scale production of plasmids
is to develop a process that is both scalableand economical. Thus, processdevelopment for plasmid-based vectors remainsan
active area of research and development. Astandard processfor large-scale production of recombinant DNA plasmids consists
of the following five unit operations.
Fermentation: Fermentation processes must support growth of transformed bacteria and maximizethe amount of plasmid
produced by each cell. E. coli is the most common strain used for plasmid production. Amino acids, nucleosides, and the ratio
of nitrogen to carbon-containing compounds present in a rich media formulation greatly improve plasmidyield.
Harvest: Bacterial cells are harvested either by centrifugation or microfiltration. Centrifugation under GMP conditions can be
costly, which makes microfiltration the accepted method of cell harvest.This also allows spent media, metabolic byproducts,
extracellulardebris, and impurities to be washed away before purification.
Lysis: Bacterial cells must be lysed to releasethe recombinant plasmids.This isone of the most critical steps in the production
process because it can significantly affectthe amount of usable [covalently closedcircular(ccc)]and unusable [sheared, partially
denatured, and open circular(oc)] forms of DNA in a preparation. The most Widely used method of lysis for clinical-scale
manufacturing istreatment with alkaline detergent and precipitationofcellular debriswith acetate. Thisremovesa largefraction
of cellularimpuritiesfrom the lysate, but it also increases the sensitivity of plasmids to mixing and localized concentrations of
detergent, which are hard to manipulate on a large scale. Lysis of cells by heat exposure addresses this issueand effectively
denatures cellularproteins and bacterial DNA.
Isolation/purification: Some processes include additional steps for removal of cellular debris and other contaminants from
crude bacteriallysates by precipitationwith detergents, polyethyleneglycol, or salt. These reagents affect plasmidstabilityand
are removed by column chromatography. Size-exclusion chromatography can effectively separate plasmid DNA from RNA,
proteins, and other small molecules present in the cleared lysate. The degree of separation of plasmid DNA from contaminants
ishighlydependent on the type and concentration ofsalt in the running buffer. Resins used inanion-exchange chromatography
have a high affinity for plasmid DNA and provide maximalsample concentration. Hydrophobic interaction and thiophilic
aromatic chromatography are the methods of choice for selectiveseparation of the different plasmid DNA isoforms and
endotoxin reduction.
Bulkpreparation: Afterpurification, the bulk plasmid is placed in a suitable bufferand formulation by ultrafiltration using a
membrane with a pore size of 50-100 kDa. .

Plasmids for clinical use must be highlycharacterized. Impurities from production and processingsteps are wellknown.Tests
necessaryto confirm the identity, purity, and potency of a plasmid-based product are well established and routine. These tests
and the current specifications set by the FDA and the World HealthOrganizationare summarized in Table 4.

Table 4
Acceptable

Level in
AssayType Issue Determined By FinalProduct

Cross-contamination with other prod-
Identity ucts Restriction digest/gel electrophoresis N/A

Real-time polymerase chain reaction
<2 ~g/mg DNAResidual bacterialchromosomal DNA (PCR)

Residual RNA Analytical HPLC <0.2 ~g/mg DNA

Residual bacterialprotein Bicinchoninic acid (BCA) protein assay <3 ~g/mg DNA

Endotoxin Limulus amebocyte lysate(LAL) assay 't~~~~~~~ttff~~?~~g~I~~;~~f~~M~Y'ZQiQ)
Sterility Method outlined in
(bacterialand fungal) 21 CFR 610.12 No growth

Clearsolutionfree of
Appearance Visual inspection particulates

Physiologic (7.0-7.4) but may be
pH pH meter product-specific

HPLC or capillary gel electrophoresis
Purity .Plasmid confirmation(ccc vs oc) (CGE) >97% ccc
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Table 4 (continued)

Acceptable
level in

AssayType Issue Determined By Final Product

Invitro
Enzyme-linked immunosorbent assay
(ELISA)
Fluorescence-activated cellsorter
(FACS)
Reverse transcription(RT)-PCR Transgene/plasmid

Potency Labeled dose Lightabsorbance (Au o) specific

Introduction of Genetic Material into Cells-Gene-Modified Cells

Acommon extension of celltherapy involves the introduction of genetic material, usually DNA, into cells to alter their pattern
of gene expression.While discussion focuses on DNA, similar scenarios can be applied to RNA or a derivative of DNA, except
that the stability and solubility of the particular nucleicacid may dictate modifications of certain steps. The general process is
often referred to as ex vivo gene therapy because the cells are removed from the patient or donor and the genetic material is
introduced while the cells are outside of the body. The geneticallymodified cellsare then administered to the patient. The
genetic material introduced can either cause expressionof new genes and products or inhibitthe expressionof alreadyexpressed
genes and products. The latter represents a type of antisense therapy. The genetic material can be introduced by the same
range of reagents that are involved with gene therapy: viral vectors, nucleicacids in a simpleformulation (naked DNA), or
nucleicacids formulated with agents such as Iiposomes that enhance their ability to penetrate the cell. Most of the steps and
considerations discussedabove also apply to the ex vivo introduction of genetic material into cells. The main goal of ex vivo
therapy is to develop robust processes that will work with the majorityof the patient's or donor's cells. This takes considerably
more effort than processesfor cell lines.

The method for introducing new genetic material into cellsd~pen~~~n}h.~ biology of the system and the desired stability
of gene expression. Ifa simple retroviral vector such as"'Molc:>.I1~Y"'(USP1-MaY-2020) murine leukemia virus is used for transduction,
the cells must be actively dividing because vector DNA is integrated into the cellularDNA only during replication.This usually
leads to long-lasting expression of the desired gene product. Adenoviral vectors, naked DNA, or formulated DNA can be
introduced into nondividing cells. However, gene expressionwill be transient because the introduced DNA will usually be
extrachromosomal.

The main challenge in ex vivogene therapy is to achieve efficient transduction or transfection, introducing sufficient DNA
into the cellbefore the DNA degrades. Inthe case of transduction by simple retroviral vectors, cells are stimulated with reagents
that cyclethem into the S phase (replication) at the time that the vector is applied. Most retroviral vectors are stable in cell
culture for a period up to a few hours. Because diffusion isminimal, only a smallfraction of viral particleswill come into contact
with cellsduring this period. The following techniques can be used to increase the number of viral particlesthat contact the
cell in a given time period: .

1. Maximization of viral particle concentration and minimization of the media volume during the transduction step.
2. Multiple applications of the virus. .
3. Centrifugation of virus particles onto the cells.
4. Placing cellson a filterand slow pulling viral media through the filter.
5. Addition of binding-enhancing polymers to the media. [NOTE-CO-culturing the target cells with the viral producer cells

is not recommended. Thistechnique increasesthe chance of a recombinant event and production of RCV. Furthermore,
any product for which co-culturing is used to transduce the human cells would be considered a xenotransplant if the
producer cells were not human. The second cell type, whether human or not, may cause inflammation.]

Each of these techniques has its own set of issues that must be addressed in order to develop a robust process. In technique
1, reduction of the volume during transduction results in rapid exhaustion of the medium, so supplemental medium should be
added within a few hours. In technique 2, the cells may no longer be in the correct cellcycle phase during later applications,
or cellsmay have become refractorybecause of unproductive transformation during the previousapplication.Techniques 3 and
4 can workwellon a verysmallscale, but the number of cells that can be transduced may be insufficient to obtain an efficacious
dose. In technique 5, polymers may fail to provide a benefit because virus binding may involve specific receptors for which
surface density may prove to be the limiting factor.

Similar issues and techniques can apply with other viruses or DNA preparations. The issueof slow diffusion is even more
marked for the use of DNA preparations. Factors such as the cell type in which the viral vector was produced, the media used
for vector production, and the purity of the vector can have a pronounced effect on the efficiency of transduction. Although
certain methods may not require cellsto be actively cycling, in practice, most processes require that cells be capable of
replication because of the following considerations:

1. Safetyconsiderations may dictate that only cells that express the new DNA are returned to the patient, which requires
that these cells be selected. As described below, the most common selection method uses an antibiotic-resistantgene
that isco-introduced with the new genetic material.

2. Further propagation may be required to achieve the therapeutic dose of cells.
3. Economic, biological, or technical reasons may dictate that the DNA introduction step be carriedout at a lowcellnumber

and that the desired cell population then be expanded to the required dose.
Therefore, conditions that enable the cell or maintain its ability to proliferatemust be developed in almost all cases. The

biologyof the cells, the available technology, and processeconomics will determine whether cells are propagated before, after,
or during the introduction of new genetic material. Most processes do in fact expand the population after the introduction of
the new gene.
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Whether cells that do not productivelyexpress the gene can be administered to patients depends on the biologyof the
application, the dose required versus the handling capability of the manufacturing system, and, most importantly, the toxicity
of the nonproductive cell population. Selection of the geneticallymodified cell population iscommonly carried out using an
antibiotic-resistance marker gene, such as neomycin, which isco-introduced into the cell with the new genetic material. For
neomycinselection, cells inculture are treated with the antibioticG418 at a concentration and for a period that has been shown
to kill cells with nonproductive expression while allowing the productivelyexpressing cells to proliferate. In this manner cells
that are resistant to the antibiotic are presumed also to express the DNA of interest. The expression should be tested as a
lot-release requirement or verified in a seriesof mock runs. Because most antibioticsdecrease cellular proliferation, optimization
of the culture media composition may be necessaryfor efficient selection and propagation of the gene-modified cells.

Following the antibiotic selection step, a second phase ofantibiotic-free cell propagation may be required in order to achieve
the desired dose and to rinse residual G418 out of the system. The selected medium and the total time that the cells are in
culturecan be critical to maintaining the desired expression of the original differentiatedfunctions.Anadditional issueassociated
with the use of selection markers is that they generallyare nonhuman genes. The expressionof these genes usually elicits an
immune response. Process development isoften carried out with cells from healthy donors. Considerationshould be given to
the fact that for verysickpatients, healthy cells that can be stimulated to undergo efficient, sustained replication are difficult to
obtain.

Manufacturing, cell processing, and analytical testing issues pertinent to cell-based products are addressed in (1046).

Formulation of Gene Therapy Products

ON-SITE PREPARATION AND ADMINISTRATION

Final formulationsfor gene therapy products are still in earlydevelopment, and currently most gene transfer vectors are
stored in solution at ultra-low temperatures. Successful formulation of candidates for gene transfer relies on a thorough
understanding of the physicochemical and biological characteristics unique to each vector system. Factors like solution pH,
ionicstrength, and osmolarity influence the thermal stability of viral and nonviral vectors. Organic carbohydrates such as
mannitol, sorbitol, sucrose, and trehalose have been incorporated into preparations to prevent disruption of the native
conformation of the vector in solution, during the freeze-thaw process, and during lyophilization. Aminoacidssuch as arginine
and leucine have been incorporated into formulationsfor their buffering effects and to prevent aggregation. Surfactantssuch
as the Tweens, Spans, and Pluronics have been effective at preventing aggregation, but this effect issomewhat vector-specific
becausesome vector products are easily disrupted by these reagents. Lipids, polymer, and extraneous proteins (human albumin
and gelatin) have also been incorporated in many vector preparations because of their ability to prevent loss of vector from
direct interaction with pharmaceutical surfacesand during freeze-thaw cycles.

Before initiatinga program for formal screening offormulations for a vector, the following factors should be considered. The
required dose and/or storage concentration of the final product, as wellas the specifics of the container-closure and/or delivery
systemshould be established.Analytical methods to assess potency and identifydegradants should be in place.The expectations
of the formulation must also be defined. Some pragmatic criteriafor the design and selectionof vaccineformulations for use
worldwideare: 1) the final product should be in a formulation that affords an 18- to 36-month shelf life when stored at 2°_8°
or above, 2) the formulation should have an acceptable stability profile at ambient temperatures to cover short-term storage
and transportation in the field, 3) it should adequately protect the vector from damage during freeze-thaw cycling, and 4) it
should consist of reagents that are pharmaceutically acceptable and within physiologically acceptable concentrations.
Formulation changes during clinical development must be supported with preclinical studies and stability data. Sufficient time
should be built into plans to account for this.

To date, littlework in the area of formulation development of retroviral vectors with additivesapproved for human use has
been described. The most significanteffort to develop stable formulationsfor gene transfer has been with recombinant
adenoviruses. Recently, identification of the mechanisms by which recombinant adenoviruses degrade in solution led to the
development of several liquid formulations that stabilize the virus for up to 18 months at 4°. Adeno-associated viruses are
regarded as one of the most stable viral vectors. Thisvirus has been documented to be stable for approximately 4 months in
phosphate bufferedsalineat 4°. Addition of cryoprotectants and surfactants prevents aggregation of virus particlesand extends
the shelflife to 1 year. Lyophilized formulations of both adenovirusand AAV with shelflives of several yearsat room temperature
have also been described. Although nonviral vectors have been found to be robust in standard buffers at 4°, their
stability may be extensively influenced by extraneous components targeting. Consider the nature
of those components when developing stability protocols and strategies.

One or more product modifications or preparativesteps may be required before administration of the gene therapy product
to the patient. These modifications or steps are frequently performed close to the time of administration, and, therefore, they
are performed under conditions not under control of the original manufacturing facility. The nature of these modifications is
dictated largelyby characteristics of the product in relationship to the particularapplication. These include thawing, washing,
or filtration to remove unwanted product manufacture-related materialsand also include defined physical space with
appropriate erwironmental controls, trained personnel, detailed standard operating procedures, and a comprehensive quality
program.

The unique and irreplaceable nature of many gene therapy products, e.g., gene-modified cells, many of which have
originated from an autologous or a selected allogeneic tissue source, creates special considerationsfor product manufacture,
release, and administration. Issues pertinent to the administration of cell-based products are addressed in detail in (1046).
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On-Site Preparation

PRODUCT MANIPULATIONS

Genera/Information / (1047) 7439

Before administration, on-site preparation of the gene therapy product may involve one or more manipulations, including
the following:

• Change in final container: The manufactured product may have been stored or transported in one container but may
require transfer to a different container for administration.

• Change in physical state or temperature: A product may require thawing from the frozen state or warming from the
refrigeratedstate.

• Change in solution or suspension: Aproduct may have to be dissolved, diluted, or suspended in a liquid.
• Addition to biocompatible structural material: Agene therapy product may need to be combined with living, natural,

or synthetic structural tissue or matrix. Examples of matrix material include hollowfibers, fibrous sheets, gels, plugs,
capsules, sponges, or granules.

• Admixture or compounding with other nonstructural materials: Aproduct may require mixing or compounding with
drugs, cytokines, biologics, or other nonstructural materials.

• Filtration or washing: Unwanted materialsin the manufactured product, such as particulates,cellulardebris, metabolites,
or compounds remaining from previous manipulations may require washing or filtration steps.

• Sampling: Sampling of the final product immediately before administration may be required for certain clinical protocols.

FACILITY REQUIREMENTS

Facility requirements for performing on-site preparative steps or administratio~.8f~~~etherapy products depend on the
nature of the products, their applications, and the manipulations required.t"'(USP;il'MaY"2020)

RELEASE OF FINAL PRODUCT

Gene therapy products that undergo on-site preparative steps or manipulations must be subjected to appropriate checks or
tests to ensure that all quality specifications are met before releasefor patient administration. The nature and extent of
manipulations will determine whether release requirements or critical specifications must be added to those required
immediatelyafter initial manufacture. Prerelease requirements usually include the following:

1. Physical inspection of the product, which typically includes measures to ensure appropriate product appearance with
regard to color, turbidity, particulates or foreign matter, container integrity; product temperature; and accuracy and
convenience of labeling

2. Review of process records
3. Forpatient-specificproducts, clerical checking of product labeling or records related to the identity of the intended

recipient.
A·~(USp l-May-2020)

Administration to Patients

PRE-ADMINISTRATION REQUIREMENTS

Depending on the specific gene therapy application, trained patient-care staff must take steps to prepare the patient for
product administration. Thesesteps are aimed at ensuring that the product will provide the intended therapeutic outcome and
at minimizing the risk of adverse effects. Issues pertinent to administration of cell-based products are addressed in (1046).
Generally, a thorough re-evaluation of the patient's general condition and suitability for therapy must be performed close to
the time of product administration. Thisevaluation usually includesa patient history, physical examination, and laboratory
studies such as blood counts and chemistries. In addition, staff may obtain baseline physical orfunctional measurements,
laboratory tests, or imaging studies relevant to the specific application. Examples include pulmonaryfunction tests for a therapy
aimed at improving lung function, measurement of blood levels of an enzyme that is the gene product in a gene therapy
application, and nuclear imaging of organs before anticancer therapies.

Avarietyof patient interventions related to route of administration may be required before product administration. For
therapies that require intravenous administration, patients with poor peripheral venous access may require placement of a
central venous catheter. In applications where gene-modified cells or matrices combined with cells are implanted into the
patient, the site of implantation may require preparation in the operating room. This may involve surgically opening the site,
removing the degenerated or damaged tissue, trimming of the adjacent tissue to accommodate the implant, and excisingthe
tissue from a second site to be used as an anchor or support for the implant. For instance, in the case of products for wound
healing, it iscritical that the site for grafting be free from infection and that it demonstrates awell-prepared wound bed. W~ere
gene-modified cells are intended to repair cartilage defects, the site of damage needs to be prepared so that the cellscan be
applied to a water-tight compartment. Forapplications involving direct administration of the product into an organ system(for
example, bronchioalveolarsystem) or vascularnetwork (for example, coronary arteries), the patient may require endoscopic or
surgicalaccess to these sites. , '

In all cases, the need for adequate anesthesia and premedication must be carefully evaluated in conjunction with these steps
before product administration. Pre-administration patient evaluation must also include assessment of concurrent therapies that
may interact with the gene therapy product to modify its effects. Some therapies may be considered adjunctive to the gene
therapy, such as cytokinesthat promote proliferation or differentiation of the infused or implanted tissue. Other commonly
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used drugs such as antibiotics, antineoplastics, anticoagulants, and anti-inflammatory agents must be evaluated for possible
effects on the efficacy of the gene therapy product.

PATIENT TREATMENT

Some gene therapy products are patient-specific because they are manufactured from a selected tissue source, such as
autologous, selected allogeneic, or xenogeneic tissue. Certain patient-specific products have a defined potential for benefit or
adverse immunoreactivity. Systemsmust be in place to prevent administration of such a product to the wrong patient.
Recommended systems include procedures similarto those used for administrationof human blood products, includingspecial
attention to the correct identification of the patient and patient-specific product by at least two people immediately before
administration. These issues are addressed in greater detail in (1046). Gene therapy products can be administered by a variety
of routes. These includeparenteral injection, inhalation,and gastrointestinalroutes. Other possibilities includedirect application
of gene therapy products into regionalvasculature, organs, tissues, or body cavities by means of needlesor catheters or following
surgical exposure of the tissue.Although parenteral administration can be accomplished in routine outpatient or inpatient
facilities, the other means of administration may require specialized facilities such as an aseptic operating theater or endoscopic
suite. In all cases, standard operating procedures and a quality program must be in place to ensure that the product is
administered in the intended manner.

POST-ADMINISTRATION MONITORING OF PATIENT

There should be written policies and procedures for monitoring patient outcomes and managing reports of adverse events.
Patient outcome assessment should include indicators that are likely to detect errors or problems related to the entire
manufacturing process, with special attention to manipulations, storage, or transportation after the initial manufacture of the
product. Management of adverse reactions should include procedures for ensuring prompt medical evaluation and treatment
of patients with suspected adverseeffectsand a systemfor reporting and evaluatingadverse effectsthat may point to a potential
defect in the administered product. Reporting procedures include providing details required for federal, state, or USP
adverse-event reporting programs.

Follow-up and monitoring procedures should be implemented for patients who have received gene therapy vectors or ex
vivo gene therapies. To the extent that it is relevant and that it can be assessed, vector or gene-modified cell biodistribution
and persistence in vivo should be monitored. With direct administration of vectors, localization to the germ line may be an
issue. Although preclinical studies can address this issue, useful information may be gained by patient monitoring. When a
retroviral vector has been administered, patients should be monitored for replication-competent retrovirus (RCR) according to
the FDA's Guidance for Industry: Supplemental Guidance on Testing for Replication Competent Retrovirus in Retroviral Vector Based
Gene Therapy Products and During Follow-up ofPatients in Clinical Trials Using Retroviral Vectors (October 2000). This involves
active monitoring during the firstyear and archivingof patient samples thereafter if RCR is not detected initially.

Database systems to collate and track patient-monitoring resultsare essential to management of this information. National
registries or publication of data should be considered for establishing the collective safety of gene therapy.

ANALYTICAL METHODS

The complexity and scope of gene therapy products are reflected in the wide range of analytical procedures and their
methods that are used to assess product quality. Approved gene therapy products must comply with applicable sections of
21 CFR 211 and 610 to ensure their identity, dose, potency, purity, and safety. Specific guidance for the identification,
development, and validation of analytical methodologies to support celland virus bank characterization,final-product release,
and stabilitystudies iscurrently provided in FDA quidelinesfor gene therapy manufacturing and testing (see Appendix); in
(1225); and in the ICH guidelines Q2(R1) and Q6B. Most product-specific analytical methods for gene therapy products have
not been standardized. Even well-defined tests such as those described under SterilityTests (71) may not be directlyapplicable
to certain gene therapy products. Forsome gene therapy products, large quantities of clinical material may not be available
during early clinical development. Some required tests (e.g., sterility) may require modification. Consultation with regulatory
authorities is advised.

Table 5 providesan overview of product-specific testing parameters for the biological component and general methods or
approaches used to satisfy the testing requirements for nonviral, viral, and gene-modified cellulargene therapy products. The
analysis of gene therapy products relies heavily on biological assays, but it also uses methodologies developed for
biotechnology-derivedproducts. The intent of this section isto outline the types of methods and their specific applicationswith
regard to product characterization, stability, and release testing. Process validation may alleviate the need for certain specific
lot-releasetests. Development of appropriate reference materialsand standards for viral, nonviral, and gene-modified cellular
gene therapy products should be a part of product development. Reference materialsshould be fully characterized in order to
provide continuity between standards over time. In the case of gene-modified cellulargene therapy products, the reference
material may be a surrogate tissue or simulated product. Reference materialsare briefly addressed in the FDA's Guidance for
Industry: Potency Tests for Cellular and Gene Therapy Products.

Gene-modified cellulargene therapy products may require a rapid-release approach ifthey have a limitedshelf life (see
(1046». The rapid-release approach is not usually applied to viral and nonviral gene therapy products because these products
are sufficiently stablefor completion oftesting before release.Someformulated nonviral gene therapy products alsohave limited
shelf lives. In such cases, the individual components are tested before release and the formulated complex is not tested. The
formation and stability of the formulated nonviral gene therapy complex is established viavalidation studies during product
development.
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As specified in CFR, product samples must be retained after product-release testing iscompleted. Retain additional samples
ifrapid-release strategiesare employed so that product qualitycan be reassessed byalternativeor traditionaltest methodologies,
if necessary.

Table 5. Analytical Tests for Cell and Gene Therapy Biological Products

Gene-Modified Cellular
Gene Therapy Products

Test Gene Therapy Product Viral Nonviral

· Surfacemarkerdetermination

· Species · Restriction enzyme map · Restriction enzyme map

· Morphology · PCR · PCR
Identityof Biological · Bioassay · Immunoassayfor expressed gene · Immunoassay for expressed gene
Substance · Biochemical marker · Sequencing · Sequencing

· Particle number· Viable cellnumber · Transducingunits(DNA hybridiza- · Plasmid-DNA weight· Enumeration of specific cell popu- tion assay) · Formulated-complex weight HPLClation · Total protein or capillary electrophoresisassay· Total DNA · HPLC assayusing authenticated using authenticated reference
Dose · Total protein referencestandard standard

· Viable cell number (cells intended
for structural repair)

· Bioassays
0 Colony-formation assay
0 Function of expressed gene
0 Inductionof secondary effect

[e.g., human leukocyteantigen
(HLA) induction, secretion of · Function of expressed gene (in- · Functionof expressed gene (in-
cytoldnes, and up-regulationof duction of secondaryeffectand duction of secondary effect and

Potency surface marker] other bioassays) other bioassays)

· Residual host-cell DNA · Percentage of specificphysical

· Process contaminants (e.g., serum form (e.g., percentage super-
and cesium chloride) coiled)

· Residual helper virus · Residual host-cellDNA

· Percentage of viablecells · Opticaldensity ratio · Residual RNA

· Percentage of transduced cells · Residual host-cell proteins · Residual host-cellproteins

· Percentage of cellswith specific · Viral protein profile(HPLC assay · Residual solvents
surface marker for defectiveor immature partl- · Opticaldensity ratio

· Process contaminants (e.g., se- c1es) · Process contaminants (e.g., cesl-
Purity rum) · Residual RNA um chloride)

· Mycoplasma

· Sterility · ,ti(USPl :May-2020)

· Pyrogenand endotoxins · Sterility

· Adventitious viruses · Pyrogenand endotoxins · Mycoplasma

· Residual virus · Adventitious viruses · Sterility
Safety · Replication-competent v,ector · RCV · Pyrogenand endotoxins

Sampling Issues

Samplingfor lot-release testing should be based on the potential distribution for the parameter tested. See Stability-Protocol
Development for additional considerations. Samplesfrom each lot should be retained in case of a safetyor quality issuewith the
lot. Even ifthe product has a veryshort shelf life, these retained samples can be used to detect impurities and other substances.
The need for proper design of the sampling scheme is highlighted in safety testing for adventitious agents or in assessment of
RCV for gene-modifiedcellor viral gene therapy products. Insuch cases, processvalidation assists indetermining the appropriate
statistically based sampling design.

Safety

Safety testing for gene therapy products focuseson three issues: 1) detecting contamination from adventitioussources during
product processing, 2) preventing the use of packaging cell linesand plasmids that potentially permit genetic recombination
between vectors and the packaging cell lines or plasmids-or among the vectors themselves, and 3) testing the final product
to ensure a safe level of undesired genetic and/or structural variants or other viruses used in processing.

The primary means of assessingsafety are the performance of biological assays to measure adventitious agents directly.
Molecular biology-basedassaysthat measure adventitiousagent DNA or RNA or detect undesired genetic variantsare also used.
Although live geneticallyengineered vectors officially fall outside its scope, the detailed information available in the ICH Q5A
guideline, presented in (1050), should be consulted because the principles apply. .

VIRAL GENE THERAPY PRODUCTS

One of the primarysafetyconcerns associated with viral vectors used for gene therapy isthe occurrence of undesired genetic
variants. Among them the most critical type, and probably the best studied, is RCV. RCV is more dearly defined for
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replication-incompetentviral vectors, but for conditionally replication-competent viruses it refers to undesired genetic variants
that have lost selectivity toward the target cells and thus might raisesafety concerns. Regardless of the virus, these concerns
are based on the potential lackof predictability for the pathogenicity of a contaminating virus for a specific route of
administration, particularly if it is not the normal route of infection or if humans are not a natural host for the virus. The
pathogenesis of a wild-typeadenovirus infectionis known but may not be predictivefor the routes of administration employed
with recombinant adenoviralvectors. Forreplication-incompetentadenoviral vectors, a limitof 1 RCA per 3 x 1010 viral particles
iscurrentlyconsidered acceptable (see the FDA's Guidance for FDA Reviewers and Sponsors: Contentand Review of Chemistry,
Manufacturing, and Control (CMC) Information for Human Gene Therapy InvestigationalNew Drug Applications (lNDs)].

Typically, RCA levels are determined by a cell-based assaythat allows amplification of the RCA while preventing replication
of the product. The cell line most often used for amplification and detection of RCA is the A549 cell line. However,s8fl'1~ ....
r~combina~t~~enoyir~IY:st8~s.express therapeutic genes that interferewith analysis on A549 cells. Insuch cases, '~;:l1"l9th~r
celllil1e<istJsed;Th.(3~(usPl:lvlaY:~Q20) cell line ischosen on the basisof resistanceto the effectsof expressionof the transgene and
with subsequent passage of cell lysateor supernatant onto A549 cells for amplification and detection of the RCA. RCA is most
often detected by visual observation of the cytopathic effect, but it can also be detected in the A549 cellculture by immuno­
or polymerase chain reaction (PCR)-based methods.

Quantitation of the RCA level is based on the quantity of sample tested and the detection limitof the assay. Typically, RCA
bioassays are validated as being able to detect 1 plaque-forming unit or infectious unit of RCA in the test sample over a wide
range of test-sample sizes. Test-samplesizes can range, but they are typically based on the FDA RCA acceptance limit. Toverify
detection limits, include spike controls as part of the test, even with validated assays. Forrecombinant adenoviruses produced
using HEK293 cells, RCA detection by PCR on the final products or the progeny virus amplified in HEK293 cells can be
confounded by detection of residual HEK293 host-cell DNA (detection of the El region). PCR assays, however, can be designed
to specifically quantitate host cell DNA contamination and can be made specific to particularforms of slow-growing RCA.
Quantitative PCR assays can be used in conjunction with a cell-based method for precisequantitation of RCA levels. When a
tested sample isfound to be positive, the identity of the RCA is usually confirmed by conducting PCR analysis. This rules out
the possibility that contamination of the assay by exogenous Wild-type adenovirus or other adventitious agents is responsible
for the positive result.

For conditionally replication-competent adenoviruses or other replication-competent viral vectors, testing for RCV or
undesiredgenetic variants is usually more complicated and vector specific. Usually one or two nonpermissive cell lines that are
not target cellsare infected with the replication-competent virus in attempts to produce progeny virus. In order to generate a
sufficient quantity of progeny population for analysis, analystssubject the infectionto multiple passages and extended culture
time. Two normal fibroblast cell lines that are easy to culture, WI-38 and MRC-5, have been used as the model nonpermissive
cell lines for detecting RCA in replication-competent adenovirus products. Even after multiple passages on the nonpermissive
cell lines, itmay be necessaryto amplify the progeny (whichtend to appear only in minute quantities) in permissive or packaging
cell lines to a sufficient quantity for subsequent testing. The resulting progeny should be tested for changes in biological
selectivity and genetic composition. Usually the genetic characterizationof the progeny population includesrestriction enzyme
mapping followed by Southern blotting, PCR, or nucleotidesequencing. After the genetic elements unique to RCV or undesired
genetic variants are identified, quantitative PCR assays can be designed to monitor the level of RCV after amplification in
nonpermissive cell linesor sometimes, ifthe sensitivity isadequate, directlyin the final product without biological amplification.
Using a spike control in the biological assayfor detecting RCV isencouraged but may not be applicable to all cases. Currently
there is no specifiedacceptable limitof RCA for conditionally replication-competent adenovirus, although clinical safety has
been reported for an oncology application with several thousands of RCA per dose.

For retroviral vectors, testing for RCR is required for cell banks,viral vector production lots, and any resultingex vivo product
lots (see FDA's Guidance for Industry:Supplemental Guidance on Testing for Replication Competent Retrovirus in Retroviral Vector
Based Gene Therapy Products and DuringFollow-up of Patients in ClinicalTrials Using Retroviral Vectors). Standard assays have been
designed to detect replication-competent MLV. The pathogenesis and potential long-term toxicityof low-level amphotropic
MLV in human beings isnot known. Methods commonly used to detect RCR includean amplification of virus titer by application
of product to a replication-permissive cell linesuch as Mus dunni. Because infection is limited by the ability of a virus to reach
the cells by means of Brownian motion, procedures (e.g., centrifugationand filtration) that physically bring the virus into contact
with the cellscan be used to enhance detection. However, high-titer recombinant vector can interfere with the detection of
low-level RCR, and this interference may be enhanced by such methods. Infected cells are passaged several times to allowviral
replication. Culture medium is harvested at the end of the culture period, and RCR isdetected by using an indicator cell line.
If the product isan amphotropic MLV, RCR can be detected by using a feline cell-based PG4 S+L-assay, a minkcell-basedMiCI
S+L- assay, or a marker rescue assay. In S+L-assays, the RCR expresses proteins that lead to transformation and subsequent
plaqueformation on the monolayer. Ina marker rescueassay, RCR infects a cell linethat expressesa retroviral vector encoding a
markergene such as ~-galactosidase, drug resistance, or a fluorescent protein. The vector is packaged by the proteins supplied
to it in trans by the RCR. The potentiallyvector-laden supernatant is transferred to naivetarget cells that are then screened for
expression of the marker vector.

Testingfor RCR is performed by co-cultivation of the cell line or amplification of vector supernatant with an RCR
replication-permissive cell line, typically M. dunni, for several passages. Culture medium is harvested at the end of this
co-cultivation process and applied to an appropriate indicator cell lineas described above. Note that artifactsmay be generated
during the co-cultivation assay by expression of an endogenous virus in the permissive cell line or by fusion ifthe
vector-producing cell line iscultured directly with a marker rescue cell line. In addition, co-cultivation may not be possible for
ex vivo cell products that have specific culture requirements or limited culture life spans.

Methodologiesfor testing the presence of RCR in crude, purified bulkor final vector products are not specified. The FDA has
deposited a reference standard of an amphotropic hybrid MLV with the American Type Culture Collection (ATCC). This viral
stock has been assigned a label titer and should be used in assayvalidation. Method validation should demonstrate the ability
to reproduciblydetect a single RCR particle in individual product types because the product and its related impurities can
interfere with the detection of RCR. Currently, there are no acceptable limits for RCR contamination in products. Any product
lot found to contain RCR cannot be used for human use. Reference standards for assessing RCV in other viral vectors including
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ecotropic xenotropic or pseudotyped MLV, adenovirus, and lentivirus have not been developed. The adenovirus reference
material ~hich consi~ts of wild-type human adenovirus type 5, has been used as a spike control and during validation of RCA
assays but this practice may not be applicable to all RCA assays. Amplification and detection of replication-competent human
immu~odeficiency virus (HIV), especially its pseudotyped variants, may warrant specialcontainment and handling procedures.

Additional safetytesting usually focuseson methods similar to those described in Biological Reactivity Tests, In Vivo (88), Safety
Tests-Biologicals and (71). Forviral gene therapy vectors produced using a human cell line, performance of the in vitro
adventitious agent bioassays using three cell lines is recommended. Foradenoviralvectors, specific tests for adeno-associated
virusare also recommended. Foradeno-associated virus, specific tests for adenovirus and herpes virus are recommended.
Material for testing should be derived from the stage of manufacture that provides the greatest chance of detection, which
could be prebulk (e.g., late-stage fermentation), the bulk, or the final product.

NONVIRAL GENE THERAPY PRODUCTS

Safetytesting usually focuses on methods similar to those described in (88) and (71). Safety testing should be performed on
nonviral formulated material. Ifthe shelf life of the formulated nonviral product is very short, then the components should be
tested individually.

Safetytesting for undesired genetic variants that might emerge during the manufacturing process in nonviral gene therapy
products is similar to that for RCV testing for viral vectors but with more vector-specific considerations. Typically, molecular
biology-based methods are applied to the final product to test for variants. When genetic stability isestablished by process
validation, the assaysfor monitoring the levels of undesired genetic variants may be limited to restriction enzyme mapping
followed by further confirmation of critical genetic elements (such as transgenes or regulatory elements) by PCR or Southern
blotting.

Dose-Defining Assays

An assaythat preciselymeasures the amount of the product is referred to as a dose-defining assay, and it is selected on the
basis of its accuracy and precision.Anassaythat measures therapeutic activityof the product is referredto as a potency assay,
and it isdesigned to measure product function. The design of the assaydepends on the type of product. Inthe case of chemical
and protein drugs, the assays measuring the amount of active ingredient (dose) are referred to as strength assays. Product dose
can be defined as the concentration or amount of the drug product administered to the patient, and it is typically measured
as product mass.

Particle concentration isa commonly used measure for viral vector product dose. Particle concentration may be measured
by physical, biophysical, or in vitro cell-basedassays. Forexample, quantitation of purified adenoviral particles may be
determined by using the optical density of a solution of virus in 0.1% (w/v) sodium dodecyl sulfate (SDS) solution at 260 nm,
because a relationship between absorption and particleconcentration has been published for adenovirus. The particle number
concentration isequivalent to the product of the absorbance at 260 nm in a 1-cm cell, the dilution factor, and 1.1 x 1012

particles.Amethod that has become standard in determining particleconcentration is integration of viral peak area of 260 nm
and/or 280 nm absorbance against an authenticated reference standard in an anion-exchange resin-based HPLC assay.
Compared to the optical density method, the HPLC method has the advantage of eliminatingthe interference offree DNA and/
or capsid proteins on quantitation of viral particles. Anadenoviral reference material (ARM) fromATCC has an HPLC-determined
particleconcentration establishedfrom a large-scale collaborationthat involved many laboratories. Wheneverpossible,the ARM
should be used to calibrate the internal HPLC method and reference material.

Virus concentration can also be assessed by the measurement of selected structural proteins with known molecular masses
and known copy numbers within the virion. Forthis method, the virus must be lysed, and the structural proteins must be
separated by using an appropriate, high-recovery chromatographic procedure (e.g., reversed-phase HPLC). The
chromatographic separation and the identity and the purity of the selected structural protein must be verified during assay
validation bymethods such as SDS polyacrylamide gel electrophoresis (SDS-PAGE), peptide sequencing, and massspectroscopy.
The selected structural proteins can be quantified, for example, by integrating chromatographic peaks at 214 nm and
comparing the area to that of an authenticated reference standard. The virus concentration can then be calculated based on
the molecular mass, the copy number, and the measured mass of the protein. Very importantly, the virus concentration can
be estimated simultaneouslyfor multiple structural proteins, which allowsthe use of this assayin relatively impure virus
preparations. This method has been applied to adenovirus and should be applicable to other viral vector types.

Biophysical methods of determining particlenumber includedirect quantitation of vector nucleic acid by radiolabeled-probe
hybridization and indirect quantitation by amplification of template nucleic acid [e.g., PCR and reverse transcription (RT)-PCR]
or by signal amplification (e.g., branched-chain DNA using multiple-probe hybridization). .

Incaseswhere biophysical methods are not available, bioassays that measure gene-vector titer have been used. These involve
infection, transfection, or transduction of a susceptible cell line in vitro, followed by some measure of the product uptake.
Methods for quantitation or estimation of the number of infection, transfection, or transduction events include plaque-forming
unit assays, tissue culture infectious dose assays based on cytopathic effect of 50% tissue culture infectious dose (TCiDso) or
immunofluorescent detection of an expressed vector protein, or a quantitative DNA-hybridization assay. Examples follow: For
replication-competent adenoviral gene therapy products, the ARM available from ATCC has a defined range of TCIDso titer
determined via a collaborativeeffort. Whenever applicable, it should be used in validation of an internal reference standard or
assay control of infectioustiter assays. However, because of the likelihood of genetic differences between the ARM, which is
wild-type human adenovirus type 5, and the replication-competent adenoviralgene therapy product, it may not be reasonable
to normalize the titer of the vector of interest to that of the ARM.

For retroviral or lentiviral gene therapy products or AAVs that carry a selectable marker (e.g., that for neomycin resistance)
or a reporter gene (e.g., ~-galactosidase) inaddition to the therapeutic gene, the infectious titer iscommonly determined by
measuring the number of transduced or infectedcells expressingthese nontherapeutic proteins.Vectortiter istypically reported
as the number of colony-forming units (cfu) per mL for cells transduced with viral vectors that contain drug-resistance markers
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and are selected for growth in drug-containing medium. Titerbased on ~-galactosidase can be expressed in terms of blue cfu/
mLafter staining and counting the cells that convert the ~-galactosidase substrate X-Gal into a blue chromophore. Forvectors
without a marker gene, quantitation of transduction has been measured precisely by using quantitative PCR or has been
estimated by hybridization methods.

Most nonviral gene therapy products contain plasmidDNA, and their usualmeasure of dose isthe DNA mass.The DNA mass
may be determined in the formulated state, and, if recombinant protein is included in the formulation, the total combined
mass of allformulation components based on a specific ratio can be used. DNA concentrations greater than 500 ng/mL are
most simplydetermined by using optical density measurement at 260 nm. Thismethod is not generally applicable to
lipid-formulated DNA. Because RNA and proteinsalsohavesignificant absorbance at 260 nm, other analysesmust be performed
to demonstrate minimal contamination with RNA, protein, or residual host-cell chromosomal DNA. Dyes that specifically bind
to double-stranded DNA allowaccurate measurement of DNA concentrations of less than 500 ng/mL when calculated against
an authenticated DNA standard curve. PicoGreen isone such fluorescent dye, and it is minimally affected by single-stranded
DNA, RNA, proteins, salts, and detergents. The fluorescent dye Hoechst 33258 also binds to both double-stranded and
single-stranded DNA and it can be used to determine DNA concentrations as low as 0.3 ng/mL. The Hoechst 33258 does not
bind to protein or RNA, and it can accuratelydetermine the DNA concentrations in crude samples.

Methods such as capillary electrophoresisand HPLC employing an authenticated reference material can also be used to
determine the strength of nonviral products.

Potency

Potency isdefined as the therapeutic activity of the drug product. Together with dose, potency defines the biological activity
of each lot (see Dose-Defining Assays). Potencycan be assessed by in vitro or in vivo bioassays. It is not uncommon for these
assays to have coefficients of variation between 30% and 50%, although stringent assaydesign with good statistical
consideration could help reduce assayvariation. These assays require a well-defined, representative reference material that can
be used as a positive control for the assayand/or in calculation of the relative potency of the test article.The general
consideration for bioassays in current USP chapters on design and development of biological assays should be applied to the
potency assaydesign for gene therapy products. The positive control qualifies the performance of an individual assay. Potency
assay development should focus on characterizing and controlling variability. High-precision assaysare more effective tools in
monitoring product quality. Information about potency assayvariability should be incorporated into the stability study design
and the proposed statistical approach to assignment of expiration date (see Stability).

Bioassays employed to measure the potency of viral and nonviral gene therapy products generally involve infection,
transfection, or transduction of a susceptible cell line in vitro, followed by some functional measure of the expressed gene of
interest. Functional assays for the therapeutic gene (e.g., those measuring enzyme activity and cell growth stimulation or
inhibition)should generally be used instead of analytical methods such as enzyme-linked immunosorbent assay(ELISA). When
the biological function of the expressed transgene exhibitsa broad range of activities or onlygenerates semiquantitative results,
the ELISA or other immunological or biochemical readouts can be used as a surrogate potency assay with a tight specification
range ifextensivecharacterizationdata isavailable to demonstrate that allexpressed protein is biologically active. Forexample,
in the case of a gene therapy product expressinga cytokine, cytokineexpression is usually quantified by ELISA first, and the
result is used to adjust the sample dilutionfor the functional assay.The potency of such vectors may be better controlled by
the ELISA quantitation results, but the biological activity of expressed cytokinecould be used to verify that the measured mass
is biologically active without the requirement to meet a narrow specification range for the biological activityitself.

HPLC or flow cytometry, which provide information about the level of expression but only inferfunction, have also been
used ina context like that describedfor immunoassays. Inaddition, for viral vectors, infectious titer measurements bythemselves
are generally not considered an adequate measure of product potency. Forexample, the TClDso titer or plaque-forming-unit
assays for adenoviralvectorson HEK293 cells can indicate that the infectivity of adenovirus is preserved but do not confirmthat
the adenoviral product has maintained full biological function(s), especially transgenebiological activity. The design and
ultimate suitability of an assaysystem for determining product potency depends on the relationship between the intended
human target cell in vivo and the following: 1) the transduction or transfection efficiency of the cell line used in vitro; 2) the
protein expression levels; and, 3) the duration of expression required for the therapeutic effect.

In vivo tests can also be used to measure vector-product potency. Readoutscan be based on a response per animal (e.g.,
blood levels of therapeutic protein 24 h after treatment) or a group response rate (e.g., percentage of animals that elicitedan
immune response or survived virus challenge).The availability of an appropriate in vivo test system depends on the vector-host
range (for viral vectors), the pharmacokinetics and biodistribution of the vector and the resulting gene product relative to its
human counterpart, and the time frame required to observe the therapeutic effector surrogate. Issues of cost, facilities,
validation, and ethics determine the practicality of an in vivo potency test.

Purity

Analytical methods that separate, isolate, and specifically quantify the intended active product components determine
product purity. Impurities are either product- or process-related components that can be carried through to the final product.
The manufacturing and purification processshould be optimized to consistently remove impuritieswhile retaining product
activity. The requirement to test for a particularimpurityfor product lot releasedepends on the following: 1) the demonstrated
capabilityof the manufacture and purification process to remove or inactivate the impuritythrough process validation,and 2)
the potential toxicityassociated with the impurity.

Examples of process-related impurities associatedwith gene therapy products include residual medium components for the
production [e.g., fetal bovine serum (FBS), antibiotics, cytokines, and E. colichromosomal DNA in a plasmid product], ancillary
products used indownstream processing (e.g., nucleasessuch as DNaseI), and residual moisturefor lyophilized vector products.
Impurities may be bioactive(e.q., cytokines and hormones) or immunogenic (e.g., product aggregates, degradation products,
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plasmid-selection markers, and nonhuman-derived proteins), or they may have other deleterious effects (e.g., they may
compete with the product) ifadministered at a dose equal to that of the product. Product-related impurities are specific to each
product type. Examples include nickedplasmidforms in nonviral products and defectiveor immature virus particles in retroviral
or adenoviralvector products. Analytical methodologies to assess purity require quantitation or physical separation of the
intended product from its impurities. Common sense should drive the need to quantify specific impurities. Suitablevalidation
of the manufacturing process may limitthe need for specific lot-release testing for impurities. Manufacturers may place an
emphasis on demonstrating the consistency of the product-impurity profile.

Testingfor impurities isoften extensiveduring product characterizationand process validationwhen the consistencyof the
manufacturing and purification process is being demonstrated. Testingfor impurities as part of lot-release testing should reflect
the safety risks associated with the impurityand the ability of the process to consistently remove that impurity.

VIRAL GENE THERAPY PRODUCTS

Product-related impurities for viral vectors include aggregates and defective and immature particlesthat may be produced
during the manufacture or purification of the recombinant vector. Aggregates of vector may form ifthe product is highly
concentrated, stored under certain conditions (e.g., under a certain pH or temperature), or reconstituted after lyophilization.
Assays to detect aggregates include particle size analysis by laser light-scattering and the use of nonreducing, nondenaturing
PAGE, followed by staining of the gel or transfer and detection of viral proteins by Western blot analysis. Sedimentation rate
analysis also allowsseparation of aggregates from monomers based on size.Optical density analysesof light scattering are also
used to assessvector aggregation.

Defective particles are viral particlesthat do not contain the appropriate recombinant genome-that is, they contain some
other nucleicacid or contain no genome at all, or the vector has some missing, defective, or otherwise altered structural
component that impairs its abilityto transduce a cell. Forviral vector systemsthat have capsomeric symmetry that requiresthe
appropriate nucleic acid incorporation for configuration, empty particlesmay be readily distinguished from those carrying
genomes. Forenveloped viruses, empty particlesmay not be as readily separated from those with encapsidated nucleicacid.

Forsome viral vector products, active viral particlescan be separated from defective particles by using analytical HPLC.
Anion-exchange resinshave been used to separate activeadenovirus. from defectivevirus particles. However, this method might
not be useful for an adenoviral vector purified by anion-exchange chromatography unless the resin for the assay isdifferent
from that used during manufacture. Depending on the nature of the viral vector and its nonactive or defectiveforms, other
methods of separation, such as equilibrium centrifugation in a cesium chloride density gradient, may need to precede the
quantitation of the active particle. Ideally, the method of separation will allowquantitation.

Defective particles that carry a non-cell-derived oncogene or other undesirable genes may pose a special concern. For
example, in murine-based retroviral packaging cell lines, smallviral elements calledVL30 sequences can be packaged in about
one-third of all particles.Assays may be needed to quantify specific defective particles if they are known to be present in
quantities sufficientto pose a safety concern.

Virus qualityand the comparabilityof preparations can alsobe assessedby measuringselected structural proteinswith known
molecular masses and known copy numbers within the virion. Forthis method, the virus is lysed, and the structural proteins
are separated by using reverse-phase HPLC or some other high-recovery chromatographic procedure. The chromatographic
separation should be validated, and the identity of the selected structural proteins should be verified by methods such as
SDS-PAGE, peptide sequencing, or mass spectroscopy. Fingerprinting of the batch can be conducted based on quantification
of the selected structural proteins and comparison to a referencestandard. When the method incorporates massspectroscopy,
impuritiessuch as structural variantscan also be identified. Foradenoviruspreparations, some precursorand most mature virion
proteins can be detected and distinguished, thus allowing monitoring of the product and of the immature virion forms.

Host cell-derived proteins may be considered impurities for some viral vector products and may be separated and quantified
by PAGE or HPLC or detected by amino acid analysis, Western blot, or immunoassay-based methods. However, for enveloped
virusessuch as retroviruses, host cell-derived membrane proteins are an integral part of the product. In those vector systems,
it may be difficult to determine the presence of contarnlnatinq exogenous host-derived proteins.

Presenceof specific process-relatedimpurities depends on the manufacture and purification processofeach vector or product
type. However, most products need to be tested for residual endotoxins (see Bacterial Endotoxins Test (85». Acceptable limits
of endotoxins have been determined and can be directlyapplied to viral vector products. Although genomic DNA derivedfrom
continuous cell substrates used to manufacture biological products historically has been considered potentiallytumorigenic,
recent studies suggest that the risks are very low. However, everyattempt should be made during process development to
reduce levels of contaminating DNA. The need to test for residual DNA as part of product lot releaseshould be evaluated on a
case-by-case basis and may depend on the size distribution of the DNA, its association with the product or its formulation
components, and the product's route of administration. Quantitative PCR assays can analyze the amount of residual host-cell
DNA by using primers designed to amplify evolutionarily conserved and abundant target sequences such as 18S for HEK293
cells.

Quantitation of residual serum components such as bovine serum albumin (BSA) can be achieved by using ELISA and a BSA
reference standard. Researchers may need to develop specific functionalor immunological methods for other ancillary products,
including other culture media or purification process components such as cytokines or enzymes (e.g., deoxyribonuclease 1 or
benzon nuclease).

NONVIRAL GENE THERAPY PRODUCTS

A plasmid used as a- drug substance is considered a well-characterized biologic, and key impurities from the manufacturing
processar~ wellknown.Testing isusually performed on each individual component: the plasmid DNA, lipid or Iipoplex reagents,
and protein components ifany are present in the formulation. Plasmid DNA ischaracterizedfor a varietyof impurities, including
residual host-cell DNA, residual RNA, and residual protein. Residual protein testing isfrequently included in lot-release testing.
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Optical density ratios (usually the measurement at 260 nm Ais compared it()thel11~asurefTl$rit1.(Dsfll~MaY.2():26) at 280 nm) are
frequently used in purity specifications for plasmid DNA. .

In addition, the plasmid DNA should also be characterized with regard to its conformation in solution. Plasmid DNA exists
as monomeric supercoiled, relaxed monomer, and linearforms. Because all forms can be generated during large-scale
fermentation, and data about their relative in vivo potency isscarce, the relative quantity of each form is monitored to verify
batch-to-batch consistency in the relative amounts of each conformation.Agarosegel electrophoresiscan resolve each of these
forms but is not highlyquantitative for each individual species.Analytical anion-exchange HPLC serves as a quantitative assay
for monomeric supercoil and other forms, including concatamers. Other analytical methods that have been valuable for
characterization of plasmid constructs during processdevelopment and validation such as capillary gel electrophoresis (CGE),
linear-flow dichroism,and atomic-force microscopy are alsoviablemethods to assessthe purity of a given plasmid preparation.
The most appropriate method for lot releasedepends on how each plasmid conformation affects product potency. Specific
details for each of these methods are outlined in Nucleic Acid-Based Techniques-General(1125).

Testsshould be conducted for process-relatedimpurities such as residual organic solvents (phenol, alcohol), salts, and certain
antibioticssuch as kanamycin used during the fermentation process. Lipid and lipoplexformulation components must also be
tested for their chemical purity.Testingfor specific chemical impurities iscommonly performed by usingGC-MS, HPLC, or TLC
methods. Ifprotein is part of the formulated complex, then the protein must also be tested for purity. HPLC is capable of
detecting trace amounts of residual antibiotics and can therefore be used during process validation or lot-release testing to
confirmthat they have been effectively removed. The specifics of these methods are outlined in Biotechnology-Derived Articles
-Peptide Mapping (1055) or in Biotechnology-Derived Articles-Total Protein Assay (1057).

Bacterial protein, DNA, RNA, and endotoxins are the major types of host-derived process contaminants. Standard protein
assays (e.g., Lowry, Bradford, or Coomassie), PAGE followed by silver staining or Western blot analysis, or ELISA can be used to
detect residual host protein in the nanogram range. Hostchromosomal DNA can be detected by slot blot hybridization
(detection in picogram range) or by real-time PCR (detection sensitivity < 1 pg) using highlyconserved target sequences (e.g.,
18Sfor E. colt). PCR assays for this purpose must use recombinant polymerases that are highly purified to minimize residual
bacterial DNA for which the presence can create background signals. PAGE or agarose gel electrophoresis followed by
fluorescent dye staining can be used to detect residual RNA. Quantitation may not be required because of the labile nature of
RNA and the low-level toxicityassociated with it. The Limulus amebocyte lysate (LAL) test isthe most sensitive and widelyused
method for endotoxins determination. Colorimetric assays offersensitivities of 0.005 EU/mL. Details of the methods described
here are outlined in (1057), Biotechnology-Derived Articles-Polyacrylamide GelElectrophoresis (1056), Nucleic Acid-Based
Techniques-Approaches for Detecting Trace Nucleic Acids (Residual DNA Testing) (11 30), (1125), and (85).

LYOPHILIZED VIRAL AND NONVIRAL VECTOR PRODUCTS

Residual moisture can affect the stability of a lyophilized vector product. FDA's Guideline for the Determination of Residual
Moisturein Dry Biological Products recommends a 1% residual moisture level, although data indicating no adverse effectson
product stabilityat higher levels is considered acceptable. Residual moisture levels can be determined by using a standard
method (see WaterDetermination (921») thatls compatible with the formulated product.

Identity

Lot-release testing for gene therapy products must includean identitytest. Thistest clearlyidentifies the product and confirms
that inadvertent substitution with another product has not occurred. The complexity of the identity test depends on the nature
of the specific product and the array of products being manufactured. Forexample, more extensiveand rigorous testing may
be performed for an autologous gene-modified cell therapy product at a facility where multiple patient products are
manufactured than for a viral vector product produced at a site that manufactures a single vector product.

VIRAL GENE THERAPY PRODUCTS

Forcharacterization purposes, restriction enzyme mapping and sequencing of the transcription unit DNA are the most
commonly used approaches. PCR-based methods, restriction enzymemapping, and transgene-expression-basedimmunoassays
are commonly used to confirm the identity during lot-release testing.

NONVIRAL GENE THERAPY PRODUCTS

Restriction enzyme mapping is the most common identity method for plasmid-based products. The number of enzymes
used to create the vector fingerprint will varyaccording to the complexity of the DNA and the degree of similarity between
multiple products. Iflipids, Iipoplex agents, or proteins are used to formulate the DNA, then their identity must also be tested
and confirmed. Lipids and Iipoplex components may be identified by procedures used for traditional pharmaceuticals, such as
GC-MS and TLC. Proteincomponents of the formulation may be identified by peptide mapping or other means outlined under
(1057).

STABILITY

The shelf lives of gene therapy products varywidelydepending on the nature of the product, its intended clinical use, its
specific attributes, and the recommended storage, packaging,and shipping conditions. Therefore, it isdifficult to draft uniform
guidelines regarding stability-study duration and testing frequency for all products. In all cases, the study should be designed
on the basis of scientifically sound principles and approaches and a comprehensive understanding of the final therapeutic
product and its intended use. The product's stability during in-process hold steps, cell and virus banks, critical raw materials,
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and referencestandards also must be assessed.Awell-designed and executed stability program will provide a high degree of
assurance that the product isstable within the specified shelf life.

Forviraland nonviral vector gene therapy products and gene-modified cellulargene therapy products that are not
patient-specific the selection of batches to support license application and final-product labelingshould be carried out in
accordance with the principles of stabilitytesting, such as those described in ICH guideline Q5C and (1049). Stability data
should also be collected for bulk material and at other in-process points if material isstored before final processing and filling.
Issues related to the stabilityof cell-based products are addressed in (1046).

Nonviral DNA plasmid vectors are often formulated with specific mixtures of lipids, proteins, or lipoconjugates to form
Iiposomes or encapsulated complexes. Depending on the formulation, a shelf life of hours to years can be attained. Where a
product has a short shelf life, the finalformulation may require preparation at the clinic just before administration. Instability is
frequently observed as aggregation and precipitation. Formation and stabilityof the formulated complex should be
characterized and established by validation studies during product development. Stability data should also be collected for
major components of the formulated complex, such as the lipids, the Iiposomes, and the DNA itself.

Stability-Protocol Development

Stability studies verify that the storage conditions maintain the purity and potency of the product for a defined period so
that product administered to the patient is still capable of meeting the stabilityspecifications. These specifications may differ
from the manufacturing release specifications, but they must be verified with clinical data. Formal stabilitystudies to support
licensureas well as plans for gathering early-phase product stabilityinformation should be detailed in a written plan that
describes how data will be collected and analyzedto support the product's expiration period. Protocols should follow the format
recommended in existing guidelines and should include the scope, storage conditions, number of lots that will be tested, test
schedule, assays that will be used, data analysis, and product specifications. Anyassayused ina formalstability study for licensure
must be validated before the study begins. The specific study design should take into account the problems the product may
encounter during manufacturing, shipping, and processing at the clinical site (see Accelerated and Most Appropriate Challenge
Conditions below).The study design should also incorporate the latest knowledge in the biological sciencesand should address
existing regulatoryrequirements. Forinstance, ifthe product's final formulation is performed at the clinical site, stabilitystudies
on this final formulation should be performed to establish the time and conditions under which the product can be held.

Stability assessment should include an evaluation of product functionality (potency). The potency assayoften has a high
degree of inherent variability. Measuring and calculatingthe decay of product activity by employing the standard statistical
methodologies may require multiple, frequent sampling intervals over an extended period of time and may require analysis of
more than three production lots to compensate for assayvariability. Initial studies to establisha provisional expiration date must
be conducted before administration to the first patient. Initial studies are also useful for determining which assays are stability
indicating, that is, the best indicators of product degradation. Because existingcompendia Imethods do not address the unique
characteristics of gene therapy products, the development of assays that would address these unique characteristicsis
encouraged.

Accelerated and Most Appropriate Challenge Conditions

The stability-indicating profile of a gene therapy product varies over time under the influence of a wide varietyof
environmental conditions, including temperature, extremes in physiological storage conditions, and light. Multifactorial
degradation pathways must be considered when researchers investigate the effects of these parameters on the stabilityof the
product. Studiesshould include conditions that are outside the specifiedstorage ranges, that is, challenge conditions such as
those encountered during periods of abnormal storage, shipping, or handling. Examples include briefincubator malfunctions,
incubator or cold storage failure, periods of extreme temperature fluctuation due to shipping to hot or cold climates, hypobaric
conditions experienced in the cargo hold of a commercialairliner, or temperatures likely to be encountered in the surgical
suite. Ashort exposure to an environmental condition well outside of an established limitand a long exposure to an
environmental condition just outside of an established acceptable range may be equally detrimental to the overall stability
profile. The slowand constant rate of product degradation at a specified temperature may increase ifa different set of storage
conditions isapplied. The effect of light on the stability-indicating profileshould be investigated if it isscientifically warranted.
Givespecial attention to products stored in fluids that contain light-sensitive or reactivecomponents that may give rise to
cytotoxic by-products. .

Studiesanalogous to accelerated aging studies typically used in pharmaceutical stability-monitoring programs are also useful
to determine how the product degrades and which assays are stability indicating. These studies can be the same as some of
those mentioned in the preceding paragraph. Other studies include placing a product at 37°, or at 18°when its normal storage
temperature is25 ± 2°, or placing a lyophilized product in a high-humidity environment. Such studies should be performed
before formal stabilitystudies begin so that the latter can incorporate the validated stability-indicating assays.

STORAGE AND SHIPPING

Appropriate conditions are chosen to preserve the purity and potency of the product so that its specification and those of
its ingredientsare maintained throughout storage, shipping, and handling at the clinic. Initial studies must be conducted before
patient administration to determine acceptable storage, shipping, and handling conditions. The initial storage and shipping
conditions need not be those envisioned for the commercial product but should ensure that the product specifications are
maintained beyond the initial expiration date. Forproducts with short shelf lives, storage and shipping conditions, even within a
medicalcenter, must be considered at the same time becauseshipping constitutes the bulkof storage time after manufacturing.
Give special consideration to the abilityof gas to permeate the shipping container, especially ifthe gene therapy product is
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stored or shipped on dry ice. Once stability-indicating methods are developed and the final storage and shipping conditions
are chosen, these must be validated as discussed under Stability.

Mostproducts with limitedshelflives are shipped by reliable overnight couriersystems. Insome cases, highlyfragileproducts
are hand-carried onto commercial aircraft. Special permission must be obtained by commercial carriers ifscanning by airport
X-ray equipment must be avoided. Cargo shipping studies should be designed during the development of packaging systems
to identifystressesto which the product maybe subjected. Bracing and insulatingmaterials should then be chosen and validated
to provide a packaging system that will tolerate, and protect the product against, the extreme conditions of shipping.

Most gene therapy products can be either lyophilized or formulated by means similar to those employed for many
recombinant proteins or cell therapy products. Thesestorage formulations typically have expiration periods longer than 1 year
and no unusual shipping requirements. Nonviral gene therapy products, which may be unstable in their final formulation, can
have similar expiration periods ifthey are stored in a multiple-vial kitwith the nucleicacid in 1 vial and a carrier, such as lipids,
in the other. The final formulation is performed at the medical center just before administration.

LABELING

Product labeling is regulated by the FDA, and compliance with existing policies is required. Because gene therapy products
are regulated biologics, their labeling issubject to these rules. Biologics and devices must meet labeling requirements specific
to the container and the package (21 CFR 610 and 801, respectively). Boththe container label and the package label must
include the expiration date. Ifthe container ispackaged, then the recommended storage conditions should be included on the
outer package label. If the container is not packaged, the recommended storage conditions and all other requirements of a
package label must appear on the container. Labeling must alsocomply with relevant national and international requirements.

Ifa product must be applied to the patient in a particular physical orientation or in a specifically defined area, labeling that
indicatesthe correct orientation and/or area should be apparent even after the package isopened. Unless the product has been
screened for pathogenic or microbial contaminants before release, appropriate biohazard labeling may be required. For
products with veryshort shelf lives, expirationdating requiresadjustment and correctionfor time zones to provide the user an
accurate assessment of shelf life. Clinical procedures must be scheduled around these crucial time frames. Forpatient-specific
products, the patient's full name, initials, or a combination of these will need to appear on the labeling, in addition to lot
designation, to ensure that the product is administered to the appropriate patient.

REGULATIONS AND STANDARDS

The technologies involved in manufacturing gene therapy products have been widelydocumented in the literature and
continue to evolve. These products can be regulated as drugs or biologics, or uncommonly as devices, depending on how they
are manufactured and used. The novel approaches permitted by these technologies may make it difficult to determine which
FDA centers will be involved in their regulation, and the FDA has advised manufacturers to seek clarification in the earlystages
of development. Currently, the Center for Biologics Evaluation and Research (CBER) regulates most human gene therapy
products. CBER relies on both the Public Health Service Actand the Federal Food, Drug, and Cosmetic Act. Regulation is the
same as that for biotechnology-derived products. The general requirements are described primarily in 21 CFR. The federal
government has issued many guidance documents as Points to Consider or Guidelines (see www.fda.gov). ICH guidance
documents for many of the quality-related areas are relevant in varyingdegrees to qualifying gene therapy products (although
some products are nominallyoutside the scope of the guidance documents, the principles still apply; see www.ifpma.org or
www.ich.org).Some of these documents are reproduced in USP-NF as general chapters. ICH hasalso held a number of meetings
about gene therapy products and has a GeneTherapy Discussion Group (GTDG) that addresses current issues in gene therapy
product development and researchand has releasedseverallCH Considerationsthat reflectharmonized principles. The National
Institutesof Health (NIH) has published Guidelines for Research InvolvingRecombinant DNAMolecules that require NIH review of
research, including clinical research or trials conducted or sponsored by institutionsthat receive NIH funding. These guidelines
apply to many gene therapy products.

Biological and biochemicalstandards for qualityassurance (QA) of the production and analysis of gene therapy products are
highlydesirable. The diversity of gene therapy products, in particularviral vectors, has so far limited the development of
standards that have wide applicability. A MuLV RCR preparation (VR-1450) with an assigned infectivity titer is available from
ATCC for testing murine retroviral vectorsfor the presence of RCR. Awild-typeadenovirus type 5 reference standard with
assigned particle number and infectivity titer for characterization of adenoviralvectors isalso available from ATCC. Aworking
group has been set up to oversee the development of an MV reference standard. However, severalobstacles to choosing,
developing, establishing, and circulating suitable standards are apparent. These include decisionsabout which virus serotype
will be most commonly and successfully used for gene therapy, availability of GMP prepared materials, safety, long-term
stability, transportation, and initiation and completion of collaborative studies to evaluate candidate standards. Thus,
development of standards for other viral vectors, including lentlvlral-, herpes viral-, and poxviral-vectors, remains challenging.

New methodologies, including proteomics, novelnucleicacid technologies (NATs), protein modificationmethods, and stem
cellisolation and culture, are now available and, in many cases,are applicableto the development, characterization,and analysis
of gene therapy products. In addition, the use of synthetic polymers both for the modification of existing viral vectors and for
the development of chemically dynamic synthetic vectors provides advantages, e.g., improved systemic circulation, better
targeting and delivery, and lower levels of immunostimulation and inflammation. The availability of defined stem cell
populations and improved engrafting methods should lead to greater effectiveness of ex vivo transduced cells used in gene
therapy protocols. The introduction of new methodologies will require the continual review and regulatory oversight to ensure
the quality and safety of gene therapy products of the future.
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GLOSSARY
Adenovirus: Virus belonging to the family Adenoviridae of DNA viruses havinga nonenveloped virion with 252 capsomeres

and a diameter between 70 and 90 nm; a single linear molecule of double-stranded DNA (36-38 kb); at least 10 structural
ether-resistant and acid-stable proteins; virions are released by cell destruction.

Adenovirus-associated virus (MV): Human parvovirus contains a single-stranded DNA genome and depends on helper
viruses (adenovirus, herpes virus, or vacci~ia virus) for replication.Without co-infection, the wild-typevirions integrate at a
specific site on chromosome 19 and remain latent.

Adventitious agent: Aforeign agent that is introduced accidentallyor inadvertently; not natural or hereditary (as in
microbial chemical, or biochemical contamination of a purified substance).

Amphotropic virus: Avirus that infectsand replicates in cells from multiple species.
Ancillary materials: Components used during manufacturing that are not intended to be present in the final product.

Examples: growth factors, monoclonal antibodies, cell-separation devices, and media components.
Autologous: From one's own body.
Base pair: Two nucleotide bases on different strands of the nucleicacid molecule that bond together.
Bioassay: Measurement of theeff~sti~.en~ss.~! ..~.S~me~.~nd by its effect on animals or cells in comparison with a standard

preparation. (See also PotencyAinthisGlossary;)~{USP<f~M~Y~202Q) .
Biological product: Anyvirus, therapeutic serum, toxin, antitoxin, or "analogous product" applicable to the prevention,

treatment, or cure of diseasesor injuries in humans. (In this US FDA-derived definition,the term "analogous product" has been
interpreted to include essentially all biotechnology-derived products and procedures including gene therapy, transgenics, and
somatic cell therapy.)

Biotechnology: Anytechnique that uses living organisms (or parts of organisms) to make or modifyproducts, to improve
plantsor animals,or to develop microorganisms for specific uses.The newerdefinitionrefersto the industrial and pharmaceutical
use of rDNA, cell fusion, novel bioprocessing techniques, and gene therapy.

Cell lines: Cells that are derived from primaryculture embryos, tissue, or organs. Such cell linesmay have a finite life span
or may be immortalized (modified to be able to replicate indefinitely).

Cell therapy: Therapy that uses whole cells to treat a disease, condition, or injury. Distinctfrom tissue and organ
transplantation.

CFTR: Cysticfibrosis transmembrane conductance regulator.
cGMP: Current good manufacturing practices.The FDA outlined cGMPs in the 21 CFR, in the Federal Register, and its Points

to Consider.
Complementary DNA(eDNA): DNA synthesizedfrom an mRNA rather than a DNA template. It is used for cloning or as a

DNA probe for locating specific genes.
Cytokine: Anyfactor that acts on cells; usually a protein that promotes growth.
Cytoplasm: Cellular material that is within the cell membrane and surrounds the nucleus.
Cytotoxic: Able to cause cell death.
Differentiation: Aprocess of biochemicaland structural changes by which cells become specialized in form and function.
Ecotropic virus: Avirusthat infectsand replicates in cellsfrom only the original host species.
Electroporation: Method for enabling transfer of material into cellsthat involves use of a briefelectrical field to create

temporary pores in the cell membrane. .
Enzyme-linked immunosorbent assay (ELISA): An immunoassay that utilizes an enzyme-labeled antigen or antibody

to detect the binding of a molecule to a solid matrix.
Enveloped viruses: Viruses containing a lipoprotein bilayersurrounding the capsid and acquired by budding through the

cell membrane of the host cells.
Episomal: Pertaining to any accessoryextra-chromosomal genetic material.
Ex vivo: Procedure performed outside of the living organism.
Fluorescence-activated cell sorter (FACS): A machine that sorts cells based on fluorescent markers attached to them.
Formulated: Prepared in accordance with a prescribed method or conditions.
Fusion: Joining of the membrane of two cells, creating a daughter that contains some of the same properties from each

parent cell. It is used in making hybridoma cells in which antibody-producing cells are fused to mouse myeloma cells.
Gene construct: Expression vector that contains the coding sequence of the protein and the necessaryelements for its

expression.
Gene therapy: Therapy that uses nucleicacid that is subsequently expressed as RNA or protein to treat a disease or

condition. The US FDA defines gene therapy products as products containing genetic material administered to modifyor
manipulate the expression of genetic material to alter the biological properties of living cells.

Genome: Total hereditary material of a cell.
Germ cell: Reproductive cell (sperm or egg), gamete, or sex cell.
Graft-versus-host disease (GVHD): Rejection of the transplanted tissue by the host. It isthe leading cause of patient death

when mismatched allogeneic tissue is used.
Growth factors: Factors responsiblefor regulatory cell proliferation, function, and differentiation.
Helper virus: Aids the development of a defectivevirusby supplying or restoring the activity of a viral gene or by enabling

the defective virusto form a functional envelope.
Hematopoietic: Pertaining to or affecting the formation of blood cells.
Hepatocyte: The predominant cell type in the liver that has an important role in metabolism and isa source of serum

proteins. These cellsgenerallydo not divide, but when injuredthey can divideand regenerate untilthe injuredcellsare replaced.
Herpes simplex virus (HSV): A DNA virus that isa member of the family Herpesviridae. It can infect both warm- and

cold-blooded vertebrates by contact between moist mucosal surfaces.
Human leukocyte antigen (HLA): Proteins controlled by the major histocompatibility complex. These proteins playa key

role in determining transplant compatibility. .
Humoral: Pertainingto elements found in body fluids (for example, humoral immunity and neutralizing antibodies).
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Hybridization dot blot (DNA or RNA): Atechnique for detecting, analyzing, and identifying protein; similar to the
Western blot but without electrophoretic separation of proteins.

Immunoassay: Technique for identifying substances based on the use of antibodies.
Insertional mutagenesis: Atype of mutation that iscaused by the insertionof nucleicacid into a host-cell chromosome.

There are multiple possible negative consequences of such an event, includingdeath of a cell ifan essential gene is inactivated
or predisposition to cancer if a tumor suppressor gene is inactivated.

Integration: Assimilation (insertionviacovalent binding)ofgenetic material(DNA) into the chromosome ofa recipientcell.
Intrabodies: Intracellular antibodies that are not secreted and that are designed to bind and inactivatetarget molecules

inside cells.
In vivo: Procedure performed in the living organism.
In vitro: Procedure performed outside of the living organism. It may involve cellsor tissues derivedfrom the organisms.
Leukemia: Malignant neoplasm of the blood-formingtissues.
Lipoplex: Aformulation of lipids an98()IYrnersand/or pr()t~i~s.

LiBJ()sol11~: Asphericallipid bilayer~~fr.T1HI~ipleljpi(j/~ila¥~r$~/~Y~~1-~a)'.2o:H» enclosing aqueous
t¢oll1pctrtment(s).See Injections and'lmplantedDrugProducts (1).4 (Iml.May.2020)

Mock run: Atest run that deliberatelyomits some critical reagents.
Monoclonal antibodies: Antibodies that are derivedfrom a single cell clone.
Naked DNA: Isolated, purified, and uncomplexed DNA (no protein or lipid).
t~(Us~·.i.M~y-2.()20)
Oncogenes: Genes associated with neoplastic proliferation (cancer) following a mutation or perturbation in their

expression.
Oncogenic: Cancer-causing.
Packaging cell line: Cell line that produces proteins required for packaging and production of viral vectors in an active

form but does not produce replication-competent virus. It complements at the protein level what the vector is lacking
genetically.

Parvovirus: DNA viruses of the family Parvoviridae. Hostrange includesmany vertebrate species. Small, linearchain,
single-stranded DNA with terminal hairpin loops.

Plasmid: Asmall circularform of DNA that carries certain genes and is capable of replicating independently in a host cell.
Polymerase chain reaction (PCR): Technique to amplify a target DNA or RNA sequence of nucleotidesby repeated cycles

of polymerase-basedcopying, resulting in geometric increases in copy number.
Potency: Aquantitative measure of biological activity based on the attribute of the product linked to the relevant biological

properties.
Process validation: Means for providing documentation that the manufacturing process iscontrolled, reproducible, and

capable of consistently producing a product that meets predetermined specifications.
Producer cell line: An established cell line used to produce virus vectors, often on a large scale.
Promoter: DNA sequence that is located at the front of a gene and controls gene expression. It is required for binding of

RNA polymerase to initiate transcription. .
Recombinant DNA: DNA produced by joining fragments of DNA from different sources by in vitro manipulations.
Replication-competent virus: Avirus that can complete an entire replicationcycle without a need for a helper virus; an

autonomously replicatingvirus.
Restriction endonuclease: An endonuclease that recognizes a specific sequence of bases within double-stranded DNA.
Retrovirus: Avirus that contains reversetranscriptase,which converts viral RNA into DNA that then integrates into the host

cell in a form called a provirus.
Se~lI.rn-fr~e: .: R~fers t() cellgrolNth medium that lacks a serum component.

9rnyI9/lmell1brane.4.(USP1-May.2020)
S phase: Synthesis phase. Part of the cell cycleduring which DNA replication occurs.
Stem cell: Immortal cell that is capable of proliferating and differentiating into different types of specialized cells. Each

major tissue system is thought to have its own putative stem cell. .
Suspension culture: Cells capable of growth in suspension, not requiring substrate (attachment) on which to grow.
Transduction: Transfer and expression of genetic material into a cell by means of a virusor phage vector.
Transfection: Transferof DNA into cells by physical means such as by calcium phosphate coprecipitation.
Transgene: Refers to the foreign genetic material delivered as part of a vector construct.
Vector: The agent (plasmid,virus, or Iiposome-protein or DNA-protein complex) used to introduce nucleicacid into a cell.
Viability: State of being alive and functional.
Virion: An elementary viral particleconsisting of genetic material (nucleocapsid) and a protein covering.
Virus: Submicroscopic infectious agent that contains genetic information necessaryfor reproduction. It is an obligate

intracellular parasite. .
Western blot: An electroblotting method in which proteins are transferred from a gel to a thin, rigid support (e.g.,

nitrocellulose membrane) and detected by binding radioactively labeled antibody or antibody coupled to an enzyme, allowlnq
use of a precipitating chromogenic or chemiluminescent substrate.

Xenogeneic: From a different species.
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APPENDIX

lists of Relevant Regulatory References

Gene therapy products are regulated by the FDAasbiologics, and therefore their manufacturing, testing, labeling, and other
factors are subject to the requirements codified in CFR and FDA guidance documents (www.fda.gov). Additional quidance is
provided in ICH guidelines (www.ich.org). Manufacturers of gene therapy products that seek markets outside the US should
refer to regulatory documents from relevant countries. Beyond USP chapters, the following lists include regulatory documents,
aswell as best practicesfor the development, manufacturing, quality control, and quality assurance of gene therapy products.

·Codeof Federal- Regulations (CFR)

Regulations Title

21 CFR 210
Current Good.Manufacturing Practi~e ill Manufacturing, Processing,Packing,
or-Holding of Drugs;General

21 CFR 211 Current Good Miulufacturing Practicefor Finished Pharmaceuticals

21 CFR 600$ Biological Products:General

21CFR610 Subpart G General Biologiql PrqductsStandards-Lab~lingStandards

21 CFR801 Labeling

21CFR820 QualitySystemRegulation. (USP1:May.2020)

FDA Guidance Documents
• Guideline for the Determination of Residual Moisture in DriedBiological Products, January 1990.
• Guidance for Industry:Human Somatic CellTherapy and Gene Therapy, March 1998. Ahttps://wwwJda.gov/down.loads/

BiologicsBloodVacdnes/GuidanceComplianceRegulatorylnformation/Guidances/CeJlularandGeneTherapy/
ucm081670.pdf. A (USP l-May-2020)

• Guidance for Industry:Supplemental Guidance on Testing for Replication Competent Retrovirus in Retroviral Vector Based Gene
Therapy Products and During Follow-up of Patients in ClinicalTrials Using Retroviral Vectors, A.Novem"ber 2006. https://
www.fda.gov/downloads/biologicsbloodv,accines/guidancecomplianceregulatoryinformatidn/guidances/
cellularandgenetherapy/ucm078723.pdf. A (USPl-May-2020)

• Guidance for Industry: InvestigatingOut-of-Specification (0OS) Test Results for Pharmaceutical Production, October 2006.
Ahttps://www.fda.gov/downloads/drugs/guidances/ucm070287:pdf.A (USP l-May-2020)

• Guidance for FDA Reviewers and Sponsors: Contentand Review of Chemistry, Manufacturing, and Control(CMe) Information
for Human GeneTherapy InvestigationalNew DrugApplications (INOs), April 2008. J.https://www.fda.gov/downlo?lds/
biologicsbloodvacdnes/guidancecomplianceregulatoryinformation/guidances/cellularandgenetherapy/
ucm078694.pdf. A (USP1-May-2020)

• AA(US!' l-May-201.Q)Guidance for industry: Potency Tests for Cellularand Gene Therapy Products,AJanuary 2011. https://
www.fda.gov/downloads/biologicsbloodvacdnes/gUidancecomplianceregulatoryinformation/guidances!.
cellularandgenetherapy/ucm243392.pdf A (USPl-May~i020)

National and International Regulatory Documents
• ICH Q5A(R1): Viral Safety Evaluation of Biotechnology Products Derived from Cell Linesof Human or Animal Origin.

AAvaiiableat: http://www.ich.org. A (OSP.l-May-20io)

• ICH Q5C: Quality of Biotechnological Products: Stability Testing of Biotechnological/Biological Products. AAvaiiable at:
http://www.ich.org. A (USP l-MaY-2020)

• ICH Q5D: Quality of Biotechnological Products: Derivation and Characterisation of Cell Substrates Used for Production of
Biotechnological/Biological Products. AAvaiiable at: http://wwwJch.org. A (USPl-May-~020)

• ICH Q6B Specifications: Test Procedures and Acceptance Criteria for Biotechnological/Biological Products. AAyaiiable'at:
http://www.kh.org.A (USP 1~May.2020)

• ICH Q2(R1): Validation of Analytical Procedures:Text and Methodology. AAvailable at:http:l/wWW.ich;org.A (USP1-May-2020)

• NIH Guidelines for Research Involving Recombinant AorS5mthetic'Nucleic Acid A (USP l-May-2020) Molecules. AAvailab.le at:
https://osp.od.nih.gov/biotechnology/nih-guidelines/.~(USPl-May.2020)
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(1048) QUALITY OF BIOTECHNOLOGICAL PRODUCTS: ANALYSIS OF
THE EXPRESSION CONSTRUCT IN CELLS USED FOR PRODUCTION OF

r-DNA DERIVED PROTEIN PRODUCTS1

I. INTRODUCTION

This document presents guidance regarding the characterization of the expressionconstruct for the production of
recombinant DNA (r-DNA) protein products in eukaryoticand prokaryotic cells. The document is intended to describe the types
of informationthat are considered valuable inassessing the structure of the expression construct used to produce r-DNA derived
proteins. The document is not intended to cover the entire quality aspect of r-DNA derived medicinal products.

The expression construct isdefined as the expression vector containing the coding sequence of the recombinant protein.
Segments of the expression construct should be analyzed using nucleicacid techniques in conjunction with other tests
performed on the purified recombinant protein for assuring the quality and consistencyof the final product. Analysis of the
expressionconstruct at the nucleicacid level should be considered as part ofthe overall evaluationof quality, taking into account
that this testing only evaluates the coding sequence of a recombinant gene and not the translational fidelity nor other
characteristics of the recombinant protein, such as secondary structure, tertiary structure, and posttranslational modifications.

II. RATIONALE FOR THE ANALYSIS Of THE EXPRESSION CONSTRUCT

The purpose of analyzing the expression construct is to establish that the correct coding sequence of the product has been
incorporated into the host celland ismaintained during culture to the end of production. The genetic sequence of recombinant
proteins produced in living cells can undergo mutations that could alter the properties of the protein with potential adverse
consequences to patients. No single experimental approach can be expected to detect all possible modifications to a protein.
Proteinanalytical techniques can be used to assess the amino acid sequence of the protein and structural features of the
expressed protein due to posttranslational modifications such as proteolytic processing, glycosylation, phosphorylation, and
acetylation. Data from nucleicacid analysis may be useful because protein analytical methods may not detect all changes in
protein structure resultingfrom mutations in the sequence coding for the recombinant protein. The relative importance of
nucleicacid analysis and protein analysis will varyfrom product to product.

Nucleic acid analysis can be used to verify the coding sequence and the physical state of the expression construct. The nucleic
acid analysis is performed to ensure that the expressed protein will have the correct amino acid sequence, but is not intended
to detect lowlevels ofvariantsequences. Wherethe production cells have multipleintegrated copies of the expressionconstruct,
not all of which may be transcriptionally active, examination of the transcription product itself by analysis of m-RNA or c-DNA
may be more appropriate than analysis ofgenomic DNA. Analytical approaches that examine a bulkpopulation of nucleicacids,
such as those performed on pooled clones or material amplified by the polymerase chain reaction, may be considered as an
alternative to approaches that depend on selection of individual DNA clones. Other techniques could be considered that allow
for rapid and sensitiveconfirmation of the sequence coding for the recombinant protein in the expression construct.

The following sections describe information that should be supplied regarding the characterization of the expression
construct during the development and validation of the production system. Analytical methodologies should be validatedfor
the intended purpose of confirmation of sequence. The validation documentation should, at a minimum, include estimates of
the limits of detection for variant sequences. Thisshould be performed for either nucleicacid or protein sequencing methods.
The philosophy and recommendations for analysis expressed in this document should be reviewed periodically to take
advantage of new advances in technology and scientific information.

III. CHARACTERIZATION OF THE EXPRESSION SYSTEM

A. Expression Construct and Cell Clone Used to Develop the Master Cell Bank (MCB)

The manufacturer should describe the origin of the nucleotide sequence coding for the protein. Thisshould include
identification and source of the cellfrom which the nucleotide sequence was originally obtained. Methods used to prepare the
DNA coding for the protein should be described.

The steps in the assemblyof the expression construct should be described indetail.Thisdescriptionshould includethe source
and function of the component parts of the expression construct, e.g., originsof replication, antibiotic resistance genes,

1Thisguidelinewas developed within the Expert Working Group (Quality) of the International Conferenceon Harmonisation ofTechnical Requirements
for Registration of Pharmaceuticals for Human Use (ICH) and has been subject to consultation by the regulatory parties, in accordance with the ICH
process.Thisdocument has been endorsed by the ICH Steering Committee at Step4 of the ICH process, November 29, 1995. At Step4 of the process,
the final draft is recommended for adoption to the regulatory bodies of the EuropeanUnion, Japan and the USA. Thisguideline was published in the
Federal Register on February 23, 1996 (61 FR 7006) and is applicableto drug and biological products. Althoughthis guidelinedoes not create or confer
any rightsfor or on any person and does not operate to bind FDA or the industry, it does represent the agency's current thinking on the production of
r-DNA derived protein products. Foradditionalcopiesof this guideline,contact the Drug Information Branch, HFD-21 0, COER, FDA, 5600 Fishers Lane,
Rockville, MD20857 (Phone: 301-827-4573) or the Manufacturers Assistance and CommunicationStaff(HFM-42), CBER, FDA, 1401 Rockville Pike,
Rockville, MD20852-1448. Send one self-addressed adhesive label to assistthe offices in processingyour request. Anelectronicversion of this guidance
isalsoavailable via Internet usingthe World WideWeb(WWW) (connect to the COER HomePageat http://www.fda.gov/cder and go to the "Regulatory
Guidance" section).
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B. Cell Bank System

promoters. enhancers, and whether or not the protein is being synthesized as a fusion protein. Adetailed component map
and a complete annotated sequence of the plasmidshould be given, indicating those regions that have been sequenced during
the construction and those taken from the literature. Other expressed proteins encoded by the plasmidshould be indicated.
The nucleotide sequenc~ of the ~odi~g regio.n of t,he gene of interest an~ associated flanking r~gions that are inserted into the
vector up to and including the Junctionsof Insertion, should be determined by DNA sequencing of the construct.

Ad~scription ofthe method of transfer of the expression construct into the host cellshould be provided. Inaddition, methods
used to amplify the expression construct and criteria used to select the cell clone for production should be described in detail.

{

4) Production of the recombinant protein should be based on well-defined MCB and Working Cell Banks (WCB). Acell bank
~. is a collection of ampules of uniform composition stored under defined conditions, each containing an aliquot of a single pool
J of cells. The MCB is generallyderived from the selected cell clone containing the expression construct. The WCB is derived by

expansion of one or more ampules of the MCB. The cell line history and production of the cell banks should be described in
~ detail, including methods and reagents used during culture, in vitro cell age, and storage conditions. All cell banks should be
j characterizedfor relevant phenotypic and genotypic markers, which could include the expression of the recombinant protein
J or presence of the expression construct.
1 The expression construct in the MCB should be analyzed as described below. Ifthe testing cannot be carried out on the
I MCB, it should be carried out on each WCB,
1 Restriction endonuclease mapping or other suitable techniques should be used to analyzethe expressionconstruct for copy
~ number, for insertionsor deletions, and for the number of integration sites. Forextrachromosomal expressionsystems, the
, percent of host cells retaining the expression construct should be determined.
t The protein coding sequence for the recombinant protein product of the expression construct should be verified. For
f extrachromosomal expressionsystems, the expressionconstruct should be isolated and the nucleotide sequence encoding the

product should be verified without further cloning. Forcells with chromosomal copies of the expression construct, the
nucleotidesequence encoding the product could be verified by recloning and sequencing ofchromosomalcopies.Alternatively, .
the nucleic acid sequence encoding the product could be verified by techniques such as sequencing of pooled c-DNA clones
or material amplified by the polymerase chain reaction. The nucleicacid sequence should be identical, within the limits of
detection of the methodology, to that determined for the expression construct as described in section 1I1.A., and should
correspond to that expected for the protein sequence.

C. limit for In Vitro Cell Age for Production

The limitfor in vitro cellage for production should be based on data derived from production cells expanded under pilot
plant-scaleor full-scale conditions to the proposed in vitro cell age or beyond. Generally, the production cells are obtained by
expansion of the WCB; the MCB could be used to prepare the production cellswith appropriate justification.

The expression construct of the production cells should be analyzed once for the MCB as described in section III.B., except
that the protein coding sequence of the expression construct in the production cellscould be verified by either nucleicacid
testing or analysis of the final protein product. Increases in the defined limitfor in vitro cell age for production should be
supported by data from cells that have been expanded to an in vitro cell age that is equal to or greater than the new limitfor
in vitro cell age.

IV. CONCLUSION

The characterization of the expression construct and the final purified protein are both important to ensure the consistent
production of a r-DNA derived product. As described above, analytical data derived from both nucleicacid analysis and
evaluation of the final purified protein should be evaluated to ensure the quality of a recombinant protein product.

GLOSSARY
Expression Construct: The expressionvector that contains the coding sequence of the recombinant protein and the

elements necessaryfor its expression.
Flanking Control Regions: Noncoding nucleotidesequences that are adjacent to the 5' and 3' end ofthe coding sequence

of the product that contain important elements that affect the transcription, translation, or stabilityof the coding sequence.
These regions include, e.g., promoter, enhancer, and splicing sequences, and do not includeoriginsof replication and antibiotic
resistance genes.

Integration Site: The site where one or more copies of the expression construct is integrated into the host cell genome.
In Vitro Cell Age: Measure of time between thaw of the MCB vial(s) to harvest of the production vessel measured by

elapsed chronological time in culture, by population doubling level of the cells, or by passage level of the cellswhen .
subcultivated by a defined procedure for dilution of the culture.

Master Cell Rank (MCR): An aliquot of a single pool of cellsthat generally has been prepared from the selected cellclone
under defined conditions, dispensed into multiplecontainers, and stored under defined conditions. The MCB is used to derive
all working cell banks. The testing performed on a new MCB (from a previous initial cell clone, MCB, or WCB) should be the
same as for the MCB unless justified.

Pilot Plant Scale: The production of a recombinant protein by a procedure fully representative of and simulating that to
be applied on a full commercial manufacturing scale.The methods of cell expansion, harvest, and product purification should
be identicalexcept for the scale of production.
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Relevant Genotypic and Phenotypic Markers: Those markerspermitting the identification of the strain of the cell line
that should include the expression of the recombinant protein or presence of the expressionconstruct.

Working Cell Bank (WCB): The WCB is prepared from aliquots of a homogeneous suspension of cells obtained from
culturing the MCB under defined culture conditions.

(1049) QUALITY OF BIOTECHNOLOGICAL PRODUCTS: STABILITY
TESTING OF BIOTECHNOLOGICAL/BIOLOGICAL PRODUCTS'

INTRODUCTION (1)

The guidance stated in the ICH harmonized tripartite guideline entitled "Stability Testing of New Drug Substances and
Products" (issued by ICH on October 27, 1993) applies in general to biotechnological/biological products. However,
biotechnological/biological products have distinguishing characteristics to which consideration should be given in any
well-defined testing program designed to confirmtheir stabilityduring the intended storage period. Forsuch products inwhich
the active components are typically proteins and/or polypeptides, maintenance of molecularconformation and, hence, of
biological activity, is dependent on noncovalent as well as covalent forces. The products are particularly sensitiveto
environmental factors such as temperature changes, oxidation, light, ionic content, and shear. To ensure maintenance of
biological activityand to avoid degradation, stringent conditions for their storage are usually necessary.

The evaluationofstabilitymay necessitatecomplex analytical methodologies. Assays for biological activity, where applicable,
should be part of the pivotal stabilitystudies. Appropriate physicochemical, biochemical, and immunochemical methods for
the analysis of the molecular entity and the quantitative detection of degradation products should also be part of the stability
program whenever purity and molecularcharacteristics of the product permit use of these methodologies.

With these concerns in mind, the applicant should develop the proper supporting stability data for a biotechnological/
biological product and consider many external conditions that can affect the product's potency, purity, and quality. Primary
data to support a requested storage periodfor either drug substance or drug product should be based on long-term, real-time,
real-condition stabilitystudies. Thus,the development ofa proper long-term stabilityprogram becomes critical to the successful
development of a commercial product. The purpose of this document is to give guidance to applicants regarding the type of
stability studies that should be provided in support of marketing applications. It is understood that during the review and
evaluation process, continuing updates of initial stability data may occur.

SCOPE OF THE ANNEX (2)

The guidance stated in this annex to "Stability Testing of New Drug Substances and Products" applies to well-characterized
proteins and polypeptides, their derivatives and products of which they are components, and which are isolatedfrom tissues,
bodyfluids, cellcultures,or produced usingrecombinant deoxyribonucleic acid (r-DNA) technology.Thus,the document covers
the generation and submission of stability data for products such as cytokines (interferons, interleukins, colony-stimulating
factors, tumor necrosis factors), erythropoietins, plasminogen activators, blood plasmafactors, growth hormones and growth
factors, insulins, monoclonal antibodies, and vaccinesconsistingof well-characterized proteins or polypeptides. Inaddition, the
guidance outlined in the following sections may apply to other types of products, such as conventional vaccines, after
consultation with the appropriate regulatoryauthorities.The document does not coverantibiotics, allergenic extracts, heparins,
vitamins, whole blood, or cellularblood components.

TERMINOLOGY (3)

Forthe basic terms used in this annex, the reader is referred to the "Glossary" in "Stability Testing of New Drug Substances
and Products." However, because manufacturersof biotechnological/biological products sometimes use traditional
terminology, traditional terms are specified in parentheses to assist the reader. Asupplemental glossaryis also included that
explainscertain terms used in the production of biotechnological/biological products.

1Thisguidelinewas developed within the Expert Working Group (Quality) of the InternationalConferenceon Harmonisation ofTechnical Requirements
for Registration of Pharmaceuticals for Human Use (ICH) and has been subject to consultation by the regulatoryparties, in accordance with the ICH
process.Thisdocument has been endorsed by the ICH SteeringCommittee at Step4 of the ICH process, November20, 1995. At Step4 of the process,
the final draft is recommended for adoption to the regulatorybodies of the European Union, Japan and the USA. Thisguidelinewas published in the
Federal Register on July 10, 1996 (61 FR 36466) and isapplicableto drug and biological products. Althoughthis guidelinedoes not create or conferany
rightsfor or on any person and does not operate to bind FDA or the industry, it does represent the agency's current thinkingon stability testing of
biotechnological/biological products. Foradditionalcopies of this guideline, contact the Drug Information Branch, HFD-210, CDER, FDA, 5600 Fishers
Lane, Rockville, MD20857 (Phone: 301-827-4573) or the Manufacturers Assistance and CommunicationStaff(HFM-42), CBER, FDA, 1401 Rockville
Pike, Rockville, MD20852-1448. Send one self-addressed adhesive label to assistthe offices in processingyour request. Anelectronicversion of this
guidance is also available via Internet using the World WideWeb (WWW) (connect to the CDER Home Page at http://www.fda.gov/cder and go to the
"Regulatory Guidance" section).
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SELECTION OF BATCHES (4)

Drug Substance (Bulk Material) (4.1)

Genera/Information / (1049) 7455

Where bulk material isto be stored after manufacture, but before formulation and final manufacturing, stabilitydata should
be provided on at least three batches for which manufacture and storage are representative of the manufacturing scale of
production. Aminimum of 6 months stability data at the time ofsubmissionshould be submitted incaseswhere storage periods
greater than 6 months are requested. Fordrug substances with storage periods of lessthan 6 months, the minimum amount
of stabilitydata in the initial submissionshould be determined on a case-by-case basis. Data from pilot-plant scale batches of
drug substance produced at a reduced scale of fermentation and purification may be provided at the time the dossier is
submitted to the regulatoryagencies with acommitment to placethe firstthree manufacturing scalebatches into the long-term
stability program after approval.

The quality of the batches of drug substance placed into the stabilityprogram should be representativeof the quality of the
material used in preclinical and clinical studies and of the qualityof the material to be made at manufacturingscale. In addition,
the drug substance (bulk material) made at pilot-plant scale should be produced by a process and stored under conditions
representative of that used for the manufacturing scale.The drug substance entered into the stability program should be stored
in containers that properly represent the actual holding containers used during manufacture. Containers of reduced size may
be acceptable for drug substance stabilitytesting provided that they are constructed of the same material and use the same
type of container/closure system that is intended to be used during manufacture.

Intermediates (4.2)

Duringmanufacture of biotechnological/biological products, the quality and control of certain intermediates may be critical
to the production of the final product. In general, the manufacturer should identify intermediates and generate in-house data
and process limits that assure their stabilitywithin the bounds of the developed process. Although the use of pilot-plant scale
data is permissible, the manufacturer should establish the suitability of such data using the manufacturing scale process.

Drug Product (Final Container Product) (4.3)

Stability information should be provided on at least three batches of final container product representativeof that which will
be used at manufacturing scale.Where possible, batches offinal container product included instability testing should be derived
from different batches of bulk material. Aminimum of 6 months data at the time of submissionshould be submitted in cases
where storage periods greater than 6 months are requested. Fordrug products with storage periods of lessthan 6 months, the
minimum amount of stabilitydata in the initial submission should be determined on a case-by-case basis. Product expiration
dating should be based upon the actual data submitted in support of the application. Because dating is based upon the
real-time/real-temperature data submitted for review, continuing updates of initial stabilitydata should occur during the review
and evaluation process. The quality of the final container product placed on stabilitystudies should be representative of the
quality of the material used in the preclinical and clinical studies. Data from pilot-plant scale batches of drug product may be
provided at the time the dossier is submitted to the regulatoryagencies with a commitment to place the first three
manufacturing scalebatches into the long-term stabilityprogram after approval.Where pilot-plantscalebatches were submitted
to establish the dating for a product and, in the event that the product produced at manufacturing scale does not meet those
long-term stabilityspecifications throughout the dating period or is not representative of the material used in preclinical and
clinical studies, the applicant should notifythe appropriate regulatory authorities to determine a suitable course of action.

Sample Selection (4.4)

Where one product isdistributed in batches differing in fill volume (e.g., 1 milliliter (mL), 2 mL, or 10 mL), unitage (e.g., 10
units, 20 units, or 50 units), or mass (e.g., 1 milligram (mg), 2 mg, or 5 mg), samples to be entered into the stabilityprogram
may be selected on the basisof a matrix system and/or by bracketing.

Matrixing, Le., the statistical design of a stabilitystudy inwhich differentfractions of samples are tested at differentsampling
points, should only be applied when appropriate documentation is provided that confirms that the stability of the samples
tested represents the stabilityof allsamples. The differences in the samples for the same drug product should be identifiedas,
for example, covering different batches, differentstrengths, differentsizesof the same closure, and, possibly, in some cases,
different container/closure systems. Matrixing should not be applied to samples with differences that may affectstability, such
as differentstrengths and differentcontainers/closures,where it cannot be confirmed that the products respond similarly under
storage conditions.

Where the same strength and exact container/closure system is used for three or more fill contents, the manufacturer may
elect to place only the smallest and largest container size into the stability program, l.e., bracketing. The design of a protocol
that incorporates bracketing assumes that the stability of the intermediate condition samples are represented by those at the
extremes. In certain cases, data may be needed to demonstrate that allsamples are properly represented by data collected for
the extremes.
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On the whole, there is no single stability-indicating assayor parameter that profiles the stability characteristics of a
biotechnological/biological product. Consequently, the manufacturer should propose a stability-indicating profile that provides
assurance that changes in the identity, purity, and potency of the product will be detected.

At the time of submission,applicants should have validated the methods that comprise the stability-indicating profile, and
the data should be available for review. The determination of which tests should be included will be product-specific. The items
emphasized in the following subsections are not intended to be all-inclusive, butrepresent product characteristics that should
typically be documented to demonstrate product stabilityadequately.

Protocol (5.1)

The dossieraccompanying the applicationfor marketing authorization should include a detailed protocol for the assessment
of the stability of both drug substance and drug product in support of the proposed storage conditions and expiration dating
periods.The protocol should includeallnecessaryinformation that demonstrates the stability of the biotechnological/biological
product throughout the proposed expirationdating period including,for example, well-defined specifications and test intervals.
The statistical methods that should be used are described in the tripartite guideline on stability.

Potency (5.2)

When the intended use of a product is linked to a definable and measurable biological activity, testing for potency should
be part of the stability studies. Forthe purpose of stabilitytesting of the products described in this guideline, potency is the
specific ability or capacity of a product to achieve its intended effect. It is based on the measurement of some attribute of the
product and is determined by a suitable in vivoor in vitro quantitative method. In general, potencies of biotechnological/
biological products tested by different laboratories can be compared in a meaningful way only ifexpressed in relation to that
of an appropriate reference material. Forthat purpose, a reference material calibrated directly or indirectly against the
corresponding national or international reference material should be included in the assay.

Potencystudies should be performed at appropriate intervals as defined in the stability protocol and the resultsshould be
reported in units of biological activity calibrated, whenever possible, against nationallyor internationally recognized standards.
Where no national or international referencestandards exist,the assay resultsmay be reported in in-housederived units usinga
characterized reference material.

In some biotechnological/biological products, potency isdependent upon the conjugation of the active ingredient(s) to a
second moietyor binding to an adjuvant. Dissociation ofthe active ingredient(s)from the carrierused inconjugates or adjuvants
should be examined in real-time/real-temperature studies (includingconditions encountered during shipment). The assessment
of the stabilityof such products may be difficult because, in some cases, in vitro tests for biological activity and physicochemical
characterization are impractical or provide inaccurate results. Appropriate strategies (e.g., testing the product before
conjugation/binding, assessing the releaseof the active compound from the second moiety, in vivo assays) or the use of an
appropriate surrogate test should be considered to overcome the inadequacies of in vitro testing.

Purity and Molecular Characterization (5.3)

Forthe purpose of stabilitytesting of the products described in this guideline, purity isa relative term. Because of the effect
ofglycosylation, deamidation, or other heterogeneities, the absolute purityofa biotechnological/biological product isextremely
difficult to determine. Thus, the purity of a biotechnological/biological product should be typically assessed by more than one
method and the purityvalue derived is method-dependent. Forthe purpose of stability testing, tests for purity should focus on
methods for determination of degradation products.

The degree of purity, as wellas the individual and total amounts of degradation products of the biotechnological/biological
productentered into the stabilitystudies, should be reported and documented whenever possible. Limits of acceptable
degradation should be derived from the analytical profiles of batches of the drug substance and drug product used in the
preclinical and clinical studies.

The use of relevant physicochemical, biochemical, and immunochemical analytical methodologies should permit a
comprehensive characterizationof the drug substance and/or drug product (e.g., molecularsize,' charge, hydrophobicity) and
the accurate detection of degradation changes that may resultfrom deamidation, oxidation, sulfoxidation, aggregation, or
fragmentation during storage. As examples, methods that may contribute to this include electrophoresis (50S-PAGE,
immunoelectrophoresis, Western blot, isoelectrofocusing), high-resolution chromatography (e.g., reversed-phase
chromatography, gel filtration, ion exchange, affinity chromatography), and peptide mapping.

Whereversignificant qualitative or quantitative changes indicative of degradation product formation are detected during
lonq-terrn, accelerated, and/or stress stability studies, consideration should be given to potential hazards and to the need for
characterization and quantification of degradation products within the long-term stability program. Acceptable limits should
be proposed and justified, taking into account the levels observed in material used in preclinical and clinical studies.

Forsubstances that cannot be properly characterized or products for which an exact analysis of the purity cannot be
determined through routine analytical methods, the applicant should propose and justify alternativetesting procedures.

Other Product Characteristics (5.4)

The following product characteristics, though not specifically relating to biotechnological/biological products, should be
monitored and reported for the drug product in its final container:
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Visual appearance of the product (color and opacity for solutions/suspensions; color, texture, and dissolution time for
powders), visible particulates in solutionsor after the reconstitution of powders or lyophilized cakes, pH, and moisture level of
powdersand lyophilized products.

Sterility testing or alternatives (e.g., container/closure integrity testing) should be performed at a minimum initially and at
the end of the proposed shelf life.

Additives (e.g., stabilizers, preservatives) or excipients may degrade during the dating period of the drug product. Ifthere
isany lndlcatlon during preliminary stability studies that reaction or degradation of such materialsadversely affect the quality
of the drug product, these items may need to be monitored during the stability program.

The container/closure has the potential to affect the product adversely and should be carefully evaluated (see below).

STORAGE CONDITIONS (6)

Temperature (6.1)

Because most finished biotechnological/biological products need precisely defined storage temperatures, the storage
conditions for the real-time/real-temperature stabilitystudies may be confined to the proposed storage temperature.

Humidity (6.2)

Biotechnological/biological products are generally distributed in containers protecting them against humidity.Therefore,
where it can be demonstrated that the proposed containers (and conditions of storage) affordsufficient protection against high
and low humidity, stabilitytests at different relative humiditiescan usually be omitted. Where humidity-protecting containers
are not used, appropriate stabilitydata should be provided.

Accelerated and Stress Conditions (6.3)

As previously noted, the expiration dating should be based on real-time/real-temperature data. However, it is strongly
suggested that studies be conducted on the drug substance and drug product under accelerated and stressconditions. Studies
under accelerated conditions may provide useful support data for establishingthe expiration date, provide product stability
information or future product development (e.g., preliminary assessment of proposed manufacturing changes such as change
in formulation, scale-up), assist in validation of analytical methods for the stabilityprogram, or generate information that may
help elucidate the degradation profile of the drug substance or drug product. Studies under stress conditions may be useful in
determining whether accidental exposuresto conditions other than those proposed (e.g., during transportation) are deleterious
to the product and alsofor evaluating which specific test parameters may be the best indicatorsof product stability. Studiesof
the exposure of the drug substance or drug product to extreme conditions may help to reveal patterns of degradation; if so,
such changes should be monitored under proposed storage conditions. Although the tripartite guideline on stabilitydescribes
the conditions of the accelerated and stress study, the applicant should note that those conditions may not be appropriate for
biotechnological/biological products. Conditionsshould be carefully selected on a case-by-case basis.

light (6.4)

Applicants should consult the appropriate regulatory authorities on a case-by-casebasis to determine guidance for testing.

Container/Closure (6.5)

Changes in the quality of the product mayoccur due to the interactions between the formulated biotechnological/biological
product and container/closure. Where the lack of interactions cannot be excluded in liquid products (other than sealed
ampules), stabilitystudies should includesamples maintained in the inverted or horizontal position (Le., in contact with the
closure), as well as in the upright position, to determine the effectsof the closure on product quality. Data should be supplied
for all different container/closure combinations that will be marketed.

In addition to the standard data necessary for a conventional single-usevial, the applicant should demonstrate that the
closure used with a multiple-dosevial iscapable of withstanding the conditions of repeated insertionsand withdrawalsso that
the product retains its full potency, purity, and qualityfor the maximum period specified in the instructions-for-use on
containers, packages, and/or package inserts. Such labeling should be in accordance with relevant national/regional
requirements.

Stability after Reconstitution of Freeze-Dried Product (6.6)

The stabilityof freeze-dried products after their reconstitution should be demonstrated for the conditions and the maximum
storage period specifiedon containers, packages, and/or package inserts. Such labelingshould be in accordance with relevant
national/regional requirements.
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The shelflives of biotechnological/biological products mayvaryfrom days to several years.Thus, it isdifficult to draft uniform
guidelines regarding the stabilitystudy duration and testing frequency that would be applicableto alltypes of biotechnological/
biological products. With only a few exceptions, however, the shelf lives for existing products and potential future products will
be within the range of 0.5 to 5 years. Therefore, the guidance is based upon expected shelf lives in that range. This takes into
account the fact that degradation of biotechnological/biological products may not be governed by the same factors during
different intervals of a long storage period.

When shelf lives of 1 year or lessare proposed, the real-time stabilitystudies should be conducted monthly for the first 3
months and at 3 month intervals thereafter. Forproducts with proposed shelf lives of greater than 1 year, the studies should
be conducted every 3 months during the firstyear of storage, every6 months during the second year, and annuallythereafter.

While the testing intervals listed above may be appropriate in the preapproval or prelicense stage, reduced testing may be
appropriate after approval or licensurewhere data are available that demonstrate adequate stability. Where data exist that
indicatethe stabilityofa product isnot compromised, the applicant isencouraged to submit a protocol that supports elimination
of specific test intervals (e.g., 9-month testing) for postapproval/postlicensure, long-term studies.

SPECIFICATIONS (8)

Although biotechnological/biological products may be subject to significant losses of activity, physicochemical changes, or
degradation during storage, international and national regulationshave provided littleguidance with respect to distinct release
and end of shelf life specifications. Recommendationsfor maximum acceptable losses of activity, limits for physicochemical
changes, or degradation during the proposed shelf life have not been developed for individual types or groups of
biotechnological/biological products but are considered on a case-by-case basis. Each product should retain its specifications
within established limits for safety, purity, and potency throughout its proposed shelf life. Thesespecifications and limits should
be derivedfrom allavailable information using the appropriate statistical methods. The use of differentspecifications for release
and expirationshould be supported by sufficient data to demonstrate that the clinical performance isnot affected, as discussed
in the tripartite guideline on stability.

LABELING (9)

Formost biotechnological/biological drug substances and drug products, precisely defined storage temperatures are
recommended. Specific recommendations should be stated, particularly for drug substances and drug products that cannot
tolerate freezing. These conditions, and where appropriate, recommendations for protection against light and/or humidity,
should appear on containers, packages, and/or package inserts. Such labeling should be in accordance with relevant national
and regional requirements. .

GLOSSARY (10)
Conjugated Product: Aconjugated product is made up of an active ingredient (e.g., peptide, carbohydrate) bound

covalentlyor noncovalently to a carrier (e.q., protein, peptide, inorganic mineral)with the objective of improving the efficacy
or stability of the product.

Degradation Product: Amolecule resultingfrom a change in the drug substance (bulkmaterial)brought about over time.
Forthe purpose of stabilitytesting of the products described in thisguideline, such changes could occur as a resultof processing
or storage (e.g., by deamidation, oxidation, aggregation, proteolysis). Forbiotechnological/biological products, some
degradation products may be active.

Impurity: Anycomponent of the drug substance (bulk material) or drug product (final container product) that is not the
chemicalentity defined as the drug substance, an excipient, or other additives to the drug product.

Intermediate: For biotechnological/biological products, a material produced during a manufacturing process that is not
the drug substance or the drug product but for which manufacture iscritical to the successful production of the drug substance
or the drug product. Generally, an intermediate will be quantifiable and specifications will be established to determine the
successful completion of the manufacturing step before continuation of the manufacturing process.This includes materialthat
may undergo further molecular modification or be held for an extended period before further processing.

Manufacturing Scale Production: Manufacture at the scale typically encountered in a facility intended for product
production for marketing.

Pilot-Plant Scale: The production of the drug substance or drug product by a procedure fully representative of and
simulating that to be applied at manufacturing scale. The methods of cell expansion, harvest, and product purification should
be identical except for the scale of production.
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(1050) VIRAL SAFETY EVALUATION OF BIOTECHNOLOGY PRODUCTS
DERIVED FROM CELL LINES OF HUMAN OR ANIMAL ORIGIN

I. INTRODUCTION

This document isconcerned with testing and evaluation of the viral safety of biotechnology products derived from
characterized cell linesof human or animal origin (Le., mammalian, avian, insect), and outlines data that should be submitted
in the marketingapplication/registration package. For the purposes of this document, the term virus excludes nonconventional
transmissible agents like those associatedwith Bovine Spongiform Encephalopathy (BSE) and scrapie.Applicants are encouraged
to discuss issues associated with BSE with the regulatoryauthorities.

The scope of the document covers products derivedfrom cell cultures initiated from characterized cell banks. It covers
products derivedfrom in vitro cellculture, such as interferons, monoclonal antibodies, and recombinant deoxyribonucleic acid
(DNA)-derived products including recombinant subunit vaccines, and also includes products derivedfrom hybridoma cells
grown in vivo as ascites. In this latter case, specialconsiderations apply and additional informationon testing cells propagated
in vivo iscontained in Appendix 1. Inactivatedvaccines, all live vaccines containing self-replicating agents, and genetically
engineered live vectors are excluded from the scope of this document.

The risk of viral contamination isa feature common to all biotechnology products derivedfrom cell lines. Suchcontamination
could haveseriousclinical consequences and can arisefrom the contamination ofthe source cell lines themselves(cell substrates)
or from adventitious introduction of virus during production. To date, however, biotechnology products derivedfrom cell lines
have not been implicated in the transmission of viruses. Nevertheless, it isexpected that the safetyof these products with regard
to viral contamination can be reasonably assured only by the application of a virus testing program and assessment of virus
removal and inactivation achieved by the manufacturing process, as outlined below.

Three principal, complementary approaches have evolved to control the potential viral contamination of biotechnology
products:

(1) Selecting and testing cell linesand other raw materials, including media components, for the absence of undesirable
viruses which may be infectious and/or pathogenic for humans;

(2) Assessing the capacity of the production processes to clear infectious viruses;
(3) Testing the product at appropriate steps of production for absence of contaminating infectious viruses.
All testing suffers from the inherent limitation ofquantitativevirus assays, l.e., that the abilityto detect lowviral concentrations

depends for statistical reasons on the sizeof the sample. Therefore, no single approach will necessarily establish the safety of a
product. Confidence that infectious virus is absent from the final product will in many instances not be derived solelyfrom
direct testing for their presence, but also from a demonstration that the purification regimen iscapable of removing and/or
inactivating the viruses.

The type and extent of viral tests and viral clearance studies needed at different steps of production will depend on various
factors and should be considered on a case-by-case and step-by-step basis.Thefactors that should be taken into account include
the extent of cell bank characterization and qualification, the nature of any viruses detected, culture medium constituents,
culture methods, facility and equipment design, the results of viral tests after cellculture, the ability of the process to clear
viruses, and the type of product and its intended clinical use.

The purpose of this document is to describe a general frameworkfor virustesting, experiments for the assessment of viral
clearance, and a recommended approach for the designofviral tests and viral clearance studies. Related informationisdescribed
in the appendices and selected definitions are provided in the glossary.

Manufacturers should adjust the recommendations presented here to their specific product and its production process. The
approach used by manufacturers in their overall strategyfor ensuring viral safety should be explainedand justified. In addition
to the detailed data that is provided, an overall summary of the viral safety assessment would be useful in facilitating the review
by regulatory authorities.Thissummary should contain a briefdescription of allaspects of the viral safetystudies and strategies
used to prevent virus contamination as they pertain to this document.

II. POTENTIAL SOURCES OF VIRUS CONTAMINATION

Viral contamination of biotechnology products may arisefrom the original source of the cell lines or from adventitious
introduction of virus during production processes.

A. Viruses That Could Occur in the Master Cell Bank (MCB)

Cells may have latent or persistent virus infection (e.g., herpesvirus) or endogenous retrovirus which may be transmitted
vertically from one cellgeneration to the next, since the viral genome persistswithin the cell.Suchviruses may be constitutively
expressed or may unexpectedly become expressed as an infectious virus. Viruses can be introduced into the MCB by several
routes such as: (1) Derivation of cell linesfrom infectedanimals; (2) use of virusto establishthe cell line; (3) use of contaminated
biological reagents such as animal serum components; (4) contamination during cell handling.

B. Adventitious Viruses That Could Be Introduced During Production

Adventitious viruses can be introduced into the final product by several routes including, but not limited to, the following:
(1) Use of contaminated biological reagents such as animal serum components; (2) use of a virus for the induction of expression
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of specific genes encoding a desired protein; (3) use of a contaminated reagent, such asa monoclonal antibody affinity column;
(4) use of a contaminated excipient during formulation; and (5) contamination during cell and medium handling. Monitoring
of cell culture parameters can be helpful in the early detection of potential adventitious viral contamination.

III. CELL LINE QUALIFICATION: TESTING FOR VIRUSES

An important part of qualifying a cell line for use in the production of a biotechnology product is the appropriate testing for
the presence of virus.

A. Suggested Virus Tests for MCB, Working Cell Bank (WCB) and Cells at the limit of In Vitro Cell
Age Used for Production

Table 7shows examples of virus tests to be performed once only at various cell levels, including MCB, WCB, and cells at the
limit of in vitro cell age used for production. .

Table 1. Examples of Virus Tests to be Performed Once At Various Cell Levels

MCB WCBl Cells at the Limit2

Tests for Retroviruses and Other Endogenous Viruses

Infectivity + - +

Electron microscopy- +3 - +3

Reverse transcriptase" +4 - +4

Other virus-specific tests- as appropriate! - as appropriate!

Tests for Nonendogenous or AdventitiousViruses

In vitroAssays + 76 +

In vivoAssays + _6 +

Antibodyproduction tests/ +7 - -

Other virus-specific tests" +8 - -

1 Seetext-section 1I1.A.2.
2 Cells at the limit: Cells at the limitof in vitro cellage used for production (Seetext-section 1I1.A.3.).
3 Mayalsodetect other agents. '
4 Not necessaryif positive by retrovirus infectivity test.
S Asappropriate for cell lineswhich are known to have been infected by such agents.
6 Forthe firstWCB, this test should be performed on cellsat the limitof in vitrocellage, generated fromthat WCB; for WCB's subsequent to the firstWCB, a single
in vitroand in vivotest can be done either directlyon the WCB or on cellsat the limitof in vitrocellage.
7 e.g., MAP, RAP, HAP-usually applicablefor rodent cell lines.
8 e.g., tests for cell linesderivedfrom human, nonhuman primate, or other cell linesas appropriate.

1. MASTER CELL BANK

Extensive screening for both endogenous and nonendogenous viral contamination should be performed on the MCB. For
heterohybrid cell lines in which one or more partners are human or nonhuman primate in origin, tests should be performed in
order to detect viruses of human or nonhuman primate origin because viral contamination arising from these cells may pose a
particular hazard.

Testing for nonendogenous viruses should include in vitro and in vivo inoculation tests and any other specific tests, including
species-specific tests such as the mouse antibody production (MAP) test, that are appropriate, based on the passage history of
the cell line, to detect possible contaminating viruses.

2. WORKING CELL BANK

EachWCB as a starting cell substrate for drug production should be tested for adventitious virus either by direct testing or
by analysis of cells at the limit of in vitro cell age, initiated from the WCB. When appropriate nonendogenous virus tests have
been performed on the MCB and cells cultured up to or beyond the limit of in vitro cell age have been derived from the WCB
and used for testing for the presence of adventitious viruses, similar tests need not be performed on the initial WCB. Antibody
production tests are usually not necessaryfor the WCB. An alternative approach in which full tests are carried out on the WCB
rather than on the MCB would also be considered acceptable.

3. CELLS AT THE LIMIT OF IN VITRO CELLAGE USED FOR PRODUCTION

The limit of in vitro cell age used for production should be based on data derived from production cells expanded under
pilot-plant scale or commercial-scale conditions to the proposed in vitro cell age or beyond. Generally, the production cells are
obtained by expansion of the WCB; the MCB could also be used to prepare the production cells. Cells at the limit of in vitro
cell age should be evaluated once for those endogenous viruses that may have been undetected in the MCB and WCB. The
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performance of suitable tests (e.g., in vitro and in vivo) at least once on cells at the limitof in vitro cellage used for production
would provide further assurance that the production process is not prone to contamination by adventitious virus. If any
adventitious viruses are detected at this level, the process should be carefully checked in order to determine the cause of the
contamination, and should be completely redesigned if necessary.

B. Recommended Viral Detection and Identification Assays

Numerous assays can be used for the detection of endogenous and adventitious viruses. Table 2 outlines examplesfor these
assays. They should be regarded as assay protocols recommended for the present, but the list is not all-inclusive or definitive.
Sincethe most appropriate techniques may change with scientific progress, proposals for alternative techniques, when
accompanied by adequate supporting data, may be acceptable. Manufacturers are encouraged to discuss these alternatives
with the regulatory authorities. Other tests may be necessarydepending on the individual case. Assays should include
appropriate controls to ensure adequate sensitivity and specificity. Wherevera relatively high possibility of the presence of a
specific viruscan be predicted from the speciesoforiginof the cellsubstrate, specific tests and/or approaches may be necessary.
Ifthe cell line used for production isof human or nonhuman primate origin, additional tests for human viruses, such as those
causing immunodeficiencydiseasesand hepatitis, should be performed unless otherwise justified. The polymerasechain
reaction (PCR) may be appropriate for detection of sequences of other human viruses as well as for other specific viruses. The
following is a brief description of a general framework and philosophical background within which the manufacturer should
justifywhat was done.

Table 2. Examples of the Use and Limitations of Assays Which May be Used to Test for Virus
Test Test Article Detection Capability Detection limitation

Antibodyproduction Lysate of cells and their culture medi- Specific viral antigens Antigens not infectious for animaltest
um system

In vivovirusscreen Lysate of cells and their culture medi- Broad range of viruses pathogenic for Agentsfailing to replicateor produce
um humans diseases in the test system

Invitrovirusscreen for: Broad range of viruses pathogenic for Agentsfailing to replicateor product
humans diseases in the test system

1. Cell bank characterization 1. lysate of cells and their culture me-
dium (forco-cultivation, intact cells
should be in the test article)

2. Productionscreen 2. Unprocessed bulkharvestor lysate
of cells and their cellculture medium
from the production reactor

TEM on: Virus and virus-like particles Qualitative assaywith assessmentof
identity

1. Cell substrate 1. Viable cells

2. Cell culture supernatant 2. Cell-free culturesupernatant

Reverse transcriptase(RT) Cell-free culturesupernatant Retroviruses and expressed retrovi- Onlydetects enzymeswithoptimalac-
ral RT tivityunder preferredconditions.In-

terpretation may be difficult due to
presenceof cellular enzymes; back-
ground withsome concentrated sam-
pies

Retrovirus (RV) infectivity Cell-free culturesupernatant Infectious retroviruses RVfailing to replicateor form discrete
foci or plaques in the chosen test sys-
tem

Cocultivation Viable cells Infectious retroviruses RVfailing to replicate

1. Infectivity endpoint 1. See above under RVinfectivity

2. TEM endpoint 2. See above under TEMl

3. RT endpoint 3. See above under RT

PCR (Polymerase chain reaction) Cells, culturefluidand other materials Specific virus sequences Primersequences must be present.
Doesnot indicatewhether virus is in-
fectious.

1 In addition, difficult to distinguish test articlefrom indicatorcells.

1. TESTS FOR RETROVIRUSES

Forthe MCB and for cells cultured up to or beyond the limitof in vitro cell age used for production, tests for retroviruses,
including infectivity assays in sensitive cellcultures and electron microscopy (EM) studies, should be carried out. Ifinfectivity is
not detected and no retrovirus or retrovirus-like particleshave been observed by EM, reverse transcriptase (RT) or other
appropriate assaysshould be performed to detect retroviruses that maybe noninfectious. Inductionstudies have not been found
to be useful.
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In vitro tests are carried out by the inoculationof a test article (see Table 2) into various susceptible indicator cell cultures
capable of detecting a wide range of human and relevantanimalviruses. The choice of cells used in the test isgoverned by the
speciesof origin of the cell bank to be tested, but should include a human and/or a nonhuman primate cell linesusceptible to
human viruses. The nature of the assay and the sampleto be tested are governed by the type of virus which may possibly be
present based on the origin or handling of thecells. Both cytopathic and hemadsorbing viruses should be sought.

3. IN VIVO ASSAYS

Atest article (see Table 2) should be inoculated into animals, including suckling and adult mice, and in embryonated eggs
to reveal viruses that cannot grow in cellcultures.Additional animal species may be used, depending on the nature and source
of the cell lines being tested. The health of the animalsshould be monitored and any abnormality should be investigated to
establish the cause of the illness.

4. ANTIBODY PRODUCTION TESTS

Species-specific viruses present in rodent cell lines maybe detected by inoculating test article (see Table 2) into virus-free
animalsand examining the serum antibody level or enzyme activity after a specified period. Examples of such tests are the
mouse antibody production (MAP) test, rat antibody production (RAP) test, and hamster antibody production (HAP) test. The
viruses currently screened for in the antibody production assays are discussed in Table 3.

Table 3. Virus Detected in Antibody Production Tests

MAP HAP RAP

EctromeliaVirus2, 3 Lymphocytic Choriomeningitis Virus (LCM)I,3 HantaanVirus" 3

HantaanVlrus'-3 PneumoniaVirusof Mice (PVM)2, 3 Kilham RatVirus(KRV)2, 3

K Vlrus? Reovirus Type J (Reo3)I, 3 Mouse Encephalomyelitis Virus(Theilers, GDVII)2

LacticDehydrogenase Virus(LDM)1,3 Sendai Virus1,3 PneumoniaVirusof Mice (PVM)2,3

Lymphocytic Choriomeningitis Virus (LCM)1,3 SV5 RatCoronavlrus(RCV)2

Minute Virusof Mice2, 3 Reovirus Type 3 (Reo3)I, 3

MouseAdenovirus (MAV)2,3 Sendai Virus1,3

Mouse Cytomegalovirus (MCMV)2, 3 Sialoacryoadenitis Virus(SDAV)2

Mouse Encephalomyelitis Virus(Theilers,GDVII)2 Toolan Virus (H1)2,3

Mouse Hepatitis Virus (MHV)2

Mouse Rotavirus (EDIM)2, 3

PneumoniaVirus of Mice (PVM)2, 3

PolyomaVirus2

Reovirus Type 3 (Reo3)I,3

Sendai Vlrus! 3

Thymic Virus2

1 Viruses for which there is evidenceof capacity for infecting humans or primates.
2 Viruses for which there is no evidence of capacity for infecting humans.
3 Viruscapableof replicating in vitro in cellsof human or primate origin.

C. Acceptability of Cell lines

It is recognized that some cell lines used for the manufacture of product will contain endogenous retroviruses, other viruses,
or viral sequences. Insuch circumstances, the action plan recommended for manufacture isdescribed in section V. of this
document. The acceptabilityof cell linescontaining viruses other than endogenous retroviruses will be considered on an
individual basis by the regulatory authorities, by taking into account a risk/benefitanalysis based on the benefit of the product
and its intended clinical use, the nature of the contaminating viruses, their potential for infectinghumans or for causing disease
in humans, the purification process for the product (e.g., viral clearance evaluation data), and the extent of the virustests
conducted on the purified bulk.

IV. TESTING FOR VIRUSES IN UNPROCESSED BULK

The unprocessed bulkconstitutes one or multiple pooled harvests of cells and culture media. When cells are not readily
accessible (e.g., hollowfiber or similarsystems), the unprocessed bulkwould constitute fluids harvestedfrom the fermenter. A
representative sample of the unprocessed bulk, removed from the production reactor prior to further processing, represents
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one of the most suitable levels at which the possibility of adventitious virus contamination can be determined with a high
probabilityof detection. Appropriate testing for viruses should be performed at the unprocessed bulk level unlessvirus testing
is made more sensitive by initial partial processing(e.g., unprocessed bulk may be toxic in test cell cultures, whereas partially
processed bulk may not be toxic).

Incertain instances, it may be more appropriate to test a mixture consistingof both intact and disrupted cells and their cell
culture supernatants removed from the production reactor prior to further processing. Data from at least three lots of
unprocessed bulkat pilot-plant scaleor commercialscaleshould be submitted as part of the marketing application/registration
package.

It is recommended that manufacturers develop programs for the ongoing assessment of adventitious viruses in production
batches. The scope, extent, and frequency of virus testing on the unprocessed bulkshould be determined by taking several
points into consideration, including the nature of the cell lines used to produce the desired products, the results and extent of
virus tests performed during the qualification of the cell lines, the cultivation method, raw material sources, and resultsof viral
clearance studies. In vitro screening tests, using one or several cell lines, are generallyemployed to test unprocessed bulk. If
appropriate, a PCR test or other suitable methods may be used.

Generally, harvest material in which adventitious virus has been detected should not be used to manufacture the product.
Ifany adventitiousviruses are detected at this level, the process should be carefully checked to determine the cause of the
contamination, and appropriate actions taken.

V. RATIONALE AND ACTION PLAN FOR VIRAL CLEARANCE STUDIES AND VIRUS TESTS ON
PURIFIED BULK

It is important to design the most relevantand rational protocol for virus tests from the MCB level, through the varioussteps
of drug production, to the final product including evaluation and characterization of viral clearance from unprocessed bulk.
The evaluation and characterization of viral clearance playsa critical role in this scheme. The goal should be to obtain the best
reasonable assurance that the product isfree of viruscontamination.

In selecting viruses to use for a clearance study, it is useful to distinguish between the need to evaluate processesfor their
ability to clear virusesthat are known to be present and the desire to estimate the robustness of the process by characterizing
the clearance of nonspecific "model" viruses (described later). Definitions of "relevant," specific, and nonspecific "model"
viruses are given in the glossary. Process evaluationrequires knowledge of how much virus may be present in the process, such
as the unprocessed bulk, and how much can be cleared in order to assess product safety. Knowledge of the time dependence
for inactivation procedures is helpful in assuring the effectiveness of the inactivation process. When evaluating clearance of
known contaminants, in-depth, time-dependent inactivation studies, demonstration of reproduclblllty of inactivation/removal,
and evaluation of process parameters should be provided. When a manufacturing process ischaracterized for robustness of
clearance using nonspecific "model" viruses, particularattention should be paid to nonenveloped viruses in the study design.
The extent of viral clearance characterization studies may be influenced by the resultsof tests on cell linesand unprocessed
bulk. These studies should be performed as described in section VI. below.

Table 4 presents an example of an action plan in terms of process evaluation and characterization of viral clearance as well
as virus tests on purified bulk, in response to the resultsof virus tests on cells and/or the unprocessed bulk.Various cases are
considered. In all cases, characterization of clearance using nonspecific"model" viruses should be performed. The most
common situations are CasesAand B. Productionsystemscontaminated with a virus other than a rodent retrovirus are normally
not used. Where there are convincing and well justified reasons for drug production using a cell linefrom CasesC, D, or E,
these should be discussed with the regulatory authorities. With Cases C, D, and E, it is important to have validated effective
steps to inactivate/remove the virus in question from the manufacturing process.

Table 4 Action Plan for Process Assessment of Viral Clearance and Virus Tests on Purified Bulk
Case A Case B Case C2 Case D2 Case E2

Status

Presence of virus' - - - - (+)3

Virus-like particles' - - - - (+)3

Retrovirus-like particles' - + - - (+)3

Virus identified not applicable + + + -

Virus pathogenicfor humans not applicable _4 -4 + unknown

Action

Process characterization of viral clearanceusing non- yesS yesS yesS yesS yes7

specific "model" viruses

Process evaluation ofviral clearanceusing" relevant"or no yes6 yes6 yes6 yes/
specific "model" viruses
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Table 4. Action Plan for Process Assessment of Viral Clearance and Virus Tests on Purified Bulk (continued)

USP 43

Test for virusin purified bulk

Case A Case B Case 0 2 Case E2

not applicable

1 Results of virus tests for the cellsubstrate and/or at the unprocessed bulklevel. Cell culturesusedfor production which are contaminated withviruses will generally
not be acceptable. Endogenousviruses (suchas retroviruses) or viruses that are an integralpart of the MCB may be acceptable ifappropriateviral clearanceevaluation
procedures are followed.
2 The use ofsource materialwhichiscontaminated withviruses, whether or not they are knownto be infectious and/or pathogenic in humans,will onlybe acceptable
under veryexceptional circumstances. .
3 Virus has been observed by either direct or indirect methods.
4 Believed to be nonpathogenic.
5 Characterization of clearanceusing nonspecific "model" virusesshould be performed.
6 Process evaluationfor "relevant" viruses or specific"model" viruses should be performed.
7 See text under Case E.
8 The absence of detectable virus should be confirmedfor purified bulk by means of suitablemethods havlnq high specificity and sensitivity for the detection of
the virusin question. Forthe purpose of marketing authorization,data from at least 3 lotsof purified bulk manufactured at pilot-plantor commercial scale should
be provided. Howeverfor cell linessuch as CHOcellsfor which the endogenous particles have been extensively characterizedand adequate clearance has been
demonstrated, it is not usually necessaryto assayfor the presence of the noninfectious particles in purified bulk.

Case A

Where no virus, virus-like particle, or retrovirus-like particle has been demonstrated in the cells or in the unprocessed bulk,
virus removal and inactivation studies should be performed with nonspecific "model" viruses as previously stated.

Case B

Where onlya rodent retrovirus (or a retrovirus-like particlethat isbelieved to be nonpathogenic, such as rodent A- and R-type
particles) is present, process evaluation using a specific "model" virus, such as a murine leukemia virus, should be performed.
Purified bulkshould be tested using suitable methods having high specificity and sensitivity for the detection of the virus in
question. Formarketing authorization, data from at least three lots of purified bulk at pilot-plant scale or commercial scale
should be provided. Cell linessuch as Chinese hamster ovary(CHO), C127, baby hamster kidney(BHK), and murine hybridoma
cell lines have frequently been used as substrates for drug production with no reported safety problems related to viral
contamination of the products. Forthese cell linesin which the endogenous particleshave been extensively characterized and
clearance has been demonstrated, it is not usually necessaryto assayfor the presence of the noninfectious particles in purified
bulk. Studies with nonspecific "model" viruses, as in Case A, are appropriate.

Case C

When the cellsor unprocessed bulkare knownto contain a virus, other than a rodent retrovirus, for whichthere isno evidence
of capacity for infecting humans (such as those identified by footnote 2 in Table 3, except rodent retroviruses (Case B», virus
removal and inactivation evaluation studies should use the identified virus. Ifit is not possibleto use the identified virus,
"relevant" or specific "model" virusesshould be used to demonstrate acceptable clearance. Time-dependent inactivation for
identified (or "relevant" or specific "model") viruses at the critical inactivation step(s) should be obtained as part of process
evaluation for these viruses. Purified bulkshould betested using suitable methods havlnq high specificity and sensitivity for the
detection of the virus in question. Forthe purpose of marketing authorization, data from at least three lots of purified bulk
manufactured at pilot-plant scale or commercial scale should be provided.

Case D

Where a known human pathogen, such as those indicated by footnote 1 in Table 3, is identified, the product may be
acceptable only under exceptional circumstances. In this instance, it is recommended that the identified virus be used for virus
removal and inactivationevaluation studies and specific methods with high specificity and sensitivity for the detection of the
virusinquestion be employed. Ifit isnot possibleto use the identified virus, "relevant" and/or specific "model" viruses (described
later) should be used. The process should be shown to achieve the removal and inactivation of the selected viruses during the
purification and inactivation processes. Time-dependent inactivation data for the critical inactivation step(s) should be obtained
as part of process evaluation. Purified bulk should be tested using suitable methods having high specificity and sensitivity for
the detection of the virus in question. Forthe purpose of marketing authorization, data from at least three lots of purified bulk
manufactured at pilot-plant scale or commercial scale should be provided.

Case E

When a virus that cannot be classified by currently available methodologies isdetected in the cells or unprocessed bulk, the
product is usually considered unacceptable since the virus may prove to be pathogenic. In the very rare case where there are
convincing and well justified reasons for drug production using such a cell line, this should be discussed with the regulatory
authorities before proceeding further.
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VI. EVALUATION AND CHARACTERIZATION OF VIRAL CLEARANCE PROCEDURES

Evaluation and characterization of due virus removal and/or inactivation procedures play an important role in establishing
the safetyof biotechnology products. Many instances of contamination in the past have occurred with agents whose presence
was not known or even suspected, and though this happened to biological products derived from varioussource materials
other than fully characterized cell lines, assessment of viral clearance will provide a measure of confidence that any unknown,
unsuspected, and harmful viruses may be removed. Studiesshould be carried out in a manner that iswell documented and
controlled.

The objectiveof viral clearance studies is to assess process step(s) that can be considered to be effective in inactivating/
removing viruses and to estimate quantitatively the overall level of virus reduction obtained by the process. This should be
achievedbythe deliberate addition ("spiking")ofsignificantamounts of a virus to the crude materialand/or to differentfractions
obtained during the various process steps and demonstrating its removal or inactivation during the subsequent steps. It is not
considered necessaryto evaluate or characterize everystep of a manufacturing process ifadequate clearance isdemonstrated
by the use of fewer steps. It should be borne in mind that other steps in the process may have an indirect effect on the viral
inactivation/removal achieved. Manufacturers should explain and justifythe approach used in studies for evaluating virus
clearance.

The reduction of virus infectivity may be achieved by removalof virus particlesor by inactivation of viral infectivity. Foreach
production step assessed, the possible mechanism of loss of viral infectivity should be described with regard to whether it is
due to inactivation or removal. For inactivation steps, the study should be planned in such a way that samples are taken at
differenttimes and an inactivation curve constructed (see section VI.B.5.).

Viral clearance evaluation studies are performed to demonstrate the clearance of a virus known to be present in the MCB
and/or to provide some level of assurance that adventitious viruses which could not be detected, or might gain access to the
production process, would be cleared. Reduction factors are normallyexpressed on a logarithmicscale, which implies that,
while residual virus infectivity will never be reduced to zero, it may be greatly reduced mathematically.

Inaddition to clearance studies for viruses knownto be present, studies to characterizethe ability to remove and/or inactivate
other viruses should be conducted. The purpose of studies with viruses exhibiting a range of biochemical and biophysical
properties that are not known or expected to be present is to characterize the robustness of the procedure rather than to
achievea specific inactivationor removalgoal.Ademonstration of the capacity of the production processto inactivateor remove
viruses isdesirable (see section VI.c.). Such studies are not performed to evaluate a specific safety risk. Therefore, a specific
clearance value need not be achieved.

A. The Choice of Viruses for the Evaluation and Characterization of Viral Clearance

Viruses for clearance evaluation and process characterization studies should be chosen to resemble viruses which may
contaminate the product and to represent a wide range of physico-chemical properties in order to test the abilityof the system
to eliminateviruses ingeneral. The manufacturershould justify the choice ofviruses inaccordance with the aimsof the evaluation
and characterizationstudy and the guidance provided in this document.

1. "RELEVANT" VIRUSES AND "MODEL" VIRUSES

A major issue in performing a viral clearance'study is to determine which viruses should be used. Such viruses fall into three
categories: "Relevant" viruses, specific "model" viruses, and nonspecific "model" viruses.

"Relevant" viruses are viruses used in process evaluation of viral clearance studies which are either the identifiedviruses, or
of the same species as the viruses that are known, or likely to contaminate the cell substrate or any other reagents or materials
used in the production process. The purification and/or inactivation process should demonstrate the capabilityto remove and/
or inactivatesuch viruses. When a "relevant" virus is not available or when it is not well adapted to process evaluation of viral
clearance studies (e.g., it cannot be grown in vitro to sufficiently high titers), a specific "model" virus should be used as a
substitute. An appropriate specific "model" virus may be a virus which isclosely related to the known or suspected virus (same
genus or family), having similar physical and chemical properties to the observed or suspected virus.

Cell lines derived from rodents usually contain endogenous retrovirus particlesor retrovirus-like particles, which'may be
infectious (C-type particles)or noninfectious (cytoplasmic A- and R-type particles). The capacity of the manufacturing process
to remove and/or inactivate rodent retroviruses from products obtained from such cellsshould be determined. Thismay be
accomplished by using a murine leukemia virus, a specific "model" virus in the case of cells of murine origin. When human cell
linessecreting monoclonal antibodies have been obtained by the immortalization of Blymphocytesby Epstein-Barr Virus (EBV),
the ability of the manufacturing process to remove and/or inactivate a herpes virus should be determined. Pseudorabiesvirus
may also be used as a specific "model" virus.

Whenthe purpose isto characterizethe capacityof the manufacturing processto remove and/or inactivateviruses ingeneral,
Le., to characterize the robustness of the clearance process, viral clearance characterization studies should be performed with
nonspecific "model" viruses with differing properties. Data obtained from studies with "relevant" and/or specific "model"
virusesmayalsocontribute to this assessment. It isnot necessaryto test alltypes of viruses. Preferenceshould be givento viruses
that display a significantresistanceto physical and/or chemical treatments. The resultsobtained for such viruses provide useful
information about the abilityof the production process to remove and/or inactivateviruses in general. The choice and number
of viruses used will be influenced by the quality and characterization of the cell linesand the production process.

Examples of useful "model" viruses representing a range of physico-chemical structures and examples of viruses which have
been used in viral clearance studies are given in Appendix2 and Table A-7.
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2. OTHER CONSIDERATIONS

USP 43

Additional points to be considered are as follows:
(a) Viruses which can be grown to high titer are desirable, although this may not always be possible.
(b) There should be an efficientand reliable assayfor the detection of each virus used, for everystage of manufacturing that

is tested.
(c) Consideration should be given to the health hazard which certain viruses may pose to the personnel performing the

clearance studies.

B. Design and Implications of Viral Clearance Evaluation and Characterization Studies

1. FACILITY AND STAFF

It isinappropriate to introduce any virus into a production facility because ofgood manufacturingpractice (GMP) constraints.
Therefore, viral clearance studies should be conducted in a separate laboratory equipped for virological work and performed
bystaffwith virological expertise in conjunction with production personnel involved in designing and preparing a scaled-down
version of the purification process.

2. SCALED-DOWN PRODUCTION SYSTEM

Thevalidity of the scalingdown should be demonstrated. The level of purification ofthe scaled-downversionshould represent
as closely as possible the production procedure. Forchromatographic equipment, column bed-height, linearflow-rate,
flow-rate-to-bed-volume ratio (l.e., contact time), bufferand gel types, pH, temperature, and concentration of protein, salt,
and product should allbe shown to be representativeof commercial-scale manufacturing.Asimilar elution profile should result.
Forother procedures, similarconsiderationsapply. Deviations that cannot be avoided should be discussedwith regard to their
influence on the results.

3. ANALYSIS OF STEP-WISE ELIMINATION OF VIRUS

when viral clearance studies are being performed, it isdesirable to assessthe contribution of more than one production step
to virus elimination. Steps which are likely to clear virus should be individually assessedfor their ability to remove and inactivate
virus and careful consideration should be given to the exact definitionof an individual step. Sufficient virus should be present
in the material of each step to be tested so that an adequate assessment of the effectiveness of each step isobtained. Generally,
virus should be added to in-processmaterialof each step to be tested. Insome cases,simply adding high titer virus to unpurified
bulkand testing its concentration between steps will be sufficient. Where virus removal results from separation procedures, it
is recommended that, if appropriate and ifpossible, the distribution of the virus load in the differentfractions be investigated.
When virucidal buffersare used in multiplesteps withinthe manufacturing process,alternativestrategies such as parallel spiking
in less virucidal buffers may be carried out as part of the overall process assessment. The virus titer before and after each step
being tested should be determined. Quantitative infectivity assays should have adequate sensitivity and reproducibility and
should be performed with sufficient replicates to ensure adequate statistical validity of the result. Quantitative assays not
associatedwith infectivity may be used ifjustified. Appropriatevirus controlsshould be included in all infectivity assays to ensure
the sensitivity of the method. Also, the statisticsof sampling virus when at low concentrations should be considered (Appendix
4).

4. DETERMINING PHYSICAL REMOVAL VERSUS INACTIVATION

Reduction in virus infectivity may be achieved by the removal or inactivation of virus. Foreach production step assessed, the
possible mechanism of loss of viral infectivity should be described with regard to whether it is due to inactivation or removal.
Iflittle clearance of infectivity is achieved by the production process, and the clearance of virus is considered to be a major
factor in the safety of the product,specific or additional inactivation/removal steps should be introduced. It may be necessary
to distinguish between removaland inactivation for a particularstep, for example, when there isa possibility that a bufferused
in more than one clearance step may contribute to inactivation during each step, i.e., the contribution to inactivation by a
buffershared by severalchromatographic steps and the removal achieved by each of these chromatographic steps should be
distinguished.

5. INACTIVATION ASSESSMENT

Forassessment of viral inactivation, unprocessed crude material or intermediate material should be spiked with infectious
virus and the reduction factor calculated. It should be recognized that virus inactivation is not a simple,firstorder reaction and
is usually more complex, with a fast "phase 1" and a slow "phase 2." The study should, therefore, be planned in such a way
that samples are taken at different times and an inactivation curve constructed. It is recommended that studies for inactivation
include at least one time point less than the minimum exposure time and greater than zero, in addition to the minimum
exposure time. Additional data are particularly important where the virus isa "relevant" virus known to be a human pathogen
and an effective inactivation process is being designed. However, for inactivation studies in which nonspecific "model" viruses
are used or when specific "model" viruses are used as surrogates for virus particles, such as the CHO intracytoplasmic
retrovirus-like particles, reproducibleclearanceshould be demonstrated in at leasttwo independent studies.Wheneverpossible,
the initial virus load should be determined from the virus that can be detected in the spikedstarting material. Ifthis is not
possible, the initial virus load may be calculated from the titer of the spiking virus preparation. Where inactivation is too rapid
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to plot an inactivation curve using processconditions, appropriate controlsshould be performed to demonstrate that infectivity
is indeed lost by inactivation. .

6. FUNCTION AND REGENERATION OF COLUMNS

Over time and after repeated use, the ability of chromatography columns and other devices used in the purification scheme
to clear virus may vary. Some estimate of the stabilityof the viral clearance after several uses may providesupport for repeated
use of such columns. Assurance should be provided that any virus potentially retained by the production system would be
adequately destroyed or removed prior to reuse of the system. Forexample, such evidence may be provided by demonstrating
that the cleaning and regeneration procedures do inactivateor remove virus.

7. SPECIFIC PRECAUTIONS

(a) Care should be taken in preparing the high-titer virus to avoid aggregation which may enhance physical removal and
decrease inactivation, thus distorting the correlation with actual production.

(b) Consideration should be given to the minimum quantity of virus which can be reliably assayed.
(c) The study should include parallel control assaysto assess the lossof infectivity of the virus due to such reasons as the

dilution, concentration, filtration or storage of samples before titration.
(d) The virus "spike" should be added to the product in a smallvolume so as not to dilute or change the characteristicsof

the product. Diluted, test-protein sample is no longer identical to the product obtained at commercial scale.
(e) Small differences in, for example, buffers, media, or reagents can substantiallyaffect viral clearance.
(f) Virus inactivation istime-dependent; therefore, the amount of time a spiked product remains ina particularbuffersolution

or on a particular chromatography column should reflectthe conditions of the commercial-scale process.
(g) Buffers and product should be evaluated independently for toxicityor interference in assays used to determine the virus

titer, as these components may adversely affect the indicator cells. Ifthe solutions are toxic to the indicator cells, dilution,
adjustment of the pH, or dialysis of the buffercontaining spiked virus might be necessary. Ifthe product itselfhas anti-viral
activity, the clearance study may need to be performed without the product in a "mock" run, although omitting the product
or substituting a similar protein that does not have anti-viral activitycould affect the behavior of the virus in some production
steps. Sufficient controls to demonstrate the effect of procedures used solelyto prepare the sample for assay (e.g., dialysis,
storage) on the removal/inactivation of the spikingvirusshould be included.

(h) Many purification schemes use the same or similar buffersor columns repetitively. The effectsof this approach should
be taken into account when analyzingthe data. The effectiveness of virus elimination by a particularprocess may vary with the
manufacturing stage at which it is used.

(i) Overall reduction factors may be underestimated where production conditions or buffersare too cytotoxic or virucidal
and should be discussedon a case-by-casebasis. Overall reduction factors may also be overestimated due to inherent limitations
or inadequate design of viral clearance studies.

C. Interpretation of Viral Clearance Studies; Acceptability

The object of assessing virus inactivation/removal is to evaluate and characterize process steps that can be considered to be
effective in inactivating/removing viruses and to estimate quantitatively the overall level of virus reduction obtained by the
manufacturing process. Forvirus contaminants, as in Cases Bthrough E, it is important to show that not only is the virus
eliminated or inactivated, but that there isexcess capacity for viral clearance built into the purification process to assure an
appropriate level of safetyfor the final product. The amount of virus eliminated or inactivated by the production process should
be compared to the amount of virus which may be present in unprocessed bulk.

To carry out this comparison, it is important to estimate the amount of virus in the unprocessed bulk. This estimate should
be obtained using assays for infectivity or other methods such as transmission electron microscopy(TEM). The entire purification
process should be able to eliminate substantially more virus than is estimated to be present in a single-dose-equivalentof
unprocessed bulk. See Appendix 5 for calculation of virus reduction factors and Appendix 6 for calculation of estimated particles
per dose.

Manufacturersshould recognizethat clearancemechanisms maydifferbetween virus classes. Acombination offactors should
be considered when judging the data supporting the effectiveness of virus inactivation/removal procedures. These include:

(i)The appropriateness of the test viruses used;
(ii) The design of the clearance studies;
(iii) The log reduction achieved;
(iv) The time dependence of inactivation;
(v) The potential effects of variation in process parameters on virus inactivation/removal;
(vi) The limits of assaysensitivities;
(vii) The possible selectivity of inactivation/removal procedure(s) for certain classes of viruses.
Effective clearance may be achieved by any of the following: Multiple inactivationsteps, multiplecomplementary separation

steps, or combinations of inactivation and separation steps. Sinceseparation methods may be dependent on the extremely
specific physico-chemical properties of a virus which influence its interaction with gel matrices and precipitation properties,
"model" viruses may be separated in a different manner than a target virus. Manufacturing parameters influencingseparation
should be properly defined and controlled. Differences may originate from changes in surface properties such as glycosylation.
However, despite these potential variables, effective removal can be obtained by a combination of complementary separation
steps or combinations of inactivation and separation steps. Therefore, well-designedseparation steps, such as chromatographic
procedures, filtration steps, and extractions, can be effective virus removalsteps provided that they are performed under
appropriately controlled conditions. An effective virus removal step should give reproducible reduction of virus load shown by
at least two independent studies.
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An overall reduction factor isgenerallyexpressed as the sum of the individual factors. However, reduction in virus titer of the
order of 1 10glo or lesswould be considered negligibleand would be ignored unless justified.

Iflittle reduction of infectivity is achieved by the production process, and the removal of virus isconsidered to be a major
factor in the safetyof the product, a specific, additional inactivation/removal step or steps should be introduced. Forallviruses,
manufacturers should justify the acceptabilityof the reductionfactors obtained. Results would be evaluated on the basisof the
factors listed above.

D. Limitations of Viral Clearance Studies

Viral clearancestudies are useful for contributing to the assurance that an acceptable level of safety in the final product is
achieved but do not by themselves establishsafety. However, a number of factors in the design and execution of viral clearance
studies may lead to an incorrect estimate of the ability of the process to remove virus infectivity. These factors include the
following:

1. Virus preparations used inclearancestudiesfor a production processare likely to be produced intissueculture.The behavior
of a tissue culture virus in a production step may be differentfrom that of the native virus, for example, ifnative and cultured
viruses differ in purity or degree of aggregation.

2. Inactivation of virus infectivity frequently follows a biphasiccurve in which a rapid initial phase isfollowed by a slower
phase. It is possible that virus escaping a first inactivation step may be more resistant to subsequent steps. Forexample, ifthe
resistant fraction takes the form of virus aggregates, infectivity may be resistant to a range of differentchemical treatments and
to heating.

3. The ability of the overall process to remove infectivity isexpressed as the sum of the logarithm of the reductions at each
step. The summation of the reduction factors of multiplesteps, particularly of steps with little reduction (e.g., below 1 IOg10),
may overestimate the true potential for virus elimination. Furthermore, reduction valuesachieved by repetition of identical or
near identical procedures should not be included unless justified.

4. The expression of reduction factors as logarithmic reductions in titer implies that, while residual virus infectivity may be
greatly reduced, it will never be reduced to zero. Forexample, a reduction in the infectivity of a preparation containing 8 10glo
infectious units per milliliter (mL) by a factor of 8 log10 leaves zero log,o per mL or one infectious unit per mL, taking into
consideration the limitof detection of the assay.

5. Pilot-plant scale processing may differ from commercial-scale processingdespite care taken to design the scaled-down
process.

6. Addition of individual virus reduction factors resulting from similar inactivation mechanismsalong the manufacturing
process may overestimate overall viral clearance.

E. Statistics

The viral clearance studies should include the use of statistical analysis of the data to evaluate the results. The study results
should be statistically valid to support the conclusions reached (see Appendix 3).

F. Reevaluation of Viral Clearance

Wheneversignificantchanges in the production or purification process are made, the effectof that change, both direct and
indirect, on viral clearance should be considered and the system re-evaluated as needed. Forexample, changes in production
processesmay cause significant changes in the amount of virus produced by the cell line; changes in processsteps may change
the extent of viral clearance.

VII. SUMMARY

Thisdocument suggests approaches for the evaluation of the risk of viral contamination and for the removal of virus from
product, thus contributing to the production of safe biotechnology products derived from animal or human cell lines,and
emphasizes the value of many strategies, including:

A.Thorough characterization/screeningof cellsubstrate starting material inorder to identify which, ifany, viral contaminants
are present;

B. Assessment of risk by determination of the human tropism of the contaminants;
C. Establishment of an appropriate program of testing for adventitious viruses in unprocessed bulk;
D. Careful design of viral clearance studies using differentmethods of virus inactivation or removal in the same production

process in order to achieve maximum viral clearance; and
E. Performance of studies which assess virus inactivation and removal.

GLOSSARY
Adventitious Virus: See Virus.
Cell Substrate: Cells used to manufacture product.
Endogenous Virus: See Virus.
Inactivation: Reduction of virus infectivity caused by chemical or physical modification.
In Vitro Cell Age: A measure of the period between thawing of the MCB vial(s) and harvest of the production vessel

measured by elapsed chronological time in culture, population doubling level of the cells, or passage level of the cellswhen
subcultivated by a defined procedure for dilution of the culture.
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Master Cell Bank (MeB): An aliquot of a single pool of cells which generally has been prepared from the selected cell
clone under defined conditions, dispensed into multiple containers, and stored under defined conditions. The MCB is used to
derive all working cell banks. The testing performed on a new MCB (from a previous initial cell clone, MCB, or WCB) should be
the same asfor the original MCB, unless justified.

Minimum Exposure Time: The shortest period for which a treatment step will be maintained.
Nonendogenous Virus: See Virus.
Process Characterization of Viral Clearance: Viral clearance studies in which nonspecific "model" viruses are used to

assess the robustness of the manufacturing process to remove and/or inactivate viruses. '
Process Evaluation Studies of Viral Clearance: Viral clearance studies in which "relevant" and/or specific "model"

viruses are used to determine the ability of the manufacturing process to remove and/or inactivate these viruses.
Production Cells: Cell substrate used to manufacture product.
Unprocessed Bulk: One or multiple pooled harvests of cells and culture media. When cells are not readily accessible, the

unprocessed bulk would constitute fluid harvested from the fermenter.
Virus: Intracellularly replicating infectious agents that are potentially pathogenic, possess only a single type of nucleic acid

(either ribonucleic acid (RNA) or DNA), are unable to grow and undergo binary fission, and multiply in the form of their genetic
material.

Adventitious Virus: Unintentionally introduced contaminant virus.
Endogenous Virus: Viral entity whose genome is part of the germ line of the species of origin of the cell line and is

covalently integrated into the genome of animal from which the parental cell line was derived. For the purposes of this
document, intentionally introduced, nonintegrated viruses such as EBV used to immortalize cell substrates or Bovine Papilloma
Virus fit in this category.

Nonendogenous Virus: Virus from external sources present in the MCB.
Nonspecific Model Virus: A virus used for characterization of viral clearance of the process when the purpose is to

characterize the capacity of the manufacturing process to remove and/or inactivate viruses in general, i.e., to characterize the
robustness of the purification process.

Relevant Virus: Virus used in process evaluation studies which is either the identified virus, or of the same species as the
virus that is known, or likely to contaminate the cell substrate or any other reagents or materials used in the production process.

Specific Model Virus: Virus which is closely related t.o the known or suspected virus (same genus or family), having similar
physical and chemical properties to those of the observed or suspected virus.

Viral Clearance: Elimination of target virus by removal of viral particles or inactivation of viral infectivity.
Virus-like Particles: Structures visible by electron microscopy which morphologically appear to be related to known

viruses.
Virus Removal: Physical separation of virus particles from the intended product.
Working Cell Bank (WeB): The WCB is prepared from aliquots of a homogeneous suspension of cells obtained from

culturing the MCB under defined culture conditions.

APPENDICES

Appendix 1: Products Derived from Characterized Cell Banks Which Were Subsequently Grown
In Vivo

For products manufactured from fluids harvested from animals inoculated with cells from characterized banks, additional
information regarding the animals should be provided.

Whenever possible, animals used in the manufacture of biotechnological/biological products should be obtained from well
defined, specific pathogen-free colonies. Adequate testing for appropriate viruses, such as those listed in Table 3, should be
performed. Quarantine procedures for newly arrived as well as diseased animals should be described, and assurance provided
that all containment, cleaning, and decontamination methodologies employed within the facility are adequate to contain the
spread of adventitious agents. This may be accomplished through the use of a sentinel program. A listing of agents for which
testing is performed should also be included. Veterinary 'Support servicesshould be available on-site or within easy access. The
degree to which the vivarium is segregated from other areas of the manufacturing facility should be described. Personnel
practices should be adequate to ensure safety.

Procedures for the maintenance of the animals should be fully described. These would include diet, cleaning and feeding
schedules, provisions for periodic veterinary care if applicable, and details of special handling that the animals may require once
inoculated. A description of the priming regimen(s) for the animals, the preparation of the inoculum, and the site and route of
inoculation should also be included.

The primary harvest material from animals may be considered an equivalent stage of manufacture to unprocessed bulk.
harvest from a bioreactor. Therefore, all testing considerations previously outlined in section IV. of this document should apply.
In addition, the manufacturer should assess the bioburden of the unprocessed bulk, determine whether the material is free of
mycoplasma, and perform species-specific assay(s) aswell as in vivo testing in adult and suckling mice.

Appendix 2: The Choice of Viruses for Viral Clearance Studies

A. EXAMPLES OF USEFUL"Model" Viruses:

1. Nonspecific "model" viruses representing a range of physico-chemical structures:
• SV40 (Polyomavirus maccacae 1), human polio virus 1 (Sabin), animal parvovirus or some other small, nonenveloped

viruses;
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• a parainfluenza virus or influenza virus, Sindbisvirus or some other medium-to-Iarge, enveloped, RNA viruses;
• a herpes virus (e.g., HSV-l or a pseudorabies virus), or some other medium-to-Iarge, DNA viruses.
These viruses are examples only and their use is not mandatory.
2. For rodent cell substrates murine retroviruses are commonly used as specific "model" viruses.

B. EXAMPLES OF VIRUSES THAT HAVE BEEN USED IN VIRAL CLEARANCE STUDIES

USP 43

Several viruses that have been used inviral clearancestudies are listedin TableA-I. However, since these are merelyexamples,
the use of any of the viruses in the table is not considered mandatory and manufacturers are invited to consider other viruses,
especiallythose that may be more appropriate for their individual production processes. Generally, the process should be
assessed for its ability to clear at least three different viruses with differing characteristics.

Table A-l. Examples of Viruses Which Have Been Used In Viral Clearance Studies
Virus Family Genus Natural Host Genome Env Size (nm) Shape Resistance 1

Vesicular Stomatitis Virus Rhabdo Vesiculovirus Equine Bovine RNA yes 70 x 150 Bullet Low

Parainfluenza Virus Paramyxo Paramyxovirus Various RNA yes 100-200 Pleo/Spher Low

MuL V Retro Type C oncovi- Mouse RNA yes 80-110 Spherical Low
rus

Sindbis Virus Toga Alphavirus Human RNA yes 60-70 Spherical Low

BVDV Flavi Pestivirus Bovine RNA yes 50-70 Pleo/Spher Low

Pseudo-rabies Virus Herpes Swine DNA yes 120-200 Spherical Med

Poliovirus Sabin Type 1 Picorna Enterovirus Human RNA no 25-30 Icosahedral Med

Encephalomyocarditis Virus Picorna Cardiovirus Mouse RNA no 25-30 Icosahedral Med
(EMC)

Reovirus 3 Reo Orthoreovi rus Various RNA no 60-80 Spherical Med

SV40 Papova Polyomavirus Monkey DNA no 40-50 Icosahedral Very high

Parvoviruses (canine, porcine) Parvo Parvovirus Canine Por- DNA no 18-24 Icosahedral Very high
cine

1 Resistance to physico-chemical treatments based on studies of production processes. Resistance is relative to the specific treatment and it is used in the context
of the understanding of the biology of the virus and the nature of the manufacturing process. Actual results will vary according to the treatment. These viruses are
examples only and their use is not considered mandatory.

Appendix 3: Statistical Considerations for Assessing Virus Assays

Virus titrations suffer the problems of variation common to all biological assaysystems. Assessment of the accuracy of the
virustitrations and reduction factors derivedfrom them and the validity of the assays should be performed to define the reliability
of a study. The objective of statistical evaluation is to establish that the study has been carried out to an acceptable level of
virological competence.

1. Assay methods may be either quantal or quantitative. Quantal methods include infectivity assays in animals or in
tissue-culture-infectious-dose(TClD) assays, in which the animal or cell culture is scored as either infected or not. Infectivity
titers are then measured by the proportion of animals or culture infected. In quantitative methods, the infectivity measured
variescontinuously with the virus input. Quantitative methods include plaque assays where each plaque counted corresponds
to a single infectious unit. Both quantal and quantitative assays are amenable to statistical evaluation.

2. Variation can arise within an assay as a result of dilution errors, statistical effects, and differences within the assay system
which are either unknown or difficult to control. These effects are likely to be greater when different assay runs are compared
(between-assay variation) than when resultswithin a single assay run are compared (within-assay variation).

3. The 95 percent confidence limits for resultsof within-assay variation normallyshould be on the order of ±0.5 log10 of the
mean. Within-assay variation can be assessed by standard textbook methods. Between-assay variationcan be monitored by the
inclusion of a reference preparation, the estimate of whose potency should be within approximately 0.5 log,oof the mean
estimate established in the laboratory for the assay to be acceptable. Assays with lower precision may be acceptable with
appropriate justification.

4. The 95 percent confidence limits for the reduction factor observed should be calculated wherever possible in studies of
clearance of "relevant" and specific"model" viruses. Ifthe 95 percent confidence limits for the viral assays of the starting material
are +s, and for the viral assaysof the material after the step are +a, the 95 percent confidence limits for the reduction factor are

±~S2 +a2

Appendix 4: Probability of Detection of Viruses at low Concentrations

At low virus concentrations (e.g., in the range of 10 to 1,000 infectious particles per L) it is evident that a sample of a few
milliliters mayor may not contain infectiousparticles.The probability, p, that this sample does not contain infectious viruses
is:
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p = ((V-v)/v)n
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where V(L) isthe overall volume of the material to be tested; v (L) is the volume of the sample; and n is the absolute number
of infectious particlesstatistically distributed in V.

If V» v, this equation can be approximated by the Poisson distribution:

p = e-<V

where c is the concentration of infectious particles per L.

or, c =In p/-v

As an example, if a sample volume of 1 mLis tested, the probabilities p at virusconcentrations ranging from 10 to 1,000
infectious particles per Lare:

This indicates that for a concentration of 1,000 viruses per L, in 37 percent of sampling, 1 mL will not contain a virus particle.
If only a portion of a sample is tested for virus and the test is negative, the amount of virus which would have to be present

in the total sample in order to achievea positive resultshould be calculated and this valuetaken into account when calculatinga
reduction factor. Confidence limits at 95 percent are desirable. However, in some instances, this may not be practical due to
material limitations.

Appendix 5: Calculation of Reduction Factors in Studies to Determine Viral Clearance

The virus reduction factor of an individual purification or inactivation step isdefined as the log10 of the ratio of the virus load
in the pre-purification material and the virus load in the post-purification materialwhich is ready for use in the next step of the
process. Ifthe following abbreviations are used:

Starting material:vol v'; titer 10a';

virus load: (v')(10a) ,

Final material: vol v"; titer 10a,,;

virus load: (v")(10a" ) ,

the individual reduction factors Ri are calculated according to
1ORi = (v')(1 oa,) / (v")(1 oa,,)
Thisformula takes into account both the titers and volumes of the materials before and after the purification step.
Because of the inherent imprecision of some virus titrations, an individual reduction factor used for the calculation of an

overall reduction factor should be greater than 1.
The overall reduction factor for a complete production process isthe sum logarithm of the reduction factors of the individual

steps. It represents the logarithm of the ratio of the virus load at the beginning of the first process clearance step and at the
end of the last process clearance step. Reduction factors are normally expressed on a logarithmicscalewhich impliesthat, while
residual virus infectivity will never be reduced to zero, it may be greatly reduced mathematically.

Appendix 6: Calculation of Estimated Particles per Dose

This isapplicable to those viruses for which an estimate of starting numbers can be made, such as endogenous retroviruses.
Example:
I. Assumptions
Measured or estimated concentration of virus in cell culture harvest = 106/mL

Calculatedviral clearance factor = > 1015
Volume of culture harvest needed to make a dose of product =1 L(103 mL)
II. Calculation of Estimated Particles/Dose

(106 virusunits/mL)x(103 mLldose)

Clearance factor> 1015

109 particles/dose

Clearance factor> 1015

=<10-6 particles/dose

Therefore, lessthan one particle per million doses would be expected.
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(1050.1> DESIGN, EVALUATION, AND CHARACTERIZATION OF VIRAL
CLEARANCE PROCEDURES

INTRODUCTION

This chapter isa companion document to ViralSafety Evaluation of Biotechnology Products Derived from CellLines of Humanor
Animal Origin (1050), which was adapted, essentially unchanged, from the InternationalConference on Harmonization Q5A.
This chapter provides userswith practicalguidance regarding the design, evaluation, and characterization of viral clearance
procedures. Thechapter scope isthe same as that described in (1050) and covers biotechnology products for human use that
are derivedfrom cell linesof human or animal origin. Viral clearance studies performed according to the principles outlined in
this chapter will provide meaningful data about the ability of the overall production and purification processes to remove or
inactivatea broad spectrum of viral types that may affect the safety of biotechnology-derived products. [NOTE-The Glossary
contains definitions of terms used in this chapter that are not already defined in (1050).]

The regulationsfor licensing biotechnology products stipulate that cell banks, biologically derived raw materials, and bulk
harvest must be controlled and tested for viral safety; however, many of the viral detection approaches that can be used have
inherent limitations. Inaddition, certain detection methods may be so specific for a particularvirus that they may fail to detect
viral variants (e.g., noncytopathic strains, or non-laboratory-adapted wild-typestrains, or mutated variants). Some newly
emerging viruses may be missed. Finally, detection methods typically are limited by their sensitivities, and infectious viruses at a
low titer may go undetected. Viral contamination of manufacturing processescan come from many sources, including cell
substrates and raw materialsof biological origin (such as cell culture supplements and other production raw materials), and
contamination during production. Inaddition to the required viral safetytesting of these materials, manufacturersmust evaluate
the effectiveness of downstream purification process steps, which together must remove or inactivateany viruses potentially
present (see (1050». USP encourages readers to maintain and keep current best practices in the field by reviewing current
peer-reviewed publications, regulatory guidances, and keyopinion leaders and organizations.

As suggested in the U.S. Foodand DrugAdministration "Pointsto Consider"documents (Points to Consider in theManufacture
and Testing of MonoclonalAntibody Products for Human Use and Draft Points to Consider in the Characterization of CellLines Used
to Produce Biologicals), as well as (1050), a multi-step approach is typically used to ensure viral safety. Clearancestudies can
generally be considered generic or modular. As described in the FDA's Points to Consider in the Manufactureand Testing of
MonoclonalAntibody Products for Human Use, a generic clearance study is one in which virus removal and inactivation is
demonstrated for several steps in the purification process of a model monoclonal antibody (mAb) in which the data may be
extrapolated to other mAbs following the same purification and virus removal/inactivation scheme as the model mAb. Amodular
clearance study demonstrates virus removal or inactivation of individual steps during the purification process (column
chromatography, filtration, pasteurization, solvent/detergent, low pH, and others) so that each module in the purification
scheme may be studied independently of the other modules. Ifnecessary, an alternativemodel mAbcan be used to demonstrate
viral clearance in different modules. Identical clearance modules can be extrapolated to the product mAb. Thischapter
complements these documents by providing users strategies to perform and assessviral clearance.

GOALS AND PRINCIPLES OF VIRAL CLEARANCE STUDIES

Aviral clearance study should evaluate the ability of the overall purification process to remove or inactivatea broad spectrum
of virus types, including viruses that are known to contaminate or have the potential to contaminate the raw materials, and
those that can be introduced during manufacturing. Viral clearance studies typically involve substudies performed on specific
and suitable individual steps of the manufacturing and purification process.The studies should be performed in a manner that
generates quantitative data, allowing for identification ofeffective clearancesteps and estimation ofviral reduction factors (VRFs,
also known as log reduction factors, LRF, or log reduction values, LRV). The VRFs of an individual clearance step represent the
ratio of the viral load in the pretreatment material (used to challenge the clearance step) to the viral load in the post-treatment
material.The VRFs derived from specific processsteps are used to evaluate the overall capacity of the entire production pro<;ess
to remove or inactivate process-specific or nonspecific viruses.

One of the keygoals of a manufacturing purification process is to achieve maximal viral clearance without compromising
product quality. Critical attributes of strategic viral clearance steps in the manufacturing process must be characterized. Inthe
context of viral clearance, robustness has two main components: 1) the ability of processsteps to remove and/or inactivate
viruses under worst-caseconditions or over a wide operational range for parameters (e.g., temperature, protein concentration,
pressure, flow rate, conductivity, and pH), and 2) the abilityof process steps to consistentlyremove or inactivate nonspecific
viruses that possess a broad spectrum of physical and chemical resistancecharacteristics (e.g., pH, heat, solvent/detergent
treatment, or filtration). Avalidated processthat provides robust viral clearance should establish the VRF achievablefor a panel
of "relevant" or "model" viruses (see next section for definitions). The validated processalsoshould demonstrate robustness of
dedicated inactivation or removal steps for which critical operational parameters that could affect viral clearance are well
established. Therefore, a demonstration of viral clearance robustness provides confidence that the manufacturing processcan
remove or inactivate potential viral contaminants.

Viral clearance study protocols begin with an overall action plan and design of experiments. Chapter (1050) (see Section V
and Table 4) describes five major action plans (Cases A-t) and can serve as a guide. Cell substrates categorized in Cases C, 0,
and Erepresent special cases, and manufacturers who use these substrates should discuss study design with the applicable
regulatoryauthorities. Unique issues for each production process must be considered on a case-by-case basis. These issues may
relate to the starting materials, production process,product, and intended use of the product. The overall action plan dictates
the choice of viruses used in the viral clearance study, i.e., the study must include relevant, specific, and nonspecific model
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viruses. Further, the viral clearance study protocol may include the following elements: descriptions of the study facility and
staff responsiblefor executing the study, the scaled-down purification models, justification of the appropriateness of the
scaled-down model, and the study design. The study report may include these elements, as well as a stepwise analysis of
calculated VRFs and the overall viral clearance capacity of the purification process. Viral clearance studies should be conducted
in a well-documented, controlled manner that complieswith current regulatory requirements.

CONSIDERATIONS FOR PERFORMANCE OF VIRAL CLEARANCE STUDIES

Selection of Viruses

The choice and number of viruses that may be used in a viral clearance study are dictated by the nature and origin of the
production cell line, as well as the nature and origin of the animal-derived materials used in production and purification. In
general, at least two viruses, one enveloped (typically a retrovirus, e.g., MuLV) and one nonenveloped (preferablya parvovirus,
e.g., MVM), are used in the early clinical phases of product development, but three or more viruses may be used to generate
data for registration-enablingstudies. At least two orthogonal virus removal/inactivation steps (steps with different mechanisms
of clearance) should be evaluated per virus. The reproducibility of an effective step should be assessed by performing at least
two independent experiments, or reproducibility should be supported by the process development history(or experiences).
Model viruses for process evaluation and process characterization studies should be similarto the virus that may contaminate
the product; however, other viruses with a wide range of physical and chemical characteristicsshould also be examined. The
latter is important for showing that the purification process iscapable of inactivating or removing a wide varietyof viruses,
including newlyemerging viruses (e.g., vesivirus 2117, circoviruses, or newlydiscovered animal and human parvoviruses) or
unexpected contaminants (e.g., BVDV, MVM, epizootic hemorrhagic disease virus, and Cache valley virus). The manufacturer
should justify the choice of viruses in accordance with the aims of the process evaluation and process characterization studies
and the guidance provided in this document, as well as relevant regulatory quldelines.

Viruses used in clearance studies fall into three categories: relevantviruses, specificmodel viruses, and nonspecific model
viruses. "Relevantviruses" are viruses used in process evaluation studies, which are either the identified virus, or of the same
species as the virusthat is known, or likely to contaminate the cell substrate or any other reagents or materials used in the
production process. When a relevant virus is not available or when it is not well adapted for this purpose (e.g., it cannot be
grown in vitro to a sufficiently high titer or cannot be detected using cell-based viral titration endpoints required for assessing
inactivation), a "specific model virus" can be used as a substitute. An appropriate specific model virus may be a virus that is
closely related to the known or suspected virus (same genus or family), having similarphysical and chemicalproperties to those
of the observed or suspected virus. Forexample, cell lines derivedfrom rodents usually contain endogenous retroviral particles
or retroviral-Iike particlesthat can be infectious or noninfectious. The capacity of the manufacturing process to remove and/or
inactivate rodent retroviruses present in products obtained from such cells should be determined. Inthe case of rodent-derived
cells, one can use a murine leukemiavirusas a model virus. Manufacturers using human-derived B-Iymphocyte cells
immortalized by infectionwith Epstein-Barr virus should demonstrate the abilityof the manufacturing process to clear a
herpesvirus. In this instance, pseudorabies virus or another herpesvirus can be used as a specific model virus.

Finally, when the goal is to characterize the capacity of the manufacturing process to remove and/or inactivate viruses in
general (i.e., to characterize the robustness of the clearance process), viral clearance studies can be performed with a panel of
"nonspecific model viruses" that have a wide range of physical and chemical characteristics. Data obtained from studies with
relevant or specific model viruses also can contribute to this assessment. It is not necessaryto test alltypes of viruses; preference
should be given to viruses with diverse physical and chemical properties that would be representative of a wide range of viral
families. The resultsobtained for such viruses provide useful information about the abilityof the production process to remove
or inactivate viruses in general. Table 7 gives examples of model viruses that represent a range of physicochemical properties
for use in viral clearance studies, including those examples already described in (1050) (see Table A-7). Additional points to
consider during viral selection are: 1) abilityto grow the virus of interest to a sufficiently high titer, 2) ability to create stocks
with minimal aggregates, 3) availability of a qualified/validated assaysystem for detection of the selected virus, 4) the selected
viruses are not likely to pose a health hazard to personnel performing the study or the environment, and 5) potential to address
new and emerging viruses.

Table 1. Examples of Viruses Used in Viral Clearance Studies for Biotechnology Products Derived from Cell Cultures

Virus Family Genus Natural Host Genome Enveloped Size (nm) Shape Resistance"

Mastadeno-vi-
Adenovirus5 Adeno rus Human DNA No 70-90 Spherical High

Pleomorphic/
BVDV Flavi Pestivirus Bovine RNA Yes 50-70 spherical Low

Cachevalleyvi-
Bovine,ovine RNA Yes 80-120 Sphericalrus Bunya Bunyavirus Low

Encephalomyo-
carditis virus
(EMC) Picorna Cardiovirus Mouse RNA No 25-30 Icosahedral Medium

Felinecalicivirus Calici Vesivirus Feline RNA No 35-40 Icosahedral High

Alpha-herpesvi-
Herpessimplex 1 Herpes rus Human DNA Yes 120-200 Spherical Medium

Type C oncovi-
MuLV Retro rus Mouse RNA Yes 80-110 Spherical Low
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Table 1. Examples of Viruses Used in Viral Clearance Studies for Biotechnology Products Derived from Cell Cultures
(continued)

Virus Family Genus Natural Host Genome Enveloped Size (nm) Shape Resistance"

Parainfluenza vi- Pleomorphic/
rus Paramyxo Paramyxovirus Various RNA Yes 100-200 spherical Low

Parvoviruses Murine, por-
(MYM, PPV, cine,
CPV, BPV) Parvo Parvovirus canine,bovine DNA No 18-26 Icosahedral Very High

Poliovirus sabin
type 1 Picorna Enterovirus Human RNA No 25-30 Icosahedral Medium

Porcine circovirus
(PCV) Circo Circovirus Porcine DNA No 15-20 Icosahedral High

Pseudorabies vi- -rus Herpes Swine DNA Yes 120-200 Spherical Medium

Reovirus 3 Reo Orthoreovirus Various RNA No 60-80 Spherical Medium

-------------- --~~----_._--~~--- ~---_.- - Pleomorphic/
Simianvirus 5 Paramyxo Rubulavirus Simian RNA Yes 150-300 spherical Low

Sindbis virus Toga Alphavirus Human RNA Yes 60-70 Spherical Low

SV40 Papova Polyomavirus Monkey DNA No 40-50 Icosahedral Very high

Vesicular stoma-
titis
virus Rhabdo Vesiculovirus Equine, bovine RNA Yes 70 x 150 Bullet Low

Pleomorphic/
WestNile virus Flavi Flavivirus Avian RNA Yes 40-70 spherical Medium

aResistance to physicochemical treatments based on studies of purification processes. Resistance is relative to the specifictreatment, and it is usedin the context
of understandingthe biology of the virusand the natureof the manufacturingprocess. Actual results will varyaccordingto the treatment. These viruses areexamples
only, their useis not mandatory, and the table isnot exhaustive.

Process Clearance Capability

The viral clearance capabilityofa processistypically expressed as the logarithmicvalueof the virus reduction factor evaluated
by the entire process. Although there are no specific requirements for the clearance capabilitythat a process must achieve, the
nature and origin of the cell type, raw materials used in production, as well as other factors may influencethe need for greater
or lower levels of viral clearance. Forexample, the target retroviral clearance capabilityfor a CHO and NSO cell manufacturing
process could be 4-6 LRF of total-process retroviral clearance above the level found in the maximum therapeutic dose, based
on the retroviral-Iike particletiter in the production bioreactor material. Minimumclearancecapabilityfor other types of viruses
might include >4 LRF of clearance for additional enveloped viruses and >4 LRF of clearance for nonenveloped viruses. Specific
clearance targets must be established and justified on a case-by-case basis. In general, for a single virus clearance step to be
considered effective, 4 LRF or more of clearance must be demonstrated. In contrast, a clearance step demonstrating 1-3 LRF is
considered a supportive step. The titer of the virus input and output for any given processstep evaluated should include 95%
confidence (a =0.05). Astep can be supportivefor some viruses and effective for others. When possibleand as process
knowledge allows, the analyst should performviral clearance studies under expected worst-caseconditions for the parameters
defined as critical for that step (e.g., pH, temperature, and flow rate). Sufficient numbers of downstream purification process
steps should be identified and evaluated so that the required overall clearance target can be reached.

Downstream Processing Steps for Viral Clearance

Downstream processingsteps should employdifferent(orthogonal) mechanisms of viral clearance because consideration of
multiplesteps of the same or similar clearance mechanismsmay lead to overestimation of the overall viral reduction capability.
In general, a purification process should includeat least one robust viral inactivation step and/or one robust viral removalstep.
Forevery purification step assessed, the mechanism of viral clearance should be described as inactivation, removal, or a
combination of both; if both, the primaryclearance mechanism should be identified. Forinactivation steps, clearance studies
should be planned in such a way that they can determine the kinetics of viral inactivation. Ideally, a manufacturing process
includessteps that are dedicated to viral clearance; that is, they are present in the production or purification processspecifically
for the removal or inactivation of viruses. Examples of dedicated steps include solvent and detergent treatment, low-pH
inactivation, and virus-removal filtration.

Qualification and Scale-Down of Purification Steps

Viral clearance studies using infectious virus spikes are not conducted at production scale in the manufacturing suite because
this could contaminate the suite with viruses. Suchstudies should be performed in a segregated facility equipped for Virological
work and staffed with personnel who have virology expertise and familiarity with the operation of a scaled-down purification
process. Each scaled-down step of the purification process must be qualified, Le., found to be comparable to the full-scale
production process by all relevant, measurable criteria. Comparabilityshould be demonstrated using representative raw
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materialsand intermediates from production, and equipment with process parameters through appropriate scale-down
principles. The outputs should be measured with the appropriate analytical methods and statistical analyses.

Inmany instances, the monitored parametersare the same as those analyzedduring performanceofthe actual manufacturing
steps. Forchromatography, the parameters should be representative of the respectiveclinical or commercial-scale
manufacturing: [e.g., the column bed height, residence time, linearflow rate, chromatographic matrix, buffer composition
(including pH, conductivity, and operating temperature), and product pool concentrations and composition]. Scaled-down
and manufacturing-scale chromatography systemsshould produce similar elution profiles and step yields, and final product
analytical profile (e.g., SEC-HPLC and/or SDS-PAGE analyses). Similar considerations apply for other types of procedures. Any
unavoidable differences between scaled-down and manufacturing-scale procedures should be investigated to determine their
potential influence on the viral clearance results.

Selection of Sampling Points

Sampling points for assessing viral inactivation should include the starting materials (virus-spiked process solutions and
appropriate controls) as well as samples taken at several time points during the inactivation process. Thisapproach allows the
analyst to monitor the kinetics of viral inactivation. Sampling points for virus-removal steps, such as chromatography and
filtration, should include the feed-stream processsolution that will be applied to the step, as wellas the resulting process pool
that is then processed in the subsequent steps. Chromatographic fractions (e.g., flow-through, washes, pre-peak, peak,
post-peak, strip) of the mainstream, as wellas pre- and post-mainstream samples, typically are evaluated in studies that support
registration-enabling studies. Analyzing such side fractions might also be helpful in cases where the mechanism of partitioning
is not understood. Sampling points are discussed further in the section Performance of ViralSpiking Studies.

Selection of Assays for Viral Quantitation

Various types of viral quantitation assays can be used. Examples include infectivity assays such as tissue-cultureinfectious-dose
assays and plaque quantitation assays. In addition, quantitative polymerase chain reaction (qPCR) assays detect and quantify
the nucleicacidsof both infectiousand noninfectious viruses. Theseassays are described in Virology Test Methods (1237), Nucleic
Acid-Based Techniques-Extraction, Detection, and Sequencing (1126), and Nucleic AcidBased Techniques-Amplification(1127).
When using nucleic acid-based techniques (NAT), it is important to assure that the virus spikeand the spiked samples to be
analyzed do not contain significantamounts of free viral nucleic acids. The amount of free nucleicacids can be reduced by
nuclease pretreatment of samples. It is important to characterize the impact of nuclease pretreatment on the virus spikesince
it could have a negative impact on the virus spike. Quantitative/quantal infectivity assays should have adequate sensitivity and
reproducibility, and should be performed with a sufficient number of replicatesto ensure adequate statisticalvalidity of the
results. All assays should include appropriate system suitability controls. Virus titration assays used in support of viral clearance
studies must be shown to be suitable for this purpose by means of qualification or validation.

Sample Matrix Effects on Viral Quantitation Assays

When a virus is cleared by inactivationor removal (e.g., filtration or column chromatography) methods, the analysts must
perform preliminary cytotoxicityand viral interference analyses to determine iftheir viral quantitation assays are sensitiveto
matrix components present in their samples.These studies should be performed before the spiking studies to confirm that the
resultsof the viral clearance spikingstudies are actuallydue to viral clearance and not to other intrinsic or extrinsicfactors
yielding a false-negative result. Forexample, some process intermediates may be cytotoxic to the detector (indicator) cells or
may interfere with virus detection by a particularassaysystem. The process solutions used in these studies should be
representative of those from a full-scale good manufacturing practice (GMP) manufacturing run. The dilution of the process
sample solution that does not cause cytotoxicity or interference is determined and the process solution is diluted accordingly
before storage or testing samples from that manufacturing step in the virus-spiking studies.

In a cytotoxicityevaluation, the cells used in the viral quantitation assayare exposed to a series of dilutions of the sample
matrix solution for that process step. Then the cells are assessedfor Viability and changes in morphology that could interfere
with evaluation of the indicator cells for viral cytopathic effectsor plaques and hence could have an impact on assay
performance. The dilution of the process sample solution that does not cause cytotoxicity isdetermined, and the process
solution is diluted accordingly before storage or testing samples from that manufacturing step in the virus-spiking studies.

The study involves the following steps:
1. Perform serial dilutions (e.g., 10-fold,5-fold, or 2-fold)of the virus inactivation or filtration load using appropriate cell

culture media as the diluent
2. Inoculate the different dilutions of virus inactivation or filtration load alone onto the indicator cells that will be used for

each virus titration
3. Include appropriate bufferor media and cell controls
4. Identify the dilution of the virus inactivation load that does not exhibit measurable detector cell toxicity attributable to

the load matrix
Process solutions also can interfere with virus detection by the in vitro cell-basedviral infectivity assay system, either by

inactivatingthe virus itselfor by altering the indicator cells in a way that delays or prevents occurrence of a productive viral
infection.To assess a process solution for viral interference, analysts prepare dilutionsof the process solution and spike them
with a known quantity of virus. Each dilution is subsequently titrated in the quantitative/quantal viral infectivity assay. Ifthe
difference between the known titer and the titer determined for the spiked solution in the assay (the viral interference titer)
differby more than the predetermined assayvariability (typically ±O.5 log), then viral interference is suspected.

To assessthe inactivation step load for viral interference, analystsshould follow these steps:
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1. Perform serial dilutions (e.g., 10-fold, 5-fold, or 2-fold) of the virus stock using appropriate cell culture media as the
diluent. Thiswill serve as the positive control for the virus titer

2. Perform serial dilutions (e.g., 10-fold, 5-fold, or 2-fold)of the virus stock using the virus inactivation load as the diluent
[NoTE-Information from the cytotoxicity study will determine the design of this step and the next one.]

3. Inoculate the dilution seriesonto the indicator cells
4. Includeassaysuitability controls (positive and negative) in the test
5. Identify the dilution of the virus inactivation load that does not result in significantchanges in virus stock titer compared

to the positive control virus titer
If qPCR assays are used to quantitate the virus, each processsolution should be tested for interferenceand recovery with the

nucleic acid extraction method used, as well as for interferencewith the qPCR reaction itself. Each process solution must be
diluted to a level that does not cause interference.Althoughdilutinga processsolutionto achieveacceptable assayperformance
is a commonly used strategy, this reduces the maximum demonstrable VRF for the clearance step under evaluation.

Effects of Storing and Freezing Viral Clearance Samples

Ifprocess solutions are used within their established hold times, stability studies should be performed to better understand
the effect on the clearance step of holding or storing the solutions, or on the virus (e.g., aggregation). Forexample, bacterial
growth or precipitation of proteins in the solutions may occur, particularly after prolonged storage.

Ifthe samples from the spiking study are stored frozen before virus quantitation, analystsshould perform stability studies
using the viral infectivity result as an endpoint. Ideally, this should be done before the viral spiking study by spiking dilutions
of each process solution with a known amount of virusand then freezing each sample. After specified times in frozen storage,
the samples are removed, and the titer of each sample dilution isdetermined. If the difference between the known titer and
the titer determined from the spiked frozen solution isgreater than the assayvariability (typically ±0.5 log), this indicates that
viral infectivity has been compromised by frozen storage.

Qualification of Virus Stocks and Effects on Processing Steps

The virus stocks used in viral clearance studies are critical reagents. Each virus stock should have a traceable, certified source
with full documentation of the controlled production procedures. Virus stocksshould meet predetermined criteria for identity,
purity(e.g., sterility, mycoplasma, and adventitiousvirus testing), infectious titer, stabilityat freezingtemperatures, and minimal
viral aggregates. Analysts should minimize the number of passagesfrom the master or working viral bank in order to reduce
the chance of mutation. Purity of virus preparations should be taken into account in cases when virus preparation impurities
may influence the performance of a certain unit operation (e.g., virus filtration).

During qualification, analystsshould obtain an initial virus titer for each virus stock. Ideally, analystsshould independently
assay viral stocksfor titer on separate days usinq different passage numbers of the indicator culture cells that were used in the
viral quantification assay. The resultinq titers should agree within the predetermined variability of the assay (typically the
expectation is ±0.5 log), and ifso, the analyst can average the titers to determine the certified titer of the stock.

It may be advisableto perform a mock spikingstudy before the true spiking study. This mock spiking study evaluates the
effects of the spikingvirus matrixon the process step that is under evaluation. Mock spikingstudies are important for all steps
that will be tested for viral clearance, but they are particularly important for those steps that will be evaluated for the clearance
of virusfrom a stock that contains impurities or additives (e.g., stabilizing protein). Mockspikingstudies are conducted by
adding the viral suspension matrix (includingall components except the virus) to the process solution at a virus-spike to
feed-stream-solution (load) ratioof NMT 10% (v/v) and then executing the processingstep. The mock-spiked step ismonitored
for expected performance, and if resultsare different than expected, then reducing the virus:load spiking ratio may be helpful.
Thisadjusted virus-spike to feed-stream-solution (load) ratio would be used in performing the actual clearance study for the
processing step under study.

Performance of Viral Spiking Studies

Viral clearancestudiesare usually conducted either at a sitewhere both the spiking and viral quantitation assays are performed
(e.g., a biosafetytesting laboratory)or at two different sites:one where the spiking studies are done and a second where the
samples are quantitated. Sponsorsand analysts must gain knowledgeand control factors that can influenceeach manipulation
that isnot part of the manufacturing process,for example, freezingand thawing (see Effects ofStoringand Freezing ViralClearance
Samples) as well as shipping conditions.

Before initiatinga clearancestudy, analysts should prepare a well-documented study design that clearly definesthe following:
the steps that will be tested, the sampling plan for each step, sample identification, sample handling and storage, sample
shipment if required, critical operating parameters, processscale, rationalefor worst-case conditions (ifthey have been
established), and the appropriate controls for each step. Ata minimum, the samples tested should include those used to
determine: 1) the spiking virus titer, 2) the spiking virus titer afterfreeze-thaw (ifapplicable), 3) the virus titer in the production
solution before processing,and 4) the virus titer after processing.The analystmay need to collectand assayadditional samples,
depending on the step under test and the phase of product development.

In a typical biomanufacturing process, viral clearance can be accomplished by virus inactivation (e.g., pH treatment, heat
treatment, or solvent and detergent treatment) or by virus removal (e.g., filtration or column chromatography). Figures 7A and
7Bshow examples of experimental designsfor virus inactivation, Figure 2 shows virus removal byfiltration, and Figure 3 shows
virus removal by column chromatography. These examples are intended for general reference and do not represent every
specific condition. In developing their study designs, sponsors should consider their own process conditions in order to plan
their own specific steps.
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The overall concept of viral clearance procedures can be expressed asfollows:
Viral Clearance = Viral Inactivation + Viral Removal, where
Viral Removal = Removal by Filtration + Removal by Column Chromatography
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VIRAL CLEARANCE BY VIRUS INACTIVATION
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Figure 1A.Virus inactivation when load material does not contain an inactivating agent; the inactivating agent is added after
viral spiking.

Study design: The general approach to the study design for assessing viral clearance by inactivation is outlined in Figures 1A
and 1B. In Figure 1A, the virus spike is added to the load material (process intermediate) before initiation of inactivation. The
virus and load material are mixed well, and the spiked load and hold control samples are pulled. The spiked load should be
tested immediately to determine virus titer. The actual titer of the spiked load (obtained experimentally) should be compared
to the theoretical titer of the spiked load (obtained from the certified titer of the lot of virus used and the spiking ratio) to verify
performance of virus detection assayand that the appropriate amount of virus was added to the load material. The hold control
should be treated the same asthe spiked load (l.e., prior to neutralization of the hold control, the sample should be pH adjusted
in the same manner as the spiked load and then neutralized and spiked with virus). In addition, the hold control should remain
at process temperature until the final sample in the experiment is pulled. The viral titer of the hold control then is assessed and
compared to the actual titer of the spiked load to determine if any virus was inactivated in the presence of the load material
over time and at the temperature of the inactivation study. This may be considered when determining the final VRF.

Inactivation should be initiated in a way that mimics the manufacturing process (e.g., with constant mixing) so that the
inactivating agent (e.g., detergent, or acid utilized to lower pH) is mixed homogeneously into the solution assoon as possible.
This minimizes the presence of localized high concentrations of the inactivating agent. If heat is used for inactivation, the heat
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should be applied in a way that mimics manufacturing (e.g., the ramp totarget temperature should be identical) and controls
should be kept unheated. However, the exact reproduction of addition (mixing) of inactivating agents or reproduction of a
heating ramp can be very difficult at down-scale. In such cases it is advised to spike the virus directly into the inactivation
agent-containing (or heated) material and to follow inactivation kinetics as described in Figure 1B. For control of the added
virus, virus is spiked into process material without the inactivating agent or into unheated material.

Worst-case processconditions (e.g., pH, time, and temperature) should be applied if they have been established. Time points
(samples) are pulled and the reaction is immediately quenched (e.g., by neutralization, dilution, or immediate cooling of the
sample) so that further viral inactivation cannot occur. This allows the analyst to determine the kinetics of virus inactivation and
then construct a virus inactivation versus time curve. Large-volume sampling can be applied to maximize clearance values.

In Figure 1B, the load material contains the inactivating agent and thus the addition of the virus spike starts the inactivation.
In this scenario, it may not be possible to neutralize the process intermediate solution before the virus-spiking study because
large fluctuations in pH may cause the protein product to fall out of solution. Also, the spiked load and hold control samples
cannot be pulled from the virus-spiked load material, thus the control samples are pulled from a media or buffer control that
does not contain the inactivating agent.

Media/Buffer Control
(WithoutInactivating Agent)

Process Intermediate
(Contains Inactivating Agent)

j

r Sample = b :I-------~

t

Initiate Inactivation
by Adding Virus Spike

i

Add Virus Spike

t
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I

t
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I
I

t
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I
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Sample = Final 11---+-'1 Virus Titer I

Figure 1B. Virus inactivation when the load material contains the inactivating agent before the virus spike; the addition of
virus spike starts inactivation.

VIRAL CLEARANCE BY FILTRATION

Analysts must perform preliminary cytotoxicity and viral interference analyseswhen preparing to perform viral clearance by
filtration (see Sample Matrix Effects on ViralQuantitationAssays). The viral filter load and pool dilution that will be used in the
clearance study is that dilution shown not to causecytotoxicity or interference.
Studydesign: The general approach to the study design for assessing viral clearance by filtration is outlined in Figure 2. Once
the process intermediate is spiked with virus, the spiked load sample should be assayed immediately for virus titer. Virus spiking
can be associated with aggregation effects. The aggregation status of a contaminating virus in the respective product
intermediate is difficult to predict and therefore, asa worst-case approach, a mono-disperse virus preparation is advised for
spiking. Filtration of virus before spiking (e.g., 0.45 urn or 0.22 urn) reduces larger virus aggregates from frozen virus stocks. A
pure high-titer virus preparation can be helpful to reduce virus spike-induced effects influencing performance of virus filtration.
The hold control sample should be maintained at processing conditions (temperature and time) and then assayed to evaluate
the impact of these conditions, as well as the process intermediate components, on virus titer. Worst-case process conditions
should be applied, if they have been established. The virus titers obtained from the spiked load and hold control should be
within the experimental variability of the virus titration assay. If there is a negative impact on virus titer because of the processing
conditions (temperature, time, and process intermediate composition), then an investigation should begin to understand the
process. If warranted, the final VRF may need to be adjusted to account for the impact of hold conditions on viral preparations.
However, this approach might underestimate the removal capacity from virus filtration. Alternatively, use of another detection
method (e.g., NAT) or another, more stable, model virus can be discussed.
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Figure 2. Clearance of virus by filtration methods.

Appropriate pre- and post-filtration controls should be used to assess removal of the virus spike by the prefiltration step.
Samples are evaluated using virus titration assays. Test samples may require neutralization to appropriate pH levels for
cell-culture-based titration assays. If a O.22-l-Im or 0.45-l-Im prefilter is used during production in line with the virus-reduction
filter, spiking could be performed on the intermediate before prefiltration. However, a sample should be taken from the stage
after prefiltration in order to determine the VRF. Alternatively, the virus spike can be added to the intermediate after this
prefiltration (using a similarly filtered virus spike) in order to determine virus reduction caused by the virus filter. To gain
additional understanding of the virus clearance process, analysts can take samples at various time points throughout the run.
In the event that samples are stored frozen prior to virus quantitation, a virus freeze/thaw (F/T) control is suggested to determine
if there is any impact of the F/T cycle on virus titer (see also Effects of Storingand Freezing ViralClearance Samples).

VIRAL CLEARANCE BY COLUMN CHROMATOGRAPHY

General considerations: For registration-enabling studies, analysts should investigate the distribution of the virus load among
different chromatography fractions. Generally, analysts add virus to the starting intermediate (feed stream or load) for each
step tested and determine the virus titer of the spiked load material and product pool spiked load material before and after the
step. Fractions, in addition to the main product pool, may require testing at the later stages of product development (phase 3
trials and beyond). As is usual for viral clearance, these studies should be performed in duplicate. With column chromatography,
the ability of the columns as well as other devices to clear virus may increase or decrease after repeated use. Evidence of
consistent viral clearance after multiple uses may provide support for repeated use of such columns. Typically, this evidence is
obtained when analysts compare clearance on new resin versus resin that has been cycled to or slightly beyond the targeted
column lifetime, i.e., the number of times the column will be used in commercial manufacturing. For registration-enabling
studies, data should also be provided to show that any virus potentially retained by the resin (carry-over) will be adequately
inactivated or removed by cleaning procedures before reuse of the column.

For each manufacturing step assessed for viral clearance, the probable mechanism of reduction in viral infectivity should be
known and described as virus inactivation or virus removal, or both. In some situations, it may be necessaryto distinguish
between removal and inactivation. For example, a column chromatography step that physically separates virus from product
also may use a buffer capable of inactivating virus. In such situations, it may be possible to combine the use of viral infectivity
assays with NAT assays to measure the individual contributions of the inactivation and removal mechanisms. Dissection of each
step to determine the relative contribution of each mechanism of clearance allows for a thorough understanding of how viral
clearance is achieved. This understanding may help to identify critical variables in each clearance step that should be controlled
to support reproducible clearance. The testing of each critical variable (when it is well understood) at worst-case conditions
helps to evaluate the process robustness of the step.

To measure virus clearance by a column chromatography system, analysts must perform preliminary cytotoxicity and viral
interference analyses (see Sample Matrix Effects on Viral Quantitation Assays for details). The column load dilution that will be
used in the clearance study is that dilution shown not to cause cytotoxicity or interference. [NoTE-Interference and cytotoxicity
studies also can be performed on collected fractions, if warranted.]
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Figure 3. Clearanceof virus by a column chromatography system.

Studydesign: Figure 3 shows the general approach to study design for assessing viral clearance by chromatography. The
column load is the material applied to the chromatography column. The load material in small-scale viral clearance studies
should be comparable to material from clinical or commercial manufacturing in terms of composition and physicochemical
attributes. Thevirusstock isa freshlythawed virus materialof predetermined infectivity titer that isused to performvirus spiking
of the column load material and also is used in the interferencestudy. The virus stock can be sampled to determine the actual
virustiter immediatelyafter thaw. The spikedload control and additional samples should be tested immediatelyor immediately
frozen. The titer of the frozen sample and other samples will be determined at the end of the chromatography step run. In
certain cases,filtration of the spiked load with a 0.22-lJmor 0.45-lJm prefiltermay be necessaryto remove any viral aggregates
formed when the process intermediate was spiked with the model virus.

The chromatography step experiment for viral clearance should closely mimicthe actual manufacturing process step
parameters. It should be performed under worst-case conditions (e.g., flow, protein concentration, and elution conditions) if
they have been established. The product pool or multiplefractions can be collected, and the virus titer can be determined in
each collected fraction (such as flow-through, washes, pre-peak, peak, post-peak, strip, and others). The titers of virus in all the
fractions that comprise the product pool are used to calculate the clearance factor of the step. Interferenceand cytotoxicity
studies also can be performed on collected fractions, ifwarranted. Forthe duration of the step, the hold control (the load plus
virus) should be kept at the temperature at which the chromatography is performed. At the end of the chromatography run,
the hold control should be titrated along with other collected samples/fractions (these can be titrated immediately, or if not
feasible, can be frozen and tested at a later time). Samplesare evaluated using virus titration assays. Test samples may require
neutralization to appropriate pH levels for cell-culture-based titration assays.

GLOSSARY
(See also ViralSafety Evaluation of Biotechnology Products Derived from CellLines of Human or Animal Origin (1050),

G,'osseJl r.)'
Process Robustness of Viral Clearance: Ability of the downstream process or a single-unit operation to exhibit the

characteristic performance and effectiveness in clearing viruses after minor or moderate changes of standard operating
parameters or conditions. -

Process Solutions: Production intermediates that are obtained for viral clearance studies. Theyshould be obtained from a
full-scale production facility or from a scaled-down process that has been shown to be representative of full-scale production.

Production Process: The manufacturing processes for biotechnology products are often varied and complex, and they
are typically divided into upstream and downstream processing. Upstreamactivities produce the protein of interest, usually by
cell culture or fermentation, and considerations include integrityand quality of the process, cell banks, expressionsystems,
cultivation, media, process/product purity, impurities, and contaminants. Downstream processing involves separation and
purification of the bulk bioproduct to make it suitable for its end use, e.g., purification, sterilization, and final formulation.
Downstream activities includefiltration, centrifugation, precipitation, numerous chromatographic separations, sterilization by
terminal filtration, or lyophilization.

Purification Process: Separating and isolating the product of interest, in its desired form, from the fermentation
supernatant or cell homogenate.

Viral Clearance Effectiveness: The efficacy of the entire purification process or an individual process step within a
purification process to clear viruses, as determined by the viral reduction factor. In general, for a virus clearance step to be
considered effective 4 logs or more of clearance must be demonstrated with 95% confidence (c = 0.05).

Viral Load: The amount of virus added to the load material of a purification step and then subjected to an inactivation/
removal treatment. The experimental determination of viral load before and after treatment enables calculation of a reduction
factor that isspecific to the virus and the treatment used.

1 Cf. glossary in (1050).
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Viral Reduction Factor (VRF): The VRF of an individual clearance step represents the 10glo of the ratio of the virus load
in the pretreatment material (used to challenge the clearance step) to the virus load in the post-treatment material.The overall
VRF iscalculatedby adding allthe individual steps with a 10glo reductionfactor> 1. The 10glo viral reduction factor isdetermined
by the following equation:

Log,oinitial virus load -log1ofinal virus load = Log1oViral Reduction Factor

The 10glo viral reduction value expresses levels of decreased viral contamination by factors of 10 that could be easily converted
to percent reduction. Forinstance, a 1-log reduction isequivalent to a 90% reduction, a 2-log reduction is a 99% reduction, a
3-log reduction is a 99.9% reduction, and a 4-log reduction isa 99.99% reduction.

Virus Removal/Inactivation Validation: Virus removal/inactivation validation studies evaluate the capacity of the
process to eliminate and/or to inactivate the viruses. Typically, this involves spiking the product with a known virusand then
subjecting the product to inactivation/removal processes.

(1051) CLEANING GLASS APPARATUS

Success in conducting many Pharmacopeialassays and tests depends upon the cleanliness of the glassware apparatus used.
Usageof commercial detergents or inorganic reagents for cleaning should be used when necessary.

Inallcases, it isimportant to verify that the cleaning procedure isappropriate for the particulartest or assaybeing undertaken.
Thiscan be accomplished in a number of ways, including use of experimental controls or verification of cleaning by utilization
of residue/residual testing to ensure removal of any potential contaminants. Astatement should be included in the cleaning
protocol describing how the success of the cleaning procedure will be assessed.

Foroptical measurements, special care is required for cleaning containers, but the use of chromic acid or highlyalkaline
solutions should be avoided.

Some particular tests, though not inclusive, wherein the use of clean glassware is critical for success include the following:
pyrogen and total organic carbon tests as well as assays of heparin sodium and vitamin B12 activity.

Selected references that might be helpful in obtaining additional information on cleaning glass apparatus are listed in the
Appendix. USP does not endorse these citations, and they do not represent an exhaustive list. Further information about the
cleanliness of the glasswareapparatus procedures mentioned in this chapter may also be found in most quantitative chemical
analytical textbooks.

APPENDIX

Additional Information

Additional information and guidance can be found in the referenceslisted below or in many quantitative chemical analytical
textbooks:

1. Parenteral Drug Association. Draft-Points to Consider for Cleaning Validation (Technical Report Number 29). Bethesda,
MD: Parenteral Drug Association; 1998.

2. Anderson NR. Container cleaning and sterilization. In: OlsonWP, Groves Mj,eds. Aseptic Pharmaceutical Manufacturing.
1st ed. Buffalo Grove, IL: Interpharm Press; 1987:15-22.

3. Green C. Cleaningvalidation-application in the laboratory; MontalvoM.Thecleaning validationpolicyand the cleaning
validation plan; Verghese G, Kaiser N. Cleaning agents and cleaning chemistry; Verghese G, Lopolito P. Cleaning
engineering and equipment design. In: PlutaPL, ed. Cleaning and Cleaning Validation, Volume 1. Bethesda, MD: Parenteral
Drug Association; 2009.

4. Gordon Aj, Ford RA. Standard glasswarecleaning solutions. In: Gordon Aj, Ford RA, eds. The Chemist's Companion.
Hoboken, Nj: Wiley and Sons; 1973.

(1052) BIOTECHNOLOGY-DERIVED ARTICLES-AMINO ACID
ANALYSIS

Thischapter provides guidance and procedures used for characterization of biotechnology-derivedarticles by amino acid
analysis. This chapter is harmonized with the corresponding chapter in JP and EP. Portionsof the chapter that are not
harmonized with the other two pharmacopeias are marked by the symbol •. The footnote below is in the USP but is not in
the EP or JP. Other characterizationtests, alsoharmonized, are shown in Capillary Electrophoresis (1053), Biotechnology-Derived
Articles-IsoelectricFocusing (1 054), Biotechnology-Derived Articles-Peptide Mapping(1055), Biotechnology-Derived Articles­
Polyacrylamide GerElectrophoresis (1 056), and Biotechnology-Derived Articles-Total Protein Assay (1 057).

INTRODUCTION
Aminoacid analysis refersto the methodology used to determine the amino acid composition or content of proteins, peptides,

and other pharmaceutical preparations. Proteins and peptides are macromolecules consisting of covalently bonded amino
acid residuesorganized as a linearpolymer.Thesequence ofthe amino acidsina protein or peptide determines the properties
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of the molecule. Proteinsare considered large molecules that commonly exist as folded structures with a specific
conformation, while peptides are smallerand may consist of only a few amino acids. Amino acid analysis can be used to
quantify protein and peptides, to determine the identity of proteins or peptides based on their amino acid composition, to
support protein and peptide structure analysis, to evaluate fragmentation strategies for peptide mapping, and to detect
atypical amino acids that might be present in a protein or peptide. It is necessaryto hydrolyze a protein/peptide to its
individual amino acid constituents before amino acid analysis. Following protein/peptide hydrolysis, the amino acid analysis
procedure can be the same as that practiced for free amino acids in other pharmaceutical preparations. The amino acid
constituents of the test sample are typically derivatized for analysis.

APPARATUS
Methods used for amino acid analysis are usually based on a chromatographic separation of the amino acids present in the test

sample. Current techniques take advantage of the automated chromatographic instrumentation designed for analytical
methodologies. Anamino acid analysis instrument will typically be a low-pressure or high-pressure liquid chromatograph
capable of generating mobile phase gradients that separate the amino acid analytes on a chromatographic column. The
instrument must have postcolumn derivatization capability, unless the sample isanalyzed using precolumn derivatization.
Thedetector isusually a UV-visible orfluorescence detector depending on the derivatization method used. Arecordingdevice
(e.g., integrator) is used for transforming the analog signal from the detector and for quantitation. It is preferred that
instrumentation be dedicated particularly for amino acid analysis.

GENERAL PRECAUTIONS
Background contamination is always a concern for the analyst in performing amino acid analysis. High-purity reagents are

necessary (e.g., low-purity hydrochloric acid can contribute to glycinecontamination). Analytical reagents are changed
routinely everyfew weeks using only high-pressure liquid chromatography (HPLC) grade solvents. Potential microbial
contamination and foreign materialthat might be present in the solventsare reduced byfiltering solventsbefore use, keeping
solvent reservoirs covered, and not placing amino acid analysis instrumentation in direct sunlight.

Laboratory practices can determine the qualityof the amino acid analysis. Place the instrumentation in a low traffic area of the
laboratory. Keep the laboratory clean. Cleanand calibrate pipets according to a maintenance schedule. Keep pipet tips in a
covered box; the analystsmay not handle pipet tips with their hands. The analystsmay wear powder-free latex or equivalent
gloves. Limit the number of times a test sample vial isopened. and closed because dust can contribute to elevated levels of
glycine, serine, and alanine.

Awell-maintained instrument isnecessaryfor acceptable amino acid analysis results. Ifthe instrument isused on a routine basis,
it is to be checked dailyfor leaks, detector and lamp stability, and the ability of the column to maintain resolution of the
individual amino acids. Clean or replace all instrument filters and other maintenance items on a routine schedule.

REFERENCE STANDARD MATERIAL
Acceptable amino acid standards are commercially available' for amino acid analysis and typically consistof an aqueous mixture

of amino acids.When determining amino acid composition, protein or peptide standards are analyzedwith the test material
as a control to demonstrate the integrity of the entire procedure. Highly purified bovine serum albumin has been used as a
protein standard for this purpose.

CALIBRATION OF INSTRUMENTATION
Calibration of amino acid analysis instrumentation typically involves analyzing the amino acid standard, which consistsof a

mixtureof amino acidsat a number of concentrations, to determine the response factor and range of analysis for each amino
acid. The concentration of each amino acid in the standard is known. In the calibration procedure, the analyst dilutes the
amino acid standard to severaldifferentanalyte levels within the expected linear range of the amino acid analysis technique.
Then, replicates at each of the different analyte levels can be analyzed. Peakareas obtained for each amino acid are plotted
versus the known concentration for each of the amino acids in the standard dilution. These resultswill allowthe analyst to
determine the range of amino acid concentrations where the peak area of a given amino acid isan approximately linear
function of the amino acid concentration. It is important that the analyst prepare the samplesfor amino acid analysis so that
they are within the analytical limits (e.g., linear working range) of the technique employed in order to obtain accurate and
repeatable results.

Fourto six amino acid standard levels are analyzed to determine a response factor for each amino acid. The response factor is
calculatedas the average peak area or peak height per nmol of amino acid present in the standard. Acalibrationfile consisting
of the response factor for each amino acid is prepared and is used to calculate the concentration of each amino acid present
in the test sample. Thiscalculation involves dividing the peak area corresponding to a given amino acid by the response
factorfor that amino acid to givethe nmol ofthe amino acid. Forroutine analysis, a single-pointcalibration may be sufficient;
however, the calibrationfile is updated frequently and tested by the analysis of analytical controls to ensure its integrity.

REPEATABILITY
Consistent high quality amino acid analysis results from an analytical laboratory require attention to the repeatabilityof the

assay. Duringanalysis of the chromatographic separation of the amino acids or their derivatives, numerous peaks can be
observed on the chromatogram that corresponds to the amino acids.The large number of peaks makes it necessaryto have
an amino acid analysis system that can repeatedly identifythe peaks based on retention time and integrate the peak areas
for quantitation. Atypical repeatabilityevaluation involves preparing a standard amino acid solution and analyzing many
replicates (Le., six analysesor more) of the same standard solution. The relative standard deviation (RSD) is determined for
the retention time and integrated peak area of each amino acid. An evaluation of the repeatability isexpanded to include
multiple assays conducted overseveral daysbydifferentanalysts.Multiple assays includethe preparation ofstandard dilutions
from starting materialsto determine the variation due to sample handling. Often, the amino acid composition of a standard
protein (e.g., bovine serum albumin) isanalyzed as part of the repeatabilityevaluation. By evaluating the replicatevariation
(l.e., RSD), the laboratory can establish analytical limits to ensure that the analysesfrom the laboratory are under control. It
isdesirableto establishthe lowest practical variation limits to ensure the best results. Areas to focus on to lowerthe variability

..·Suitable standards may be obtained from NIST (Gaithersburg, MD), BeckmanInstruments (Fullerton, CA), Sigma Chemical (St. Louis, MO), Pierce
(Rockford, IL), or Agilent (PaloAlto, CA).•
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of the amino acid analysis include sample preparation, high background spectral interference due to the quality of reagents
and/or to laboratory practices, instrument performance and maintenance, data analysis and interpretation, and analyst
performance and habits. All parameters involved are fully investigated in the scope of the validation work.

SAMPLE PREPARATION
Accurate resultsfrom amino acid analysis require purified protein and peptide samples. Buffer components (e.g., salts, urea,

detergents) can interferewith the amino acid analysis and are removed from the sample before analysis. Methods that utilize
postcolumn derivatization of the amino acids are generally not affected by buffer components to the extent seen with
precolumn derivatization methods. It isdesirableto limitthe number of sample manipulations to reduce potential
background contamination, to improve analyte recovery, and to reduce labor. Common techniques used to remove buffer
components from protein samples include the following methods: (1) injecting the protein sample onto a reverse-phase
HPLC system, removing the protein with a volatile solventcontaining a sufficientorganic component, and drying the sample
ina vacuum centrifuge;(2)dialysis against a volatile bufferor water; (3) centrifugalultrafiltration for bufferreplacement with a
volatile buffer or water; (4) precipitating the protein from the buffer using an organic solvent (e.g., acetone); and (5) gel
filtration.

INTERNAL STANDARDS
It is recommended that an internal standard be used to monitor physical and chemical losses and variations during amino acid

analysis. Anaccuratelyknown amount of internalstandard can be added to a protein solution priorto hydrolysis. The recovery
of the internal standard gives the general recovery of the amino acids from the protein solution. Free amino acids, however,
do not behave in the same way as protein-bound amino acids during hydrolysis because their rates of releaseor destruction
are variable. Therefore, the use of an internal standard to correct for losses during hydrolysis may give unreliable results. It
will be necessaryto take this particularpoint into consideration when interpreting the results. Internal standards can also be
added to the mixture of amino acids after hydrolysis to correct for differences in sample application and changes in reagent
stabilityand flow rates. Ideally, an internal standard isan unnaturally occurring primaryamino acid that is commercially .
available and inexpensive. It should also be stable during hydrolysis, its response factor should be linearwith concentration,
and it needs to elute with a unique retention time without overlapping other amino acids. Commonly used amino acid
standards include norleucine, nitrotyrosine, and a-aminobutyric acid.

PROTEIN HVDROLVSIS .
Hydrolysis of protein and peptide samples is necessary for amino acid analysis of these molecules. The glassware used for

hydrolysis must be very clean to avoid erroneous results. Glove powders and fingerprints on hydrolysis tubes may cause
contamination. To clean glass hydrolysis tubes, boil tubes for 1 hour in 1 N hydrochloric acid or soak tubes in concentrated
nitricacid or in a mixture of concentrated hydrochloric acid and concentrated nitric acid (1:1). Clean hydrolysis tubes are
rinsedwith high-puritywater followed bya rinsewith HPLC-grade methanol, dried overnight in an oven, and stored covered
until use. Alternatively, pyrolysis of clean"glassware at 5000 for 4 hours may be used to eliminate contamination from
hydrolysis tubes. Adequate disposable laboratorymaterial can also be used.

Acid hydrolysis is the most common method for hydrolyzing a protein sample before amino acid analysis. The acid hydrolysis
technique can contribute to the variation of the analysis due to complete or partial destruction of several amino acids.
Tryptophan isdestroyed; serine and threonine are partially destroyed; methionine might undergo oxidation; and cysteine is
typically recovered as cystine (but cystine recovery is usually poor because of partial destruction or reduction to cysteine).
Application of adequate vacuum (less than 200 JJm of mercury or 26.7 Pa) or introduction of an inert gas (argon) in the
headspace of the reaction vessel can reduce the level of oxidative destruction. In peptide bonds involving isoleucine and
valine, the amido bonds of lie-lie, Val-Val, lie-Val, and Val-lie are partiallycleaved; and asparagine and glutamine are
deamidated, resulting in aspartic acid and glutamic acid, respectively. The loss of tryptophan, asparagine, and glutamine
during an acid hydrolysis limits quantitation to 17 amino acids. Some of the hydrolysis techniques described are used to
address these concerns. Some of the hydrolysis techniques described (i.e., Methods 4-11) may cause modifications to other
amino acids. Therefore, the benefits of using a given hydrolysis technique are weighed against the concerns with the
technique and are tested adequately before employing a method other than acid hydrolysis.

Atime-course study (i.e., amino acid analysis at acid hydrolysis times of 24,48, and 72 hours) isoften employed to analyzethe
starting concentration of amino acids that are partially destroyed or slow to cleave. By plotting the observed concentration
of labile amino acids (Le., serine and threonine) versus hydrolysis time, the linecan be extrapolated to the originto determine
the starting concentration of these amino acids.Time-course hydrolysis studies are also used with amino acids that are slow
to cleave(e.g., isoleucine and valine). During the hydrolysis time course, the analyst will observe a plateau in these residues.
The level of this plateau is taken as the residue concentration. Ifthe hydrolysis time istoo long, the residueconcentration of
the sample will begin to decrease, indicating destruction by the hydrolysis conditions.

An acceptable alternative to the time-course study isto subject an amino acid calibration standard to the same hydrolysis
conditions as the test sample. The amino acid infree form may not completely represent the rate of destruction of labile
amino acidswithin a peptide or protein during the hydrolysis. This isespecially true for peptide bonds that are slowto cleave
(e.g., lie-Val bonds). However, this technique will allowthe analyst to account for some residuedestruction. Microwave acid
hydrolysis has been used and is rapid but it requires specialequipment as wellas special precautions.The optimal conditions
for microwave hydrolysis must be investigatedfor each individual protein/peptide sample. The microwave hydrolysis
technique typically requires only a few minutes, but even a deviation of 1 minute may give inadequate results(e.g.,
incomplete hydrolysis or destruction of labile amino acids). Complete proteolysis, using a mixture of proteases, has been
used but can be complicated, requires the proper controls, and is typically more applicable to peptides than proteins.
[NOTE-During initial analysesof an unknown protein, experiments with various hydrolysis time and temperature conditions
are conducted to determine the optimal conditions.]

• METHOD 1
Acid hydrolysis using hydrochloricacid containing phenol isthe most common procedure usedfor protein/peptide hydrolysis

preceding amino acid analysis. The addition of phenol to the reaction prevents the halogenation of tyrosine.
Hydrolysis Solution: 6 N hydrochloric acid containing 0.1% to 1.0% of phenol. .
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Procedure
liquid Phase Hydrolysis: Placethe protein or peptide sample in a hydrolysis tube, and dry. [NoTE-The sample is dried

so that water in the sample will not dilute the acid used for the hydrolysis.] Add 200 ~L of Hydrolysis Solution per 500
~g of lyophilized protein. Freeze the sample tube in a dry ice-acetone bath, and flame seal in vacuum. Samples are
typically hydrolyzed at 110° for 24 hours in vacuum or inert atmosphere to prevent oxidation. Longer hydrolysis times
(e.g., 48 and 72 hours) are investigated if there is a concern that the protein is not completely hydrolyzed.

Vapor Phase Hydrolysis: This isone of the most common acid hydrolysis procedures, and it ispreferredfor microanalysis
when only small amounts of the sample are available. Contamination of the sample from the acid reagent is also
minimized by using vapor phase hydrolysis. Place vials containing the dried samples in a vessel that contains an
appropriate amount of Hydrolysis Solution. The Hydrolysis Solution does not come in contact with the test sample. Apply
an inert atmosphere or vacuum (less than 200 urn of mercury or 26.7 Pa) to the headspace of the vessel, and heat to
about 110° for a 24-hour hydrolysis time. Acid vapor hydrolyzes the dried sample. Any condensation of the acid in the
sample vials is minimized. Afterhydrolysis, dry the test sample in vacuum to remove any residual acid.

• METHOD 2
Tryptophan oxidation during hydrolysis is decreased by using mercaptoethanesulfonic acid (MESA) as the reducing acid.
Hydrolysis Solution: 2.5 M MESA solution.
Vapor Phase Hydrolysis: About 1 to 100 ~g of the protein/peptide under test is dried in a hydrolysis tube. The hydrolysis

tube is placed in a larger tube with about 200 ~L of the Hydrolysis Solution. The larger tube issealed in vacuum (about 50
urn of mercury or 6.7 Pa) to vaporize the Hydrolysis Solution. The hydrolysis tube is heated to between 170° to 185° for
about 12.5 minutes. Afterhydrolysis, the hydrolysis tube is dried in vacuum for 15 minutes to remove the residual acid.

• METHOD 3
Tryptophan oxidation during hydrolysis 1s prevented by using thioglycolic acid (TGA) as the reducing acid.
Hydrolysis Solution: a solution containing 7 M hydrochloric acid, 10% of trifluoroaceticacid, 20% of thioglycolic acid, and

1% of phenol.
Vapor Phase Hydrolysis: About 10 to 50 ~g of the protein/peptide under test is dried in a sample tube. The sample tube

is placed in a larger tube with about 200 ~L of the Hydrolysis Solution. The larger tube is sealed in vacuum (about 50 prn
of mercury or 6.7 Pa) to vaporize the TGA. The sample tube.is heated to 166° for about 15 to 30 minutes. Afterhydrolysis,
the sample tube is dried in vacuum for 5 minutes to remove the residual acid. Recovery of tryptophan by this method
may be dependent on the amount of sample present.

• METHOD 4
Cysteine-cystine and methionine oxidation is performed with performic acid before the protein hydrolysis.
Oxidation Solution: The performic acid is prepared fresh by mixing formic acid and 30 percent hydrogen peroxide (9:1),

and incubating at room temperature for 1 hour.
Procedure: The protein/peptide sample is dissolved in 20 ~L of formic acid, and heated at 50° for 5 minutes; then 100 ~L

of the Oxidation Solution is added. In this reaction, cysteine is converted to cysteic acid and methionine is converted to
methionine sulfone. The oxidation isallowed to proceed for 10 to 30 minutes. The excess reagent is removed from the
sample in a vacuum centrifuge. Thistechnique may cause modifications to tyrosine residues in the presence of halides.
The oxidized protein can then be acid hydrolyzed using Method 7 or Method2.

• METHOD 5
Cysteine-cystine oxidation is accomplished during the liquid phase hydrolysis with sodium azide.
Hydrolysis Solution: 6 N hydrochloricacid containing 0.2% of phenol, to which sodium azide is added to obtain a final

concentration of 0.2% (w/v). The added phenol prevents halogenation of tyrosine.
liquid Phase Hydrolysis: The protein/peptide hydrolysis is conducted at about 110° for 24 hours. During the hydrolysis,

the cysteine-cystinepresent in the sample is converted to cysteic acid by the sodium azide present in the Hydrolysis
Solution. This technique allows better tyrosine recoverythan Method 4, but it is not quantitative for methionine.
Methionine is converted to a mixture of the parent methionine and its two oxidative products, methionine sulfoxide and
methionine sulfone.

• METHOD 6
Cysteine-cystine oxidation is accomplished with dimethyl sulfoxide(DMSO).
Hydrolysis Solution: 6 N hydrochloricacid containing 0.1% to 1.0% of phenol, to which DMSO is added to obtain a final

concentration of 2% (v/v).
Vapor Phase Hydrolysis: The protein/peptide hydrolysis is conducted at about 110° for 24 hours. During the hydrolysis,

the cysteine-cystine present in the sample is converted to cysteic acid by the DMSO present in the Hydrolysis Solution. As
an approach to limitvariability and to compensate for partial destruction, it is recommended to evaluate the cysteicacid
recoveryfrom oxidative hydrolyses of standard proteins containing 1 to 8 mol of cysteine per mol protein. The response
factors from protein/peptide hydrolysates are typically about 30% lower than those for nonhydrolyzed cysteicacid
standards. Becausehistidine, methionine, tyrosine, and tryptophan are also modified, a complete compositional analysis
is not obtained with this technique.

• METHOD 7
Cysteine-cystine reduction and alkylation is accomplished by a vapor phase pyridylethylation reaction.
Reducing Solution: Transfer 83.3 ~L of pyridine, 16.7 ~L of 4-vinylpyridine, 16.7 ~L of tributylphosphine, and 83.3 ~L of

water to a suitable container, and mix.
Procedure: Add the protein/peptide (between 1 and 100 ~g) to a hydrolysis tube, and place in a larger tube. Transferthe

Reducing Solution to the large tube, seal in vacuum (about 50 urn of mercury or 6.7 Pa), and incubate at about 100° for
5 minutes. Then remove the inner hydrolysis tube, and dry it in a vacuum desiccator for 15 minutes to remove residual
reagents. The pyridylethylated protein/peptide can then be acid hydrolyzed using previously described procedures. The
pyridylethylation reaction is performed simultaneouslywith a protein standard sample containing 1 to 8 mol of cysteine
per mol protein to improve accuracy in the pyridylethyl-cysteine recovery. Longer incubation times for the
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pyridylethylation reaction can cause modifications to the a-amino terminal group and the a-amino group of lysine in the
protein.

• METHOD 8
Cysteine-cystine reduction and alkylation isaccomplished by a liquid phase pyridylethylation reaction.
Stock Solutions: Prepare and filter three solutions: 1 M Tris hydrochloride (pH 8.5) containing 4 mM edetate disodium

(Stock Solution 7),8 Mguanidine hydrochloride(Stock Solution 2), and 10% of 2-mercaptoethanol in water (Stock Solution
3).

Reducing Solution: Prepare a mixture of Stock Solution2 and Stock Solution 7 (3:1) to obtain a buffered solution of 6 M
guanidine hydrochloride in 0.25 M Tris hydrochloride.

Procedure: Dissolve about 10 ~g of the test sample in 50 IJL of the Reducing Solution,and add about 2.5 ~L of Stock Solution
3. Store under nitrogen or argon for 2 hours at room temperature in the dark. To achieve the pyridylethylation reaction,
add about 2 ~L of 4-vinylpyridine to the protein solution, and incubate for an additional 2 hours at room temperature in
the dark.The protein/peptide isdesalted by collecting the protein/peptide fraction from a reverse-phaseHPLC separation.
The collected sample can be dried in a vacuum centrifuge before acid hydrolysis.

• METHOD 9
Cysteine-cystine reduction and alkylation isaccomplished by a liquid phase carboxymethylation reaction.
Stock Solutions: Prepare as directed for Method 8.
Carboxymethylation Solution: Prepare a solution containing 100 mg of iodoacetamide per mL of alcohol.
Buffer Solution: Use the Reducing Solution, prepared as directed for Method 8.
Procedure: Dissolve the test sample in 50 ~L of the Buffer Solution, and add about 2.5 ~L of Stock Solution 3. Store under

nitrogen or argon for 2 hours at room temperature in the dark. Addthe Carboxymethvtation Solution in a 1.5 fold ratio per
total theoretical content of thiols, and incubate for an additional 30 minutes at room temperature in the dark. [NOTE-If
the thiol content of the protein is unknown, then add 5 ~L of 100 mM iodoacetamide for every 20 nmol of protein
present.] The reaction isstopped by adding excess of 2-mercaptoethanol. The protein/peptide isdesalted by collecting
the protein/peptide fraction from a reverse-phase HPLC separation. The collected sample can be dried in a vacuum
centrifuge before acid hydrolysis. The S-carboxyamidomethylcysteine formed will be converted to
S-carboxymethyl-cysteine during acid hydrolysis.

• METHOD 10
Cysteine-cystine is reacted with dithiodiglycolic acid or dithiodipropionicacid to produce a mixed disulfide. [NOTE-The

choice of dithiodiglycolic acid or dithiodipropionic acid depends on the required resolution of the amino acid analysis
method.]

Reducing Solution: a solution containing 10 mg of dithiodiglycolic acid (or dithiodipropionic acid) per mLof 0.2 Msodium
hydroxide.

Procedure: Transferabout 20 ~g of the test sample to a hydrolysis tube, and add 5 ~L of the Reducing Solution. Add 10 ~L

of isopropyl alcohol, and then remove all of the sample liquid by vacuum centrifugation. The sample is then hydrolyzed
using Method 7. This method has the advantage that other amino acid residues are not derivatizedby side reactions, and
the sample does not need to be desalted prior to hydrolysis.

• METHOD 11
Asparagineand glutamine are converted to aspartic acid and glutamic acid, respectively, during acid hydrolysis. Asparagine

and aspartic acid residues are added and represented by Asx, while glutamine and glutamic acid residues are added and
represented by Glx. Proteins/peptides can.be reacted with bis(l, 1-trifluoroacetoxy)iodobenzene(BTl) to convert the
asparagine and glutamine residues to diaminopropionic acid and diaminobutyric acid residues, respectively, upon acid
hydrolysis. These conversions allowthe analyst to determine the asparagine and glutamine content of a protein/peptide
in the presence of aspartic acid and glutamic acid residues.

Reducing Solutions: Prepare and filter three solutions: a solution of 10 mM trifluoroaceticacid (Solution 7), a solution of
5 M guanidine hydrochloride and 10 mM trifluoroacetic acid (Solution2), and a freshly prepared solution of
dimethylformamide containing 36 mg of BTl per mL(Solution 3).

Procedure: In a clean hydrolysis tube, transfer about 200 IJg of the test sample, and add 2 mL of Solution 7 or Solution 2
and 2 mL of Solution 3. Sealthe hydrolysis tube in vacuum. Heat the sample at 60° for 4 hours in the dark. The sample is
then dialyzed with water to remove the excess reagents. Extract the dialyzed sample three times with equal volumes of
n-butyl acetate, and then lyophilize. The protein can then be acid hydrolyzed using previously described procedures. The
a-, ~-diaminopropionic and a-, y-diaminobutyric acid residues do not typically resolvefrom the lysine residues upon
ion-exchange chromatography based on amino acid analysis. Therefore,when using ion-exchange as the mode of amino
acid separation, the asparagine and glutamine contents are the quantitative difference in the aspartic acid and glutamic
acid assayedcontents with underivatizedand BTI-derivatized acid hydrolysis. [NOTE-The threonine, methionine, cysteine,
tyrosine, and histidine assayed content can be altered by BTl derivatization; a hydrolysis without BTl will have to be
performed ifthe analyst is interested in the composition of these other amino acid residues.]

METHODOLOGIES OF AMINO ACID ANALYSIS GENERAL PRINCIPLES
Manyamino acid analysis techniques exist, and the choice of anyone technique often depends on the sensitivity requiredfrom

the assay. Ingeneral, about one-halfof the amino acid analysis techniques employed relyon the separation of the free amino
acids by ion-exchange chromatography followed by postcolumn derivatization (e.g., with ninhydrin or o-phthalaldehyde).
Postcolumn detection techniques can be used with samples that contain small amounts of buffercomponents, such as salts
and urea, and generally require between 5 and 1OlJg of protein sample per analysis. The remaining amino acid techniques
typically involve precolumn derivatization of the free amino acids (e.g., phenyl isothiocyanate; .
6-aminoquinolyl-N-hydroxysuccinimidyl carbamate or o-phthalaldehyde; (dimethylamino)azobenzenesulfonyl chloride;
9-fluorenyl-methylchloroformate; and 7-fluoro-4-nitrobenzo-2-oxa-l,3-diazole)followed by reverse-phaseHPLC. Precolumn
derivatization techniques are verysensitive and usually require between 0.5 and 1.0 ~g of protein sample per analysis but
may be influenced by buffersalts in the samples. Precolumnderivatization techniques may also result in multiplederivatives
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of a given amino acid, which complicates the result interpretation. Postcolumn derivatization techniques are generally
influenced less by performance variation of the assay than precolumn derivatization techniques.

The following Methods may be used for quantitative amino acid analysis. Instruments and reagents for these procedures are
available commercially. Furthermore, many modifications of these methodologies exist with different reagent preparations,
reaction procedures, and chromatographic systems. Specific parameters may vary according to the exact equipment and
procedure used. Many laboratories will utilize more than one amino acid analysistechnique to exploit the advantages offered
by each. In each of these Methods, the analog signal is visualized by means of a data acquisition system, and the peak areas
are integrated for quantification purposes.

• METHOD l-POSTCOLUMN NINHYDRIN DETECTION GENERAL PRINCIPLE
lon-exchange chromatography with postcolumn ninhydrin detection is one of the most common methods employed for

quantitative amino acid analysis. As a rule, a Li-based cation-exchange system is employed for the analysis of the more
complex physiological samples, and the faster Na-based cation-exchange system is used for the more simplistic amino
acid mixtures obtained with protein hydrolysates (typically containing 17 amino acid components). Separation of the
amino acids on an ion-exchange column is accomplished through acombination of changes in pH and cation strength. A
temperature gradient is often employed to enhance separation.

When the amino acid reacts with ninhydrin, the reactant has characteristic purple or yellow color. Amino acids, except imino
acids, give a purple color, and show maximum absorption at 570 nm. The imino acids, such asproline, give a yellow color,
and show maximum absorption at 440 nm. The postcolumn reaction between ninhydrin and amino acid eluted from the
column is monitored at 440 nm and 570 nm, and the chromatogram obtained is used for the determination of amino
acid composition.

Detection limit is considered to be 10 pmol for most of the amino acid derivatives, but 50 pmol for proline. Response linearity
is obtained in the range of 20 to 500 pmol with correlation coefficients exceeding 0.999. To obtain good compositional
data, samples larger than 1 I-lg before hydrolysis are best suited for this amino acid analysis of protein/peptide.

• METHOD 2-POSTCOLUMN OPA FLUOROMETRIC DETECTION GENERAL PRINCIPLE
o-Phthalaldehyde (OPA) reacts with primary amines in the presence of thiol compound to form highly fluorescent isoindole

products. This reaction is utilized for the postcolumn derivatization in analysis of amino acids by ion-exchange
chromatography. The rule of the separation is the same as.Method I. Instruments and reagents for this form of amino acid
analysis are available commercially. Many modifications of this method exist.

Although OPA does not react with secondary amines (imino acids, such as proline) to form fluorescent substances, the
oxidation with sodium hypochlorite allows secondary amines to react with OPA. The procedure employs a strongly acidic
cation-exchange column for separation of free amino acids followed by postcolumn oxidation with sodium hypochlorite
and postcolumn derivatization using OPA and thiol compound, such asN-acetyl-L-cysteine and 2-mercaptoethanol. The
derivatization of primary amino acids are not noticeably affected by the continuous supply of sodium hypochlorite.

Separation of the amino acids on an ion-exchange column is accomplished through a combination of changes of pH and
cation strength. After postcolumn derivatization of eluted amino acids with OPA, the reactant passes through the
fluorometric detector. Fluorescence intensity of OPA-derivatized amino acids are monitored with an excitation wavelength
of 348 nm and an emission wavelength of 450 nm.

Detection limit is considered to be a few tens of pmollevel for most of the amino acid derivatives. Response linearity is
obtained in the range of a few pmollevel to a few tens of nmollevel. To obtain good compositional data, a sample greater
than 500 ng before hydrolysis is best suited for the amino acid analysis of protein/peptide.

• METHOD 3-PRECOLUMN PITC DERIVATIZATION GENERAL PRINCIPLE
Phenylisothiocyanate (PITC) reacts with amino acids to form phenylthiocarbamyl (PTC) derivatives, which can be detected

with high sensitivity at 254 nm. Therefore, precolumn derivatization of amino acids with PITCfollowed by a reverse-phase
HPLCseparation with UV detection is used to analyze the amino acid composition.

After the reagent is removed under vacuum, the derivatized amino acids can be stored dry and frozen for several weeks with
no significant degradation. If the solution for injection is kept cold, no noticeable loss in chromatographic response occurs
after three days.

Separation of the PTC-amino acids on a reverse-phase HPLCwith ODS column is accomplished through a combination of
changes in concentrations of acetonitrile and buffer ionic strength. PTC-amino acids eluted from the column are monitored
at 254 nm.

Detection limit is considered to be 1 pmol for most of the amino acid derivatives. Response linearity is obtained in the range
of 20 to 500 pmol with correlation coefficients exceeding 0.999. To obtain good compositional data, a sample larger than
500 ng of protein/peptide before hydrolysis is best suited for this amino analysis of proteins/peptides.

• METHOD 4-PRECOLUMN AQC DERIVATIZATION GENERAL PRINCIPLE
Precolumn derivatization of amino acids with 6-aminoquinolyl-N-hydroxysuccinimidyl carbamate (AQc) followed by

reverse-phase HPLCseparation with fluorometric detection is used.
AQC reacts with amino acids to form stable, fluorescent unsymmetric urea derivatives (AQC-amino acids) which are readily

amenable to analysis by reverse-phase HPLC. Therefore, precolumn derivatization of amino acids with AQC followed by
reverse-phase HPLCseparation is used to analyze the amino acid composition.

Separation of the AQC-amino acids on an ODS column is accomplished through a combination of changes in the
concentrations of acetonitrile and salt. Selective fluorescence detection of the derivatives with an excitation wavelength
at 250 nm and an emission wavelength at 395 nm allows for the direct injection of the reaction mixture with no significant
interference from the only major fluorescent reagent byproduct, 6-aminoquinoline. Excess reagent is rapidly hydrolyzed
(t 1/2< 15 seconds) to yield 6-aminoquinoline, N-hydroxysuccinimide and carbon dioxide, and after 1 minute no further
derivatization can take place.

Peakareas for AQC-amino acids are essentially unchanged for at least 1 week at room temperature, and the derivatives have
more than sufficient stability to allow for overnight automated chromatographic analysis.

The detection limit is considered to be ranging from about 40 fmol to 320 fmol for each amino acid, except for Cys. The
detection limit for Cys is approximately 800 fmol. Response linearity is obtained in the range of 2.5 I-lM to 200 I-lM with
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correlation coefficients exceeding 0.999. Good compositional data can be obtained from the analysisof derivatized protein
hydrolysates containing as little as 30 ng of protein/peptide.

• METHOD 5-PRECOLUMN OPA DERIVATIZATION GENERAL PRINCIPLE
Precolumn derivatization of amino acids with o-phthalaldehyde (OPA) followed by reverse-phase HPLCseparation with

fluorometric detection is used. This technique does not detect amino acids that exist assecondary amines (e.g., proline).
OPA in conjunction with a thiol reagent reacts with primary amine groups to form highly fluorescent isoindole products.

2-Mercaptoethanol and 3-mercaptopropionic acid can be used as thiol. OPA itself does not fluoresce and consequently
produces no interfering peaks. In addition, its solubility and stability in aqueous solution, along with the rapid kinetics for
the reactions, make it amenable to automated derivatization and analysis using an autosampler to mix the sample with
the reagent. However, lack of reactivity with secondary amino acids has been a predominant drawback. This method does
not detect amino acids that exist as secondary amines (e.g., proline). To compensate for this drawback, this technique
may be combined with another technique described in Method 7 or Method 8.

Precolumn derivatization of amino acids with OPA is followed by reverse-phase HPLCseparation. Because of the instability
of the OPA-amino acid derivative, HPLCseparation and analysis are performed immediately following derivatization. The
liquid chromatograph is equipped with a fluorometric detector for the detection of derivatized amino acids. Fluorescence
intensity of the OPA-derivatized amino acids are monitored with an excitation wavelength of 348 nm and an emission
wavelength of 450 nm.

The detection limits as low as 50 fmol via fluorescence have been reported, although the practical limit of analysis remains
at 1 pmol.

• METHOD 6-PRECOLUMN DABS-CI DERIVATIZATION GENERAL PRINCIPLE
Precolumn derivatization of amino acids with (dimethylamino)azobenzenesulfonyl chloride (DABS-CI) followed by

reverse-phase HPLC separation with visible light detection is used.
DABS-CI isa chromophoric reagent employed for the labeling of amino acids. Amino acids labeled with DABS-CI(DABS-amino

acids) are highly stable and show the maximum absorption at 436 nm.
DABS-amino acids, all 19 naturally occurring amino acid derivatives, can be separated on an ODS column of a reverse-phase

HPLCby employing gradient systems consisting of acetonitrile and aqueous buffer mixture. Separated DABS-amino acids
eluted from the column are detected at 436 nm in the visible' region. '

This method can analyze the imino acids, such as proline, together with the amino acids, at the same degree of sensitivity.
DABS-CI derivatization method permits the simultaneous quantification of tryptophan residues by previous hydrolysis of
the protein/peptide with sulfonic acids, such as mercaptoethanesulfonic acid, p-toluenesulfonic acid, or methanesulfonic
acid, described for Method 2 in Protein Hydrolysis. The other acid-labile residues, asparagine and glutamine, can also be
analyzed by previous conversion into diaminopropionic acid and diaminobutyric acid, respectively, by treatment of
protein/peptide with BTl, described for Method 11 in Protein Hydrolysis.

The nonproteinogenic amino acid, norleucine, cannot be used as an internal standard in this method as this compound is
eluted in a chromatographic region crowded with peaks of primary amino acids. Nitrotyrosine can be used asan internal
standard because it is eluted in a clean region.

The detection limit of DABS-amino acid is about 1 pmol. As little as 2 to 5 pmol of an individual DABS-amino acid can be
quantitatively analyzed with reliability, and only lOng to 30 ng of the dabsylated protein hydrolysate is required for each
analysis.

• METHOD 7-PRECOLUMN FMOC-CL DERIVATIZATION GENERAL PRINCIPLE
Precolumn derivatization of amino acids with 9-fluorenylmethyl chloroformate (FMOC-CI) followed by reverse-phase HPLC

separation with fluorometric detection is used.
FMOC-CI reacts with both primary and secondary amino acids to form highly fluorescent products. The reaction of FMOC-CI

with amino acid proceeds under mild conditions, in aqueous solution, and is completed in 30 seconds. The derivatives
are stable, with only the histidine derivative showing any breakdown. Although FMOC-CI is fluorescent itself, the reagent
excess and fluorescent side-products can be eliminated without loss of FMOC-amino acids.

FMOC-amino acids are separated by reverse-phase HPLCusing an ODS column, The separation is carried out by gradient
elution varied linearly from a mixture of acetic acid buffer, methanol, and acetonitrile (50:40:10) to a mixture of acetonitrile
and acetic acid buffer (50:50), and 20 amino acid derivatives that are separated in 20 minutes. Eachderivative eluted from
the column is monitored by a fluorometric detector set at an excitation wavelength of 260 nm and an emission wavelength
of313nm.

The detection limit is in the low fmol range. A linearity range of 0.1 IJM to 50 IJM is obtained for most amino acids.
• METHOD 8-PRECOLUMN NBD-F DERIVATIZATION GENERAL PRINCIPLE

Precolumn derivatization of amino acids with 7-fluoro-4-nitrobenzo-2-oxa-1 ,3-diazole (NBD-F) followed by reverse-phase
HPLCseparation with fluorometric detection is used.

7-Fluoro-4-nitrobenzo-2-oxa-1 ,3-diazole (NBD-F) reacts with both primary and secondary amino acids to form highly
fluorescent products. Amino acids are derivatized with NBD-F by heating to 60° for 5 minutes.

NBD-amino acid derivatives are separated on an ODS column of reverse-phase HPLCby employing a gradient elution system
consisting of acetonitrile and aqueous buffer mixture, and 17 amino acid derivatives that are separated in 35 minutes.
E-aminocaproic acid can be used as an internal standard because it is eluted in a clean chromatographic region. Each
derivative eluted from the column is monitored by a fluorometric detector set at an excitation wavelength of 480 nm and
an emission wavelength of 530 nm.

The sensitivity of this method is almost the same asthat for the precolumn OPA derivatization method (Method5), excluding
proline to which OPA is not reactive and might be advantageous for NBD-F against OPA.

The detection limit for each amino acid isabout 10 fmol. Profile analysiswas achieved for about 1.5 mg of protein hydrolysates
in the final precolumn labeling reaction mixture for HPLC.

DATA CALCULATION AND ANALYSIS
When determining the amino acid content of a protein/peptide hydrolysate, it should be noted that the acid hydrolysis step

destroys tryptophan and cysteine. Serine and threonine are partially destroyed by acid hydrolysis, while isoleucine and valine
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residues may be only partially cleaved. Methionine can undergo oxidation during acid hydrolysis, and some amino acids
(e.g., glycineand serine) are common contaminants. Application of adequate vacuum (less than 200 I-Im of mercuryor
26.7 Pa)or introduction of inert gas (argon) in the headspace of the reaction vessel during vapor phase hydrolysis can reduce
the level of oxidativedestruction. Therefore, the quantitative resultsobtained for cysteine,tryptophan, threonine, isoleucine,
valine, methionine, glycine, and serine from a protein/peptide hydrolysate may be variable and may warrant further
investigation and consideration.
Calculations

Amino Acid Mole Percent: This is the number of specific amino acid residues per 100 residues in a protein. This result
may be useful for evaluating amino acid analysis data when the molecularweight of the protein/peptide under
investigation is unknown. This information can be used to corroborate the identity of a protein and has other
applications. Carefully identifyand integrate the peaks obtained as directed for each Procedure. Calculate the mole
percent for each amino acid present in the test sample by the formula:

100ru/r

in which ru is the peak response, in nmol, of the amino acid under test; and r is the sum of peak responses, in nmol,
for all amino acids present in the test sample. Comparison of the mole percent of the amino acids under test to data
from known proteins can help establish or corroborate the identity of the sample protein.

Unknown Protein Samples: Thisdata analysis technique can be used to estimate the protein concentration of an
unknown protein sample using the amino acid analysis data. Calculate the mass, in I-Ig, of each recovered amino acid
by the formula:

mMw/l000

in which m is the recovered quantity, in nmol, of the amino acid under test; and Mw is the molecularweight, for that
amino acid, corrected for the weight of the water molecule that was eliminated during peptide bond formation; The
sum of the masses of the recovered amino acids will give an estimate of the total mass of the protein analyzed after
appropriate correction for partially and completely destroyed amino acids. If the molecularweight of the unknown
protein is available (i.e., by 5DS-PAGE analysis or mass spectroscopy), the amino acid composition of the unknown
protein can be predicted. Calculate the number of residuesof each amino acid by the formula:

m/(1000M/Mwr)

in which m is the recovered quantity, in nmol, of the amino acid under test; M is the total mass, in I-Ig, of the protein;
and Mwr is the molecular weight of the unknown protein.

Known Protein Samples: This data analysis technique can be used to investigatethe amino acid composition and protein
concentration of a protein sample of known molecularweight and amino acid composition using the amino acid
analysis data. When the composition of the protein being analyzed is known, one can exploit the fact that some amino
acids are recovered well, while other amino acid recoveries may be compromised because of complete or partial
destruction (e.g., tryptophan, cysteine, threonine, serine, methionine), incomplete bond cleavage (Le., for isoleucine
and valine), and free amino acid contamination (i.e., by glycine and serine).
Because those amino acids that are recovered best represent the protein, these amino acids are chosen to quantifythe

amount of protein. Well-recovered amino acids are, typically, aspartate-asparagine, glutamate-glutamine, alanine,
leucine, phenylalanine, lysine, and arginine. This listcan be modified based on experience with one's own analysis
system. Divide the quantity, in nmol, of each of the well-recovered amino acids by the expected number of residues
for that amino acid to obtain the protein content based on each well-recovered amino acid. Average the protein
content results calculated. The protein content determined for each of the well-recovered amino acids should be
evenlydistributed about the mean. Discard protein content valuesfor those amino acids that have an unacceptable
deviation from the mean. Typically, a greater than 5% variationfrom the mean isconsidered unacceptable.
Recalculate the mean protein content from the remaining valuesto obtain the protein content of the sample. Divide
the content of each amino acid by the calculated mean protein content to determine the amino acid composition

. of the sample by analysis.
Calculatethe relative compositional error, in percentage, by the formula:

l Ourn/rn,

in which m isthe experimentally determined quantity, in nmol per amino acid residue, of the amino acid under test;
and ms is the known residue valuefor that amino acid. The average relative compositional error is the average of
the absolute valuesof the relative compositionalerrorsof the individual amino acids, typically excluding tryptophan
and cysteine from this calculation. The average relative compositional error can provide important information on
the stabilityof analysis run over time. The agreement in the amino acid composition between the protein sample
and the known composition can be used to corroborate the identity and purity of the protein in the sample.

+APPENDIX
Amino Acid Analysis Procedures

The examples of the specific procedures for each Method described in Methodologies ofAminoAcidAnalysis are shown.
• METHOD l-POSTCOLUMN NINHYDRIN DETECTION

One method for postcolumn ninhydrin detection isshown below. Manyother methods are also available, with instruments
and reagents available commercially.
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Mobile Phase Preparation
Solution A: Transferabout 1.7 g of anhydrous sodium citrate and 1.5 mLof hydrochloric acid to a 1OO-mL volumetric

flask, dissolve in and dilute with water to volume, and mix..Adjust, if necessary, with hydrochloric acid to a pH of 3.0.
Solution B: Transferabout 1.7 g of anhydrous sodium citrate'and 0.7 mLof hydrochloricacid to a 1OO-mL volumetric

flask, dissolve in and dilute with water to volume, and mix. Adjust, if necessary, with hydrochloric acid to a pH of 4.3.
Solution C: Preparea solution containing 5% of sodium chloride, 1.9% of anhydrous sodium citrate, and 0.1% of phenol

in water, and adjust to a pH of 6.
Column Regeneration Solution: Prepare a solution containing 0.8% of sodium hydroxide in water, and adjust to a pH

of 13.
Mobile Phase: Use variablemixtures of Solution A, Solution B, and Solution C as directed for Chromatographic System.

Postcolumn Reagent: Transfer about 18 g of ninhydrinand 0.7 g of hydrindantin to 900 mLof a solution containing 76.7%
of dimethyl sulfoxide, 0.7% of dihydrate lithiumacetate, and 0.1% of acetic acid, and mixfor at least 3 hours under inert
gas, such as nitrogen. [NOTE-This reagent is stable for 30 days if kept between 2° and 8° under inert gas.]

Buffer Solution: Prepare a solution containing 2% of anhydrous sodium citrate, 1% of hydrochloric acid, 0.5% of
thiodiglycol, and 0.1% of benzoic acid in water, and adjust to a pH of 2.

Chromatographic System: The liquid chromatograph is equipped with a detector with appropriate interferencefilters at
440,570, or 690 nm and a 4.0-mm x 120-mm column that contains 7.5-~m sulfonated styrene-divinylbenzene copolymer
packing. The flow rate isabout 14 mLper hour. The system is programmed as follows. Initially equilibrate the column
with Solution A; at 25 minutes, the composition of the MopilePhase is changed to 100% Solution B; and at 37 minutes,
the composition ischanged to 100% Solution C. At 75 minutes into the run, the last amino acid has been eluted from the
column, and the column is regenerated with Column Regeneration Solution for 1 minute. The column is then equilibrated
with Solution A for 11 minutes before the next injection. The column temperature is programmed as follows. The initial
temperature is48°; after 11.5 minutes, the temperature isincreasedto 65° at a rate of 3° per minute; at about 35 minutes,
the temperature isincreasedto 77°at a rate of 3° per minute; and finally at about 52 minutes, the temperature isdecreased
to 48° at a rate of 3° per minute.

Procedure and Postcolumn Reaction: Reconstitute the lyophillzed protein/peptide hydrolysatein the Buffer Solution, inject
an appropriate amount into the chromatograph, and proceed as directed for Chromatographic System. As the amino acids
are eluted from the column, they are mixed with the Postcolumn Reagent, which is delivered at a flow rate of 7 mLper
hour, through a tee. After mixing, the column effluent and the Postcolumn Reagent pass through a tubular reactor at a
temperature of 135°, where a characteristic purple or yellowcolor is developed. Fromthe reactor, the liquid passes
through a colorimeter with a 12-mm flow-through cuvette. The light emerging from the cuvette issplit into three beams
for analysis by the detector with interferencefilters at 440, 570, or 690 nm. The 690-nm signal may be electronically
subtracted from the other signals for improved signal-to-noise ratios. The 440-nm (imino acids) and the 570-nm (amino
acids) signals may be added in order to simplify data handling.

• METHOD 2-POSTCOLUMN OPA FLUOROMETRIC DETECTION
One method of postcolumn OPA fluorometric; detection is shown below.
Mobile Phase Preparation

Solution A: Prepare a solution of sodium hydroxide, citric acid, and alcohol in HPLC-grade water having a 0.2 N sodium
concentration and containing 7% of alcohol (w/v), adjusted to a pH of 3.2.

Solution B: Prepare a solution of sodium hydroxide and citricacid in HPLC-grade water having a 0.6 N sodium
concentration, adjusted to a pH of 10.0.

Solution C: 0.2 N sodium hydroxide.
Mobile Phase: Use variable mixtures of Solution A, Solution B, and Solution C as directed for Chromatographic System.

Postcolumn Reagent Preparation
Alkaline Buffer: Prepare a solution containing 384 mM sodium carbonate, 216 mM boric acid, and 108 mM potassium

sulfate, and adjust to a pH of 10.0.
Hypochlorite Reagent: To1 Lof AlkalineBuffer, add 0.4 mL of sodium hypochlorite solution (10% chlorine

concentration). [NoTE-The hypochlorite solution is stable for 2 weeks.]
OPAReagent: Transfer 2 g of N-acetyl-l-cysteine and 1.6 g of OPA to a 15-mLvolumetricflask, dissolve in and dilute

with alcohol to volume, and mix. Transfer this solution and 4 mLof 10% aqueous polyethylene (23) lauryl ether to a
1-Lvolumetric flask, dilute with 980 mLof Alkaline Buffer, and mix.

Chromatographic System: The liquid chromatograph isequipped with a fluorometric detector set to an excitation
wavelength of 348 nm and an emissionwavelength of 450 nm and a 4.0-mm x 150-mm column that contains 7.5-~m

packing L17. The flow rate isabout 0.3 mLper minute, and the column temperature is set at 50°. The system is
programmed as follows. The column is equilibrated with Solution A; over the next 20 minutes, the composition of the
Mobile Phase is changed linearly to 85% Solution A and 15% Solution B; then there isa step change to 40% Solution A and
60% Solution B;over the next 18 minutes, the composition ischanged linearly to 100% Solution Band held for 7 minutes;
then there is a step change to 100% Solution C, and this is held for 6 minutes; then there is a step change to Solution A,
and this composition is maintained for the next 8 minutes.

Procedure and Postcolumn Reaction: Inject about 1.0 nmol of each amino acid under test into the chromatograph, and
proceed as directed for Chromatographic System. As the effluent leaves the column, it is mixed with the Hypochlorite
Reagent. The mixture passesthrough the firstpostcolumn reactor which consists of stainlesssteel 0.5-mm x 2-m tubing. A
second postcolumn reactor of similar design is placed immediatelydownstream from the first postcolumn reactor and is
used for the OPA postcolumn reaction. The flow rates for both the Hypochlorite Reagent and the OPA Reagent are 0.2 mL
per minute, resulting in a total flow rate (Le., Hypochlorite Reagent, OPA Reagent, and column effluent)of 0.7 mLper
minute exiting from the postcolumn reactors. Postcolumnreactions are conducted at 55°. Thisresultsin a residencetime
of about 33 seconds in the OPA postcolumn reactor. After postcolumn derivatization, the column effluent passes through
the fluorometric detector.
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• METHOD 3-PRECOLUMN PITC DERIVATIZATION
One method of precolumn PITC derivatization is described below.
Mobile Phase Preparation

Solution A: 0.05 M ammonium acetate, adjusted with phosphoric acid to a pH of 6.8.
Solution B: Prepare 0.1 M ammonium acetate, adjust with phosphoric acid to a pH of 6.8, and then prepare a mixture

of this solution and acetonitrile (1:1).
Solution C: a mixture of acetonitrile and water (70:30).
Mobile Phase: Usevariable mixtures of Solution A, Solution B, and Solution C as directed for Chromatographic System.

Derivatization Reagent Preparation
Coupling Buffer: a mixture of acetonitrile, pyridine, triethylamine, and water (10:5:2:3).
Sample Solvent: a mixture of water and acetonitrile (7:2).

Sample Derivatization Procedure: Dissolve the lyophilized test sample in 100 I-lL of the Coupling Buffer, and then dry in a
vacuum centrifuge to remove any hydrochloride ifa protein hydrolysis step was used. Dissolve the test sample in 100 I-lL
of Coupling Buffer, add 5 I-lL of PITC, and incubate at room temperature for 5 minutes. The test sample is again dried in a
vacuum centrifuge, and is dissolved in 250 I-lL of Sample Solvent.

Chromatographic System: The liquid chromatograph is equipped with a 254-nm detector and a 4.6-mm x 250-mm
column that contains 5-l-lm packing L1. Theflowrate isabout 1 mLper minute, and the column temperature ismaintained
at 52°. The system is programmed as follows. The column is equilibrated with Solution A; over the next 15 minutes, the
composition of the Mobile Phase ischanged linearly to 85% Solution A and 15% Solution B; over the next 15 minutes, the
composition is changed linearly to 50% Solution A and 50% Solution B; then there is a step change to 100% Solution C,
and this is held for 10 minutes; then there is a step change to 100% Solution A, and the column is allowed to equilibrate
before the next injection.

Procedure: Inject about 1.0 nmol of each PITC-amino acid under test (1O-I-lL sample in Sample Solvent) into the
chromatograph, and proceed as directed for Chromatographic System.

• METHOD 4-PRECOLUMN AQC DERIVATIZATION
One method of precolumn AQC derivatization isshown below.
Mobile Phase Preparation

Solution A: Prepare a solution having a composition of 140 mM sodium acetate and 17 mM triethylamine, and adjust
with phosphoric acid to a pH of 5.02.

Solution B: a mixture of acetonitrile and water (60:40).
Mobile Phase: Usevariable mixtures of Solution A and Solution B as directed for Chromatographic System.

Sample Derivatization Procedure: Dissolve about 2 I-lg of the test sample in 20 I-lL of 15 mM hydrochloric acid, and dilute
with 0.2 M borate buffer (pH 8.8) to 80 1-lL. The derivatization is initiated by the addition of 20 I-lL of 10 mM AQC in
acetonitrile, and allowed to proceed for 10 minutes at room temperature.

Chromatographic System: The liquid chromatograph is equipped with a fluorometric detector set at an excitation
wavelength of 250 nm and an emission wavelength of 395 nm and a 3.9-mm x 150-mm column that contains 4-l-lm
packing L1. The flow rate is about 1 rntper minute, and the column temperature is maintained at 37°. The system is
programmed as follows. The column is equilibrated with Solution A; over the next 0.5 minute, the composition of the
Mobile Phase is changed linearly to 98% Solution A and 2% Solution B; then over the next 14.5 minutes to 93% Solution
A and 7% Solution B; then over the next 4 minutes to 87% Solution A and 13% Solution B; over the next 14 minutes to
68% Solution A and 32% Solution B; then there is a step change to 100% Solution Bfor a 5-minute wash; over-the next
10 minutes, there isa step change to 100% Solution A; and the column isallowed to equilibrate before the next injection.

Procedure: Inject about 0.05 nmol of each AQC-amino acid under test into the chromatograph, and proceed as directed
for Chromatographic System.

• METHOD 5-PRECOLUMN OPA DERIVATIZATION
One method of precolumn OPA derivatization is shown below.
Mobile Phase Preparation

Solution A: a mixture of 100 mM sodium acetate (pH 7.2), methanol, and tetrahydrofuran (900:95:5).
Solution B: methanol.
Mobile Phase: Usevariable mixtures of Solution A and Solution B as directed for Chromatographic System.

Derivatization Reagent: Dissolve 50 mg of OPA in 1.25 mLof methanol (protein sequencing grade). Add 50 I-lL of
2-mercaptoethanol and 11.2 mLof 0.4 M sodium borate (pH 9.5), and mix. [NOTE-This reagent is stable for 1 week.]

Sample Derivatization Procedure: Transferabout 5 IJL of the test sample to an appropriate container, add 5 IJL of the
DerivatizationReagent, and mix. After1 minute, add not lessthan 20 IJL of 0.1 M sodium acetate (pH 7.0). Use 20 IJL of
this solution for analysis. [NoTE-Use of an internal standard (e.g., norleucine) is recommended for quantitative analysis
because of potential reagent volume variations in the sample derivatization. The sample derivatization is performed in an
automated on-line fashion. Becauseof the instability of the OPA-amino acid derivative, HPLC separation and analysis are
performed immediately following derivatization.]

Chromatographic System: The liquid chromatograph is equipped with a fluorometric detector set at an excitation.
wavelength of 348 nm and an emission wavelength of 450 nm and a 4.6-mm x 75-mm column that contains 3-lJm
packing L3. The flow rate is about 1.7 mL per minute, and the column temperature is maintained at 37°. The system is
programmed as follows. The column is equilibrated with 92% SolutionA and 8% Solution B; over the next 2 minutes, the
composition of the Mobile Phase is changed to 83% Solution A and 17% Solution B, and held for an additional 3 minutes;
then changed to 54% Solution A and 46% Solution Bover the next 5 minutes, and held for an additional 2 minutes; then
changed to 34% Solution A and 66% Solution Bover the next 2 minutes, and held for 1 minute; then over the next 0.3
minute changed to 20% Solution A and 80% Solution B, and held for an additional 2.6 minutes; and then finally over 0.6
minute changed to 92% Solution A and 8% Solution B, and held for an additional 0.6 minute.

Procedure: Inject about 0.02 nmol of each OPA-amino acid under test into the chromatograph, and proceed as directed
for Chromatographic System.
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• METHOD 6-PRECOLUMN DABS-CI DERIVATIZATION
One method for precolumn DABS-CI derivatization is shown below.
Mobile Phase Preparation

Solution A: 25 mM sodium acetate (pH 6.5) containing 4% of dimethylformamide.
Solution B: acetonitrile.
Mobile Phase: Usevariable mixtures of Solution A and Solution Bas directed for Chromatographic System.

Derivatization Reagent Preparation
Sample Buffer: 50 mM sodium bicarbonate, adjusted to a pH of 8.1.
Derivatization Reagent: Dissolve1.3 mg of DABS-CI in 1 mL of acetonitrile. [NOTE-This reagent is prepared fresh shortly

before the derivatization step.]
Sample Dilution Buffer: Prepare a mixture of 50 mM sodium phosphate (pH 7.0) and alcohol (1:1).

Sample Derivatization Procedure: Dissolvethe test sample in 20 IJL of Sample Buffer, add 40 IJL of Derivatization Reagent,
and mix. The sample container is sealedwith a silicon-rubber stopper, and heated to 70° for 10 minutes. During the
sample heating, the mixture will become completely soluble. After the derivatization, dilute the test sample with an
appropriate quantity of the Sample Dilution Buffer.

Chromatographic System: The liquid chromatograph is equipped with a 436-nm detector and a 4.6-mm x 250-mm
column that contains packing L1. The flow rate is about 1 mL per minute, and the column temperature is maintained at
40°. The system is programmed asfollows. The column is equilibrated with 85% Solution A and 15% Solution B; over the
next 20 minutes, the composition of the MobilePhase is changed to 60% Solution A and 40% Solution B; over the next
12 minutes, the composition is changed to 30% Solution A and 70% Solution B, and held for an additional 2 minutes.

Procedure: Inject about 0.05 nmol of the DABS-aminoacids into the chromatograph, and proceed as directed for
Chromatographic System.

• METHOD 7-PRECOLUMN FMOC-CL DERIVATIZATION
One method for precolumn FMOC-CI derivatization is shown below.
Mobile Phase Preparation .

Acetic Acid Buffer: Transfer 3 mL of glacial acetic acid and 1 mL of triethylamine to a 1-L volumetric flask, and dilute
with HPLC-gradewater to volume. Adjust with sodium hydroxide to a pH of 4.20.

Solution A: a mixture of Acetic AcidBuffer, methanol, and acetonitrile (50:40:10).
Solution B: a mixture of acetonitrile and Acetic AcidBuffer (50:50).
Mobile Phase: Usevariable mixtures of Solution A and Solution B as directed for Chromatographic System.

Derivatization Reagent Preparation
Borate Buffer: Prepare a 1 M boric acid solution, and adjust with sodium hydroxide to a pH of 6.2.
FMOC-CI Reagent: Dissolve 155 mg of 9-fluorenylmethyl chloroformate in 40 mL of acetone, and mix. .

Sample Derivatization Procedure: To 0.4 mL of the test sample add 0.1 mL of Borate Buffer and 0.5 mL of FMOC-C1
Reagent. After about 40 seconds, extract the mixture with 2 mL of pentane, and then extract again with fresh pentane.
The aqueous solution with amino acid derivatives is then ready for injection.

Chromatographic System: The liquid chromatograph is equipped with a fluorometric detector set at an excitation
wavelength of 260 nm and an emission wavelength of 313 nm and a 4.6-mm x 125-mm column that contains 3-lJm
packing L1. The flow rate is about 1.3 mL per minute. The system is programmed asfollows. The column is equilibrated
with Solution A, and this composition is maintained for 3 minutes; over the next 9 minutes, it is changed to 100% Solution
B; then over the next 0.5 minute, the flow rate is increasedto 2 mL per minute, and held until the final FMOC-amino acid
is eluted from the column. The total run time is about 20 minutes.

Procedure: Inject not less than 0.01 nmol of each FMOC-amino acid under test into the chromatograph, and proceed as
directed for Chromatographic System. The FMOC·histidine derivative will generally give a lower response than the other
derivatives.

• METHOD 8-PRECOLUMN NBD-F DERIVATIZATION
One method for precolumn NBD-F derivatization is shown below.
Mobile Phase Preparation

Solution A: a solution of 10 mM sodium citrate containing 75 mM sodium perchlorate, adjusted with hydrochloric
acid to a pH of 6.2.

Solution B: a mixture of acetonitrile and water (50:50).
Derivatization Reagent Preparation

Sample Buffer: a 0.1 M boric acid solution, adjusted with sodium hydroxide to a pH of 9.2.
Derivatization Reagent: Dissolve 5 mg of NBD-F in 1.0 mL of alcohol, and mix.

Sample Derivatization Procedure: Dissolve the test sample in 20 IJL of Sample buffer, add 10 IJL of Derivatization Reagent,
and mix. The sample container is heated at 60° for 5 minutes. After the derivatization, dilute the test sample with 300 IJL
of Solution A.

Chromatographic System: The liquid chromatograph is equipped with a fluorometric detector set at an excitation
wavelength of 480 nm and an emission wavelength of 530 nm and a 4.6-mm x 150-mm column that contains 5-lJm
particle size ODS silica packing. The flow rate is about 1.0 mL per minute, and the column temperature is maintained at
40°. The system is programmed asfollows. The column is equilibrated with 94% Solution A and 6% Solution B; over the
next 16 minutes, the composition is changed linearly to 63% Solution A and 37% Solution B; over the next 5 minutes, the
composition ischanged linearly to 62% Solution Aand 38% Solution B; over the next 9 minutes, the composition ischanged
linearly to 100% Solution B,and held for an additional 5 minutes; then finally over 2 minutes, the composition is changed
linearly to 94% Solution A and 6% Solution B; and then the column is allowed to equilibrate before the next injection.

Procedure: Inject about 15 pmol of each NBD-amino acid under test into the chromatograph, and proceed asdirected for
Chromatographic System.•
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(1053) CAPILLARY ELECTROPHORESIS

USP 43

Thischapter provides guidance and procedures used for characterizationof biotechnology-derivedarticles by capillary
electrophoresis.Thischapter is harmonized with the corresponding chapter in iP and EP. Other characterizationtests, also
harmonized, are shown in Biotechnology-Derived Articles-Amino Acid Analysis (1052), Biotechnology-Derived Articles-Isoelectric
Focusing (1054), Biotechnology-Derived Articles-Peptide Mapping (1055), Biotechnology-Derived Articles-Polyacrylamide Gel
Electrophoresis (1056), and Biotechnology-Derived Articles-Total Protein Assay (1 057).

INTRODUCTION

Capillary electrophoresis isa physical method of analysis based on the migration, inside a capillary, of charged analytes
dissolved in an electrolyte solution under the influence of a direct-current electricfield. In this section we are describing four
capillary electrophoresis methods: Capillary Zone Electrophoresis, Capillary Gel Electrophoresis, Capillary Isoelectric Focusing, and
Micellar Electrokinetic Chromatography.

GENERAL PRINCIPLES

The migration velocity of the analyte under an electricfield of intensity Eisdetermined by the electrophoretic mobility of
the analyte and the electroosmotic mobility of the buffer inside the capillary. The electrophoretic mobility of a solute (!Jep)
depends on the characteristics of the solute (electrical charge, molecularsize, and shape) and the characteristics of the buffer
in which the migration takes place (type and ionicstrength of the electrolyte,pH, viscosity, and additives). The electrophoretic
velocity (vep) of a solute, assuming a spherical shape, isas follows:

'( )(V)v = E= -q- -ep !Jep 67l"rjr L

in which q isthe effective charge of the solute; 11 isthe viscosity of the electrolytesolution; r isthe Stoke's radiusof the solute;V
is the applied voltage; and Lis the total length of the capillary.

When an electricfield isapplied through the capillary filled with buffer, a flow of solvent, called electroosmoticflow, is
-generated inside the capillary. Itsvelocity depends on the electroosmotic mobility (!Jeo), which in turn depends on the charge
density on the capillary internal walland the buffercharacteristics. The electroosmotic velocity(veo) isgiven by the equation:

inwhich E isthe dielectricconstant of the buffer; ~ isthe zeta potential ofthe capillary surface;and the other terms are as defined
above. '

The velocity of the solute (v) isgiven by the equation:

v = vep+ Veo

The electrophoretic mobility of the analyte and the electroosmotic mobility may act in the same direction or in opposite
directions, depending on the charge of the solute. In normal capillary electrophoresis, anions will migrate in the opposite
direction to the electroosmotic flowand their velocities will be smallerthan the electroosmotic velocity. Cationswill migrate in
the same direction as the electroosmoticflow and their velocities will be greater than the electroosmotic velocity. Under
conditions inwhich there isa fast electroosmoticvelocity with respect to the electrophoretic velocity of the solutes,both cations
and anions can be separated in the same run. The time (t) taken by the solute to migrate the distance (I) from the injection end
of the capillary to the detection point (capillary effective length) is as follows:

t I I(L)
vep+veo V(!Jep +I-Ieo)

in which the other terms are as defined above.
In general, uncoated fused-silica capillaries above pH 3 have negative charge due to ionized silanol groups in the inner wall.

Consequently, the electroosmotic flow isfrom anode to cathode. The electroosmotic flow must remain constant from run to
run to obtain good reproducibility in the migration velocity of the solutes. Forsome applications, it might be necessary to
reduce or suppress the electroosmotic flow by modifying the inner wall of the capillary or-by changing the concentration,
composition, and/or the pH of the buffersolution.

After the introduction of the sample into the capillary, each analyte ion of the sample migrates within the background
electrolyte as an independent zone according to its electrophoretic mobility. Zone dispersion, that is the spreading of each
solute band, resultsfrom different phenomena. Under ideal conditions, the sole contribution to the solute-zone broadening is
moleculardiffusion of the solute along the capillary (longitudinal diffusion). In this ideal case, the efficiency of the zone,
expressed as the number of theoretical plates (N), isgiven by:
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in which D is the moleculardiffusion coefficient of the solute in the buffer.
In practice, other phenomena, such as heat dissipation, sample adsorption onto the capillary wall, mismatchedconductivity

between sampleand buffer, length of the injection plug, detector cell size, and unleveled bufferreservoirs, can alsosignificantly
contribute to band dispersion. Separationbetween two bands (expressed by the resolution, Rs) can be obtained by modification
of the electrophoretic mobility of the analytes, by the electroosmotic mobility induced in the capillary, and by increasing the
efficiency for the band of each analyte as follows:

R IN (~ePb - ~epa)
S 4(~ep + ~eo)

in which lJepa and lJepb are the electrophoretic mobilities of the two analytesto be separated; "iJep is the average electrophoretic
mobility of the two analytes calculated as:

APPARATUS

An apparatus for capillary electrophoresis iscomposed of a high voltage controllable direct current powersupply; two buffer
reservoirs held at the same level and containing specified anodic and cathodic solutions; two electrode assemblies (cathode
and anode) immersed in the buffer reservoirs and connected to the power supply; a separation capillary usually made of
fused-silica, sometimes with an optical viewing window aligned with the detector, depending on the detector type, with the
ends ofthe capillary placed in the bufferreservoirs and the capillary being filled witha solution specified ina givenmonograph;a
suitable injection system; a detector capable of monitoringthe amount of substance of interest passingthrough a segment of
the separation capillary at a given time, generally based on absorption spectrophotometry (UV and visible), fluorimetry,
conductimetric, amperometric, or massspectrometric detection, depending on the specific applications, 'or even indirect
detection to detect non-UV-absorbing and nonfluorescent compounds; a thermostaticsystemcapableofmaintaining a constant
temperature insidethe capillary, recommended to obtain good separation reproducibility; a recorder;and a suitableintegrator
or a computer.

The definition of the injection processand its automation are critical for precise quantitative analysis. Modesof injection
includegravity, pressure or vacuum, or electrokinetic injection. The amount of each sample component introduced
electrokinetically depends on its electrophoretic mobility, leading to possible discrimination using this injection mode.

It isexpected that the capillary, the buffersolutions, the preconditioning method, the sample solution, and the migration
conditionswill be specified in the individual monograph. The electrolytic solutionemployed isfiltered to remove particles and
degassed to avoid bubble formation that could'interfere with the detection systemor interrupt the electrical contact in the
capillary during the separation run. To achieve reproducible migration time of the solutes, it would be necessary to develop,
for each analytical method, a rigorous rinsing routine.

CAPILLARY ZONE ELECTROPHORESIS

Principle

In capillary zone electrophoresis, analytesare separated in a capillary containing only bufferwithout any anticonvective
medium. In this technique, separation takes place because the differentcomponents of the sample migrate as discretebands
with different velocities. Thevelocity ofeach band depends on the electrophoreticmobility of the soluteand the electroosmotic
flow on the capillary (see General Principles). Coated capillaries can be used to increase the separation capacityof those
substances adsorbing on fused-silica surfaces.

This mode of capillary electrophoresis isappropriatefor the analysis of small (MW < 2000) and large(2000 < MW < 100,000)
molecules. Due to the high efficiency achieved in capillary zone electrophoresis, separation of molecules having onlyminute
differences in their charge-to-mass ratio can be effected.This separation mode alsoallows the separation of chiral compounds
by addition of chiral selectorsto the separation buffer.

Optimization

Optimization of the separation is a complex processwhere several separation parameters can playa major role. The main
factors to be considered in the development of the separationsare instrumentaland electrolytic solution parameters.
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Instrumental Parameters

VOLTAGE

USP 43

AJoule heating plot is useful in optimizing the applied voltage and column temperature. The separation time is inversely
proportional to applied voltage. However, an increase in the voltage used can cause excessive heat production, giving rise to
temperature and, as a result,viscosity gradients in the buffer insidethe capillary, which causes band broadening and decreases
resolution.

POLARITY

Electrode polaritycan be normal (anode at the inletand cathode at the outlet) and the electroosmoticflowwill move toward
the cathode. Ifthe electrode polarity is reversed, the electroosmotic flow is awayfrom the outlet and only charged analytes
with electroosmotic mobilities greater than the electroosmotic flow will pass to the outlet.

TEMPERATURE

The main effect of temperature isobserved on bufferviscosity and electrical conductivity, thus affectinqrniqration velocity.
Insome cases, an increase in capillary temperature can cause a conformational change of some proteins, modifying their
migration time and the efficiency of the separation.

CAPILLARY

The length and internal diameter of the capillary affects the analysis time, the efficiency ofseparations, and the load capacity.
Increasing both effective length and total length can decrease the electricfields, at a constant voltage,which increasesmigration
time. Fora given buffer and electricfield, heat dissipation (thus, sample band broadening) depends on the internal diameter
of the capillary. The latter also affects the detection limit, depending on the sample volume injected into the capillary and the
detection system used.

The adsorption of sample components on the capillary wall limits efficiency; therefore, methods to avoid these interactions
should be considered in the development of a separation method. In the specific case of proteins, several strategies have been
devised to avoid adsorption on the capillary wall. Some of these strategies (use of extreme pH and adsorption of positively .
charged buffer additives) only require modification of the buffercomposition to prevent protein adsorption. Other strategies
include the coating of the internal wall of the capillary with a polymer covalentlybonded to the silica that prevents interaction
between the proteins and the negativelycharged silica surface.Forthis purpose, ready-to-use capillaries with coatings consisting
of neutral-hydrophilic, cationic, and anionic polymersare commercially available.

Electrolytic Solution Parameters

BUFFER TYPE AND CONCENTRATIONS

Suitable buffersfor capillary electrophoresis have an appropriate buffercapacity in the pH range of choice and low mobility
to minimize current generation.

To minimizeband distortion, it is important to match buffer-ion mobilityto solute mobility whenever possible.The type of
sample solvent used is important to achieve on-column sample focusing, which increases separation efficiency and improves
detection. Also, an increase in bufferconcentration at a given pH decreases electroosmoticflow and solute velocity.

BUFFER pH

The pH of the buffer can affectseparation by modifying the charge of the analyte or additivesand by changing the
electroosmotic flow. For protein and peptide separation, a change in the pH of the bufferfrom above the isoelectricpoint to
belowthe isoelectricpoint changes the net charge of the solute from negative to positive. An increasein the bufferpHgenerally
increases the electroosmotic flow.

ORGANIC SOLVENTS

Organic modifiers, such as methanol, acetonitrile, and others, may be added to the aqueous bufferto increase the solubility
of the solute or other additivesand/or to affectthe ionization degree of the sample components. The addition of these organic
modifiers to the buffer generallycauses a decrease in the electroosmotic flow.

ADDITIVES FOR CHIRAL SEPARATIONS

To separate optical isomers, a chiralselector isadded to the separation buffer.The most commonly used chiral selectors are
cyclodextrins, although in some cases crown ethers, certain polysaccharides, or even proteins can be used. Because chiral
recognition is governed by the different interactions between the chiral selector and each of the enantiomers, the resolution
achieved for the chiral compounds depends largely on the type of chiral selector used. While developing a given separation it
may be useful to test cyclodextrins havinga differentcavitysize(a-, ~-, or y-cydodextrin)or modifiedcyclodextrinswith neutral
(methyl, ethyl, hydroxyalkyl, etc.) or ionizable (aminomethyl, carboxymethyl, sulfobutylether, etc.) moities.When using
modified cyclodextrins, batch-to-batch variations in the degree of substitution of the cyclodextrins must be taken into account
because it will influence the selectivity. The resolution of chiralseparations is also controlledby the concentration of the chiral
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selector, the composition and pH of the buffer, and the separation temperature. Organic additives, such as methanol or urea,
can alsoaffect the resolution of separation.

CAPILLARY GEL ELECTROPHORESIS

In capillary gel electrophoresis, separation takes place insidea capillary filled with a gel that acts as a molecular sieve.
Molecules with similar charge-to-mass ratiosare separated according to molecular sizebecause smaller molecules move more
freely through the network of the gel and therefore migrate faster than larger molecules. Different biological macromolecules
(forexample, proteins and DNA fragments), which often have similar charge-to-mass ratios, can thus be separated according
to their molecular mass by capillary gel electrophoresis.

Characteristics of Gels

Twotypes of gels are used in capillary electrophoresis: permanently coated gels and dynamically coated gels. Permanently
coated gels are prepared insidethe capillary by polymerization of monomers. One example of such a gel is a cross-linked
polyacrylamide. This type of gel is usually bonded to the fused-silica wall and cannot be removedwithout destroying the
capillary. Forprotein analysis under reducing conditions, the separation bufferusually contains sodiumdodecylsulfate, and the
sample isdenatured by heating ina mixtureofsodiumdodecylsulfateand 2-mercaptoethanol or dithiothreitol beforeinjection.
When nonreducing conditions are used (forexample, analysis of an intact antibody), 2-mercaptoethanoland dithiothreitol are
not used. Optimization of separation in a cross-linked gel isobtained by modifying the separation buffer (see Capillary Zone
Electrophoresis) and by controlling the gel porosity during the gel preparation. Forcross-linked polyacrylamide gels,the porosity
can be modified by changing the concentration of acrylamide and/or the ratio of the cross-linker. Asa rule, a decrease in the
porosityof the gel leads to a decrease in the mobility of the solutes. Due to the rigidity of this type of gel, only electrokinetic
injection can be used.

Dynamically coated gels are hydrophilic polymers (l.e., linearpolyacrylamide, cellulose derivatives, dextran, etc.) which can
be dissolved in aqueous separation buffers, giving rise to a separation medium that also acts as a molecular sieve. These
polymeric separation media are easierto preparethan cross-linked polymers. Theycan be prepared ina vial and filledbypressure
ina wall-coated capillary with no electroosmoticflow. Replacing the gel beforeeveryinjection generally improves the separation
reproducibility. The porosityof the dynamically coated gelscan be increased by using polymers of higher molecular mass (at a
given polymerconcentration) or by decreasing the polymerconcentration (for a given polymer molecular mass). Adecrease
in gel porosity leads to a decrease in the mobility of the solute for the same buffer. Both hydrodynamic and electrokinetic
injection techniques can be used because the dissolution of these polymers in the buffergives lowviscosity solutions.

CAPILLARY ISOELECTRIC FOCUSING

Principle

In isoelectric focusing the molecules migrate under the influence of the electricfield, so long as they are charged, in a pH
gradient generated by ampholytes having pi values in a wide range (polyaminocarboxylic acids), dissolved in the separation
buffer.

The three basicsteps in capillary isoelectric focusing are loading,focusing, and mobilization.

LOADING

Two methods may be employed.
Loading in One Step-The sample is mixedwith ampholytes and introduced into the capillary by pressure or vacuum.
Sequential Loading-A leadingbuffer, then the ampholytes,then the sample mixedwithampholytes, againampholytesalone,
and finally the terminating bufferare introduced into the capillary. The volume of the sample must be small enough so as not
to modify the pH gradient.

FOCUSING

When the voltage is applied, ampholytes migrate toward the cathode or the anode according to their net charge, creating
the pH gradient from anode (lowerpH)to cathode (higher pH). During this step the components to be separated migrate until
they reach a pH corresponding to their isoelectric point, and the current drops to very lowvalues.

MOBILIZATION

If mobilization is required for detection, use one of the following methods. Three methods are available.
Method l-Mobilization isaccomplished during Focusing, under the influence of the electroosmotic flowwhen this flow is
small enough to allowthe focusing of the components.
Method 2-Mobilization isaccomplished by application of positive pressureafter Focusing.
Method 3-Mobilization isachieved after Focusing, by adding saltsto the cathode reservoir or the anode reservoir, depending
on the direction chosen for mobilization, in order to alter the pH in the capillary when the voltage isapplied. As the pH is
changed, the proteins and ampholytesare mobilized in the directionof the reservoir, which containsadded salts,and pass the
detector.
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The separation achieved is expressed as ilpl and depends on the pH gradient (dpH/dx), the number of ampholytes having
different pi values, the moleculardiffusion coefficient (D), the intensityof the electricfield (E), and the variation of the
electrophoretic mobility of the analyte with the pH (-dlJ/dpH):

3 D(dpH/dx)
ilpl= E(-dllldpH)

Optimization

The major parameters that need to be considered in the development of separations are the following:

VOLTAGE

The use of high fields from 300 V/cm to 1,000 V/cm during Focusing.

CAPILLARY

Depending on the Mobilizationstrategy selected (seeabove), the electroosmoticflowmust be reduced or suppressed. Coated
capillaries tend to reduce the electroosmotic flow.

SOLUTIONS

The anode buffer reservoir isfilled with a solution of a lower pH than the pi of the most acidicampholyte, and the cathode
reservoir isfilled with a solution with a higher pH than the pi of the most basic ampholyte. Phosphoric acid for the anode and
sodium hydroxide for the cathode are frequently used. .

Addition of a polymer, like methylcellulose, in the ampholyte solution tends to suppress convective forces (ifany) and
electroosmotic flow by increasing the viscosity. Commercial ampholytes covering many pH ranges are available and may also
be mixed to obtain an expanded pH range. Broad pH ranges are used to estimate the isoelectric point (pi), whereas narrower
ranges are employed to improve accuracy. Calibration can be made by correlating migration time with the isoelectric point
of a seriesof standard protein markers. During Focusing, precipitation ofproteins at their isoelectric point can be prevented, if
necessary, using bufferadditivessuch as glycerol, surfactants, urea, or zwitterionicbuffers. However, depending on the
concentration, urea can denature proteins.

MICELLAR ELECTROKINETIC CHROMATOGRAPHY (MEKC)

Principle

Separation takes place in an electrolytic solution that contains a surfactant at a concentration above the critical micellar
concentration (cmc). The solute molecules are distributed between the aqueous buffer and the pseudo-stationary phase
composed by the micelles according to the solute's partition coefficient. The technique can be considered as a hybrid of
electrophoresis and chromatography. It is a technique that can be used for the separation of both neutral and charged solutes
maintaining the efficiency, speed, and instrumental suitability of capillary electrophoresis. One of the most widely used
surfactants in MEKC is the anionic surfactant, sodium dodecyl sulfate, although other surfactants, such as cationic surfactant
cetyl trimethyl ammonium salts, have also been used.

The separation mechanism isas follows. At neutral and alkaline pH, a strong electroosmoticflowisgenerated and moves the
separation buffer ions in the direction of the cathode. Ifsodium dodecyl sulfate is used as surfactant, the electrophoretic
migration of the anionic micelle isinthe opposite direction, towards the anode. As a result,the overall micelle migration velocity
isslowed compared to the bulkflowof the electrolytic solution. Inthe case of neutral solutes, because the analyte can partition
between the micelle and the aqueous bufferand has no electrophoretic mobility, the analyte migration velocitywill depend
only on the partition coefficient between the micelle and the aqueous buffer. Inthe electropherogram, the peakscorresponding
to each uncharged solute are always between that of the electroosmoticflow marker and that of the micelle; and the time
elapsed between these two peaks iscalled the separation window. Forelectrically charged solutes, the migration velocity
depends on both the partition coefficient of the solute between the micelle and the aqueous bufferand on the electrophoretic
mobilityof the solute in the absence of micelles.

Because the mechanism in MEKC of neutral and weakly ionizedsolutes isessentially chromatographic, migration of the solute
and resolution can be rationalized in terms of the retention factor of the solute (k'), also referred to as mass distribution ratio
(Om)' which is the ratio between the number of moles of solute in the micelle to those in the mobile phase. Fora neutral
compound, k' is as follows:

in which t, is the migration time of the solute; to isthe analysis time of the unretained solute obtained by injecting an
electroosmotic flow marker that does not enter the micelle (e.g., methanol); tmc is the micelle migration time measured by
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injecting a micelle marker, such as Sudan III, which migrates continuouslyassociated in the micelle; Kisthe partition coefficient
of the solute; Vs is the volume of the micellar phase; and VM is the volume of the mobile phase.

The resolution between two closely-migrating solutes (Rs) is as follows:

in which N is the number of theoretical plates for one of the solutes; a is the selectivity; and k,' and kt,' are retention factorsfor
both solutes, respectively (kb' > ka') .

Similar, but not identical, equations give k' and Rs valuesfor electrically charged solutes.

Optimization

The main parameters to be considered in the development of separations by MEKC are instrumental and electrolytic solution
parameters.

INSTRUMENTAL PARAMETERS

Voltage-Separation time is inversely proportional to applied voltage. However, an increasein voltage can cause excessive heat
production that gives rise to temperature gradients and viscosity gradients of the buffer in the cross section of the capillary.
Thiseffect can be significantwith high conductivity buffers, such as those containing micelles. Poor heat dissipation causes
band broadening and decreases resolution.
Temperature-Variations in capillary temperature affect the partition coefficientof the solute between the buffer and the
micelles, the critical micellar concentration, and the viscosity of the buffer.These parameters contribute to the migration time
of the solutes. The use of a good cooling system improves the reproducibility of the migration time for the solutes.
Capillary-As in CapillaryZone Electrophoresis, length and internal diameter of the capillary contribute to analysis time and
efficiency of separations. Increasing both effective length and total length can decrease the electrical fields, working at constant
voltage, and will increase migration time and improvethe separation efficiency. The internal diameter controls heat dissipation,
for a given buffer and electrical field, and consequently broadening of the sample band.

ELECTROLYTIC SOLUTION PARAMETERS

Surfactant Type and Concentration-The type of surfactant, as the stationary phase in chromatography, affectsthe resolution
because it modifies separation selectively. The log k' of a neutral compound increases linearly with the concentration of
surfactant in the mobile phase. When k' approaches the value of

~trrdto

resolution in MEKC reaches a maximum. Modifying the concentration of surfactant in the mobile phase changes the resolution.
Buffer pH-pH does not modify the partition coefficientof nonionized solutes, but it can modify the electroosmotic flow in
uncoated capillaries. A decrease in the buffer pH decreases the electroosmotic flow and, therefore, increases the resolution of
the neutral solutes in MEKC, resulting in a longer analysis time.
Organic Solvents-To improve MEKC separation of hydrophobic compounds, organic modifiers (methanol, propanol,
acetonitrile, etc.) can be added to the electrolytic solution. The addition of these modifiers generallydecreases migration time
and selectivity of the separation. The addition oforganic modifiers affectscritical micellar concentration, thus, a givensurfactant
concentration can be used only with a certain percentage of organic modifierbefore the micellization is inhibited or adversely
affected, resulting in the absence of micelles and, therefore, the absence of the partition. The dissociation of micelles in the
presence of a high content of organic solvent does not always mean that the separation will no longer be possible, because in
some cases, the hydrophobic interaction between the ionic surfactant monomer and the neutral solutes forms solvophobic
complexes that can be separated electrophoretically.
Additives for Chiral Separations-For the separation of enantiomers using MEKC, a chiral selector is included in the micellar
system, either covalently bound to the surfactant or added to the micellar separation electrolyte. Micelles that have a moiety
with chiraldiscrimination properties include salts, N-dodecanoyl-L-amino acids, bile salts, etc. Chiral resolution can also be
achieved using chiral discriminators, such as cyclodextrins, added to the electrolytic solutions that contain micellized achiral
surfactants.
Other Additives-Selectivity can be modified by adding chemicalsto the buffer.Addition of several types of cyclodextrins to
the buffer isalso used to reduce the interaction of hydrophobic solutes with the micelle, increasing the selectivity for this type
of compound. The addition of substances able to modifysolute-micelle interactions by adsorption on the latter has been used
to improve the selectivity of the separations in MEKC. These additives may consist of a second surfactant (ionic or nonionic),
which gives rise to mixed micelles or metallic cations that dissolve in the micelle and form coordination complexes with the
solutes.
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Peakareas must be divided by the corresponding migration time to give the corrected area in order to compensate for the
shift in migration time from run to run, thus reducing the variationof the response. Dividing the peak areas by migration time
will also compensate for the different responses of sample constituents with different migration times. Where an internal
standard is used, check that no peak of the substance to be examined is masked by that of the internal standard.

CALCULATIONS

From the values obtained, calculate the content of a component or components being determined. When indicated, the
percentage of one (or more) components of the sample to be examined is calculated by determining the corrected area(s) of
the peak(s) as a percentage of the total of the corrected areas of all the peaks, excluding those due to solvents or any added
reagents (normalization procedure). The use of an automatic integration system (integrator or data acquisition and processing
system) is recommended.

SYSTEM SUITABILITY

In order to check the behavior of the capillary electrophoresissystem, system suitability parameters are used. The choice of
these parameters depends on the mode ofcapillary electrophoresisused. The parameters includethe following: retention factor
k' used onlyfor Micellar Electrokinetic Chromatography, apparent number of theoretical plates (N), the symmetryfactor (As), and
the resolution (R). Note that in previous sections, the theoretical expressionsfor Nand Rs have been described, but more
practical equations that allowfor the determination of these suitability parameters using the electropherograms are described
below.

Apparent Number o.fTheoretical Plates

The apparent number of theoretical plates (N) may be calculated from the formula:

N =5.54 (tR/wh)Z

in which tR is the migration time or distance along the baseline between the point of injectionand the perpendicular dropped
from the maximum of the peak corresponding to the component; and Wh is the peak width at half-height.

Resolution

The resolution (Rs) between peaks of similar heights of two components may be calculatedfrom the formula:

Rs = 1.18 ( tR2 - tR1 )/(Whl + WhZ)

inwhich tR1 and tRz are the migrationtimes or distances along the baselinebetween the point of injectionand the perpendiculars
dropped from the maxima of two adjacent peaks; and W h1 and WhZ are the peak widths at half-height.

When appropriate, the resolution(Rs) may also be calculated by measuring the height of the valley (Hy) between two partly
resolved peaks in a standard preparation, the height of the smaller peak (Hp) , and calculating the peak-to-valley ratio:

p/v =Hp/Hy

Symmetry Factor

The symmetry factor of a peak (As) may be calculated using the formula:

As =wo.osl2d

in which Wo.os is the width of the peak at one-twentieth of the peak height; and d is the distance between the perpendicular
dropped from the peak maximum and the leading edge of the peak at one-twentieth of the peak height.

Other suitability parameters include tests for area repeatability(standard deviation of areas or of area/migration time) and
tests for migration time repeatability(standard deviation of migration time). Migration time repeatabilityprovidesa test for the
suitability of the capillary washing procedures. Analternative practice to avoid the lackof repeatabilityof the migration time is
to use a migration time relative to an internal standard.

Signal-to-Noise Ratio

Atest for the verification of the signal-to-noise ratio for a standard preparation or the determination of the limit of
quantification may also be useful for the determination of related substances. The detection limitand quantification limit
correspond to a signal-to-noise ratio of 3 and 10, respectively. The signal-to-noise ratio (SIN) is calculated as follows:
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in which His the height of the peak correspondingto the component concerned in the electropherogram obtained with the
specified referencesolution, measuredfromthe maximum of the peakto the extrapolated baseline ofthe signalobservedovera
distanceequal to twenty times the width at half-height; and h isthe range of the background in an electropherogramobtained
after injection of a blank,observed over a distance equal to twenty times the width at the half-height of the peak in the
electropherogram obtained with the prescribed reference solutionand, ifpossible, situated equallyaround the placewhere this
peak would be found.

(1054) BIOTECHNOLOGY-DERIVED ARTICLES-ISOELECTRIC
FOCUSING

This chapter providesguidance and proceduresused for the characterization of biotechnology-derived articles by isoelectric
focusing. This chapter is harmonized with the corresponding chapters in JP and EP. Other characterization tests, also
harmonized, are shown in the USP general information chapters Biotechnology-Derived Articles-Amino Acid Analysis (1 052),
Biotechnology-Derived Articles-Capillary Electrophoresis (1053), Biotechnology-Derived Articles-Peptide Mapping (1 055),
Biotechnology-Derived Articles-Polyacrylamide Gel Electrophoresis (1 056), and Biotechnology-Derived Articles-Total Protein Assay
(1057).

GENERAL PRINCIPLES

Isoelectric focusing(IEF) isa method ofelectrophoresis that separates proteinsaccordingto their isoelectric points.Separation
iscarriedout in a slab of polyacrylamide or agarose gel that contains a mixtureof amphoteric electrolytes (ampholytes). When
subjected to an electrical field, the ampholytes migrate in the gel to create a pH gradient. In some cases, gels containing an
immobilized pH gradient, prepared by incorporating weak acids and bases to specific regions of the gel network during the
preparationof the gel, are used.Whenthe appliedproteinsreachthe gelfractionthat hasa pHthat isthe same as their isoelectric
point (pi), their charge isneutralized and migration ceases.Gradientscan be made overvarious rangesof pH, according to the
mixtureof ampholytes chosen.

THEORETICAL ASPECTS

When a protein is at the position of its isoelectric point, it has no net charge and cannot be moved in a gel matrix by the
electricfield. It may, however, movefrom that position by diffusion. The pHgradient forces a protein to remain in its isoelectric
point position, thus concentrating it; this concentration effect is called "focusing". Increasing the applied voltage or reducing
the sample load resultsin improved separationof bands. The applied voltage is limited by the heat generated because the heat
must be dissipated.The use of thin gels and all efficient cooling plate controlled by a thermostatic circulator prevents the
burning of the gel whileallowing sharpfocusing.Theseparation isestimated by determining the minimum pi difference (ilpl),
which is necessary to separate two neighboring bands, as follows: .

Llpl=3 D(dpH/dx)
E(-d~dpH)

in which D is the diffusion coefficient of the protein; dpH/dx isthe pH gradient; Eis the intensity of the electricfield, in volts
per centimeter; and -dll/dpH is the variation of the solute mobility with the pH in the region closeto the pI. Because D and­
dll/dpH for a given protein cannot be altered, the separation can be improved by usinga narrowerpH range and by increasing
the intensity of the electricfield.

Resolution between protein bands on an IEF gel prepared with carrierampholytes can be quite good. Better resolution may
be achieved by using immobilized pH gradients where the buffering species, which are analogous to carrierampholytes, are
copolymerized within the gel matrix. Proteins exhibiting pi values differing by as littleas 0.02 pHunits may be resolved usinga
gel prepared with carrierampholytes, whereas immobilized pH gradients can resolve protein differing by approximately0.001
pH units.

PRACTICAL ASPECTS

From an operational point, special attention must be paid to sample characteristics and/or preparation. Saltin a sample can
be problematic, and it is best to prepare the sample, ifpossible, in deionizedwater or 2% ampholytes using dialysis or gel
filtration ifnecessary. The time requiredfor completionof focusing in thin-layer polyacrylamide gels isdetermined by placinga
colored protein (e.g., hemoglobin) at different positions on the gel surfaceand by applyingthe electric field: the steady state
is reached when allapplications give an identical band pattern. Insome procedures the completion of the focusing is indicated
by the time elapsed after the sample application.

The IEF gel can be used as an identity test when the migration pattern on the gel iscompared to a suitable standard
preparation and IEF calibration proteins; the IEF gel can be used as a limit test when the densityof a band on IEF is compared
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subjectively with the density of bands appearing in a standard preparation, or it can be used as a quantitative test when the
density is measured using a densitometer or similarinstrumentation to determine the relative concentration of protein in the
bands subject to validation.

APPARATUS

Anapparatus for isoelectric focusing consistsof a controllablegenerator for constant potential, current, and power. Potentials
of 2500 Vhave been used and are considered optimal under a given set of operating conditions. Supplyof up to 30 W of
constant power is recommended. The apparatus also includesa rigidplasticisoelectric focusingchamber that contains a cooled
plate of suitable materialto support the gel; and a plasticcoverwith platinum electrodes that are connected to the gel by means
of paper wicks of suitable width, length, and thickness, impregnated with solutions of anodic and cathodic electrolytes.

ISOELECTRIC FOCUSING IN POLYACRYLAMIDE GELS: DETAILED PROCEDURE

The following method is a detailed description of an IEF procedure in thick polyacrylamide slab gels, which is used unless
otherwise stated in the monograph.

Preparation of the Gels

MOLD

The mold iscomposed of a glass plate (A) on which a polyesterfilm (B) is placed to facilitate handling of the gel, one or
more spacers (C), a second glass plate (D), and clamps to hold the structure together (see Figure 7).

Figure 1. Mold

7.5% POLYACRYLAMIDE GEL

Dissolve 29.1 g of acrylamideand 0.9 g of methylenebisacrylamide in 100 mLof water. To 2.5 volumes of this solution, add
the mixtureofampholytes specifiedin the individual monograph, and dilute to 10 volumeswith water. Mix carefully, and degas
the solution.

PREPARATION OF THE MOLD

Placethe polyester film on the lower glass plate, apply the spacer, place the second glass plate, and fit the clamps. Before
use, place the mixture on a magnetic stirrer, and add 0.25 volumes of a 100 giL solution of ammonium persulfate and 0.25
volumes of tetramethylenediamine. Immediately fill the space between the glass plates of the mold with the solution.

FIXING SOLUTION FOR ISOELECTRIC FOCUSING POLYACRYLAMIDE GEL

Mix 35 g of sulfosalicylic acid and 100 g of trichloroacetic acid in 1000 mL of water.

COOMASSIE STAINING SOLUTION AND DESTAINING SOLUTION

Usethe same solutions indicated in general information chapter Biotechnology-Derived Articles-PolyacrylamideGel
Electrophoresis (1056). .
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Procedure

General Information / (1055) 7501

Dismantle the Mold, and usingthe polyesterfilm, transferthe gel onto the cooledsupport wetted with a few mL ofa suitable
liquid, taking care to avoidforming air bubbles. Preparethe test solutions and referencesolutions as specified in the individual
monograph. Place strips of paper for sample application, about 10 mm x 5 mm in size, on the gel, and impregnate each with
the prescribed amount of the test and referencesolutions. Also apply the prescribedquantity of a solutionof proteinswith
known isoelectric points as pH markers to calibratethe gel. Insome procedures, the gel has precast slotswhere a solutionof
the sample isapplied insteadof using impregnated paper strips.Cut two stripsof paper to the length of the gel,and impregnate
them with the electrolytesolutions: acidfor the anode and alkaline for the cathode. Thecompositionsof the anode and cathode
solutions are given in the individual monograph. Apply these paper wicks to each side of the gel several mm from the edge.
Fitthe coverso that the electrodesare in contact with the wicks (with respect to the anodic and cathodic poles). Proceed with
the isoelectric focusing by applying the electrical parameters described in the individual monograph. Switch offthe current
when the migrationof the mixtureof standard proteins has stabilized. Using forceps, remove the sample application stripsand
the two electrodewicks. Immerse the gel in Fixing Solution for Isoelectric Focusing Polyacrylamide Gel. Incubatewithgentle shaking
at room temperature for 30 minutes. Drain offthe solution, and add 200 mL of Destaining Solution. Incubatewith shaking for
1 hour. Drain the gel, and add Coomassie Staining Solution. Incubatefor 30 minutes. Destain the gel by passive diffusion with
Destaining Solution until the bands are wellvisualized against a clearbackground. Locate the positionand intensity ofthe bands
in the electropherogram, as prescribed in the individual monograph.

VARIATIONS TO THE DETAILED PROCEDURE (SUBJECT TO VALIDATION)

Where referenceto the general method on isoelectric focusing is made, variations in methodology or procedure may be
made subject to validation. Thesevariations includethe use of commercially available precast gels and of commercial staining
and destaining kits; the use of immobilized pH gradients; the use of rod gels, and the use of cassettesof different dimensions,
including ultra-thin (0.2 mm) gels; variations in the sample application procedure, includingdifferentsample volumes or the
use of sample application masks or wicks other than paper; the use of alternate running conditions, including variations in the
electricfield depending on gel dimensions and equipment, and the use of fixed migration times rather than subjective
interpretation of band stability; the inclusion of a prefocusing step; the use of automated instrumentation; and the use of
agarose gels.

VALIDATION OF ISOELECTRIC FOCUSING PROCEDURES

Wherealternative methods to the detailed procedure are employed, they must be validated.The following criteria may be
used to validatethe separation:formation of a stable pH gradient of desired characteristics, assessed for example usingcolored
pHmarkers of knownisoelectric points;comparisonwith the electropherogramprovidedwith the chemical reference substance
for the preparation to be examined; and any other validation criteria as prescribed in the individual monograph.

SPECIFIED VARIATIONS TO THE GENERAL METHOD

Variations to the general method requiredfor the analysis of specific substances may be specified in detail in individual
monographs. Variations mayincludethe additionof urea inthe gel (a 3 Mconcentration isoften satisfactory to keepthe protein
in solution, but up to 8 M can be used). Some proteins precipitateat their isoelectric point. In this case, urea is included in the
gel formulation to keep the protein in solution. Ifurea is used, onlyfresh solutions should be used to prevent carbamylation of
the protein. Other variations include the use of alternativestaining methods and the use of gel additives such as nonionic
detergents (e.g., octylglucoside) or zwitterionic detergents (e.g., CHAPS or CHAPSO) and the addition of ampholyte to the
sample to prevent proteinsfrom aggregating or precipitating.

POINTS TO CONSIDER

1. Samples can be applied to any area on the gel, but to protect the proteinsfrom extreme pH environments, samples
should not be applied closeto either electrode. During method development, the analystcan try applying the protein
in three positionson the gel (e.g., middle and both ends); the pattern of a protein applied at opposite ends of the gel
may not be identical.

2. Aphenomenon known as cathodic drift, where the pHgradient decaysover time, mayoccur ifa gel isfocused too long.
Although not wellunderstood, electroendoosmosis and absorptionofcarbon dioxidemaybefactorsthat leadto cathodic
drift. Cathodic drift isobserved as focused protein migratingoff the cathode end of the gel. Immobilized pH gradients
may be used to address this problem.

3. Efficient cooling (approximately 4°)of the bed that the gel lies on during focusing is important. High field strengths used
during isoelectric focusing can lead to overheating and affect the qualityof the focused gel.

(1055) BIOTECHNOLOGY-DERIVED ARTICLES-PEPTIDE MAPPING

This chapter providesguidance and procedures used for characterization of biotechnology-derived articles by peptide
mapping. This chapter is harmonizedwith the corresponding chapter inJP and fP. Portions of the chapter that are not
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harmonized with the other two pharmacopeias are marked by the symbol +. Other characterizationtests, also harmonized, are
shown in Biotechnology-DerivedArticles-Amino AcidAnalysis (1052)/Capillary Electrophoresis (1053), Biotechnology-DerivedArticles
-Isoelectric Focusing (1 054), Biotechnology-Derived Articles-Polyacrylamide Gel Electrophoresis (1 056), and Biotechnology-Derived
Artkles-s-Total Protein Assay (1057).

INTRODUCTION

Peptide mapping isan identity test for proteins, especially those obtained by rDNA technology. It involves the chemical or
enzymatic treatment of a protein, resulting in the formation of peptide fragments, followed by separation and identification of
the resultant fragments in a reproducible manner. It is a powerful test that is capable of identifying single amino acid changes
resulting from events such as errors in the reading of complementary DNA (cDNA) sequences or point mutations. Peptide
mapping is a comparative procedure because the informationobtained, compared to a Reference Standard or Reference
Material similarly treated, confirmsthe primarystructure ofthe protein, is capable of detecting whether alterations in structure
have occurred, and demonstrates processconsistency and genetic stability. Each protein presents unique characteristics that
must be well understood so that the scientific and analytical approaches permit validated development of a peptide map that
provides sufficient specificity.

Thischapter providesdetailed assistance in the application of peptide mapping and its validation to characterize the desired
protein product, to evaluate the stabilityof the expression construct of cells used for recombinant DNA products, to evaluate
the consistency of the overall process, and to assess product stability, as well as to ensure the identity of the protein product
or to detect the presence of protein variant. "The validation scheme presented differentiates between qualification of the method
at an earlystage in the regulatory process, the Investigational New Drug (IND) level, and full validation in support of New Drug
Application (NDA), Product License Application (PLA), or Marketing Authorization Application (MAA). The validation concepts
described are consistent with the general information chapter Validation of Compendial Procedures (1225) and with the
International Conference on Harmonization (ICH) document Analytical Methods validation.,

THE PEPTIDE MAP

Peptide mapping. is not a general method, but involves developing specific maps for each unique protein. Although the
technology is evolving rapidly, there are certain methods that are generally accepted. Variations of these methods will be
indicated, when appropriate, in specific monographs.

Apeptide map may be viewedas a fingerprintofa protein and isthe end product of severalchemicalprocessesthat providea
comprehensive understanding of the protein being analyzed. Fourmajor steps are necessaryfor the development of the
procedure: isolation and purification of the protein, ifthe protein is part of a formulation; selective cleavage of the peptide
bonds; chromatographic separation of the peptides; and analysis and identification of the peptides. Atest sample is digested
and assayed in parallel with a Reference Standard or Reference Material. Complete cleavage of peptide bonds is more likely to

. occur when enzymessuch as endoproteases (e.g., trypsin)are used instead of chemicalcleavage reagents.Amap should contain
enough peptides to be meaningful. On the other hand, ifthere are too many fragments, the map might lose its specificity
because many proteins will then have the same profiles.

Isolation and Purification

Isolation and purification are necessaryfor analysis of bulkdrugs or dosage forms containing interfering excipientsand carrier
proteins and, when required, will be specified in the monograph. Quantitative recovery of protein fromthe dosage form should
be validated.

Selective Cleavage of Peptide Bonds

The selection of the approach used for the cleavage of peptide bonds will depend on the protein under test. Thisselection
process involves determination of the type of cleavage to be employed-enzymatic or chemical-and the type of cleavage
agent within the chosen category. Several cleavageagents and their specificity are shown in Table 7.This list isnot all-inclusive
and will be expanded as other cleavage agents are identified.

Table 1. Examples of Cleavage Agents

Type Agent Specificity

Enzymatic Trypsin, EC 3.4.21.4

Chymotrypsin, EC 3.4.21.1

Pepsin, EC 3.4.23.1 and EC 3.4.23.2

Lysyl endopeptidase (Lys-C endopeptidase), EC 3.4.21.50

Glutamyl endopeptidase; (from S. aureus strainV8),
EC 3.4.21.19

Peptidyl-Asp metalloendopeptidase (Asp-N endoproteinase), EC
3.4.24.33

Clostripain, EC 3.4.22.8

C-terminal side of Argand Lys

C-terminal side of hydrophobicresidues (e.g., Leu, Met, Ala,
aromatics)

Nonspecific digest

C-terminal side of Lys

C-terminal side of Gluand Asp

N-terminalside of Asp

C-terminal side of Arg
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Table 1. Examples of Cleavage Agents (continued)
Type

Chemical

Agent

Cyanogen bromide

2-Nitro-5-thiocyanobenzoic acid

o-Iodosobenzoic acid

Diluteacid

BNPS-skatole

Specificity

C-terminal side of Met

N-terminal side of Cys

C-terminal side of Trp and Tyr

Aspand Pro

Trp

PRETREATMENT OF SAMPLE

Depending on the sizeor the configurationof the protein, differentapproaches in the pretreatment of samples can be used.
Formonoclonal antibodies, the heavyand light chainswill need to be separated before mapping. Iftrypsin is used as a cleavage
agent for proteins with a molecular mass greater than 100,000 Da, lysine residues must be protected by citraconylationor
maleylation; otherwise, too many peptides will be generated.

PRETREATMENT OF THE CLEAVAGE AGENT

Pretreatment of cleavage agents, especially enzymatic agents, might be necessaryfor purification purposes to ensure
reproducibility of the map. Forexample, trypsin used as a cleavage agent will have to be treated with tosyl-L-phenylalanine
chloromethyl ketone to inactivate chymotrypsin. Other methods, such as purification of trypsin by HPLC or immobilization of
enzyme on a gel support, have been successfully used when only a small amount of protein is available.

PRETREATMENT OF THE PROTEIN

Under certain conditions, it might be necessaryto concentrate the sample, or to separate the protein from added substances
and stabilizers used in the formulation of the product if these interferewith the mapping procedure. Physical procedures used
for pretreatment can include ultrafiltration, column chromatography, and lyophilization.

Other pretreatments, such as the addition of chaotropic agents (e.g., urea) can be used to unfold the protein prior to
mapping. Toallowthe enzyme to havefull accessto cleavagesitesand permitsome unfoldingofthe protein, it isoften necessary
to reduce and alkylate the disulfide bonds prior to digestion.

Digestionwith trypsin can introduce ambiguities in the tryptic map as a resultof side reactions occurringduring the digestion
reaction, such as nonspecificcleavage, deamidation, disulfide isomerization, oxidation of methionine residues, or formation of
pyroglutamic groups created from the deamidation of glutamine at the N-terminal side of a peptide. Furthermore, peaks may
be produced by autohydrolysis of trypsin. Their intensitiesdepend on the ratio of trypsin to protein. To avoid autohydrolysis,
solutionsof proteases may be prepared at a pHthat isnot optimal (e.g., at pH5 for trypsin),which would mean that the enzyme
would not become active until diluted with the digest buffer.

ESTABLISHMENT OF OPTIMAL DIGESTION CONDITIONS

Factorsthat affect the completeness and effectiveness of digestion of proteins are those that could affect any chemical or
enzymatic reactions.
pH-The digestion mixture pH isempirically determined to ensure the optimal performance of the given cleavage agent. For
example, when using cyanogen bromide as a cleavageagent, a highlyacidicenvironment (e.g., pH2, formic acid) is necessary;
however, when using trypsin as a cleavage agent, a slightly alkaline environment (pH 8) is optimal. As a general rule, the pH
of the reaction milieu should not alter the chemical integrity of the protein during the digestion and should not change during
the course of the fragmentation reaction.
Temperature-A temperature between 25° and 37° is adequate for most digestions. The temperature used is intended to
minimizechemical side reactions. The type of protein under test will dictate the temperature of the reaction milieu because
some proteins are more susceptible to denaturation as the temperature of the reaction increases. Forexample, digestion of
recombinant bovine somatropin isconducted at 4° because at higher temperatures it will precipitate during digestion.
Time-If a sufficient amount of sample is available, a time course study isconsidered in order to determine the optimum time
to obtain a reproducible map and avoid incomplete digestion. Time of digestion varies from 2 to 30 hours. The reaction is
stopped by the addition of an acid that does not interfere with the tryptic map, or by freezing.
Amount of Cleavage Agent-Although excessive amounts of cleavage agent are used to accomplish a reasonably rapid
digestion time (l.e., 6 to 20 hours), the amount of cleavageagent isminimized to avoid itscontribution to the chromatographic
map pattern. Aprotein-to-protease ratio between 20:1 and 200:1 isgenerallyused. It is recommended that the cleavage agent
be added in two or more stages to optimize cleavage. Nonetheless, the final reaction volume remainssmallenough to facilitate
the next step in peptide mapping-the separation step. To sort out digestion artifactsthat might be interfering with the
subsequent analysis, a blank determination is performed using a digestion control with all the reagents except the test protein.

Chromatographic Separation

Many techniques are used to separate peptides for mapping. The selection of a technique depends on the protein being
mapped. Techniques that have been successfully used for the separation of peptides are shown in Table 2.
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Table 2. Techniques Used for the Separation of Peptides

Reverse-Phase High-Performance Liquid Chromatography (RP-HPLC)

len-Exchange Chromatography (IEC)

Hydrophobic Interaction Chromatography (HIC)

Polyacrylamide Gel Electrophoresis (PAGE), nondenaturating

Sodium OodecylSulfatePolyacrylamide Gel Electrophoresis (SOS-PAGE)

CapillaryElectrophoresis (CE)

Paper Chromatography-High Voltage (PCHV)

High-VoltagePaperElectrophoresis (HVPE)

USP 43

In this section, a most Widely used reverse-phase HPLC (RP-HPLC) method is described as one of the procedures of
chromatographic separation.

The purity of solvents and mobile phases is a critical factor in HPLC separation. HPLC-grade solventsand water that are
commercially available are recommended for RP-HPLC. Dissolved gases present a problem in gradient systems where the
solubility of the gas in a solvent may be lessin a mixture than in a singlesolvent.Vacuumdegassing and agitation by sonication
are often used as useful degassing procedures. When solid particlesin the solvents are drawn into the HPLC system, they can
damage the sealing of pump valves or clog the top of the chromatographic column. Both pre- and post-pump filtration are
also recommended.

CHROMATOGRAPHIC COLUMN

The selection of a chromatographic column is empirically determined for each protein. Columns with 100 Aor 300 A pore
sizeand silica support can give optimal separation. Forsmaller peptides, octylsilane chemicallybonded to totally porous silica
particles 3 to 10 IJm in diameter (L7) and of octadecylsilane chemically bonded to porous silica or ceramic microparticles 3 to
10 IJm in diameter (L1) column packingsare more efficient than the butyl silane chemicallybonded to totally porous silica
particles5 to 10 IJm in diameter (L26) packing.

SOLVENT

The most commonly used solvent iswater with acetonitrileas the organic modifierto which lessthan 0.1% of trifluoroacetic
acid isadded. Ifnecessary, add isopropyl alcohol or n-propyl alcohol to solubilize the digest components, provided that the
addition does not unduly increase the viscosity. of the components.

MOBILE PHASE

Buffered mobile phases containing phosphate are used to providesome flexibility in the selection of pH conditions, because
shifts of pH in the 3.0 to 5.0 range enhance the separation of peptides containing acidic residues (e.g., glutamic and aspartic
acids). Sodium or potassium phosphates, ammonium acetate, phosphoric acid, and a pH between 2 and 7 (or higher for
polymer-basedsupports) have alsobeen used with acetonitrilegradients. Acetonitrile-containing trifluoroacetic acid isalso used
quite often.

GRADIENT SELECTION

Gradientscan be linear, nonlinear,or includestep functions.Ashallowgradient isrecommended inorder to separate complex
mixtures. Gradients are optimized to provide clear resolutionof one or two peaks that will become "marker" peaksfor the test.

ISOCRATIC SELECTION

IsocraticHPLC systems using a single mobile phase are used on the basisof their convenience of use and improved detector
responses. Optimal composition of a mobile phase to obtain clear resolution of each peak is sometimes difficult to establish.
Mobile phases for which slight changes in component ratios or in pH significantly affect retention times of peaks in peptide
maps should not be used in isocratic HPLC systems.

OTHER PARAMETERS

Temperature control of the column isusually necessaryto achievegood reproducibility. The flow ratesfor the mobile phases
range from 0.1 to 2.0 mL per minute, and the detection of peptides is performed with a UV detector at 200 to 230 nm. Other
methods ofdetection have been used (e.g., postcolumn derivatization), but they are not as robust or asversatile as UV detection.

System Suitability

The section System Suitability under Chromatography (621>providesan experimental means for measuring the overall
performance of the test method. The acceptance criteriafor system suitability depend on the identification of critical test
parameters that affect data interpretation and acceptance. These critical parameters are also criteria that monitor peptide
digestion and peptide analysis. An indicatorthat the desired digestion endpoint was achieved isthe comparisonwith a Reference
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Standard or Reference Material, which istreated exactlyas the article under test. The use of a USP Reference Standard in parallel
with the protein under test iscritical in the development and establishmentof systemsuitability limits. Inaddition, a specimen
chromatogram should be includedwith the USP Reference Standard or Reference Material for additional comparison purposes.
Other indicators may includevisual inspection of protein or peptide solubility, the absence of intact protein, or measurement
of responsesof a digestion-dependent peptide. The critical systemsuitability parameters for peptide analysis will depend on
the particularmode of peptide separation and detection, and on the data analysis requirements.

When peptide mapping isused as an identification test, the systemsuitability requirementsfor the identified peptides cover
selectivity and precision. Inthis case, as well as when identification of variant proteins isdone, the identification of the primary
structure of the peptide fragments in the peptide map provides both a verification of the known primary structure and the
identification of protein variants by comparisonwith the peptide map of the USP Reference Standard or Reference Material for
the specified protein. The use of a digested USP Reference Standard or Reference Material for a given protein in the
determination of peptide resolution is the method of choice. Foran analysis of a variant protein, a characterized mixtureof a
variant and a Reference Standard can be used, especially if the variant peptide is located in a less-resolved region of the map.
The index of pattern consistency can be simply the number of major peptides detected. Peptide pattern consistency can be
best defined by the resolution of peptide peaks. Chromatographicparameters-such as peak-to-peak resolution, maximum
peak width, peak area, peak tailingfactors, and column efficiency-may be used to define peptide resolution. Depending on
the protein under test and the method of separation used, singlepeptide or multiple peptide resolution requirements may be
necessary.

The replicate analysis of the digest of the USP Reference Standard or Reference Material for the protein under test yields
measuresof precision and quantitative recovery. Recovery ofthe identified peptides isgenerally ascertainedbythe useof internal
or external peptide standards. The precision isexpressed as the relative standard deviation (RSD). Differences in the recovery
and precision of the identified peptides are expected; therefore, the systemsuitability limits will have to be establishedfor both
the recovery and the precision of the identified peptides.These limits are uniquefor a given protein and will be specified in the
individual monograph.

Visual comparison of the relative retention times, the peakresponses (the peakarea or the peakheight), the number of peaks,
and the overall elution pattern iscompleted initially. It isthen complemented and supported by mathematicalanalysis of the
peak response ratios and by the chromatographic profile of a 1:1 (v/v) mixtureof sample and USP Reference Standard or
Reference Material digest. If allpeaks in the sample digest and in the USP Reference Standard or Reference Material digest have
the same relative retention times and peak response ratios, then the identity of the sample under test isconfirmed.

Ifpeaks that initially eluted with significantly differentrelative retention times are then observed as single peaks in the 1:1
mixture, the initial difference would be an indication of systemvariability. However, ifseparate peaksare observed in the 1:1
mixture, thiswould be evidenceof the nonequivalence of the peptides in each peak. If a peak in the 1:1 mixture issignificantly
broader than the corresponding peak in the sample and USP Reference Standard or Reference Material digest, it may indicate
the presence ofdifferentpeptides. The use of computer-aided pattern recognitionsoftwarefor the analysis of peptide mapping
data has been proposed and applied, but issues related to the validation of the computer softwarepreclude its use in a
compendial test in the near future. Other automated approaches have been used that employ mathematical formulas, models,
and pattern recognition. Suchapproaches, for example the automated identification of compounds by IR spectroscopy and
the applicationof diode-array UV spectral analysis for identification of peptides, have been proposed. These methods have
limitations due to inadequate resolutions, co-elution offragments, or absolute peakresponsedifferences between USP Reference
Standard or Reference Material and sample fragments.

The numerical comparisonof the retention timesand peakareasor peak heightscan be done for a selected group of relevant
peaks that have been correctlyidentified in the peptide maps. Peak areas can be calculated usingone peak showing relatively
smallvariation as an internal reference, keeping in mind that peak area integration issensitive to baseline variation and is likely
to introduce error into the analysis. Alternatively, the' percentage of each peptide peak height relative to the sum of all peak
heights can be calculatedfor the sample under test. The percentage isthen compared to that of the corresponding peak of the
USP Reference Standard or Reference Material. The possibility of autohydrolysis of trypsin is monitored by producing a blank
peptide map, that is, the peptide map obtained when a blanksolution is treated with trypsin.

The minimum requirement for the qualification of peptide mapping isan approved test procedure that includes system
suitability as a test control. Ingeneral, earlyin the regulatory process, qualification of peptide mappingfor a protein issufficient. .
As the regulatory approval processfor the protein progresses, additionalqualifications of the test can includea partial validation
of the analytical procedure to provideassurancethat the method will perform as intended in the development of a peptide
map for the specified protein.

Analysis and Identification of Peptides

Thissection gives guidance on the use of peptide mapping during development in support of regulatoryapplications.
The use ofa peptide map as a qualitative tool does not requirethe complete characterization of the individual peptide peaks.

However, validation of peptide mapping in support of regulatory applications requires rigorous characterization of each of the
individual peaksin the peptide map. Methods to characterize peaks range from N-terminal sequencing of each peakfollowed
by amino acid analysis to the use of massspectroscopy(MS).

Forcharacterization purposes, when N-terminal sequencing and amino acid analysis are used, the analytical separation is
scaled up. Because scale-up might affect the resolution of peptide peaks, it is necessary, using empirical data, to ensure that
there is no loss of resolution due to scale-up. Eluates correspondingto specific peptide peaksare collected,
vacuum-concentrated, and chromatographed again, ifnecessary. Amino acid analysis of fragments may be limited by the
peptide size. Ifthe N-terminusis blocked, it may need to be cleared before sequencing. C-terminal sequencing of proteins in
combination with carboxypeptidase digestion and matrix-assisted laserdesorption ionization-time-of-flight (MALDI-TOF) MS
can also be used for characterization purposes.

The use of MS for characterization of peptide fragments is by direct infusion of isolated peptides or by the use of on-line
LC-MS for structure analysis. Ingeneral, it includes electrospray and MALDI-TOF analyzers as well as fast atom bombardment
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(FAB). Tandem MS has also been used to sequence a modified protein and to determine the type of amino acid modification
that has occurred. The comparison of massspectra of the digests before and after reduction providesa method to assign the
disulfide bonds to the varioussulfhydryl-containing peptides.

Ifregions of the primarystructure are not clearly demonstrated by the peptide map, it might be necessaryto develop a
secondary peptide map. The goal of a validatedmethod of characterizationofa protein through peptide mapping isto reconcile
and account for at least 95% of the theoretical composition of the protein structure.

·THE USE OF PEPTIDE MAPPING FOR GENETIC STABILITY EVALUATION

Avalidated peptide map can be used to assess the integrity of the predicted primarysequence of a protein product (Le., its
genetic stability). It can also be used to determine lot-to-Iotconsistency of the biotechnology-derived product process.
Furthermore, the performance of the protein expression of the production system is best assessed by peptide mapping of the
expressed protein. Peptide maps of protein produced at various times of the protein expression process, including a point well
beyond the normal protein expression time, compared with those of a USP Reference Standard or Reference Material, will
evaluate the genetic stabilityof the expression system as a function of time.

Variant protein sequences can arisefrom a genetic variationat the DNA level (point mutation) or as an error inthe translation
process.Avalidated peptide map is the best approach to the detection of protein variants. However, the limitations of the
peptide mapping itselfmust be taken into consideration.The detection of a structured variant is possibleonly if the
corresponding peptide variant iseasily isolated and characterized. To establish genetic stabilitywill require the use of a battery
of biochemical methods, provided that the variants have properties different from those of the "normal" protein••

·VALIDATION

Critical Factors

Validation of peptide mapping requiresthat a protocol be designed, outlining in detail the experiment to be conducted and
the criteriafor acceptance of the map. Criteria for acceptance of mapping include detection limit, specificity, linearity, range,
accuracy, precision, and reagent stability. Reproducibility of the peptide map isa critical element in the utilization of such a
map as an identity test and for confirminggenetic stability. Those technical aspects of peptide mapping that influencethe
reproduclbllity of the map will be discussed.

The setting of limits, with respect to quantification (peak area or height) and identification (retention times) for the selected
group of relevant peaks is based on empirical observations.These limits detect significant differences between the sample and
USP Reference Standard or Reference Material within a series of analyses.

Another critical issue is the recoveryof peptides and its impact on peak area determination and reproducibility and on the
establishment of acceptance criteria.The recovery criteria address all aspects of test methodology, from digestion to
chromatographic conditions. Determinationof peptide recovery includes quantitative amino acid analysis, spike addition,
radiolabeling, and UV summation. An overall recovery of about 80% is considered satisfactory. Recovery of individual peptides
is more problematic and is handled on a case-by-case basis. The critical factors considered in the validation of a peptide map
are as follows. .

WRITTEN TEST PROCEDURES

These procedures include a detailed description of the analytical method in which reagents, equipment, sample preparation,
method of analysis, and analysis of the data are defined.

VALIDATION PROTOCOL

Aprotocol is prepared that contains a procedure for test validation.

ACCEPTANCE CRITERIA

The criteriacan be minimal at the earlystages, but need to be better defined as validation studies progress.

REPORTING OF RESULTS

Results from the validation study are documented with respect to the analytical parameters listed in the validation protocol.

REVALIDATION OF THE TEST PROCEDURE

If the method used requires alteration that could affect the analytical parameter previouslyassessed in the validationof the
procedure, the test procedure must be revalidated. Significant changes in the processing of the article, in laboratories
performing the analysis, in formulation of the bulkor the finished products, and in any other significant parameter will require
revalidation of the methods. .
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Intratest Precision-This isa measure of the reproducibility of peptide mapping. The two critical steps in peptide mapping
are fragmentation (Le., digestion) and separation of peptides. An acceptable precision occurswhere the absolute retention
times and the relative peak areas are constant from run to run, and the average variation in retention time issmall relative to
that of a selected internal referencepeak.The reproducibility of the map can be enhanced ifa temperature-controlled column
oven is used, ifan extensive equilibration of the system is performed priorto the start of the test, ifa blank(control digest
mixturewithout protein) is run first to minimize "firstrun effects," and ifa USP Reference Standard or a Reference Material
digest is interspersed periodically with test samples to evaluatechromatographic drift.

The criteria for validation of the fragmentation step are similar to those described belowfor separationof peptides, but they
are met for consecutivetests of a series of separatelyprepared digests of the protein under test.

The criteria for validation of the separation of peptides step includethe following:
1. The average standard deviation of the absolute retention times of all major peaksfor a set of consecutive tests of the

same digest does not exceed a specified acceptance criterion.
2. The average standard deviationof absolute peak area for all fully resolved major peaksdoes not exceed a specified

percentage.
Intertest Precision-This isa measure of the reproducibility of the peptide mapping when the test is performedon different
days, by differentanalysts, in differentlaboratories, with reagents or enzymesfrom different suppliers or different lotsfrom the
same supplier, with differentinstruments,on columnsof differentmakesor columnsof the same makefrom differentlots, and
on individual columns of the same makefrom the same lot. Although it would be desirable, from a scientific perspective, to
validate all of these variables in terms of their impacts on precision, a practical approach is to validate the test using those
variables most likely to be encountered under operational conditions.Additional variables can be included when needed.

The experimentaldesign allows the analystto make comparisons using peak retention times and areas that are expressed
relative to a highlyreproducibleinternal reference peak within the same chromatogram. The relative peakarea isexpressedas
the ratio of the peak area to that of the internal reference peak.The relative retention time can be expressed as the difference
between the absolute retention time and that of the reference peak. The use of relative values eliminates the need to make
separate correctionsfor differences due to injector-to-injector volumes, units of measurefor peak areas, column dimensions,
and instrument dead volumes. The variability in the retention times and peak areas for the IntertestPrecision experiments is
expected to be slightly higher than the variability observedfor Intratest Precision.

ROBUSTNESS

Factors such as compositionof the MobilePhase, protease qualityor chemical reagent purity, column variation and age, and
digest stability are likely to affect the overall performanceof the test and its reproducibility. Tolerances for each of the key
parameters are evaluated and baseline limits established in case the test is used for routine lot release purposes.
Mobile Phase-The compositionof the Mobile Phase isoptimized to obtain the maximum resolution of peptides throughout
the elution profile. A balance between optimal resolution and overall reproducibility isdesired.AlowerpH might improvepeak
separation but might shorten the life of the column, resulting in lackof reproducibility. Peptidemaps at a pHabove and below
the pH of the procedure are compared to the peptide map obtained at the pH of the procedure and checkedfor significant
differences; they are also reviewed with respect to the acceptance criteria established in the validation protocol.
Protease Quality or Chemical Reagent Purity-A sample of the USP Reference Standard or Reference Material for the protein
under test is prepared and digested with different lots of cleavageagent. The chromatogramsfor each digest are compared in
terms of peak areas, shape, and number. The same procedure can be applied to other critical chemicals or pretreatment
procedures used during sample preparation, such as reduclnq and carboxymethylation reagents.
Column Considerations-Column-to-column variability, even withina singlelot, can affectthe performanceof the column in
the development of peptide maps. Column sizemayalso lead to significant differences. AUSP Reference Standard or Reference
Material of the protein under test isdigested and the digest is chromatographed on different lots of column from a single
manufacturer.The maps are then evaluated in terms of the overall elution profile, retention times, selectivity resolution, and
recovery. To evaluate the overall lifetime of the column in terms of robustness, perform a peptide mapping test on different
columnsand varysignificantly the number of injections (e.g., from 10 injections to 250 injections). The resulting maps can then
be compared for significant differences in peak broadening, peak area, and overall resolution. As a column ages, an increasein
back pressure might be observed that might affectthe peptide maps. Asensibleprecaution in the use of peptide mapping
columns isto selectalternative columnsincasethe original columnsbecome unavailable or are discontinued. Perform a peptide
mapping test usingequivalentcolumnsfrom differentmanufacturers, and examinethe maps. Differences in particle shape and
size, pore sizeand volume, carbon load, and end-capping can lead to significant differences in retention times, elution profile
selectivity, resolution, and recovery. Slightmodifications in the gradient profile may be required to achieve equivalency of
mapping when using columnsfrom different manufacturers.

[NoTE-The equivalency between instrumentation used for the validation of the test and for routine qualitycontrol testing
should be considered. It might be preferable to use the same HPLC systemfor all applications. Otherwise, equivalency of the
systems isdetermined, which may requiresome changes in the chromatographic test conditions.]
Digest Stablllty-s-The length of time a digest can be kept before it ischromatographed, as well as the conditionsunder which
the digest is stored before chromatography, isassessed. Several aliquotsfrom a single digest are stored at differentstorage
conditions and chromatographed. These maps are then evaluatedfor significant differences.
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REPRODUCIBILITY
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Determination of various parameters indicated above is repeated using the same USP Reference Standard or Reference
Material and test sample inat leasttwo differentlaboratoriesbytwo analystsequipped with similar HPLC systems.The generated
peptide maps are evaluated for significantdifferences.•

(1056) BIOTECHNOLOGY-DERIVED ARTICLES-POLYACRYLAMIDE GEL
ELECTROPHORESIS

INTRODUCTION

Scope

Polyacrylamide gel electrophoresisisusedfor the qualitative characterizationof proteins in biological preparations, for control
of purity, and for quantitative determinations. .

Purpose

Analytical gel electrophoresis isan appropriate method with which to identifyand to assessthe homogeneity of proteins in
pharmaceutical preparations. The method is routinelyused for the estimation of protein subunit molecular masses and for
determination of the subunit compositions of purified proteins. Ready-to-use gels and reagents are commercially available and
can be used instead of those described in this text, provided that they give equivalent resultsand that they meet the validity
requirements given in Validation of the Test (below).

CHARACTERISTICS OF POLYACRYLAMIDE GELS

The sieving properties of polyacrylamide gels are established by the three-dimensional network of fibers and pores that is
formed as the bifunctional bisacrylamide cross-links adjacent polyacrylamide chains. Polymerization usually iscatalyzed by a
free radical-generating system composed of ammonium persulfateand N,N,N',N'-tetramethylethylenediamine (TEMED).

As the acrylamide concentration of a gel increases, its effective pore size decreases. The effective pore sizeof a gel is
operationallydefined by its sieving properties,that is, by the resistance it imparts to the migration of macromolecules. There
are limits on the acrylamide concentrations that can be used. At high acrylamideconcentrations, gels break much more easily
and are difficult to handle. As the pore sizeof a gel decreases, the migration rate of a protein through the gel decreases. By
adjusting the pore sizeof a gel through manipulating the acrylamide concentration, analystscan optimize the resolutionof the
method for a given protein product. Thus, a given gel is physically characterized by its respectivecomposition of acrylamide
and bisacrylamide. .

In addition to the composition of the gel, the state of the protein isan important component of electrophoretic mobility. In
the case of proteins, the electrophoretic mobility depends on the pK value of the charged groups and the sizeof the molecule.
It is influenced by the type, the concentration, and the pH of the buffer; by the temperature and the field strength; and by the
nature of the support material.

DENATURING POLYACRYLAMIDE GEL ELECTROPHORESIS

The method cited as an example is limited to the analysis of monomeric polypeptides with a mass range of 14,000­
100,000 Da. It is possibleto extend this mass range by various techniques (e.g., gradient gels and particular buffersystem).
For instance, tricine-sodium dodecyl sulfate (SDS) gels, using tricine instead of glycine (in the method described here) as the
trailing ion in the electrophoresis running buffer, can separate verysmall proteins and peptides under 10,000-15,000 Da.

Denaturing polyacrylamide gel electrophoresis using glycine SDS (SDS-PAGE) isthe most common mode of electrophoresis
used in assessing the pharmaceutical quality of protein products and is the focus of the example method. Typically, analytical
electrophoresis of proteins is carried out in polyacrylamide gels under conditions that ensure dissociation of the proteins into
their individual polypeptide subunits and that minimize aggregation. Most commonly, the strongly anionic detergent SDS is
used in combination with heat to dissociate the proteins before they are loaded on the gel. The denatured polypeptides bind
to SDS, become negatively charged, and exhibit a consistent charge-to-mass ratio regardlessof protein type. Because the
amount of SDS bound isalmost always proportional to the molecular mass of the polypeptide and is independent of its
sequence, SDS-polypeptide complexes migrate through polyacrylamide gels with mobilities dependent on the size of the
polypeptide.

The electrophoretic mobilities of the resultant detergent-polypeptide complexes all assume the same functional relationship
to their molecular masses. SDS complexes migrate toward the anode in a predictable manner; low-molecular-mass complexes
migrate faster than largerones. The molecularmassof a protein therefore can be estimated from its relative mobility in calibrated
SDS-PAGE, and the intensityof a single band relative to other undesired bands in such a gel can be a measure of purity.

Modifications to the polypeptide backbone, such as N- or O-Iinked glycosylation, can change the apparent molecular mass
of a protein, because SDS does not bind to a carbohydrate moiety in a manner similarto that of a polypeptide; therefore, a
consistent charge-to-mass ratio is not maintained.
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Oepending on the extent of glycosylation and other posttranslational modifications, the apparent molecular massof proteins
may not be a true reflection of the mass of the polypeptide chain.

Reducing Conditions

Polypeptide subunits and three-dimensional structure often are maintained in proteins by the presence of disulfide bonds. A
goal of SOS-PAGE analysis under reducing conditions is to disrupt this structure by reducing disulfide bonds. Complete
denaturation and dissociation of proteins by treatment with 2-mercaptoethanol (2-ME) or dithiothreitol (On) results in
unfolding of the polypeptide backbone and subsequent complexation with SOS. Using these conditions, analysts can reasonably
calculate the molecular mass of the polypeptide by linear regression (or, more closely, by nonlinear regression) in the presence
of suitable molecular mass standards.

Nonreducing Conditions

For some analyses, complete dissociation of the protein into subunit peptides is not desirable. In the absence of treatment
with reducing agents such as2-ME or OTT, disulfide covalent bonds remain intact, preserving the oligomeric form of the protein.
Oligomeric SOS-protein complexes migrate more slowly than their SOS-polypeptide subunits. In addition, nonreduced proteins
may not be completely saturated with SOS and hence may not bind the detergent in a constant massratio. Moreover, intrachain
disulfide bonds constrain the molecular shape, usually in such a way that reduces the Stokes radius of the molecule, thereby
reducing the apparent molecular mass, M,.. This makes molecular mass determinations of these molecules by SOS-PAGE less
straightforward than analysesof fully denatured polypeptides because it is necessarythat both standards and unknown proteins
be in similar configurations for valid comparisons.

CHARACTERISTICS OF DISCONTINUOUS BUFFER SYSTEM GEL ELECTROPHORESIS

The most popular electrophoretic method for the characterization of complex mixtures of proteins uses a discontinuous
buffer system involving two contiguous but distinct gels: a resolving or separating (lower) gel and a stacking (upper) gel. The
two gels are cast with different porosities, pH, and ionic strengths. In addition, different mobile ions are used in the gel and
electrode buffers. The buffer discontinuity acts to concentrate large-volume samples in the stacking gel, resulting in improved
resolution. When power is applied, a voltage drop develops across the sample solution and drives the proteins into the stacking
gel. Glycinate ions from the electrode buffer follow the proteins into the stacking gel. A moving boundary region is rapidly
formed, with the highly mobile chloride ions in the front and the relatively slow glycinate ions in the rear. A localized high-voltage
gradient forms between the leading and trailing ion fronts, causing the SOS-protein complexes to form into a thin zone (stack)
and to migrate between the chloride and glycinate phases. Within broad limits, regardless of the height of the applied sample,
all SOS-proteins condense into a very narrow region and enter the resolving gel as a well-defined, thin zone of high protein
density. The large-pore stacking gel does not retard the migration of most proteins and serves mainly as an anticonvective
medium. At the interface of the stacking and resolving gels, the proteins undergo a sharp increase in retardation due to the
restrictive pore size of the resolving gel and the buffer discontinuity, which also contributes to focusing of the proteins. Once
in the resolving gel, proteins continue to be slowed by the sieving of the matrix. The glycinate ions overtake the proteins, which
then move in a space of uniform pH formed by the tris(hydroxymethyl)aminomethane (Tris) and glycine. Molecular sieving
causes the SOS-polypeptide complexes to separate on the basis of their molecular masses.

PREPARING VERTICAL DISCONTINUOUS BUFFER SDS POLYACRYLAMIDE GELS

This section describes the preparation of gels using particular instrumentation. This does not apply to precast gels. For precast
gels or any other commercially available equipment, the manufacturer's instructions must be used for quldance,

The use of commercial reagents that have been purified in solution is recommended. When this is not the case and when
the purity of the reagents used isnot sufficient, a pretreatment isapplied. For instance, any solution sufficiently impure to require­
filtration must also be deionized with a mixed-bed (anion-cation exchange) resin to remove acrylic acid and other charged
degradation products. When stored according to recommendations, acrylamide/bisacrylamide solutions and solid persulfate
are stable for long periods.

Gel Stock Solutions

30% ACRYLAMIOE-BISACRYLAMIOE SOLUTION

Prepare a solution containing 290 g of acrylamide and 109 of methylenebisacrylamide per liter of water. Filter.

AMMONIUM PERSULFATE SOLUTION

Prepare a small quantity of solution having a concentration of 100 giL of ammonium persulfate. [NOTE-Ammonium . _
persulfate provides the free radicals that drive polymerization of acrylamide and bisacrylamide. Because ammonium persulfate
decomposes rapidly, fresh solutions must be prepared daily.]
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TEMED

Use an electrophoresis-grade reagent.

SDS SOLUTION

This isa 100 giL solution of electrophoresis-grade SDS.

1.5 M BUFFER SOLUTION

USP 43

Dissolve 90.8 g of Tris in 400 mL of water. Adjustthe pH to 8.8 with hydrochloric acid, and dilute to 500.0 mLwith water.

1 M BUFFER SOLUTION

Dissolve 60.6 g of Tris in 400 mL of water. Adjustthe pH to 6.8 with hydrochloric acid, and dilute to 500.0 mLwith water.

Assembling the Gel-Molding Cassette

Clean the two glass plates (size, e.g., 10 cm x 8 cm), the polytetrafluoroethylenecomb, the two spacers, and the silicone
rubber tubing (e.g., 0.6 mm diameter x 35 cm length) with milddetergent; rinseextensively with water, followedby dehydrated
alcohol;and allow the plates to dry at room temperature. Lubricate the spacers and the tubing with nonsilicone grease. Apply
the spacers along each of the two short sidesof the glass plate 2 mm away from the edges and 2 mm awayfrom the long side
corresponding to the bottom of the gel. Begin to laythe tubing on the glass plate by using one spacer as a guide. Carefully
twist the tubing at the bottom of the spacer, and follow the long side of the glass plate. While holding the tubing with one
finger along the long side, twist the tubing again and lay it on the second short side of the glass plate, using the spacer as a
guide. Place the second glass plate in perfect alignment, and hold the mold together by hand pressure.

Apply two clamps on each of the two short sidesof the mold. Carefully apply four clamps on the longer side of the gel mold,
thus forming the bottom of the gel mold. Verify that the tubing is running along the edge of the glass plates and has not been
extruded while the clamps were placed. The gel mold is now ready for pouring the gel.

Preparation of the Gel

Ina discontinuous bufferSDS polyacrylamide gel, it is recommended to pour the resolving gel, let the gel set, and then pour
the stacking gel, because the composition of the two gels in acrylamide-bisacrylamide, buffer, and pH are different.

PREPARATION OF THE RESOLVING GEL

~n a conical flask, prepare the appropriate volume of solution containing the desired concentration of acrylamidefor the
resolving gel, using the valuesgiven in Table 7. Mix the components in the order shown. Where appropriate, before adding
the AmmoniumPersulfate Solution and the TEMED, filterthe solution if necessary under vacuum through a cellulose acetate
membrane (pore diameter: 0.45 IJm). Keep the solution under vacuum, whileswirling the filtration unit, until no more bubbles
are formed in the solution. Add appropriate amounts ofAmmoniumPersulfate Solutionand TEMED, as indicated in Table 7,swirl,
and pour immediately into the gap between the two glass plates of the mold. Leave sufficient space for the stacking gel (the
length of the teeth of the comb plus 1 cm). Using a tapered glass pipet, carefully overlaythe solution with water-saturated
isobutanol. Leave the gel in a vertical positionat room temperature to allow polymerization.

Table 1. Preparation of the Resolving Gel

Component Volume (ml) per Gel Mold Volume Below

Solution component 5ml 10 ml 15 ml 20ml 25ml 30 ml 40ml 50 ml

6% Acrylamide

Water 2.6 5.3 7.9 10.6 13.2 15.9 21.2 26.5

30% Acrylamide-Bisacrylamide
Solution 1.0 2.0 3.0 4.0 5.0 6.0 8.0 10.0

7.5 M BufferSolution 1.3 2.5 3.8 5.0 6.3 7.5 10.0 12.5

SOS Solution 0.05 0.1 0.15 0.2 0.25 0.3 0.4 0.5

AmmoniumPersulfate Solution 0.05 0.1 0.15 0.2 0.25 0.3 0.4 0.5

TEMEO 0.004 0.008 0.012 0.016 0.02 0.024 0.032 0.04

8% Acrylamide

Water 2.3 4.6 6.9 9.3 11.5 13.9 18.5 23.2

30% Acrylamide-Bisacrylamide
10.7 13.3Solution 1.3 2.7 4.0 5.3 6.7 8.0
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Table 1. Preparation of the Resolving Gel (continued)

Component Volume (ml) per Gel Mold Volume Below

Solution component 5ml 10 ml 15 ml 20ml 25ml 30ml 40ml 50ml

1.5 M Buffer Solution 1.3 2.5 3.8 5.0 6.3 7.5 10.0 12.5

SOS Solution 0.05 0.1 0.15 0.2 0.25 0.3 0.4 0.5

AmmoniumPersulfate Solution 0.05 0.1 0.15 0.2 0.25 0.3 0.4 0.5

TEMEO 0.003 0.006 0.009 0.012 0.015 0.018 0.024 0.03

10% Acrylamide

Water 1.9 4.0 5.9 7.9 9.9 11.9 15.9 19.8

30% Acrylamide-Bisacrylamide
Solution 1.7 3.3 5.0 6.7 8.3 10.0 13.3 16.7

1.5 M Buffer Solution 1.3 2.5 3.8 5.0 6.3 7.5 10.0 ·12.5

SOS Solution 0.05 0.1 0.15 0.2 0.25 0.3 0.4 0.5

AmmoniumPersulfate Solution 0.05 0.1 0.15 0.2 0.25 0.3 0.4 0.5

TEMED 0.002 0.004 0.006 0.008 0.01 0.012 0.016 0.02

12% Acrylamide

Water 1.6 3.3 4.9 6.6 8.2 9.9 13.2 16.5

30% Acrylamide-Bisacrylamide
Solution 2.0 4.0 6.0 8.0 10.0 12.0 16.0 20.0

1.5 M Buffer Solution 1.3 2.5 3.8 5.0 6.3 7.5 10.0 12.5

SOS Solution 0.05 0.1 0.15 0.2 0.25 0.3 0.4 0.5

AmmoniumPersulfate Solution 0.05 0.1 0.15 0.2 0.25 0.3 0.4 0.5

TEMED 0.002 0.004 0.006 0.008 0.01 0.012 0.016 0.02

14% Acrylamide

Water 1.4 2.7 3.9 5.3 6.6 8.0 10.6 13.8

30% Acrylamide-Bisacrylamide
Solution 2.3 4.6 7.0 9.3 11.6 13.9 18.6 23.2

1.5 M Buffer Solution 1.2 2.5 3.6 5.0 6.3 7.5 10.0 12.5

SOS Solution 0.05 0.1 0.15 0.2 0.25 0.3 0.4 0.5

AmmoniumPersulfate Solution 0.05 0.1 0.15 0.2 0.25 0.3 0.4 0.5

TEMED 0.002 0.004 0.006 0.008 0.01 0.012 0.016 0.02

15% Acrylamide

Water 1.1 2.3 3.4 4.6 5.7 6.9 9.2 11.5

30% Acrylamide-Bisacrylamide
Solution 2.5 5.0 7.5 10.0 12.5 15.0 20.0 25.0

1.5 M Buffer Solution 1.3 2.5 3.8 5.0 6.3 7.5 10.0 12.5

SOS Solution 0.05 0.1 0.15 0.2 0.25 0.3 0.4 0.5

AmmoniumPersulfate Solution 0.05 0.1 0.15 0.2 0.25 0.3 0.4 0.5

TEMED 0.002 0.004 0.006 0.008 0.01 0.012 0.016 0.02

PREPARATION OF THE STACKING GEL

After polymerization is complete (about 30 min), pour off the isobutanol, and wash the top of the gel several times with
water to remove the isobutanol overlay and any unpolymerized acrylamide. Drain asmuch fluid aspossible from the top of the
gel, and then remove any remaining water with the edge of a paper towel.

In a conical flask, prepare the appropriate volume of solution containing the desired concentration of acrylamide, using the
values given in Table 2. Mix the components in the order shown. Where appropriate, before adding the Ammonium Persulfate
Solutionand the TEMED, filter the solution if necessary un~er vacuum through a cellulose acetate membrane (pore diameter:
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0.45 urn). Keepthe solution under vacuum, while swlrllnq the filtration unit, until no more bubbles are formed in the solution.
Add appropriate amounts of Ammonium Persulfate Solutionand TEMED, as indicated in Table 2. Swirl, and pour immediately
into the gap between the two glass plates of the mold directly onto the surface of the polymerized resolving gel. Immediately
insert a clean polytetrafluoroethylene comb into the stacking gel solution, being careful to avoid trapping air bubbles. Add
more stacking gel solution to fill the spacesof the comb completely. Leavethe gel in a vertical position, and allow it to polymerize
at room temperature.

Table 2. Preparation of the Stacking Gel

Component Volume (ml) per Gel Mold Volume Below

Solution component 1 ml 2ml 3 ml 4ml 5 ml 6ml 8ml 10 ml

Water 0.68 1.4 2.1 2.7 3.4 4.1 5.5 6.8

30% Acrylamide-Bisacrylamide
Solution 0.17 0.33 0.5 0.67 0.83 1.0 1.3 1.7

1.0 M BufferSolution 0.13 0.25 0.38 0.5 0.63 0.75 1.0 1.25

SOS Solution 0.01 0.02 0.03 0.04 0.05 0.06 0.08 0.1

AmmoniumPersulfate Solution 0,01 0.02 0.03 0.04 0.05 0.06 0.08 0.1

TEMED 0.001 0.002 0.003 0.004 0.005 0.006 0.008 0.01

Preparation of the Sample

Unlessotherwise specified in the specific monograph, the samples can be prepared as follows:

SDS-PAGE SAMPLE BUFFER (CONCENTRATED)

Dissolve 1.89 g of Tris, 5.0 g of sodium lauryl sulfate, and 50 mg of bromophenol blue in water. Add 25.0 mL of glycerol,
and dilute to 100 mL with water. Adjust the pH to 6.8 with hydrochloric acid, and dilute to 125 mL with water.

SDS-PAGE SAMPLE BUFFER FOR REDUCING CONDITIONS (CONCENTRATED)

Dissolve 3.78 g of Tris, 10.0 g of SDS, and 100 mg of bromophenol blue in water. Add 50.0 mL of glycerol, and dilute to
200 mL with water. Add 25.0 mL of 2-ME. Adjust to pH 6.8 with hydrochloric acid, and dilute to 250.0 mL with water.
Alternatively, OTTcan be used as reducing agent instead of 2-ME. In this case prepare the sample buffer as follows: Dissolve
3.78 g of Tris, 10.0 g of SDS, and 100 mg of bromophenol blue in water. Add 50.0 mL of glycerol, and dilute to 200 mL with
water. Adjust to pH 6.8 with hydrochloric acid, and dilute to 250.0 mL with water. Immediately before use, add OTT to a final
concentration of 100 mM.

SDS-PAGE RUNNING BUFFER

Dissolve 151.4 g of Tris, 721.0 g of glycine, and 50.0 g of sodium lauryl sulfate in water, and dilute to 5000 mL with the
same solvent. Immediately before use, dilute to 10 times its volume with water, and mix. Measure the pH of the diluted solution.
The pH is between 8.1 and 8.8.

SAMPLE SOLUTION (NONREDUCING CONDITIONS)

Mix equal volumes of: a mixture comprising water plus the preparation or the reference solutions, and SOS-PAGE Sample
Buffer(Concentrated).

SAMPLE SOLUTION (REDUCING CONDITIONS)

Mix equal volumes of: a mixture comprising water plus the preparation or the reference solutions, and SOS-PAGE Sample
Buffer for Reducing Conditions (Concentrated) containing 2-ME (or OTT) as the reducing agent.

The concentration prescribed in the monograph can vary depending on the protein and staining method.
Sample treatment: Keep for 5 min in a boiling water bathor in a block heater set at 100°, and then chill. (Note that

temperature and time may vary in the monograph because protein cleavage may occur during the heat treatment.)

MOUNTING THE GEL IN THE ELECTROPHORESIS ApPARATUS AND ELECTROPHORETIC SEPARATION

After polymerization is complete (about 30 min), remove the polytetrafluoroethylene comb carefully. Rinse the wells
immediately with water or with the SOS-PAGE Running Bufferto remove any unpolymerized acrylamide. If necessary, straighten
the teeth of the stacking gel with a blunt hypodermic needle attached to a syringe. Remove the clamps on one short side,
carefully pull out the tubing, and replace the clamps. Proceed similarly on the other short side. Removethe tubing from the
bottom part of the gel. Mount the gel in the electrophoresis apparatus. Add the electrophoresis buffers to the top and bottom
reservoirs. Remove any bubbles that become trapped at the bottom of the gel between the glassplates. This is best done with a
bent hypodermic needle attached to a syringe. Never prerun the gel before loading the samples, becausethis will destroy the
discontinuity of the buffer systems. Before loading the sample, carefully rinse each well with SOS-PAGE Running Buffer. Prepare

www.webofpharma.com

https://nhathuocngocanh.com/



USP 43 General Information / (1056) 7513

the test and referencesolutions in the recommended sample buffer, and treat as specified in the individual monograph. Apply
the appropriate volume of each solution to the stacking gel wells.

Start the electrophoresis using the conditions recommended by the equipment manufacturer. Manufacturers of SoS-PAGE
equipment may providegels of differentsurfacearea and thickness, and electrophoresis running time and current or voltage
may varyin order to achieveoptimal separation. Checkthat the dye front is moving into the resolving gel. When the dye is
near the bottom of the gel stop the electrophoresis. Remove the gel assemblyfrom the apparatus, and carefully separate the
glass plates. Remove the spacers, cut offand discard the stacking gel, and immediately proceed with staining.

SODIUM DODECYL SULFATE-POLYACRYLAMIDE GEL ELECTROPHORESIS-GRADIENT
CONCENTRATION GELS

Gradient gels (resolving gels) are prepared with an increasing concentration of acrylamide from the top to the bottom.
Preparation of gradient gels requiresa gradient-forming apparatus. Ready-to-use gradient gels are commercially available with
specific recommended protocols.

Gradientgels offersome advantages overfixed-concentration gels. Some proteins that co-migrate on fixed-concentration
gelscan be resolved withingradient gels. During electrophoresis the proteins migrate until the pore sizestops further progress,
and therefore a stackingeffectoccurs, resulting in sharper bands. According to Table 3, gradient gelsalsoallow separation of a
wider range of protein molecular massesthan do single, fixed-concentration gels. .

Table 3 givessuggested compositionsof the lineargradient, relatingthe range of acrylamide concentrationsto the
appropriate protein molecular ranges. Note that other gradient shapes (e.g., concave) can be prepared for specific
applications.

Table 3. Acrylamide Gradient Percentages Recommended for Expected Protein Molecular Weights

Acrylamide Protein Range
(%) (kDa)

5-15 20-250

5-20 10-200

10-20 10-150

8-20 8-150

Gradient gels also are used for molecular massdetermination and protein purity determination.

DETECTION OF PROTEINS IN GELS

Coomassie and silver stainingare the most common proteinstainingmethods and are describedin moredetailbelow.Several
other commercial stains, detection methods, and commercial kits are available. Forexample, fluorescent stains are visualized
usinga fluorescent imagerand often providea linearresponseovera wide range of protein concentrations-often several orders
of magnitude, depending on the protein.

Coomassie staining has a protein detection level of approximately 1-10 I-Ig of protein per band. Silver staining is the most
sensitive method for staining proteins in gels, and a band containing 10-100 ng can be detected. Thesefigures are considered
robust in the context of these gels. Improved sensitivity of one or two orders of magnitude has been reported in the literature.

Coomassie staining responds in a more linear manner than silver staining, but the responseand range depend on the protein
and development time. Both Coomassie and silver stainingcan be less reproducibleifstainingisstopped ina subjective manner,
Le., when the analystdeems the stainingsatisfactory. Wide dynamic ranges of referenceproteins are important to use because
they help assess the intra-experimental sensitivity and linearity. All gel-staining steps are done whilewearing gloves, at room
temperature, with gentle shaking (e.g., on an orbitalshaker platform), and using any convenient container.

Staining Reagents

oESTAINING SOLUTION

Prepare a mixture of 1 volume of glacial acetic acid, 4 volumes of methanol, and 5 volumesof water.

COOMASSIE STAINING SOLUTION

Preparea 1.25 giL solutionof acid blue 83 in Destaining Solution. Filter~

FIXING SOLUTION

To 250 mL of methanol, add 0.27 mL of formaldehyde, and dilute to 500.0 mL with water.
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SILVER NITRATE REAGENT

USP4J

To a mixture of 3 mLof concentrated ammonia and 40 mL of 1 M sodium hydroxide, add 8 mL of a 200 giL solution of
silver nitrate, dropwise, with stirring. Diluteto 200 mL with water.

DEVELOPER SOLUTION

Dilute2.5 mL of a 20 giL solution of citricacid and 0.27 mL of formaldehyde to 500.0 mL with water.

BLOCKING SOLUTION

A 10% (v/v) solution of acetic acid.

Coomassie Staining

Immerse the gel in a large excess of Coomassie Staining Solution, and allowto stand for at least 1 h. Remove the staining
solution.

Destain the gel with a large excess of Destaining Solution. Change the Destaining Solution several times until the stained
protein bands are clearlydistinguishable on a clear background. The more thoroughly the gel isdestained, the smaller is the
amount of protein that can be detected by the method. More rapid destaining can be achieved by includinga few grams of
anion-exchange resin or a smallsponge in the Destaining Solution. [NoTE-The acid-alcohol solutionsused in this procedure do
not completelyfix proteins in the gel. Thiscan lead to losses of some low-molecular-mass proteins during the staining and
destaining of thin gels. Permanent fixation isobtainable by allowing the gel to stand in a mixtureof 1 volume of trichloroacetic
acid, 4 volumes of methanol, and 5 volumes of water for 1 h before it is immersed in the Coomassie Staining Solution.]

Silver Stainlnq

Immersethe gel in a large excess of Fixing Solution, and allowit to stand for 1 h. Remove the Fixing Solution, add fresh Fixing
Solution, and incubate for at least 1 h or overnight, ifconvenient. Discard the Fixing Solution, and wash the gel in a large excess
of water for 1 h. Soak the gel for 15 min in a 1% (v/v) solution of glutaraldehyde. Wash the gel twicefor 15 min in a large
excess of water. Soakthe gel in fresh Silver Nitrate Reagent for 15 min, in darkness.Washthe gel three times for 5 min in a large
excess of water. Immerse the gel for about 1 min in Developer Solution until satisfactory staining has been obtained. Stop the
development by incubation in the Blocking Solution for 15 min. Rinse the gel with water.

RECORDING THE RESULTS

Gels are photographed or scanned while they are still wet or after an appropriate drying procedure. Currently, gel-scanning
systems with data analysis software are commercially available to photograph and analyze the wet gel immediately.

Depending on the staining method used, gels are treated in a slightlydifferent way. ForCoomassie staining, after the
destaining step, allow the gel to stand in a 100 giL solution of glycerol for at least 2 h (overnight incubation is possible). For
silver staining, add to the final rinsinga step of 5 min in a 20 giL solution of glycerol.

Drying ofstained SDS polyacrylamide gels isone of the methods to have permanent documentation. This method frequently
results in gel cracking during drying between cellulose films.

Immerse two sheets of porous cellulose film in water, and incubate for 5-10 min.
Placeone of the sheets on a drying frame. Carefully lift the gel, and place it on the cellulose film. Remove any trapped air

bubbles, and pour a few mLof water around the edges of the gel. Placethe second sheet on top, and remove any trapped air
bubbles. Complete the assemblyof the drying frame. Place in an oven or leave at room temperature until dry.

MOLECULAR MASS DETERMINATION

Molecular massesof proteins are determined bycomparisonof their mobilities with those ofseveral markerproteinsof known
molecular weight. Mixturesof prestained and unstained proteins with precisely known molecular masses blended for uniform
staining are available for calibrating gels. They are available in various molecular mass ranges. Concentrated stock solutionsof
proteins of known molecular mass are diluted in the appropriate sample buffer and are loaded on the same gel as the protein
sample to be studied.

Immediatelyafter the gel has been run, markthe positionof the bromophenol blue tracking dye to identifythe leading edge
of the electrophoretic ion front. Thiscan be done by cutting notches in the edges of the gel or by inserting a needle soaked in
India ink into the gel at the dye front. Afterstaining, measure the migration distances of each protein band (markers and
unknowns) from the top of the resolving gel. Divide the migration distance of each protein by the distance traveled by the
tracking dye. The normalized migration distances are referred to as the relative mobilities of the proteins (relative to the dye
front), or RF• Construct a plot of the logarithm of the relative molecular masses (Mr) of the protein standards as a function of
the RF values. Unknown molecular masses can be estimated by linear regressionanalysis (more accurately, by nonlinear
regression analysis) or interpolation from the curves of log Mr against RF if the valuesobtained for the unknown samples are
positioned along the approximately linear part of the graph. .
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VALIDATION Of THE TEST

The test is not valid unless the target resolution range of the gel has been demonstrated by the distribution of appropriate
molecular mass markers, e.g., across 80% of the length of the gel. The separation obtained for the expected proteins must
show a linearrelationship between the logarithm of the molecular massand the Rp Ifthe plot has a sigmoidal shape, then only
data from the linear region of the curvecan be used in the calculations. Additional validation requirementswith respect to the
test sample may be specified in individual monographs.

Sensitivity also must be validated.Areference protein control correspondingto the desiredconcentration limitthat is run in
parallel with the test samplescan serve as a systemsuitability check of the experiment.

Q.UANTITATION Of IMPURITIES

SDS-PAGE isoften used as a limit test for impurities. When impurities are quantitated by normalization to the main band
usingan integrating densitometer or imageanalysis, the responsesmust be validated for linearity. Note that depending on the
detection method and protein, as described in the introductionof the section Detection ofProteins in Gels, the linearrange can
vary but can be assessed within each run by using one or more control samplescontaining an appropriate range of protein
concentrations.

Whenthe impuritylimitisspecified in the individual monograph, analysts should prepare a reference solutioncorresponding
to that level of impurity by dilutingthe test solution. Forexample, when the limit is5%, a reference solutionwould be a 1:20
dilution of the test solution. No impurity (any band other than the main band) in the electropherogram obtained with the test
solution may be more intense than the main band obtained with the reference solution. .

Undervalidated conditions, impurities can be quantified by normalization to the main band, using an integrating
densitometer, or by image analysis.

(1057) BIOTECHNOLOGY-DERIVED ARTICLES-TOTAL PROTEIN ASSAY

D~/et~ the following: . . . -. . . .' . '.' .'
'~This chapter providesgUidance and procedures used for charact

harmonizedwiththe corresponding chapter in JP and EP. Other cha
Biotechnology-DeriVed Articles~Amino ;J.cidAnalysis (1052), Capillary
Isoelectric Focusing (1054), Biotechnology-Derived Articles-:.pepticle Mapping(1055 ,
Polyacrylamide Gel'Electrophoresis (1056) .... (USP'-Aug-2(119)

Change to read:

INTRODUCTION

....Anumber of factors needs.to be considered wh~n choosing a procedure for
a pharmacopeial preparation. Thosefactors includethe complexityof the sam
required accuracy/variability of the procedure,and the desired analystcontact
(e.g.,sampleavailability, analysis tlme).Thechoice of a total protein measuremehtprocedure bala
to meet the application need.

An analytical separation technique (e.g., HPLC, capillary electrophor.esis)
measLirement procedure when analyzing a complex sample. Separating
relevant peakson a chromatogram or electropherogram can be use
spectrophotometricprotein measurements; 2) a mixtureof proteinsor
serum albumin), where the individual protein components need to be antit
assessed (e.g., identity~ impurityquantitation) during the analysis; 4) a limited s
balance between analysis time, instrumentcomplexity, andotl]er factorsthatfa
spectrophotometric procedure.

Amino aCidquantitation may alsobe suitablefor quantitationof totar pro:tein al)(;H~;" of~e
calibrationfor other total protein measurement procedures (e.g., determination 0

absorbai1~e at '.280 nm).
_ Spectrophotometric proceduresfor total protein measurement ate often employeqfor peial
preparations due to their simplicity, high sample throughput fora given.aoalysis time, and c

Manyof the total protein assaymethods described belowcan be performedsuccessfully using kits from commercial sources.
........(USP.l-Aug-2019)
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Addthe follqwing:' ." .. '.' .. '" ' , " .' ':' '

, ~~AMPiE E~TRA'CTION'METHOQSFO,R

USP 43

PI"c>,edure l-:-f'.rotein Pr,edpita'ti()fl," withAc~t(.n,e

1. Add acetone to the sample 'to bring the concentrationofacet0neto',85o/~90%~

2. Let the sample stand for lh~ ,Tnecessaryforappropr,iate,·recovery,:nolCfttl~'~amJ:M,at,4°overriignt;;
3. Cenf~ifuge'the sample atT4,UOOxgor greaterforlO:min:Dlsca.r.d ffie's\iper:.n:atantJ
4. Dissolve

c
tlie pelletin the appropriate b\Jfferfor,analysis;

Procedure 2' ,Pro~einPredpifati(}nwitIlTric;ti,lor'o~lc;et;k .~dq

SODIUM DEOXYCHOLATE. REAGENT

Prepare a solution of l.5g/L sodium deoxycholate in water.

TCAREAGENT

Prepare as61ution of 72.0'giL trichloroacetic 'acid (TCA) inwater.

PROCEDURE

1. AdgO.l, mL of Sodiyin aeoxycholatereagentto 1.Q, mt of Test solLJtiO/i
2. Mixtlsing a vortex mixef,: and then incubateJor 1Qrriin;
3. Add'9:' r:nLofTCAreagent, an,d /Tlix ona:yortex mix.er.
4. Centrifuge at a rninih)um of 6700 x, 9 for30min~,

5. Discard the supernatant.
6. DIssolve the protein pelletinl.O mt ofthe appropriate bufferfor anal~sk

Procedure r- 3...:....Solid' Phase,Device Extt",~tion

BUFFER PREI'ARA1"lON

"" Prepare the 'lppropriate buffer or solvent mixture dependrng'UpoD th,e~solid phasee~tr~e,tton E$p'Erdevice~lSelngu~sed'Jor
fractionation.

PROCEDU~E

1. Load the sample onto t~eSPE device.
2. Wash witheii' suitable buffer orsolventmixtLire.
3. Elutethe protein with a'n appropriate buffer or solventmixture~
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Procedure~Col'umn~el.Filtrat~on

BU~FER PREPARATION

Pfepare-tb~ appropriate biufferfodhete~tm'ethod.

PROCEDURE

Genera/Information / (1057) 7517

. . . . . -';', .',..-,--. ,.>"" '-';," :'::":- '.

lYOTALPRO-rEIN'MEASUREMENT' PR()CEbURt;~,
, protein in the,Stafldardsolution that 'isus'ed to create:the;~aJibratio

",../,.1-.,.._',." ." aynotbepractica'and:~heuse of ageneriCpro,tein in the St .'.
n used because ltis readily availabl~ and can be purchasedat hi

m notb~ the.idealchoicefor all assays depending.0

se. Due. to the poteritial vadatio . r~~p be
proteinusedfbrthe standard cu ,,' ,ould:, ys

ua monograph) prepare the Reference Standard or refe ce
.repare the_ Test solution.,.. (USP l-A~g:2(19)

Method 1

Protein in solutionabsorbs UV light at a wavelengthot 280 nm due to the presence of aromatic aminoa5ids, ma!nly tyrosine
and tryptophan. This property isthe basis of Method 1. AA(USP l-AU9-2019)lf the bufferused to ,A~olul:>il~~i<0sp.:l~A~i:2()~J}) the protein
has a high absorbance relative toJ:... (~S~ 1.Aug-io19) water, there isan interfering substance in the buffer. This interferencecan be
compensated for when the spectrophotometer is adjusted to zero bufferabsorbance. The results may be compromised ifthe
interferenceresults in a large absorbance that challenges the limitof sensitivity of the spectrophotometer. Furthermore, at low
concentrations protein can be absorbed onto the cuvette, thereby reducing the content in solution. This can be prevented by
preparing samples at higher co~centrations or by usinga nonionicdeter ent in the re aration.

~~r6-deter . z - bet -, 'p tein sample iscontami dwimen~ed~'jf:rl«(qIh~E
methods are. .qu nucleic acicJs. Table 1. be

Table 1. 260/280 Ratio for. Estimating NucleicAcid Contaminadon' and Prot:eilIPurlty'on:h4i$ample
Protein NlicieicAcid

(%) (%) 2~Ot~8Q'Rafio

100 0 0:57

95 5 1.06

90 10 1.32

70 30 1}3"(US~1.Ali~.2019)

TEST SOLUTION

Dissolve a suitable quantity of the protein under test in the appropriate bufferto obtain a solution havinga concentration
of 0.2-2 mg/mL.

STANDARD SOLUTION

Unless otherwisespecified in the individual monograph, prepare a solution of Reference Standard or reference material for
the protein under test in the same bufferand at the same concentration as the Test solution.

PROCEDURE

Concomitantly determine the "'absorba'hcev~luesj.'(USP 1~A~9-2~19) of the Standard solution and Test solution in quartz cells at a
wavelength of 280 nm with a suitable spectrophotometer (see.Ultraviolet-Visible Spectroscopy (857{)( lJsi~g t~~ b~~er as the
Blank. :.t.JN_Q~E~Keep theTe.s(so[ution, Standafdso/utfon, and bufferat the ~a'11e tempera~ureduring ,~~~tif)g::J~(US~J:Aug-2Ql'9j To
obtain accurate results, the response should be linearin the range of protein concentrations to be assayed.

1.Suit~blecommerC:lal 'colurnnsare available. 'For example, PD·1 o columns '(availabie frcml ~GEHealthcare)for sampiesra,;gfl"l~ihonrT·o"':i.5mt;- Nj\P;
10 columns for. sCimplesup to 1.0 mL, NAP-5 columns for samples up toO.5mL, or anothers!Jitablealternativ~.
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LIGHT SCATTERING

USP 43

c?-rb~c~c~~~£~~X,~!~c~~ UV spectroscopic determinationof protein can be decreased by the scattering of light by the ~~~~t
~Qlt..lJtQt'J~~{t..JS~'1~Ao9;2Qt~)lf the proteins in solution existas particles comparable in sizeto the wavelength of the measuring light
(250-300 nm), scattering of the light beam results inan appar~~~i~~~~~!~;,;i~!~~~~r~~!~!~,~;~f!n~test specimen.Tocalculatethe
absorbance at 280 nm due to light scattering, determine the 1i,~~~Qr,~~,~~~i~~~19~~~ltQ~p~~~iif~~~~li~j of the Test solutionat
wavelengths of 320, 325, 330, 335, 340, 345, and 350 nm. Using the linearregression method, plot the log of the observed
absorbance versus the log of the wavelength,and determine the standard curvebest fitting the plotted points. From the graph
so obtained, extrapolate the absorbance valuedue to lightscatteringat 280 nm. Subtractthe absorbancedue to lightscattering
from the total absorbance at 280 nm to obtain the absorbance valueof the protein in solution. Filtration with a filterhavinga
0.2-l-Im porosityor clarification by centrifugation may be performed to reduce the effectof light scattering, especially if the
solution isnoticeablyturbid. '

CALCULATIONS

Calculate the concentration, Cu, of protein in the test specimen by the formula:

Result =ClAulAs)

in which Cs is the concentration of the Standard solution; and Auand Asare the corrected ~a:Eis.c)tl)i~jl~~e-~i~nJe~4dlJsPll~AJ!~~2~19j
of the Test solutionand the Standardsolution, respectively (see (857»).

Method 2

This method, commonly referredto as the Lowry assay, is based on the reduction by protein of the phosphomolybdic­
tungstic mixedacid chromogen in the Folin-Ciocalteu's phenol reagent, resulting in an absorbance maximumat 750 nm. The
Folin-Ciocalteu's phenol reagent reactsprimarily with tyrosine residues inthe protein,whichcan leadto variation inthe response
of the assay to different proteins. Because the method issensitive to interfering substances,a rocedurefor reci itation of th~
proteinfromthe test specimen rna be used. '

STANDARD SOLUTIONS

Unless otherwisespecified in the individual monograph, the Reference Standard or reference
material for the protein under test in the buffer used to prepare portionsof this solutionwith the same
bufferto obtain NLT 5 Standardsolutions havlnq concentrations between 5 and 100 I-Ig of protein per mL, the concentrations
being evenly spaced..

TEST SOLUTION

Dissolve a suitable quantity of the protein under test in the appropriate bufferto obtain a solution having a concentration
within the range of the concentrations of the Standard solutions. An appropriate bufferwill produce a pH in the range of 10.0­
10.5.

BLANK

Use the buffer used to prepare the Test solutionand the Standard solutions.

REAGENTS AND SOLUTIONS

Copper sulfate reagent: Dissolve 100 mg ofcupricsulfateand 200 mg of sodiumtartrate inwater, dilutewith water to 50 mL,
and mix. Dissolve 109 of sodium carbonate in water to a final volume of 50 mL, and mix. Slowly pour the sodium carbonate
solution into the copper sulfate solutionwith mixing. Preparethis solutionfresh daily.
SDS solution: Dissolve 5 g of sodium dodecylsulfatein water, and dilute with water to 100 mL.
Sodium hydroxide solution: Dissolve 3.2 g of sodium hydroxide in water, dilutewith water to 100 mL, and mix.
Alkalinecopper reagent: Preparea mixtureof Copper sulfatereagent, SOS solution, and Sodium hydroxide solution (1 :2:1).This
reagent may be stored at room temperature for up to 2 weeks.
Diluted Folin-Ciocalteu's phenol reagent: Mix 10 mL of Folln-Clocalteu's phenol TS with 50 mL of water. Store in an amber
bottle at room temperature.
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To 1 mL of each Standard solution, the Test solution, and the Blank, add 1 mL of Alkaline copper reagent, and mix. Allow to
stand at room temperature for 10 min. Add 0.5 mL of the Diluted Folin-Ciocalteu's phenol reagent to each solution, mix each
tube immediately, Aand hold atrQomtemperatureforabout 30 min.
, ,. [NOTE' olor development reaches amaximum in 2Q-..30 min during 'incubation afroom.tempe.ra:t~re,aftervvhi~h'f~~ie]fa'

gra . ol()rJ ,. "', " , '. .' .. . .' '.' '.' ... . '.. ' .. '" 'C'•.••••• '.' '"

absorbance values of the Standard solutions andTest solutionat 750 nm with.asuitable ~pectrqphotometer;

fropl, the Blgnk.to set the iflstrument to zero (see (857».A (USP l-Aug~i019)

CALCULATIONS

[NOTE-The relationship of absorbance to protein concentration is nonlinear; however, if the stand?r(j ~urye concentration
range is sufficientlysmall, it will approach linearity.] Using the linear regression method, plot the .•absor~ance
valqesA(uSP1-Aug~2019) of the solutions from the Standard solutions versus the protein concentrations, and determine the standard
curve best fitting the plotted points. From the standard curve so obtained and the absorbance of the Test solution, determine
the concentration of protein in the Test solution.

A ..····. .'A(USP l-Aug-2019)

Method 3

This method, commonly referred to asthe Bradford assay, is based on the absorption shift from 470 nm to 595 nrnobserved
when the Brilliant Blue G dye binds to protein. The Brilliant Blue G dye binds most readily to arginyl and Iysyl.residues in the
protein, vvhich can lead to variation in the response of the assayto different pr~teins~ AThere'are relatively fev?il1Jerfering .
substances, butdetergents andampholytes in the test specimen should be avolded~ Highly ~Ikalinespecimensmay interfer~

with the acidic reagent. .. (US!> l-Au9-2019)

STANDARD SOLUTIONS

Unless otherwise specified in the individual monograph,Asolubilize'A(usp l-Aug~2019) the Reference Standard or reference
material for the protein under test in the buffer used to prepare the Test solution. Dilute portions of this solution with the same
buffer to obtain NLT 5 Standard solutions having concentrations of 100 IJg-1 mg/mL of protein, the concentrations being evenly
spaced.

TEST SOLUTION

.SolubilizeA(USpl-Aug"2019) a suitable quantity of the protein under test in the appropriate buffer to obtain a solution having a
concentration within the range of the concentrations of the Standard solutions.

BLANK

Use the buffer used to prepare the Test solution and the Standard solutions.

COOMASSIE REAGENT

Dissolve 100 mg of Brilliant Blue G2 in 50 mL of alcohol. [NOTE-Not all dyes have the same Brilliant Blue G content, and
different products may give different results.] Add 100 mL of phosphoric acid, dilute with water to 1 L, and mix. Pass the solution
through filter paper (Whatman #1 or equivalent), and store the filtered reagent in an amber bottle at room temperature.
[NOTE-Slow precipitation of the dye will occur during storage of the reagent. Filter the reagent before use.]

PROCEDURE

Add 5 mL of the Coomassie reagent to 100 IJL of each Standard soluuon, the Test solution, and theBlank, and l11ix ~yinv~~sion~

Avoid foaming, whichwilliead to poor reproducibility. Alncubate at room temperature for a sUitab,leperiod of time, alld ~hen

aetermine the absorbance valuesA(uSP l-Aug-2(19) of the solutions from the Standard solutions and Test solution at 595 nm with a
suitable spectrophotometer (see (857»), using the Blank to set the instrument to zero. [NOTE-Do not use quartz (silica)
spectrophotometer cells: the dye binds to this material. Because differentprotein speciesmay give different color response
intensities, the standard protein and test protein should be the same. AFor consistent and accurat ce,
v for andard Blank, and Testsolutions should bedeterminedwithin a suitable p re
rep ucib suits 0; e Coomassie reagentA(USP l-Aug-.2019)]

CALCULATIONS

[NOTE-The relationship of absorbance to protein concentration is nonlinear; however, if the standard curve concentration
range is sufficiently small, it will approach IinearitY.lAPlot the absorbance values'of the. Standard solutionsversustheprot,ein

2 Dyepurity is important in the reagent preparation. Serva Blue G (Crescent Chemical Company, 4Islandia'4(l)sPl~Au9_2019) NY) is an acceptable grade.
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concentrations; and use fine:ar regressi~n tciestablisl1 t/:1
solution,from thestandard~urve'Glndthe absorbance of

ndard 'curve., Determine .tnecpric~ntra·tiOtlbfp[otein',~n t~e Test.
Tests()lution. A(US», l-Au~h2019) , ,

Method 4

This method, commonly referred to as the bicinchoninic acid (BCA) assay, is based on reduction of the cupric (Cu2+) ion to
cuprous (Cu1+) ion by protein. The bicinchoninic acid reagent is used to detect the cuprous ion. The method hasfew interfering
substances. When interfering substances are present, their effect may be minimized b dilution, rovlded that the concentration
of the protein under test remains sufficient for accurate measurement. e
present, 'pr6ceea' Ire ,in Sa' _. ExtraCtion. .od tal p~
different color res .sei nsities, .-standard p e.in, protei

STANDARD SOLUTIONS

Unless otherwise specified in the individual monograph,A·solubniZ:e.l(OSPI-AJ9::291'9) the Reference Standard or reference
material for the protein under test in the buffer used to prepare the Test solution. Dilute portions of this solution with the same
buffer to obtain NLT 5 Standard solutions having concentrations of 10-1200 I-lg/mL of protein, the concentrations being evenly
spaced.

TEST SOLUTION

Dissolve a suitable quantity of the protein under test in the appropriate buffer to obtain a solution having a concentration
within the range of the concentrations of the Standard solutions.

BLANK

Use the buffer used to prepare the Test solution and the Standard solutions.

REAGENTS

BCA reagent: Dissolve about 10 g of bicinchoninic acid, 20 g of sodium carbonate monohydrate, 1.6 g of sodium tartrate,
4 g of sodium hydroxide, and 9.5 g of sodium bicarbonate in water. Adjust, if necessary, with sodium hydroxide or sodium
bicarbonate to a pH of 11.25. Dilute with water to 1 L, and mix.
Copper sulfate reagent: Dissolve about 2 g of cupric sulfate in water to a final volume of 50 mL.
Copper-BCA reagent: Mix 1 mL of Copper sulfate reagent and 50 mL of BCA reagent.

PROCEDURE

Mix 0.1 mL of each Standard solution, the Test solution, and the Blank with 2 mL of the Cop er-BSAreagent. Incubate the
solutions at 37° for 30 min, note the time, and allow ..themixtures.. (USP1-AJg-2019) to AcoolA'(U ug-2(119) to room temperature.
Within 60 min followin the incubation time,' determine the Aabsorbance values for A (USP 1~AU9-2019) the Standard solutions and
the Test solutionA ' ~19) at 562 nm with a suitable spectrophotometer (see (857», using the Blank to set the instrument
'Acalibratio _ug. to zero. The color intensity continues to increase gradually after the solutions are cooled to room
temperature. " A (USP 1.Aug-2(19)

CALCULATIONS

Method 5

[NoTE-The relationship of absorbance to protein concentration is nonlinear; however,. if the standard curveconcentration
range is sufficiently small, it will a roachlinearity.]l:P1(j c ' 'es 0' . - to ' .. ' ons
versusthe protehl concen ' ' ter/nine't/:lestan .' t the , " e t ration
ofprot~in in the Test solu standard .curve and the absorban e fth_e Yes SOUl n~A (U5PJ-t\ug-2019)

This method, commonl referred to as the Biuret assay, is based on the interaction of cu
alkaline solution and the develo ment of absorbance at 545 nm.
IgGan
re

STANDARD SOLUTIONS

APrepare theA.(USf'~~A~g~20:1;j .R~ference Standard or reference material f()r the protein under test in AO.9%,+: (us;"1-A\I~-201~) sodium
chloride solution. ~A. (lJsn-Aug-i<),9) Dilute portions of this solution with AO

c.9%A
(USP1-Aug-2019) sodium chloride solution
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lU:>~\I"A.u9".lVI~} to obtain NLT 3 Standard solutions having concentrations of 0.5-10 mg/mL, the concentrations being evenly

TEST SOLUTION

Prepare a solution of the test protein in
within the range of the concentrations

I-AU(].LUI~) sodium chloride solution

BLANK

I~Au(]"LUI'~1 having a concentration

Use l-J\UICl".lV11!>!) sodium chloride solution.

BIURET REAGENT

Dissolve about 3.46 g of cupric sulfate in 10 mL of hot water, and allow to cool (Solution 1). Dissolve about 34.6 g of sodium
citrate dihydrate and 20.0 g of sodium carbonate in 80 mL of hot water, and allow to cool (Solution 2). Mix Solution 1 and
Solution 2, and dilute with water to 200 mL. The Biuret reagent is stable at room temperature for 6 months. Do not use the
reagent if it develops turbidity or contains any precipitate.

PROCEDURE

(U:SP'l-J\ILlCl-1U19) the Test solution add an equal volume of sodium hydroxide solution
imrnedtatetv add a volume of Biuret reagent volume of the Test solution, and

15°-25° for NLT 15 min. 90 min after the addition of the Biuret reagent,
determine the '''':::llh~r\rh:~n~'c l-}\uq-..I:UI!>!} of the Standard solutions and the solution from the Test solution at 545 nm
with a suitable <:n".r1"r'nnhn1"nn,c1",or using the Blank the instrument to zero. [NoTE-Any
solution that develops or a precipitate is not acceptable concentration.]

CALCULATIONS

Method 6

This fluorometric method is based on the derivatization of the protein with o-phthalaldehyde (OPA), which reacts with the
primary amines of the protein (l.e., NH2-terminal amino acid and the a-amino group of the lysine residues). The sensitivity of
the test can be increased by hydrolyzing the protein before testing. Hydrolysis makes the a-amino group of the constituent
amino acids of the protein available for reaction with the OPA reagent. The method requires very small quantities of the protein.

Primary amines, such as tris(hydroxymethyl)aminomethane and amino acid buffers, react with OPA and must be avoided or
removed. Ammonia at high concentrations will react with OPA asw~lI.rh~fl~()~~ss~nse89~~ined when amine reacts with OPA
can be unstable. The use of automated procedures to standardize~tl1~.arl~lysi~j.«(JSf'l:.Aug-2019) may improve the accuracy and
precision of the test.

STANDARD SOLUTIONS

Unlessotherwise specified in the individual monograph, ~prepare:,(ia.J~pW1AU§1~bl~)the ReferenceStandard or reference material
for the protein under test in the buffer used to prepare the Test solution. Dilute portions of this solution with the same buffer
to obtain NLT 5 Standard solutions having concentrations of 10-200 Ilg/mL of protein, the concentrations being evenly spaced.

TEST SOLUTION

:~S9Iypilize~(O~~1 ..AlJ~;i()1~) a suitable quantity of the protein under test in the appropriate buffer to obtain a solution having a
concentration within the range of the concentrations of the Standard solutions.

BLANK

Use the buffer used to prepare the Test solution and the Standard solutions.

REAGENTS

Borate buffer: Dissolve about 61.83 g of boric acid in water, and adjust with potassium hydroxide to a pH of 10.4. Dilute with
water to 1 L, and mix. '
Stock OPA reagent: Dissolve about 120 mg of OPA in 1.5 mL of methanol, add 100 mL of Borate buffer, and mix. Add 0.6 mL
of polyoxyethylene (23) lauryl ether, and mix. This solution is stable at room temperature for at least 3 weeks.
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OPAreagent: To5 mLof Stock OPA teaqent add 15 IJL of 2-mercaptoethanol. Prepareat least 30 min priorto use. Thisreagent
is stable for 1 day.

PROCEDURE

Adjusteach of the Standard solutions and the Test solution to a pH between and 10.5. Mix 10 IJL of the
Test solution and each of the Standard solutions with 100 IJL of OPA reagent, and al ow to stand at room temperature for 15 min.
Add 3 mLof 0.5 N sodium hydroxide, and mix. Using a suitable fluorometer (see Fluorescence Spectroscopy (853», determine
the fluorescent intensitiesof solutions from the Standard solutions and the Test solution at an excitationwavelength of 340 nm
and an emission wavelength between 440-455 nm. [NoTE-The fluorescence of an individual specimen is read only once
because irradiation decreases the fluorescent intensity.]

CALCULATIONS

The relationship of fluorescence to protein concentration is linear. Using the linear regression method,
intensities of the solutions from the Standard solutions

~"~onb~ntiat!(?n fat pliQt~iri,lrith~J~s~t}s(?lyfJ(jQfrQmJtl~~st~riCl~id ~;ytYealnfi tll~

Method 7

Thismethod is based on nitrogen analysis as a means of protein determination. Interferencecaused by the
Ih~i~:>nrC1~ in the test s ecimen can affect the determination of protein by this method

Nitro en anal sis techniques destroy the

PROCEDURE 1

Determine the nitrogen content of the protein under test as directed under Nitrogen Determination (461). Commercial
instrumentation isavailable for the Kjeldahl nitrogen assay.

PROCEDURE 2

Commercial instrumentation isavailable for nitrogen '~~~I~mltf~I)(~'(Qg~(i[~~~Z~~i~J analysis. Mostnitrogen analysis instruments
use pyrolysis (i.e., combustion of the sample in oxygen at temperatures approaching 10000

) , which produces nitricoxide (NO)
and similar oxides of nitrogen (NO x) from the nitrogen present in the test protein. Some instruments convert the nitricoxides
to nitrogen gas, which isquantified with a thermal conductivitydetector. Other instruments mix nitric oxide (NO) with ozone
(03) to produce excited nitrogen dioxide (NO z), which emits light when it decays and can be quantified with a
chemiluminescencedetector. A protein reference material or reference standard that is relatively pure and issimilarin
composition to the test proteins is used to optimize the injection and pyrolysis parameters and to evaluate consistency in the
analysis.

CALCULATIONS

The protein concentration iscalculated by dividing the nitrogen content of the sample by the known nitrogen content of
the protein. The known nitrogen content of the protein can be determined from the chemical composition of the protein or
by comparison with the nitrogen content of the Reference Standard or reference material.

(1058) ANALYTICAL INSTRUMENT QUALIFICATION

INTRODUCTION

A large varietyof analytical instruments, ranging from a simple apparatus to complex computerized systems, is used in the
pharmaceutical industryto acquire data that will help ensure that products meet their specifications. Manyof these instruments
combine a metrological function with software control. There are many ways of demonstrating that an instrument isqualified
and under control, and these can include qualification, calibration, validation, and maintenance. Inorder to ensure "fitnessfor
purpose", an integrated approach, based upon a risk assessment, is recommended. Forthe purposes of this chapter, the term
"instrument" includesany apparatus, equipment, instrument, or instrument system used in pharmacopeial analyses.

This informational chapter provides general guidance in a scientific, risk-based approach for carrying out an analytical
instrument qualification (AIQ). Detailed instrument operating parameters to be qualified are found in the respectivegeneral
chapters for specific instrument types. It isleftto each laboratoryto justifyand document itsspecific approaches. The instrument
owners/users and their management are responsible for assuring their instruments are suitablyqualified.
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This chapter uses variousterms, acronyms, and activities common to analytical laboratoriesand validation disciplines. These
terms and activities may not be identicalto their usages in all laboratories. The reader isencouraged to be flexible in interpreting
the application of these terms and activities in the context and intent of this chapter.

The risk assessment for an AIQ enables the classification of the instrumentto determine the extent ofqualification and actions
needed to demonstrate fitnessfor purpose. Generally, the more complex the instrument, or the higher the criticality of the
measurement, the greater the amount of work that is required to ensure that quality data will be generated. In addition,
attention must be paid to ensuring that data integrity and securityare maintained.

Instrumentscan generally be classified as belonging to GroupsA, B, or C. Itshould be noted that the same type of instrument
can fit into one or more categories, depending on its intended use.

GroupAincludesthe leastcomplex, standard instruments that are used without measurement capabilityor user requirement
for calibration,such as a magnetic stirreror vortex mixer. Properfunction isensured by observation, and no further qualification
activities are needed for this group. .

Group Bincludes instruments that may providea measurement or an experimental condition that can affecta measurement.
Examples include a pH meter or an oven. Proper function of instruments in this group may require only routine calibration,
maintenance, or performance checks.The extent of activities may depend on the criticality of the application. Generally, these
instruments may have firmware but not software that is updated by the user.

Group Ccomprises analytical instruments with a significant degree of computerization and complexity,such as high-pressure
liquid chromatographs and massspectrometers. All elements ofqualification, includingsoftwarevalidation, must be considered
to ensure proper functioning of instruments in this group. .

COMPONENTS OF DATA QUALITY

There are four critical components involved in the generation of reliable and consistent data (qualitydata). Figure 7 shows
these components as layered activities within a qualitytriangle. Each layeradds to the overall quality. AIQ forms the base for
generating quality data. The other components essential for generating quality data are analytical method validation, system
suitability tests, and quality control check samples. These quality components are described below.

Analytical method validation

Analytical instrument qualification

Figure 1. Components of data quality.

Analytical Instrument Qualification

AIQ isthe collectionof documented evidencethat an instrument performssuitablyfor its intended purpose. Use of a qualified
instrument in analysescontributes to confidence in the validity of generated data.

Analytical Method Validation

Analytical method validation isthe collectionof documented evidence that an analytical procedure issuitablefor its intended
use. Use of a validated procedure with qualified analytical instruments provides confidence that the procedure will generate
test data of acceptable quality. Additional guidance on validation of compendial procedures may be found in Validation of
Compendial Procedures (1225).

System Suitability Tests

System suitability tests verify that the system will perform in accordance withthe criteria set forth in the procedure. These
tests are performed along with the sample analyses to ensure that the system's performance isacceptable at the time of the
test. Chromatography (621) presents a more detailed discussion of system suitability tests related to chromatographic systems.
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Quality Control Check Samples
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Many analysts carry out their tests on instruments that have been standardized by using reference materials and/or calibration
standards. Some analyses also require the inclusion of quality control check samples to provide an in-process or ongoing
assurance of the test's suitable performance. In this manner, AIQ and analytical method validation contribute to the quality of
analysis before analysts conduct the tests. System suitability tests and quality control checks help ensure the quality of analytical
results immediately before or during sample analysis.

ANALYTICAL INSTRUMENT QUALIFICATION PROCESS

The following sections address the AIQ process in detail. The other three components of building quality into analytical data
-analytical method validation, system suitability tests, and quality control check samples-are not within the scope of this
chapter.

Qualification Phases

AIQ is not a single, continuous process but instead results from interconnected activities over the lifetime of the instrument.
The first activity is the generation of a user requirements specification (URS), which defines the laboratory's particular needs
and technical and operational requirements that are to be met. The subsequent qualification activities necessary to establish
fitness for purpose may be grouped into four phases: design qualification (DQ), installation qualification (IQ), operational
qualification (OQ), and performance qualification (PQ). PQ is also sometimes called user acceptance testing (UAT). This
framework may be extended for complex systems to include functional specifications (FS)and factory acceptance testing (FAT),
if appropriate. Some activities normally undertaken in IQ, OQ, or PQ may be satisfied during the instrument installation and
start-up. This is sometimes referred to as site acceptance testing (SAT). It is more important that all required activities be
performed in a logical order and scientifically sound manner than the exact allocation within the IQ/OQ/PQ framework. The
activities may also be performed as an integrated framework.

Some AIQactivities cover more than one qualification phase, and analysts could potentially perform them during more than
one of the phases. However, there is a need for a logical, specific order to the AIQ activities; for example, IQ activities such as
configuration must occur before OQ can start. However, where .appropriate, qualification activities and associated
documentation may be combined together (e.g., IQ and OQ). All AIQactivities should be predefined and contemporaneously
documented.

OQ tests are specifically designed to verify the instrument's correct functionality and operation according to specifications
in the user's environment, as documented in the URS. Repeating all the testing at regular intervals may not be required.
However, following preventative maintenance, critical operational parameters should be confirmed. Routine analytical tests do
not constitute OQ testing.

When the instrument undergoes major repairs or modifications, this should be evaluated using change control. Relevant IQ,
OQ, and/or PQ tests should be repeated to verify that the instrument continues to operate satisfactorily. If an instrument is
moved to another location; an assessment should be made of what, if any, qualification stage should be repeated.

DESIGN QUALIFICATION

DQ is the documented collection of activities that define the functional and operational specifications and intended purpose
of the instrument. DQ states what the laboratory wants the instrument to do and shows that the selected instrument is suitable.
DQ may be performed by the instrument manufacturer or the user. It is expected that DQ requirements will be minimal for
commercial, off-the-shelf instruments. Verification that the instrument specifications meet the desired functional requirements
may suffice.

The supplier is generally responsible for robust design and maintaining documentation describing how the analytical
instrument and any associated controlling software are manufactured (e.g., design specifications, functional requirements, and
others) and tested, sometimes called factory acceptance tests. Nonetheless, the user should ensure that instruments are suitable
for their intended application and may evaluate whether the supplier has adopted a quality system that provides for reliable
instrumentation, software, and network connectivity. Users should also determine the supplier's capability to support
installation, services, and training. This determination might be aided by the user's previous interaction with the supplier.

When use of an instrument changes or it is subject to a major upgrade, it may be necessary to review and/or update the
user's DQ documentation.

INSTALLATION QUALIFICATION

IQ is the documented collection of activities necessary to establish that an instrument is delivered as designed and specified,
is properly installed in the selected environment, and that this environment is suitable for the instrument. IQ applies to an
instrument that is new or was pre-owned. For any instrument that exists on site but has not been previously qualified, or not
qualified to current industry standards, existing documents should be collated and a risk assessment should be undertaken to
determine the best course of action.

Relevant parts of IQ would also apply to a qualified instrument that has been transported to another location or is being
reinstalled for other reasons, such as prolonged storage. .

The activities and documentation typically associated with IQ are as follows..
Instrument delivery: Ensure that the instrument, software, manuals, supplies, and any other instrument accessories arrive as
specified by the user and that they are undamaged. Fora pre-owned or existing instrument, manuals and documentation should
be obtained.

I
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Description: Document information about the instrument and all components, includingsupplier(s), model(s), serial
number(s), software version(s), and location.
Utilities/Facility/Environment: Verify that the installation site satisfactorily meets supplier-specified environmental
requirements.
Assembly and installation: Assemble and install the instrument, and perform any preliminary diagnostics and testing.
Assembly and installation may be done by the supplier, serviceagents, specialized engineers, or qualified in-house personnel.
Supplier-established installation tests provide a valuable baseline reference for determining instrument acceptance. Any
abnormal event observed during assemblyand installation meritsdocumenting. IQdocumentation packages purchased from a
supplier should be reviewed to ensure that they are acceptable to the user before and after execution.
Software installation, network, and data storage: Some analytical systemsrequirethe installation ofsoftwareonto a qualified
computer and to be connected to a network for communications and data storage at the installation site. Information
technology involvement is often required with computerized laboratory systems.
Installation verification: Perform the initial diagnosticsand testing of the instrument after installation. When required, connect
the instrument to the network, and check itsfunctionality.

OPERATIONAL QUALIFICATION

OQ isthe documented collection of activities necessaryto demonstrate that an instrument will function according to its
operational specification testing in the selected environment. OQ demonstrates fitness for the selected use, and should reflect
URS. Testing activities in the OQ phase may consistof the following test parameters.
Fixed parameters: These tests measure the instrument's non-changing parameters such as length, height, weight, voltage
inputs, acceptable pressures, and loads. Ifthe manufacturer-supplied specifications for these parameters satisfy the user, the
test requirements may be waived. However, ifthe userwants to confirmthe parameters, testing can be performed at the user's
site. Fixed parameters do not change over the life of the instrument, and therefore never need to be retested. [NoTE-These
tests could also be performed during the IQ phase; ifso, fixed parameters need not be retested as part of OQ testing.]
Software functions: Where applicable, OQ testing should include critical elements of the configured application software to
show that the whole system worksas intended. Functions to test would be those applicable to data capture, analysis of data,
and reporting results under actual conditions of use as well as security, access control, and audit trail.The user can apply risk
assessment methodologies and can leverage the supplier's software testing to focus the OQ testing effort.
Secure data storage, backup, and archiving: When applicable,test secure data handling, such as storage, backup, audit trails,
and archiving at the user's site, according to written procedures.
Instrument function tests: Instrument functions required by the user should be tested to verify that the instrument operates
as intended by the manufacturer. Supplier information is useful in identifying specifications for these parameters and in
designing tests to verify that the instrument meets the supplier or user specifications in the user's environment.

The extent of OQ testing that an instrument undergoes depends on its intended applications, therefore no specific OQ tests
for any instrument or application are offered in this chapter. Parameters to qualify are described in the general chapters
pertaining to a specific analytical technique. .

OQ tests can be modular or holistic. Modulartesting of individual components of a system may facilitate interchanging of
such components without requalification but requires a risk assessmentto justify it. Holistic tests, which involve the entiresystem,
demonstrate that the whole system complieswith URS.

ForOQ test packages purchased from a service provider or supplier, the user must reviewthe material to assure themselves
of the scientific soundness of the tests and compliance with applicable regulations.The user should review the documents
before execution and approve the tests after execution to ensure completeness and accuracy of the completed document and
the test data generated. .
Software configuration and/or customization: Any configuration or customization of instrument software should occur
before the OQ and be documented. Unless changes are needed for specific component tests, the OQ should be performed
using the software configuration that will be used for routine analysis.

PERFORMANCE QUALIFICATION

PQ is the documented collection of activities necessaryto demonstrate that an instrument consistently performs according
to the specifications defined by the user, and is appropriate for the intended use. The PQverifies the fitnessfor purpose of the
instrument under actual conditions of use. After IQand OQ have been performed, the instrument's continued suitability for its
intended use isdemonstrated through continued PQ.

The user must define the PQ plans, including test procedures, acceptance criteria,and frequency. Preventive maintenance
plans and documentation of repairs and other changes are also a necessary part.of the overall instrument qualification.

PQ may include the following activities.
Performance checks: Atest or series of tests to verify the acceptable performance of the instrument for its intended use. PQ
tests are usually based on the instrument's typical on-site applications and may consist of analyzing known components or
standards. The tests should be based on good science and reflectthe general intended use of the instrument. Some system
suitability tests or quality control checks that are performed concurrently with the test samples can be used to demonstrate
that the instrument is performing suitably. PQtests may resemble those performed during OQ, but the specifications for PQ
results may be set differently if required. Nevertheless, user specifications for PQtests should demonstrate trouble-free
instrument operation for the intended applications. As is the case with OQ testing, PQtests may be modular or holistic.

Testingfrequency depends on the ruggedness of the instrument and the criticality of the analytic method. Testing may be
unscheduled; for example, each time the Instrument is used. It may also be scheduled for regular intervals. Experience with the
instrument can influence this decision, which should be documented. It may be useful to repeat the same PQ tests each time
the instrument isused so that a historyof the instrument's performance can be compiled. Alternatively, the instrument may be
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incorporated into an integrated support system to ensure that it remains continuallyqualified. System suitability tests that are
performed concurrently with the test preparations may also ensure that the instrument is performingsuitably,
Preventive maintenance and repairs: Periodic preventivemaintenance activities are requiredfor many instruments.Thismay
include calibration. Document the preventive maintenance plans, including procedures and frequency as part of the AIQ
package. When an instrument fails to meet PQcriteria or otherwise malfunctions, the cause of the failure must be investigated
and documented. The instrument may require maintenance or repair. The relevant OQ or PQtest(s) should be repeated after
the needed maintenance or repair to ensure that the instrument remains qualified.
Practices for PQ, change control, and periodic review: Each PQ, maintenance, and calibration activity should be
documented. Change control should be established to control changes to the instrument configuration, includingfirmware
and software. Critical instruments should have a periodic review to ensure that the system is still under control. Typical areas
for reviewcan include qualificationjvalidation status, currency of user procedures, change control records, correctness and
completeness of records produced by the system, backup and recovery of electronic records, and review and sign-off of test
results.

The instrument owner/user and their management are responsible for this work, although portions can be carried out on
his/her behalf by internal staffor external suppliersor service providers.

ROLES AND RESPONSIBILITIES

Users

Users are ultimately responsiblefor specifying their needs and ensuring that a selected instrument meets them, and that data
quality and integrity are maintained. The user's group encompasses analysts,their supervisors, instrument specialists, and
organization management. Users should be adequately trained in the instrument's use, and their training records should be
maintained as required by the regulations.

Users should also be responsiblefor qualifying their instruments, because their training and expertisein the useof instruments
make them the best-qualified group to design the instrument test(s) and specification(s) necessaryfor a successful AIQ.
Consultants, instrument manufacturers or suppliers, validation specialists, and qualityassurance personnel can adviseand assist
as needed, but the final responsibility for qualifying instruments and validating systems lies with the users, who must ensure
that the instrument is maintained in a qualified state through routine performance of PQ.

Quality Unit

The roleof the quality unit in AIQ remainsthe same as for any other regulated activity. Qualitypersonnel are responsiblefor
ensuring that the AIQ process meets compliance requirements, that processes are being followed, and that the intended use
of the instrument is supported by complete, valid, and documented data.

Manufacturers, Suppliers, Service Agents, and Consultants

Manufacturers are responsiblefor designing and manufacturing the instrument, and ensuring the quality of relevant
processesused in manufacturing and assemblyof the instrument. Manufacturersshould test the assembled instruments before
shipping them to users. To aid the user, suppliersare responsible for developing meaningful specifications for the users to
compare with their needs and aid selection.

Where used, software should be developed and tested using a defined life cycleand should have evidenceof workperformed
to support major and minor revisions. Release notes should accompany each version of software released.

Finally, it is desirable that suppliers should notifyall known usersabout hardware or software defects discovered after a
product's release; offer user training, service, repair, and installation support; and invite user audits as necessary.

Thereshould be a qualityor technicalagreement between the userorganization and manufacturers, suppliers,service agents,
or consultants who supply calibration, maintenance, qualification, or validationservices; the agreement should definethe scope
of work and the responsibilities of the two parties.

SOFTWARE VALIDATION

There is an increasing inability to separate the hardware and software parts of modern analytical instruments. In many
instances, the software is needed to qualify the instrument, and the instrument operation is essential when validating the
software.Therefore, to avoid overlapping and potential duplication, software validation and instrument qualification can be
integrated into a single activity.

Software used for analytical instruments can be classified into four groups: firmware, instrument control software, data.
acquisition software, and processing software.Although software validation is not the primaryfocus of this chapter, the
following sections describe in which cases this activity iswithin the scope of the analytical instrument and system qualification.

One source of the validation of software is the guide CAMP: A Risk-Based Approach to Compliant CxP Computerized Systems.

Firmware

Computerized analytical instruments contain integrated chips with low-level software (firmware). Such instruments will not
function without properly operating firmware, and in most cases users generally cannot alter firmware function. Firmware is
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therefore considered a component of the instrument itself. Indeed, the qualification of hardware is not possiblewithout
operating it via itsfirmware.

Thus, when the hardware (that is, the analytical instrument) is qualified at the user's site, the firmware is also essentially
qualified, No separate on-site qualification of the firmware is needed. Whenever possible, the firmware version should be
recorded as part of the IQactivities. Anychanges made to firmware versions should be tracked through the change control of .
the instrument (see Change Control, below). .

Insome instruments, firmwarecan also be capable of fixedcalculations on the acquired data. These calculations need to be
verified by the user. Some instruments have firmware that enables users to define programs for the instrument's operation;
similarly, these user-definedprograms need to be defined and verified to demonstrate that they are fitfor the intended purpose.
Any user-defined programs should be placed under change control and, if possible, access should be restricted to authorized
personnel.

Instrument Control, Data Acquisition, and Processing Software

Softwarefor instrument control, data acquisition, and processing for many of today's computerized instruments is loaded
on a computer connected to the instrument. Operation of the instrument is then controlled via the software, leavingfewer
operating controls on the instrument. Also, the software is needed for data acquisition and post-acquisition calculations. Thus,
both hardware and software, their functions inextricably intertwined, are critical to providing analytical results.

The software in this group can be classified into three types: 1) non-configurablesoftware that cannot be modifiedto change
the businessprocess; 2) configurable softwarethat includestools from the supplier to modify the business process; and 3)
configurablesoftware with custom additions (i.e., custom software or macros to automate the business process).

The supplier of the system should develop and test the software according to a defined life cycleand provide userswith a
summary of the tests that were carried out. Ideally, this software development should be carried out under a quality
management system.

At the user site, integrated qualification of the instrument, in conjunction with validationof the software, involves the entire
system. This is more efficientthan separating instrument quallficatlon from validation of the software.

CHANGE CONTROL

Changes to qualified instruments, includingsoftware, become inevitable as suppliers add new features and correct known
defects. However, implementing all such changes may not always benefit users. Users should therefore adopt changes they
deem useful or necessary. Changes also occur due to repair, maintenance, or relocation of the instrument. Achange control
processshould be in place to guide the assessment,execution, documentation, and approvalofany changes to instrumentation.

Change control applies to all elements of qualification and may follow the general qualification process. Users should assess
the effectsof changes to determine what, ifany. requalification activities are required. If implementation of the change is
needed, install the changes to the system. Consider ifthe change will affect the abilityof the instrument to meet the user
requirements or ifthe user requirements have changed. Evaluate which of the existing OQ and PQtests need revision, deletion,
or addition as a result of the installed change.

Afterimplementation, perform any requiredtesting to evaluate the effectsof the change. Document alldetailsof the change.
Include a description of the change and a rationale, and listappropriate identification (e.g., part and serial numbers of new
components and versionsof new software or firmware).

ANALYTICAL INSTRUMENT QUALIFICATION DOCUMENTATION

Documents obtained during qualification activities should be retained in an accessible manner. Where multiple instruments
of one kind exist, documents common to all instruments and documents specific to an instrument may be stored separately.
Duringchange control, additional documents may supplement those obtained during the qualification process, and both sets
of documents should be retained and maintained in a suitable manner that allowsfor appropriate protection and access.

GLOSSARY
[NoTE-The definitions of these terms may be different than in other USP general chapters.]
Calibration: Anoperation that, under specified conditions, ina firststep, establishesa relationbetween the quantity values,

with measurement uncertainties provided by measurement standards, and corresponding indicationswith associated
.measurement uncertainties and, in a second step, uses this informationto establish a relationfor obtaining a measurement
resultfrom an indication. Note that:

1. Acalibrationmay be expressed by a statement, calibration function, calibration diagram, calibration curve, or calibration
table. In some cases, it may consist of an additive or multiplicative correction of the indication with associated
measurement uncertainty.

2. Calibration should not be confused with adjustment of a measuring system, often mistakenly called"self-calibration", or
with verification of calibration.

3. Often, the first step alone in the above definition is perceived as being calibration.
Maintenance: Actions performed to keep an analytical instrument in a state of proper function so that it continues to

operate within the boundaries set during qualification or validation.
Qualification: Actionof proving that any instrument workscorrectlyand delivers the expected results; demonstration of

fitnessfor purpose.
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Software configuration: Adaptation of software functions to it business process using tools provided within the
application by the supplier of the software.

Software eustomlzatton: Changing the way software automates a businessprocess by the addition of externally
custom-coded software modules using a recognized programming language or the development of macros withinthe
application software.

Software validation: Confirmation by examination and provision of objectiveevidence that software conforms to user
needs and intended uses, and that the particular requirements implemented through software can be consistentlyfulfilled.

Supplier: Thisterm is used generically and can mean the manufacturer, a vendor, a service agent, or a consultant,
depending on the circumstances.

(1059) EXCIPIENT PERFORMANCE

INTRODUCTION

Excipients are used in virtually all drug products and are essential for product manufacturing and performance. Thus, the
successful manufacture of a robust product requires the use of well-defined excipients and manufacturing processesthat
consistentlyyield a quality product. Excipients used in drug products typically are manufactured and supplied in compliance
with compendial standards. However, the effectsof excipient properties on the critical quality attributes (CQAs) of a drug
product are unique for each formulation and processand may depend on properties of excipientsthat are not evaluated in USP
or NFmonographs. The effectsof variationsin excipient materialattributes depend on the roleof an excipient in a formulation
and the CQAs of the drug product. Thisgeneral chapter providesa frameworkfor applying Qualityby Design(QBD) principles
to excipient quality and performance.

An excipient may be used in different ways or for different purposes in a formulation and may therefore require different
material attributes to achievethe desired performance. Excipient functional categories are broad, qualitative, and descriptive
terms for the purpose an excipient serves in a formulation.Alistof excipients grouped by functional category is included in NF
under FrontMatter, Excipients, which summarizessome of the more common purposes that excipientsserve in drug products.
Also important are the material attributes of the ingredients that must be identified and controlled to ensure the excipient
performs its intended function in a drug product. Acritical material attribute (CMA) isa physical, chemical, biological, or
microbiological property of a material that must be within an appropriate limit, range, or distribution to ensure that drug
product CQAs are maintained throughout the product life cycle. Most, but not all,CMAs become tests in a compendial
monograph. Insome applications, excipient suppliersand userswill need to identifyand control material attributes in addition
to monograph specifications. Identification of CMAs requiresa thorough understanding of drug product CQAs; the
manufacturing process(es); and the physical, chemical, biological, or microbiological properties of each ingredient.
Manufacturers should anticipate lot-to-Iotand 'Supplier-to-supplier variability in excipient properties and should have in place
appropriate control measures to ensure that CMAs are maintained within the required limits. Prior knowledge, experimental
designs, and risk-assessment tools can be used to prioritize and identifyCMAs of excipients as well as critical process
parameters. A CMA of an excipient may not be related to the major component of the excipient because, for example, the
presence of minor components (e.g., peroxides, elemental impurities, or microbiological content) may affect product stability
or quality. Good product development practices,which at times are termed QBD principles, require understanding excipient
CMAs that contribute to consistent performance and are the foundation of a control strategy that accommodates excipient
variability, consistentlyachievingfinal product CQAs.

Thisinformational general chapter providesan overview of the keyfunctionalcategories ofexcipientsand tests or procedures
that can be used to monitor and control CMAs.l

In this chapter, the functional categories have been organized by their most typical use in common pharmaceutical dosage
forms. However, functional categories can apply to multipledosage forms. The association of a functional category with a
particulardosage form does not limitthe use of an excipient to a single type of dosage form or delivery system. Each functional
category includes a general description; the mechanisms by which excipients achieve their function; physical properties
common to these excipients; chemical properties; and a listof USP general chapters that can be useful in the development of
specific tests, procedures, and acceptance criteria to ensure that CMAs are adequately monitored and controlled. Because of
the complex nature and interplay of formulation ingredients, processing, and dosage form performance requirements, the
information provided in this chapter should not be viewed as either restrictive or completely comprehensive.:

TABLETS AND CAPSULES

Functional Category: Diluent

DESCRIPTION

Diluents are components that are incorporated into tablet or capsuledosage formsto increasedosage form volumeor weight.
Sometimes referred to as fillers, diluents often compose a large portion of the dosage form, and the quantity and type of diluent

1Thisgeneral informationchapter providesnonmandatory informationthat does not create compendial requirements.Foradditional informationabout
nonmandatory general chapters and alternativemethods and procedures, see General Notices, 6.30 Alternative and Harmonized Methods and Procedures.
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selected often depend on its physical and chemical properties. Thus, successful and robust manufacturing and dosage form
performance depend on the measurement and control of the CMAs.

FUNCTIONAL MECHANISM

Among the most important functional rolesdiluents play is their abilityto impart desirable manufacturing properties (e.g.,
powder flow, tablet compaction strength, wet or dry granule formation, or homogeneity) and performance (e.g., content
uniformity, disintegration, dissolution, tablet integrity,friability, or physical and chemicalstability), Some diluents (e.g.,
microcrystalline cellulose) occasionally are referredto as "dry binders" because of the high degree of tablet strength they impart
to the final compressed tablet.

PHYSICAL PROPERTIES

The primary physical properties relevant to tablet/capsule diluents are those that can have a direct effect on diluent and
formulation performance. These include:1) particlesizeand sizedistribution, 2) particleshape, 3) bulk/tapped/true density,4)
specific surface area, 5) crystallinity, 6) moisture content, 7) powder flow, 8) solubility, 9) crystalform, and 10) compaction
properties for tablet dosage forms.

CHEMICAL PROPERTIES

Tablet diluents comprise a large and diverse group of materials that include inorganics (e.g., dibasic calcium phosphate or
calcium carbonate), single-component organic materials(e.g., lactose monohydrate or mannitol), and multicomponent (e.g.,
silicified microcrystalline cellulose or sugar spheres), or complex organics (e.g., microcrystalline cellulose or starch). They may
be soluble or insoluble in water, and they may be neutral, acidic, or alkaline in nature. These chemical properties can have a
positive or negative effect on the drug substance physical or chemical stabilityand on performance. Appropriate selectionof
excipientswith desirable physical and chemical properties can enhance the physical and chemical stabilityas well as the
performance of the drug substance and dosage form. The detailed composition of an excipient may be important because
excipient function could be influenced by the presence of minor concomitant components that are essentialfor proper
performance. Pharmaceuticalscientistsmayfind it necessaryto control the presence of undesirablecomponents (e.g., elemental
impurities or peroxides) to ensure adequate dosage form stabilityand performance.

GENERAL CHAPTERS

The following general chapters may be useful in ensuring consistency in diluent functions: Light Diffraction Measurement of
Particle Size (429), Bulk Densityand Tapped Density of Powders (616), Crystallinity (695), Characterization of Crystalline Solids by
Microcalorimetry and Solution Calorimetry (696), Densityof Solids (699), Loss on Drying(731), Optical Microscopy (776), Particle
Size Distribution Estimation by AnalyticalSieving (786), Powder Fineness (811), Specific Surface Area(846), WaterDetermination
(921), and Powder Flow(1174).

Functional Category: Wet Binder

DESCRIPTION

Tablet and capsule binders are incorporated into formulationsto facilitate the agglomeration of powder into granules during
mixing with a granulating fluid such as water, hydroalcoholic mixtures, or other solvents.The binder may be either dissolved
or dispersed in the granulation liquidor blended in a drystate, and other components and the granulation liquid may be added
separatelyduring agitation. Following evaporation of the granulation liquid,binderstypically produce dry granules that achieve
the desired properties such as granule size, sizedistribution,shape, content, mass,and activecontent. Wet granulation facilitates
the further processing of the granules by improving one or more of the granule properties such as flow, handling, strength,
resistance to segregation, dustiness, appearance, solubility, compaction, or drug release.

FUNCTIONAL MECHANISM

Binders are soluble or partially soluble in the granulating solvent or, as in the case of native starches, can be made soluble.
Concentrated binder solutions also have adhesive properties. Upon addition of liquid, binders typically facilitate the production
of moist granules (agglomerates) by altering interparticleadhesion. They also may modify interfacial properties, viscosity, or
other properties. During drying they may produce solid bridges that yield improved residual dry granule strength.

PHYSICAL PROPERTIES

Dispersion or dissolution of a binder in the granulation liquiddepends on its physical properties: depending on the
application, then surface tension, particle size, size distribution, solubility, and viscosity are among the important properties.
Homogeneous incorporation of a binder into a dry blend also depends on its physical properties such as particle size,shape,
and size distribution..Viscosity often is an important property to consider for binders:for polymers, viscosity is influenced by
the nature of the polymer structure, molecularweight, and molecular weight distribution. Polymeric binders may form gels.
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CHEMICAL PROPERTIES

USP 43

Tablet and capsule binders can be categorized as: 1) natural polymers, 2) synthetic polymers, or 3) sugars. The chemical
nature of polymers-including polymeric structure, monomer properties and sequence, functional groups, degree of
substitution, and cross-linking-influences the complex interactions that can occur during granulation. Natural polymers in
particular may exhibit greater variation in their properties becauseofvariations in their sources and therefore their composition.

GENERAL CHAPTERS

The following general chapters may be useful in ensuring consistency in binder functions: Bulk Density and Tapped Density
of Powders (616), Chromatography (621), Crystallinity (695), Density of Solids (699), Loss on Drying(731), Particle Size Distribution
Estimation by AnalyticalSievinq (786), Specific Surface Area (846), Viscosity-CapillaryMethods (911), and Powder Flow (1174).

Functional Category: Disintegrant

DESCRIPTION

Disintegrants are functional components that are added to formulations to promote rapid disintegration into smaller units
and to allow a drug substance to dissolve more rapidly. Disintegrants are natural, synthetic, or chemically modified natural
polymeric substances. When disintegrants come in contact with water or stomach or intestinal fluid, they function by absorbing
liquid and start to swell, dissolve, or form gels. This causesthe tablet structure to rupture and disintegrate, producing increased
surfaces for enhanced dissolution of the drug substance.

FUNCTIONAL MECHANISM(S)

The ability to interact strongly with water is essential to the d,isintegrant function. Three major mechanisms describe the
function of the various disintegrants: volume increase by swelling, deformation, and capillary action (wicking). In tablet
formulations, the function of disintegrants is best described as a combination of two or more of these effects. The onset and
degree of the locally achieved actions depend on various parameters of a disintegrant, such asits chemical nature and its particle
size distribution and particle shape, aswell as some important tablet parameters such as hardness and porosity.

PHYSICAL PROPERTIES

The primary physical properties relevant to a disintegrant are those that describe the product's particle structure as a dry
powder or its structure when in contact with water. These properties may include: 1) particle size distribution; 2) water
absorption rate; 3) swelling ratio or swelling index; and 4) the characterization of the resulting product, whether it is still a
particulate or a gel is formed.

CHEMICAL PROPERTIES

Polymers used as disintegrants are either non ionic or anionic with counterions such as sodium, calcium, or potassium.
Nonionic polymers are natural or physically modified polysaccharides such as starches, celluloses, pullulan, or cross-linked
polyvinylpyrrolidone. The anionic polymers mainly. are chemically modified starches, cellulose products, or low-cross-Iinked
polyacrylates. These chemical properties should be considered in the case of ionic polymers. Disintegration performance is
affected by pH changes in the gastrointestinal tract or by complex formation with ionic drug substances.

GENERAL CHAPTERS

The following general chapters may be useful in ensuring consistency in disintegrant functions: LightDiffraction Measurement
of Particle Size (429), OpticalMicroscopy (776), Particle Size Distribution Estimation by AnalyticalSieving (786), and Powder Flow
(1174).

Functional Category: Lubricant

DESCRIPTION

Lubricants typically are used to reduce the frictional forces between particles and between particles and metal-contact
surfaces of manufacturing equipment such as tablet punches and dies used in the manufacture of solid dosage forms. Liquid
lubricants may be absorbed into the granule matrix before compaction. Liquid lubricants also can be used to reduce metal­
metal friction on manufacturing equipment.

FUNCTIONAL MECHANISM

Boundary lubricants function by adhering to solid surfaces(granules and machine parts) and by reducing the particle-particle
friction or the particle-metal friction. The orientation of the adherent lubricant particles is influenced by the properties of the
substrate surface. For optimal performance, the boundary lubricant particles should be composed of small, plate-like crystals
or stacks of plate-like crystals. Fluid film lubricants melt under pressure and thereby create a thin fluid film around particles and
on the surface of punches and dies in tablet presses, which helps to reduce friction. Fluid film lubricants resolidify after the
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pressure isremoved. Liquid lubricantsare releasedfrom the granulesunder pressureand create a fluid film. Theydo not resolidify
when the pressure is removed but are reabsorbed or redistributed through the tablet matrix over the course of time.

PHYSICAL PROPERTIES

The physical properties that are important for the function of boundary lubricantsinclude particlesize, surfacearea, hydration
state, and polymorphicform. Purity (e.g., stearate:palmitate ratio) and moisture content also may be important. The physical
properties of possible importance for fluidfilm lubricantsare particlesizeand solidstate/thermal behavior. Purity also may be
important.

CHEMICAL PROPERTIES

Lubricants can be classified as boundary lubricants, fluidfilm lubricants, or liquid lubricants. Boundarylubricantsare salts of
long-chainfatty acids (e.g., magnesium stearate) or fatty acid esters (e.g., sodium stearylfumarate) with a polar head and fatty
acid tail. Fluid film lubricants are solid fats (e.g., hydrogenated vegetable oil, type 1), glycerides (glyceryl behenate and
distearate), or fatty acids (e.g., stearic acid) that melt when subjected to pressure. Liquid lubricantsare liquid materialsthat are
released from granules under pressure.

GENERAL CHAPTERS

The following general chapters may be useful in ensuring consistencyin lubricant functions: Light Diffraction Measurement
of Particle Size (429), Crystallinity(695), Characterization of Crystalline Solids by Microcalorimetry and Solution Calorimetry (696),
Loss on Drying(731), OpticalMicroscopy (776), Particle Size Distribution Estimation byAnalyticalSieving (786), Specific Surface Area
(846), Thermal Analysis (891), WaterDetermination (921), and Characterization of Crystalline and PartiallyCrystalline Solids by
X-Ray Powder Diffraction (XRPD) (941 ).

ADDITIONAL INFORMATION

Certain lubricants, particularly those used in effervescent dosage forms, do not fall into the chemical categories defined
above. These materialsare used in special situations, and they are not suitable for universal application. Talc isan inorganic
material that may havesome lubricant properties. It isgenerallyused in combination with fluidfilm lubricantsto reduce sticking
to punches and dies.

Functional Category: Glidant and/or Anticaking Agent

DESCRIPTION

Glidantsand anticaking agents are used to promote powder flowand to reduce the caking or clumping that can occur when
powders are stored in bulk. In addition, glidants and anticakingagents reduce the incidence of bridging during the emptying
of powder hoppers and during powder processing.

FUNCTIONAL MECHANISM

Glidantsare thought to work by a combination of adsorption onto the surface of larger particlesand reduction of particle­
particle adhesive and cohesive forces, thus allowing particlesto move more easily relative to one another. In addition, glidants
may be dispersed among larger particles and thus may reduce friction between these particles. Anticaking agents may absorb
free moisturethat otherwise would allowthe development of particle-particle bridges that are implicatedincakingphenomena.

PHYSICAL PROPERTIES

Primary physical properties of potential importance for glidants and anticaking agents are particle size, particle size
distribution, and surface area. They may be slightly hygroscopic.

CHEMICAL PROPERTIES

Glidantsand anticaking agents typically are finely divided inorganic materials.Typically they are insoluble in water. Some of
these materials are complex.

GENERAL CHAPTERS

Thefollowing general chapters may be useful inensuring consistencyin glidant or anticakingagent functions: LightDiffraction
Measurement ofParticle Size (429), Loss on Drying(731), Particle Size Distribution Estimation by AnalyticalSieving (786), Specific
Surface Area(846), and WaterDetermination (921).
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Functional Category: Coloring Agent

DESCRIPTION

USP 43

Coloring agents are incorporated into dosage forms to produce a distinctive appearance that may serve to differentiate a
product from others that have a similar physical appearance or, in some instances, to protect photolabile components of the
dosage form. These substances are subdivided into dyes (water-soluble substances), lakes (insoluble forms of a dye that result
from its irreversible adsorption onto a hydrous metal oxide), inorganic pigments (substances such as titanium dioxide or iron
oxides), and natural colorants (colored compounds not considered dyes per se, such as riboflavin). Coloringagents are subject
to federal regulations, and consequently the current regulatorystatus of a given substance must be determined before its use.

The Federal Food, Drug, and Cosmetic Actdefines three categories of coloring agents:
• FD&C colors: those certifiable for use in coloring foods, drugs, and cosmetics
• D&C colors:dyes and pigments considered safe in drugs and cosmetics when in contact with mucous membranes or

when ingested
• Ext. D&C colors: colorants that, because of their oral toxicity, are not certifiable for use in ingestible products but are

considered safe for use in externallyapplied products.

FUNCTIONAL MECHANISM

Water-soluble dyes usually are dissolved in a granulating fluid for use, although they also may be adsorbed onto carriers such
as starch, lactose, or sugar from aqueous or alcoholic solutions.These latter products often are dried and used as formulation
ingredients. Because of their insolublecharacter, lakes almost always are blended with other dry excipientsduring formulation.
Forthis reason, direct-compression tablets often are colored with lakes.

PHYSICAL PROPERTIES

Particle sizeand size distribution of dyes and lakes can influence product processing times (blending and dissolution), color
intensity, and uniformity of appearance. Acoloring agent should be physically nonreactivewith other excipients and the drug
substances.

CHEMICAL PROPERTIES

The most important properties of a coloring agent are its depth of color and resistanceto fading over time. Substances can
be graded on their efficiency in reflecting desired colors of visible light, as well as on their molarabsorptivities at characteristic
wavelengths. Acoloring agent should be chemically nonreactive with other excipients and the drug substances. The quality
of a coloring agent ordinarily is measured by a determination of its strength, performance, or assay. The impurity profile is
established by measurements of insoluble matter, inorganic salt content, metal content, and organic impurities.

GENERAL CHAPTERS

The following general chapters may be useful in ensuring consistency in selected coloring agent functions: Light Diffraction
Measurement of Particle Size (429) and Color-Instrumental Measurement (1 061). Instrumental methods should be used to
determine the absolute color of a coloring agent.

ADDITIONAL INFORMATION

Coloringagents are subject to federal regulations, and consequently the current regulatorystatus of a given substance must
be determined before it is used.

Functional Category: Capsule Shell

DESCRIPTION

The word "capsule" isderivedfrom the Latin capsula, which means a smallcontainer. Amongother benefits, capsulesenable
pharmaceutical powders and liquids to be formulatedfor dosing accuracy,as wellas ease of transportation. The capsule material
should be compatible with all other ingredients in the drug product. Hard capsules typically consistof two parts: both are
cylindrical, and one part isslightlylonger than the other and iscalled the body. The cap fits closely on the body to enclose the
capsule. In contrast, the soft capsule isa one-piece unit that may be seamed along an axisor may be seamless. The capsule
material may be derived from hydrolysis of collagen that originates from porcine, bovine, or fish sources, or it can be of
nonanimal origin, e.g., cellulosic or polysaccharide chemical entities. The capsule shell also contains other additives such as
plasticizers, colorants, and preservatives. In some cases, capsule shellsare sterilized to prevent microbial growth. The capsule
shell is an integral part of the formulation, and therefore robust manufacturing and formulation performance depends on the
measurement and control of CMAs. Capsules can be used to administer drugs by oral, rectal, vaginal, or inhalation routes.

FUNCTIONAL MECHANISM.

Capsulescan enclose solid, semisolid, or liquid formulations. Capsules have a varietyof benefits: masking unpleasant taste,
facilitating blinding in clinical studies, promoting ease of swallowing, and presenting a unique appearance. Conventional
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capsule shellsshould dissolve rapidlyat 3JO in biological fluids such as gastric and intestinal media. However, the solubility
properties of the shellcan be modified(e.g., with enteric and controlled-release polymers)to control the releaseof the capsule
contents.

PHYSICAL PROPERTIES

The primary physical properties relevantto the capsule shellare those that can have a direct effecton product performance:
1) moisture content, 2) gas permeability, 3) stabilityon storage, 4) disintegration, 5) compactness, 'and 6) brittleness.The
moisture content varieswith the type of capsule. Hard gelatin capsules typically contain 13%-16% water compared to
hypromellose (hydroxypropyl methylcellulose or HPMC) capsules that typically contain 4%-7% water content. Moisture
content has an important effecton capsule brittleness.Softgelatin capsulescontain 50/0-15%water. Equilibrium water content
also may be crucial to dosage form stability because water migration can take place between the shell and capsule contents.
Gaspermeabilitymay be important and generallyisgreater for HPMC capsulesthan for gelatin capsulesbecause of the presence
of open structures in the former. Unlike HPMC capsules,which do not cross-link, gelatin capsules have the potential to cross-link
due to environmental and chemicalexposure. Gelatin capsulesmay undergo cross-linking upon storage at elevated temperature
and humidity [e.g., 40°(75% RH)]. Gelatinshell material isalsowellknown to cross-link due to exposure to aldehydes, ketones,
and certain dyes in shell formulations. Thus, presence of these materials in excipients should be considered for gelatin
encapsulated products. Cross-linking slows in vitro dissolution and often necessitates introduction of enzymes in the test
medium. Gelatincapsulesshould disintegrate within 15 min when exposed to 0.5% hydrochloricacid at 36°-38° but not below
30°. HPMC capsules can disintegrate below 30°.

CHEMICAL PROPERTIES

Gelatin isa commercial protein derived from the native protein, collagen. The product is obtained by partial hydrolysis of
collagen derived from skin, white connective tissue, and bones of animals.Type Agelatin is derived by acid treatment, and
Type Bgelatin isderivedfrom base treatment. The common sourcesof commercialgelatin are pigskin, cattle hide, cattle bone,
cod skin,and tilapiaskin.The gelatin capsuleshellalsotypically containscoloringagents, plasticizers such as polyhydric alcohols,
natural gums and sugars, and preservatives such as sodium metabisulfite and esters of p-hydroxybenzoic acid. The more
commonly used nongelatin capsules today are made from HPMC. Different capsule types contain different moisture levels and
may thus influencedrug product stability. Thedetailed composition ofan excipient may be important because the shellfunction
can be influenced by small amounts of impurities in the excipients (e.g., peroxides in oilsor aldehydes in lactose and starches)
that can cause capsule cross-linking. The presence in capsule shells of undesirable materials, such as metals, odorants,
water-insoluble substances, and sulfurdioxide, should be evaluated to ensure stabilityand performance.

GENERAL CHAPTERS

The following general chapters may be useful in ensuring consistency in selected capsule shellfunctions: Microbiological
Examination of Nonsterile Products: Microbial Enumeration Tests (61), Microbiological Examination of Nonsterile Products: Tests for
Specified Microorganisms (62), Arsenic (211), Elemental Impurities-Limits (232) and Elemental lmpurities-s-Procedures (233),
Residue on Ignition (281), Disintegration (701), Dissolution (711), Water Determination (921), and Color-Instrumental
Measurement (1061 ).

ADDITIONAL INFORMATION

Inaddition to the general chapters listedabove, useful informationfor ensuring consistencyinselected capsule shellfunctions
may be found in Gelatin, GelStrength (Bloom Value).

Functional Category: Coating Agent

DESCRIPTION

Oral tablets may be coated using compression coating, sugar coating, or film coating. Compression coating (effectively
making a tablet within a tablet) typically uses the same ingredients as a conventional tablet and thus isoutside the scope of
this section. The term "sugar coating" refers to a process and does not require that sucrose be part of the formulation. Oral
capsules can be coated using film-coating procedures. Reasons for coating pharmaceutical dosage forms include masking
unpleasant tastes or odors, improving ingestion and appearance, protecting active ingredients from the environment, and
modifying the releaseof the active ingredient (e.g., controlled-release or gastrointestinal targeting). Materials used as coating
agents differdepending on the coating process used. Sugar coating was the original coating process. However, today for
technical and economic reasons, sugar coating largelyhas been replaced by film coating. Sugar coating is a complex process
that typically involves the application of several different coats including a seal coat, keycoat, subcoat, smoothing coat, color
coat, and polishingcoat. The coating solutionsor suspensions are slowly poured or otherwise applied in aliquots onto a bed of
tablets in a slowly rotating pan. The coating process typically takes an extended period (potentially several days) and results
in a substantial increase in tablet weight. In contrast, film coating generally is a simpler process in which coating solution or
suspension is sprayed onto tablets either in a rotating pan or in a fluid-bed apparatus and results in only a modest increase in
capsule or tablet weight. The materialsused in both sugar coating and film coating includenatural, semisynthetic,and synthetic
materials. These may be solutions, suspensions, or colloidal dispersions (latexes or pseudolatexes) that can be applied as either
aqueous or nonaqueous systems. In addition, waxes and lipids can be applied as coatings in the molten state without the use
of solvents. They also can be applied in the solid state as a polishing coat on top of sugar coating or film coating.
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FUNCTIONAL MECHANISM-SUGAR COATING
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The seal coat is used to seal the surface of the tablet cores to prevent water in the coating solutions or suspensions from
causing the tablet cores to disintegrate during coating. The seal coat typically is a polymer (e.g., shellac) that is insolublein
water and isapplied as a thin coat from a solution ina nonaqueous solvent.The keycomponent of the majority of sugar-coating
solutionsor suspensions isa solute, typically sucrose, that ishighlysoluble in water and forms a sticky, viscous solution (a syrup)
at very high concentration. Other materialscan be dissolved or suspended in the solution, depending on the stage during the
coating process. As the coating dries, the dissolved coating materialadheres to the surface of the tablets. The coating solution
or suspension typically isapplied in incremental steps, followed by drying, until the requisitecoating has been achieved. The
keycoat iscomposed of another thin coat that isdesigned to adhere to the seal-coated cores to providea base for the subcoat
so the latter can adhere to the tablet surface.The subcoat typically contains a high concentration of suspended solidsand is
designed to increase the weight of the tablets comparatively quickly. The smoothing coat is designed to provide a smooth
surface, and the color coat provides the final color if required. Finally, the tablets may be transferred to a polishing pan and
polished using a mixture of waxes to provide a high-gloss finish.

FUNCTIONAL MECHANISM-FILM COATING

Film-coating agents are composed of film-forming materials (see Functional Category: Film-Forming Agent) that impart
desirable pharmaceutical properties such as appearance and patient acceptance (e.g., taste masking and ease of swallowing).
Film-coating agents also can serve other functional purposessuch as providing a barrieragainst undesirable chemical reactions
or untimelyreleaseof a drug from itscomponents. After ingestion, the film coating maydissolve by processessuch as hydration,
solubilization, or disintegration, depending on the nature of the material used. Enteric coatings are insoluble in acidic (low
pH)media but dissolve readily in neutral pHconditions. However, most common film-coating polymers do not have pH-specific
solubility. The thickness of the film may vary by application and the nature of the coating agents. In the coating process, the
polymer chains spread out on the core surfaceand coalesce into a continuous film as the solvent evaporates. Polymersolutions
or dispersions with a low viscosity and high pigment-binding capacity reduce the coating time and facilitate relatively simple
and cost-effective manufacturing. Plastic polymers, waxes, and lipid-basedcoatings can be applied without solventsby melting
and atomization. When molten fluiddroplets strikethe surface of the fluidized drug particles, they spread and resolidify to form
film layers. Therefore, film coating materials generallyhave the ability to form a complete and stable film around the substrate.
The film coating typically is applied uniformly and iscarefully dried to ensure that a consistent product is produced. Suitable
plasticizers may be required to lower the minimumfilm-forming temperature of the polymer, and formulators should consider
their potential effect on drug release.

PHYSICAL PROPERTIES

Sugar coating isa lengthy, complex process.The physical properties of the seal-coating polymerand solution are important.
The physical properties of the syrup component in the subsequent layersand any dissolved or suspended solidsalso are
important, and coating agents must be sufficiently stable during use.

Film coating is a complex process, and the characteristics of the film-forming polymer are important. The particle sizeof
colloidal dispersions varieswith their composition and manufacture (latex, pseudolatex, or redispersed powder) and can have
an effect on film formation. The surface tension of coating preparations can influencethe spray pattern in the manufacturing
process. The film should possesssufficient elasticity and mechanical strength to withstand the stresses during coating and
packaging operations. Forcoatings that are applied in a moltenstate without solvents(plasticpolymers, waxes, and lipid-based
coatings), melting range and melt viscosity are the 'primary properties that formulators must consider.

CHEMICAL PROPERTIES

Coating components can be of natural, semisynthetic, or synthetic origin and also can be available in different chemical
grades. They comprise a diversevarietyof differentchemical materials. Formulatorsmust consider the nature of the material
and its intended use when they identifyand quantitate chemical CMAs to ensure consistent performance.

GENERAL CHAPTERS

The following general chapters may be useful in ensuringconsistencyin selected coating agent functions: Fats and Fixed Oils
(401), Light DiffractionMeasurement of Particle Size (429), Dissolution (711), Tensile Strength (881), Thermal Analysis (891),
Viscosity-Capillary Methods (911), Viscosity-RotationalMethods (912), and Viscosity-Rolling BallMethod(913). Inaddition, the
general chapters listed under Functional Category: Film-Forming Agent (below) also may be appropriate for the evaluation of
film-coating polymers.

ADDITIONAL INFORMATION

Additives often are included in a coating formulation. Fillers (e.g., sugar alcohols, microcrystalline cellulose, calcium
carbonate, and kaolin) may be added to increasethe solids content of the coating agent without increasing viscosity. Stearic
acid can be used to improve the protective function/moisture barrierof a coating. Coloringagents (e.g., titanium dioxide and
iron oxides) may be added to modify appearance.
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Functional Category: Plasticizer

DESCRIPTION
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Aplasticizer isa low molecularweight substance that, when added to another material-usually a polymer-makes the latter
flexible, resilient, and easier to handle. Plasticizers are keycomponents that determine the physical properties of polymeric
pharmaceutical systems such as tablet film coatings and capsule shells.

FUNCTIONAL MECHANISM

Plasticizers function by increasing the intermolecularand intramolecularmobility of the macromoleculesthat comprise
polymericmaterials. They achieve this by interfering with the normal intermolecularand intramolecularbonding mechanisms
in such systems.The most effective plasticizers exert their effect at low concentrations, typically lessthan 5% w/w. Plasticizers
commonly are added to film coatings (aqueous and nonaqueous systems)and capsuleshells(hard and soft varieties) to improve
their workability and mechanical ruggedness. Without the addition of plasticizers, such materialscan split or fracture
prematurely. Plasticizers also are added to semisolid pharmaceutical preparations, such as creams and ointments, to enhance
their rheological properties.

PHYSICAL PROPERTIES

The most common plasticizers are low molecularweight «500 Da)solidsor liquids. They typically have low melting points
«100°) and can be volatile(i.e., exert an appreciablevapor pressure)at ambient temperature. Plasticizers can reduce the glass
transition temperature (T g) of the system to which they are added.

CHEMICAL PROPERTIES

Many modern plasticizers are synthetic esters such as citrates and phthalates. Traditional pharmaceutical plasticizers include
oils, sugars, and their derivatives.

GENERAL CHAPTERS

The following general chapters may be useful in ensuring consistencyin selected excipient functions: Residual Solvents (467),
MeltingRange or Temperature (741), Refractive Index (831), Specific Gravity(841), Thermal Analysis (891), and WaterDetermination
(921).

ADDITIONAL INFORMATION

The choice of an appropriate plasticizer often isguided by referenceto itssolubility parameter, which isrelated to itscohesive
energy density. Solubility parameter valuesfor many common materialsare tabulated in standard reference texts. To ensure
maximum effectiveness, the solubility parameter of the plasticizer and the polymericsystem being plasticized should be
matched as closely as possible.

Functional Category: Film-Forming Agent

DESCRIPTION

Film-forming agents typically are polymersthat can be used to prepare polymer films to coat tablets or capsules for oral
administration, to modify appearance, to modify drug release,or to serve other purposes such as melt-in-the-mouth
formulations. Polymeric materialsused as film-forming agents can be derived from natural, semisynthetic,or synthetic sources,
and they can be supplied as powders, granules, pre-prepared solutions, or colloidal dispersions. Colloidal dispersions may
contain other components such as plasticizers, surface-active agents, preservatives, or stabilizers. Film-forming agents can be
applied as colloidal dispersions (latexes or pseudolatexes)or as aqueous, hydroalcoholic, or nonaqueous polymericsolutions.

FUNCTIONAL MECHANISM

Film-forming agents typically are composed of polymeric materials that possess the abilityto form films after solvent
evaporation from a solution of the polymer or from the continuous phase of a colloidal dispersion.Thus, the polymer alone
must be a solid at ambient temperature and humidity. Some polymerscan form films without the inclusion of added
components, but other polymers may require the use of additional components such as plasticizers.

PHYSICAL PROPERTIES

Many polymeric film-forming agents are available in a varietyof physical grades that typically are based on the nominal
viscosity of the particular grade. The physical properties of the polymer usually are those of a solid, and many polymersare
available as powders and granules. Inaddition to the normal properties of bulkpowders and granules, other important physical
properties of a polymericfilm-forming agent are the molecularweight distribution, which is linked to the nominal viscosity of
the grade, and theglass transition.temperature (T g), Ifthe film-forming agent is provided as a pre-prepared solution or
dispersion, the viscosity of the solution or dispersion can affect performance and should be monitored.
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CHEMICAL PROPERTIES
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Film-forming agents comprisea diverse group of materials, including natural, semisynthetic, and synthetic materials as
discussed above.Theymay have ionizable functional groups that impart pH-dependent propertiesand alsocan be available in
differentchemical grades (e.g., with different degrees of chemical substitution). Pharmacopeial monographs often describe
classes of polymeric materials that allow a considerable range of composition. Formulators should considerthese factorswhen
they identify critical material attributes and establish specifications to ensure consistent performance.

GENERAL CHAPTERS

The following general chapters may be useful in ensuringconsistency in selected film-forming agent functions: Fats and
Fixed Oils(401), Light Diffraction Measurement ofParticle Size (429), Bulk Density and Tapped Density of Powders (616),
Chromatography (621), Density ofSolids (699), Dissolution (711), OpticalMicroscopy (776), pH (791), Tensile Strength (881),
Thermal Analysis (891 ), Viscosity-CapillaryMet~~~~,,~,~~.~;)«;;~!~f~~!!~;;~~~~!!~~91t::!;;~~~~~ ~~~,~~!;~!~.S();i~>-:;2;;~~!!i~~,~,~!!;~ethod
(913), Bulk Powder Sampling Procedures (1 097), ~llii;'gg£;~1~ft:qF~lte~P~~ft~~~~p~;,~il11~ilJlZ'Kifii1€ltgfliiq~Liiii~~0§~~;~11i.{{g~ljsffiM:~Yfg~~g), Raman
Spectroscopy (1120), Pharmaceutical Dosage Forms (1151 )Powder Flow (1174), and Scanning Electron Microscopy (1181).

Functional Category: Flavor and Fragrance

DESCRIPTION

Aflavor isa singlechemicalentity or a blend of chemicals of naturalor syntheticoriginthat has the ability to elicit a taste or
aroma (l.e., fragrance) responsewhen orally consumed or smelled. The primarypurpose of flavor that isadded to a
pharmaceutical preparation is to provideall or part of the taste and aroma of the product taken into the mouth. Flavors
commonly are used in pharmaceutical oral disintegrating tablets, oral solutions, and oral suspensions to maskobjectionable
drug taste and to make the formulation more palatable, thus promoting patient compliance.

FUNCTIONAL MECHANISM

Chemicals dissolved in saliva excitechemoreceptorson taste buds that resideprimarily on the tongue and thus arouse taste
perception. Dissolution also releases volatile chemicals that reach the olfactory receptors, triggering aroma perception. The
total of taste and odor responsesconstitutesflavor. Humans can distinguish among five components of taste: sourness, saltiness,
sweetness, bitterness, umami (savory), and a wide range of specific odors. Flavor enhancers and taste modifiers can be used to
modifythe sweetness profile of a sweetening agent or to mask off-flavors. Forexample, organic acids,such as asparticand
glutamic acids, are known to reduce bitterness.

PHYSICAL PROPERTIES

Taste perception depends on physicochemical, physiological, and psychological factors. Physical propertiessuch as particle
size, solubility, humectancy, texture, and colorall influence the senses. Inaddition to flavor, the sensoryattributes ofsight (e.g.,
appealing color), sound (e.g., crunch of a chewable tablet), and mouth feel (e.g., viscous, slimy, chalky, cloying, or watery)
also contribute to and influence the overall sensoryexperience.

CHEMICAL PROPERTIES

Chemicals that provideone of the five basic tastes possess a wide variety of structures,functional groups, and molecular
weights. Chemicals used to flavor pharmaceuticals by providing both odor and taste tend to have low molecular weights
«250 Da)and polar functional groups such as esters, ketones, aldehydes, amines, or alcohols. To increase the stability of the
flavor(s) in a soliddosage form and to minimize flavor-drug interactions, formulators can add flavors in an encapsulated or
spray-dried form.

GENERAL CHAPTERS

The followinq general chapters may be useful in ensuring consistency in flavor functions: LightDiffraction Measurement of
Particle Size (429), Chromatography (621), Congealing Temperature (651), Loss on Drying(731), Melting Range or Temperature
(741), OpticalRotation (781), Particle Size Distribution Estimation by AnalyticalSieving (786), Refractive Index (831), and Specific
Gravity(841 ).

Functional Category: Release-Modifying Agents

Release-modifying agents are used to control drug release in extended-releaseformulations (also referred to as
prolonged-release or controlled-release formulations). Sustained-release and enteric coating agents are included under
Functional Category: Coating Agent.

DESCRIPTION

Release-modifying agents change a medicinal product's drug-release pattern to achieve the desireddrug plasmaprofile for a
given time. The majority of release-modifying agents are polymers that differ in solubility, ease of erosion, rate of swelling, or
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sensitivity to the biological environment in which they are placed. These polymers have been used to fabricate matrix- or
membrane-based drug delivery systems for oral, parenteral, transdermal, and other routes of administration. Matrix
controlled-release drug delivery systems can be classified as hydrophilic eroding matrices, hydrophilic noneroding matrices, or
hydrophobic matrices. In membrane controlled-release drug delivery systems, the drug reservoir iscoated by a rate-controlling
polymericmembrane that may consist of a blend of polymersto control release. Such devices may take the form of tablets,
capsules, microspheres, vesicles, fibers, patches, and others. In addition to polymers, certain lipid-basedexcipients also can be
used as release-modifying agents in hydrophobic matrix devicesand other types of modified-release systems. Typically, these
lipid-based materialsare fats and waxes or related materials with melting ranges above 45°.

FUNCTIONAL MECHANISM

Upon contact with a biological fluid, release-controlling polymersmay undergo a varietyof physical changes such as swelling,
gelling,dissolution, or erosion, each ofwhich can be triggered bysimpleaqueous exposure or can be modulated by pH,osmotic
stress, or interactions with bile or other intestinal contents. In addition to physical changes, polymers may undergo chemical
degradation by acids, bases, enzymes, water, heat, and others. Anyor all of these mechanisms may act in concert to control
the rate at which the drug is released from the delivery system.

For hydrophilic matrices in which drug diffusion dominates release rate, the rate of drug release depends on the properties
of the polymer gel and the nature of the continuous phase in the intersticesof the gel influences the dissolution and diffusion
rates of the drug. In the case of eroding matrices, the gel erodes because of the mechanical action of the gastrointestinal tract
as the water uptake increases, and the gel becomes more dilute, thus reducing the diffusion distance or releasing drug particles
that subsequently dissolve. Hydrophobic matrix-forming materialsare not soluble. Drug releasefrom such systems isgoverned
by drug diffusion through the tortuous pores that remain as soluble components dissolve.

Membrane-based drug delivery systems include polymer-coated tablets, capsules, and microspheres. Drug-release
mechanismsfrom such systems are complex and depend on physicochemical characteristics of the drug and polymersor lipids
used as well as biological factors in the case of biocompatible and biodegradable systems. Most commonly, drug releasefrom
such systems is governed by drug diffusion through the hydrated rate-controlling membrane.

Other modified-release systems for parenteral use include solid lipid nanoparticles and liposomes.The release mechanisms
for these systems often involve a complicated interplaywith biological processes such as potential clearance through the
reticulo-endothelial system, targeted delivery, and cellular uptake.

Osmotic pump devices are a special case of membrane delivery systems. The rate-controlling polymer is insolubleand
semipermeable-Le., it will allowwater but not drug molecules-to diffuse through the membrane. Release is controlled by
the osmotic pressure of the core components and the viscosity of the resulting solution or suspension. The drug, either in
solution or as a suspension, isforced out of a hole in the membrane, which is typically drilled by a laserduring product
manufacture.

PHYSICAL PROPERTIES

The physical properties of the release-controlling excipientdepend on the chemical type: hydrophilic polymer, hydrophobic
polymer, semipermeable polymer blends, or lipid, wax, or biodegradable polymer (which can be hydrophilic or hydrophobic).

Hydrophilic polymersgel in contact with water or aqueous media. Because they should provide resistanceto the mechanical
action of the gastrointestinal tract during passage, they typically are higher molecularweight grades of the polymers.At the
concentrations typically used during in vivo release, these high molecularweight polymersoften do not exhibit Newtonian
properties except in very dilute solution (ifthey are soluble). Formulators should monitor the kineticand viscoelastic properties
of the gels formed in the release medium. .

Hydrophobic polymers are insoluble in water, and their solution properties are determined in nonaqueous solutions.The
polymers used in the preparation of semipermeable membranes in osmotic pump devicesalso are insolublein water, and
similarly their solution properties are determined in nonaqueous solutions. Similarly, hydrophobic lipid-based materialsare
insoluble in water.

CHEMICAL PROPERTIES

Release-controlling agents have many different types and origins and are available in a range of grades that reflectthe
considerable variation in their chemical structures and properties. Formulators must consider these variables during any
chemical investigation and when they consider the effectsofchemicalstructure on excipient performance. Propertiesof interest
may include chemical composition for copolymers and cellulosic derivatives, degree of ionization, molecularweight, degree of
cross-linking, or, for lipids, fatty acid composition. Residual impurities from the manufacturing process, e.g., monomers,
initiators, quenching agents, peroxides, and aldehydes, may affect drug substance stability and should be monitored.

GENERAL CHAPTERS

The following general chapters may be useful in ensuring consistencyin selected functions of release-modifying agents: Fats
and Fixed Oils(401), Light Diffraction Measurement of Particle Size (429), Crystallinity(695), Characterization of Crystalline Solids
by Microcalorimetry and Solution Calorimetry (696), Dissolution (711), Loss on Drying (731), Melting Range or Temperature (741),
NuclearMagneticResonance Spectroscopy (761), OpticalMicroscopy (776), Particle Size DistributionEstimation byAnalyticalSieving
(786), Specific Surface Area(846), Mid-InfraredSpectroscopy (854) and Ultraviolet-Visible Spectroscopy (857), Tensile Strength (881),
Thermal Analysis (891), Viscosity-Capillary Methods (911), Viscosity-Rotational Methods (912), Viscosity-Rolling BallMethod
(913), WaterDetermination (921), Characterization of Crystalline and PartiallyCrystalline Solids by X-Ray Powder Diffraction(XRPD)
(941), Powder Flow (1174), and Scanning Electron Microscopy (1181).
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ADDITIONAL INFORMATION

Some release-modifying agents may include additives such as an antioxidant or an anticaking agent.

USP 43

ORAL LIQUIDS

Functional Category: pH Modifier (Acidifying/Alkalizing/Buffering Agent)

DESCRIPTION

The hydrogen ion concentration, [H+], in an aqueous solution is expressed as pH =-log(H+). The pH of pure water is 7 at
2SO. An aqueous solution is acidic at pH <7 and alkaline at pH >7. An acid can be added to acidify a solution. Similarly, a base
can be used to alkalize a solution. A buffer is a weak acid (or base) and its salt. When a buffer is present in a solution, the addition
of small quantities of strong acid or base leads to only a small change in solution pH. Buffer capacity is influenced by salt/acid
(or base/salt) ratio and total concentration of acid (or base) and salt. The pH of pharmaceutical solutions typically is controlled
using acidifying/alkalizing and buffering agents to: 1) maintain a pH close to that of relevant body fluid to avoid irritation, 2)
improve drug stability where it is found to be pH dependent, 3) control equilibrium solubility of weak acids or bases, and 4)
maintain a consistent ionization state of molecules during chemical analysis, e.g., high-performance liquid chromatography.

FUNCTIONAL MECHANISM

The ionization equilibria of weak bases, weak adds, and water are the key to the functions of acidifying, alkalizing, and
buffering agents. The autoprotolytic reaction of water can be expressed as:

H20 + H20 +-+ H30+ + OH-

The autoprotolysis constant (or ion product) of water is Kw = 1 x 10-14 at 25° and varies significantly with temperature. Because
the concentrations of hydrogen and hydroxyl ions in pure water are equal, each has the value of approximately 1 x 10-7 moll
L, leading to the neutral pH of 7 at 25°. When an acid, base,or salt of a weak acid (or base) is added, the ionization equilibrium
of water is shifted so that [H+][OH-] remains constant, thus resulting in a solution pH that is different from 7.

PHYSICAL PROPERTIES

pH modifiers typically are dissolved in liquid dosage forms. Physical properties may be important and should be considered
because they may influence processing requirements (e.g., particle size may influence mixing time required to dissolve a pH
modifier).

CHEMICAL PROPERTIES

Buffers and pH modifiers influence solution pH, buffer capacity, osmolality, osmolarity, and water conductivity. When used
in chemical analysis, buffers must be chemically compatible with the reagents and test substance. Buffers used in physiological
systems should not interfere with the pharmacological activity of the medicament or the normal function of the organism.

GENERAL CHAPTERS

The following general chapters may be useful in ensuring consistency in selected pH-modifier or buffering-agent functions:
WaterConductivity (645), Osmolalityand Osmolarity (785), and pH (791).

Functional Category: Wetting and/or Solubilizing Agent

DESCRIPTION

Solubilizers can be used to dissolve otherwise insoluble molecules. They function by facilitating spontaneous phase transfer
to yield a thermodynamically stable solution. A number of solubilizers are available commercially. Acceptable solubilizers for
pharmaceutical applications have been fully evaluated in animals for safety and toxicology. Wetting agents increase the
spreading and penetrating properties of a liquid by lowering its surface tension.

FUNCTIONAL MECHANISM

Wetting and solubilizing agents comprise a variety of different chemical structures or classes. Some solubilizers have unique
chemical structures. For example, a hydrophilic moiety may be tethered with a hydrophobic moiety to yield distinct micelle
shapes and morphologies in water, thus facilitating solubilization. The mechanism of solubilization often is associated with a
favorable interaction of the insoluble agent and the interior core of the solubilizer assembly (e.g., micelles). In other cases,
unique hydrophobic sites that are capable of forming inclusion complexes are present. Other types of solubilizers use a range
of polymeric chains that interact with hydrophobic molecules to increase solubility by dissolving the insoluble agent into the
polymeric chains.
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PHYSICAL PROPERTIES
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. Wetting and solubilizing agents are typically solid, liquid, or waxy materials. Their physical properties depend on their
chemical structures. The physical properties and performance of the wetting agents and solubilizers, however, depend on the
surface-active properties of the solubilizers and on the hydrophilic-lipophilic balance (HLB). Materials with lower HLB values
behave asemulsifiers, whereas those with higher HLBvalues typically behave assolubilizing agents. Forexample, the commonly
used wetting and solubilizing agent sodium lauryl sulfate (HLB40) is hydrophilic and highly water soluble and, upon dispersion
in water, spontaneously reduces surface tension and forms micelles that function to solubilize lipophilic materials.

The unique hydrophilicity and hydrophobicity properties of solubilizers can be characterized by their chemical structures,
aggregate numbers, or critical micelle concentrations (CMCs). The CMC value is unique to an individual solubilizer that bears
hydrophilic, lipophilic, and/or hydrophobic chains. CMC isa measure of the concentration at which the surface-active molecules
aggregate. These molecular aggregates can solubilize the solute by incorporating part into the hydrophobic interior. Such
interactions with the insoluble molecule further stabilize the molecules in the entire assemblieswithout precipitation.

CHEMICAL PROPERTIES

The chemical and surface-active properties depend on the structures of the solubilizers. Because of the complex nature of
solute-solvent-solubilizer interactions, pharmaceutical scientists must carefully consider, identify, and control the CMAs of
solubilizers.

GENERAL CHAPTERS

The following general chapters may be useful in ensuring consistency in selected solubilizing agent functions: Fats and
Fixed Oils(401), Light Diffraction Measurement of Particle Size (429), pH (791), Specific Gravity(841), Specific Surface Area (846),
Mid-InfraredSpectroscopy (854) and Ultraviolet-Visible Spectroscopy (857), Thermal Analysis (891), Viscosity-Capillary Methods
(911), Viscosity-Rotational Methods (912), Viscosity-RollingBallMethod (913), and Scanning Electron Microscopy (1181).

Functional Category: Antimicrobial Preservative

DESCRIPTION

Antimicrobial preservatives are used to kill or prevent growth of bacteria, yeast, and mold in the dosage form.

FUNCTIONAL MECHANISM

Preservatives work by a variety of mechanisms to control microbes. Most work at the cell membrane, causing membrane
damage and cell leakage. Other modes of action include transport inhibition, protein precipitation, and proton-conducting
uncoupling. Some preservatives are bactericidal (kill bacteria or yeast and mold); some are bacteriostatic (inhibit growth of
microorganisms); and others are sporicidal (kill spores). Severalof the preservatives can act synergistically (e.g., combinations
of parabens).

PHYSICAL PROPERTIES

Antimicrobials generally are soluble in water at concentration ranges at which they are effective. The vapor pressure of these
agents is important, especially if the dosage form is intended for lyophilization or spray drying. Several of these agents are
flammable. Understanding an excipient's partition coefficient is important because partitioning of a preservative into an oil
phase can diminish the preservative's concentration in the aqueous phase, which in turn can reduce its value as a preservative.

CHEMICAL PROPERTIES

Phenolic preservatives can undergo oxidation and color formation. Incompatibilities of preservatives (cationic and anionic
mixtures, adsorption to tubes or filters, or binding to surfactants and proteins) should be taken into account during product
development.

GENERAL CHAPTERS

The following general chapters may be useful in ensuring consistency in selected antimicrobial functions: Injections and
ImplantedDrug Products (1), AntimicrobialEffectiveness Testing (51), Microbiological Examination ofNonsterile Products: Microbial
Enumeration Tests (61), Microbiological Examination of Nonsterile Products: Tests for Specified Microorganisms (62), and
AntimicrobialAgents-Content (341 ).

ADDITIONAL INFORMATION

Safety and labeling requirements regarding the use of antimicrobial preservatives should be considered.
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Functional Category: Chelating and/or Complexing Agents

DESCRIPTION

USP 43

Chelating agents form solublecomplex molecules withcertainmetal ions(e.g., copper, iron,manganese, lead, and calcium)
and essentially remove the ionsfrom solutionto minimize or eliminate their ability to react with other elements and/or to
precipitate. The agents are used in pharmaceuticals (oral, parenteral, and topicalformulations), cosmetics, and foods to
sequester ionsfrom solution and to form stable complexes. Chelating agents alsoare referred to as chelants, chelators, or
sequestering agents.

Complexing agents form soluble complex molecules (e.g., inclusion complexes) with other solutes(e.g., drug substances)
and can influence physical and chemical propertiessuch as solubility and stability.

FUNCTIONAL MECHANISM

Chelating agents are used to sequester undesirable metal ionsfrom solution. The chemical structure of chelating agents
allows them to act as a "claw" to associatewith the metal atom by forming a heterocyclic ringstructure. Complexing agents
function similarly but mechanistically and do not (by definition) requirea two-point clawstructure because they can associate
via one or more binding sites.All chelating agents are complexing agents, but not all complexing agents are chelating agents.
Chelating agents are used as antioxidant synergists, antimicrobial synergists, and water softeners. By sequestering metal ions
from solution, chelating agents reduce the propensity for oxidative reactions. Chelating agents alsohave the ability to enhance
antimicrobial effectiveness by forming a metal-ion-deficient environment that otherwisecould feed microbial growth.

. Complexing agents generally form solublecomplexmolecules withsolutes(e.g., drug molecules) that can influence physical,
chemical, and drug delivery properties. Complexing agents that form inclusion complexestypically contain a hydrophobic
cavity into which a drug substance can enter and an outer, more hydrophilic region.

PHYSICAL PROPERTIES

Chelating and complexing agents generally are soluble in water and typically are dissolved in liquid dosage forms. Physical
propertiesmay be important and should be consideredbecausethey may influence processing requirements(e.g., particlesize
may influence mixing time requiredto dissolve). Chelating and complexingagents exhibitdifferent degrees of hygroscopicity.
Because chelating agents are used in low levels, particle sizedistribution can be important to enable acceptable dosage form
content uniformity.

CHEMICAL PROPERTIES

Chelating agents complex with metal ionsvia any combination of ionicand covalent bonds. Dilute aqueous solutions may
be neutral,acidic, or alkaline. Edetic acid and itssaltsare incompatiblewith strong oxidizers, strong bases,and polyvalent metal
ions(e.g., copper and nickel). Specific agents areselectedfor a formulation basedon their solubility, affinity for the target metal
ion, and stability. Edetatesaltsare more soluble than the free acid. Unlike other edetate saltsand the free acid, edetate calcium
disodium does not sequester calcium and therefore is preferred to prevent hypocalcemia. It isalso preferredto chelate metals
with the release of calciumions.Alternatively, disodium edetate can be used to treat hypercalcemia. Edetic acid will
decarboxylate if heated above 1500

•

Complexing agents generally form molecular complexeswith drug substances that are dependent on complexingagent
physical and chemical properties.The ability of a solute to form an inclusion complex isdependent on complexingagent
molecular weight, chemical structure, and the dimensions of the hydrophobic cavity.

GENERAL CHAPTERS

Thefollowing general chapters may be useful in ensuring consistency in selected chelating and complexingfunctions:
Antimicrobial Effectiveness Testing (51), Microbiological Examination of Nonsterile Products: MicrobialEnumeration Tests (61),
Elementallmpurities-Umits (232) and Elemental Impurities-Procedures (233), Iron (241), Lead (251), Antimicrobial Agents-
Coo~nt(~Th~htD~c~nM~~~e~~~~~~L~~e~?31~pH(~1~~~~~~~~~n~21~
and "'Cell-based Advanced Therapiesahc:i Ti~~ti~-1?a~e.i:iPr;ocll1ct~ (TO_46J~(<:I'D~~~~2q2o),. .

Functional Category: Antioxidant

DESCRIPTION

This category applies to antioxidants used as in vitrostabilizers of pharmaceutical preparationsto mitigate oxidative
processes. Antioxidants used for their biological activity in vivo may be regarded as active ingredients with therapeutic effects
and are not discussed. Antioxidants delay the onset of and/or significantly reduce the rate of complexoxidative reactions that
could otherwisehave a detrimental effecton the drug substance.Antioxidants alsocan be consideredfor protecting nonactive
components such as unsaturated oils, pegylatedlipids, flavors, and essential oils. Thus, antioxidantspreserve the overall integrity
of the dosage form against oxidative stress. Antioxidants are most effective when incorporated in the formula to prevent or
delaythe onset of chain reactions and to inhibit free radicals and hydroperoxides from engaging in the cascading processes
describedabove. Effective application of antioxidants and evaluation of their efficacy necessitate an understanding of oxidative
mechanisms and the nature of the byproductsthey generate. Autoxidation is initiated when oxygen reacts with a substrate to
form highly reactive species known as free radicals (RH ~ R·). After "initiation" the free radicals in the presence of oxygen can
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trigger chain reactions (R . + O2 -+ ROO· and ROO·+ RH -+ R. + ROOH) to form peroxy radicals, hydroperoxides, and new
alkyl radicals that can initiate and then propagate their own chain reactions. The cascading reactions during the propagation
phase can be accelerated by heat, light, and metal catalysts. In the presence of trace amounts of metal catalysts
(Cut, Cu2+, Fe2+, and Fe3+), hydroperoxides(ROOH) readily decompose to RO· and ROO· and subsequently can trigger reactions
with the API and/or the excipients (e.g., hydrocarbons) to form hydroxyl acids, keto acids, and aldehydes that can havefurther
undesirableeffects. Note that hydroperoxidesare not solely the reactionproducts ofoxidativemechanismswithin aformulation.
Residual amounts of hydroperoxides also can be found in commonly used exclpients like polyethyleneglycols,
polyvinylpyrrolidone, and polysorbates. The initiation phase generally is slow and has a limited effect on the quality of the
finished product. The propagation phase, in contrast, involves rapid, irreversible degradation of chemical species.

FUNCTIONAL MECHANISM

Antioxidants can be grouped by their mode of action. Phenolic antioxidants that blockfree radical chain reactions also are
known as true or primaryantioxidants. Thisgroup consistsof monohydroxy or polyhydroxy phenol compounds with ring
substitutions. They have very low activation energy to donate hydrogen atom(s) in exchange for the radical electrons that are
rapidly delocalized byfree radicals. By accepting the radical electrons, they stabilizefree radicals. The reactionyieldsantioxidant
free radicals that also can react with lipidfree radicals to form other stable compounds. Thus, they can block oxidative chain
reactions both in the initiationand propagation stages. Because of their solubility behavior, phenolic antioxidants are most
effective in protecting oils and oil-soluble activesagainst oxidativestress. Reducing agents generallyare water-soluble
antioxidants (e.g., L-ascorbic acid) with lower redox potential than the drug or the excipient they are protecting. Theydelay
the onset and the rate of oxidative reactions by sacrificially reacting with oxygen and other reactivespecies. The
oxygen-scavenging potential of the reducing agents may be sensitive to fH and alsocan be negativelyaffected in the presence
of trace elements. Chelating agents bind with free metals (Cut, Cu2+, Fe ', and Fe3+) that may be present in trace amounts in
the formulation. The newlyformed complex ions are nonreactive. Chelating agents therefore remove the capacity of the metal
catalysts to participate in oxidative reactions that occur during the propagation stage.

The utility of antioxidants can be maximized by synergistic use of one or two primaryantioxidants along with reducing and
chelating agents. The combined effect often isgreater than the sum of the individual effects of each antioxidant (synergistic
effect).

PHYSICAL PROPERTIES

Solubility of the antioxidant should be greatest in the formulation phase (oily, aqueous, or emulsion interface),where the
drug substance is most soluble. The temperature at which the antioxidant decomposes is critical for autoclaved preparations,
where loss of antioxidant activitymay occur. Stability of the antioxidant also must be considered and may be a function of pH
and processingconditions. Metal ions may react with propylgallate to form colored complexes.Atalkaline pH, certain proteins
and sodium salts may bring about discolorationof tert-butylhydroquinone.

CHEMICAL PROPERTIES

Activation energy, oxidation-reduction potential, and stability at differentformulation (e.g., pH) and processing(e.g., heat)
conditions are important chemical properties. lfthe dosage form's expected shelf life depends on the antioxidant's function,
the concentration must be factored in and periodically assessed to ensure that a sufficient amount of antioxidant remains
throughout the product shelf life.

GENERAL CHAPTERS

The following general chapters may be useful for assessing selected excipient antioxidant functions: Iron (241),
.Chromatography (621), Crystallinity(695), Melting Range or Temperature (741), Specific Surface Area(846), and Water
Determination (921).

Functional Category: Sweetening Agent

DESCRIPTION

Sweetening agents are used to sweeten oral dosage forms and to mask unpleasant flavors. See Functional Category: Flavor
and Fragrance for more details.

FUNCTIONAL METABOLISM

Sweetening agents bind to receptors on the tongue that are responsiblefor the sensation of sweetness. The longer the
sweetener molecule remains attached to the receptor, the sweeter the substance isperceivedto be. The standard for sweetness
is sucrose.

PHYSICAL PROPERTIES

The primary physical properties relevant to sweeteners relate to their compatibilitywith the other ingredients in the
formulation (e.g., acidic ingredients), processing conditions (e.g., heating), particle size and distribution, moisture content,
isomerism, sweetness, and taste-masking capability. These properties may be formulation dependent.
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CHEMICAL PROPERTIES

USP 43

Sweeteners can be divided into three main groups: sugars (which have a ring structure), sugar alcohols(sugars that do not
have a ring structure), and artificial sweeteners. All sweeteners are water soluble. The stability of many sweeteners is affected
by pH and other ingredients in the formulation. Some sweeteners may catalyzethe degradation of some active ingredients,
especially in liquidsand in cases in which the manufacturing processes involve heating.

GENERAL CHAPTERS

The following general chapters may be useful in ensuring consistency in selected sweetening functions: Light Diffraction
Measurement of Particle Size (429), Loss on Drying(731), Melting Range or Temperature (741), OpticalRotation (781), and Water
Determination (921).

ADDITIONAL INFORMATION

Products that contain aspartame must includea warning on the labelstating that the product contains phenylalanine.Sugar
alcohols have a glycemic index well below that of glucose. However, sorbitol is slowly metabolized to fructose and glucose, .
which raises blood sugar levels. Sugaralcohols inquantities generallygreater than 20 g/day act as an osmotic laxative, especially
when they are contained in a liquidformulation. Preservative systems should be carefully chosen to avoid incompatibility with
the sweetener, and some sweeteners are incompatible with certain preservatives.

SEMISOLIDS, TOPICALS, AND SUPPOSITORIES

Functional Category: Suppository Base

DESCRIPTION

Suppository bases are used in the manufacture of suppositories (for rectal administration)and pessaries (forvaginal
administration). They can be hydrophobic or hydrophilic.

FUNCTIONAL MECHANISM

Suppositoriesshould melt at just below body temperature (37°), thereby allowing the drug to be released either by erosion
and partition if the drug is dissolved in the base or by erosion and dissolution ifthe drug issuspended in the base. Hardfat .
suppository bases melt at approximately body temperature. Hydrophilic suppository bases also melt at body temperature and
typically also dissolve or disperse in aqueous media. Thus, release takes place via a combination of erosion and dissolution.

PHYSICAL PROPERTIES

The important physical characteristicof suppository bases is melting range. In general, suppository bases melt between 2r
and 45°. However, individual bases usually have a much narrower melting range withinthese temperature boundaries, typically
2°_3°. The choice of a particularmelting range isdictated by the influenceof the other formulation components on the melting
range of the final product. .

CHEMICAL PROPERTIES

Hardfat suppository bases are mixturesof semisynthetic triglyceride esters of longer-chainfatty acids. They may contain
varyingproportions of mono- and diglycerides and alsomaycontain ethoxylated fatty acids.Theyare available in many different
grades that are differentiated by melting range, hydroxyl number, acid value, iodine value, solidification range, and
saponification number.

Hydrophilic suppository bases are mixtures of hydrophilic semisolid materialsthat in combination are solid at room
temperature and yet release the drug by melting, erosion, and dissolution when administered to the patient. Hydrophilic
suppository bases have much higher levels of hydroxyl groups or other hydrophilic groups than do hard fat suppository bases.
Polyethylene glycolsthat show appropriate melting behavior are examples of hydrophilic suppository bases.

GENERAL CHAPTERS

The followlnq general chapters may be useful in ensuring consistency in selected suppository base functions: Fats and
Fixed Oils(401), Congealing Temperature (651), Melting Range or Temperature (741), and Pharmaceutical Dosage Forms (1151).

ADDITIONAL INFORMATION

Some materials included in suppositoriesbased on hard fats have much higher melting ranges. These materialstypically are
microcrystalline waxes that help stabilize molten suspension formulations. Suppositories also can be manufactured from
glycerinated gelatin.
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Functional Category: Suspending and/or Viscosity-Increasing Agents

DESCRIPTION

Suspending and viscosity-increasing agents are used in pharmaceutical formulations to stabilize dispersal systems (e.g.,
suspensionsor emulsions), to reduce the rate of solute or particulatetransport, or to decrease the fluidity of liquidformulations.

FUNCTIONAL MECHANISMS

A number of mechanisms contribute to the dispersion stabilization or viscosity-increasing effectof these agents. The most
common is the increase in viscosity-because of the entrapment of solvent by macromolecular chains or clay platelets-and
the disruption of laminarflow. Other mechanismsincludegel formation viaa three-dimensional networkof excipient molecules
or particlesthroughout the solvent continuum and steric stabilization wherein the macromolecularor mineral component in
the dispersion medium adsorbs to the surfacesof particlesor dropletsof the dispersed phase. The latter two mechanismsincrease
formulation stability by immobilizing the dispersed phase.

PHYSICAL PROPERTIES

Each of the mechanisms-increased viscosity, gel formation, or steric stabilization-is a manifestation of the rheological
character of the excipient. Because of the molecularweights and sizes of these excipients, the rheological profiles of their
dispersions are non-Newtonian. Dispersions ofthese excipientsdisplayviscoelastic properties.The molecularweight distribution
and polydispersity of the macromolecular excipients in this category are important criteriafor their characterization.

CHEMICAL PROPERTIES

The majority of the suspending and viscosity-increasing agents are: 1) hydrophilic carbohydrate macromolecules (acacia,
agar, alginicacid, carboxymethylcellulose, carrageenans, dextrin, gellangum, guar gum, hydroxyethyl cellulose, hydroxypropyl
cellulose, hypromellose, maltodextrin, methylcellulose, pectin, propylene glycol alginate, sodium alginate, starch, tragacanth,
and xanthan gum); and 2) noncarbohydrate hydrophilic macromolecules, includinggelatin, povidone carbomers, polyethylene
oxide, and polyvinyl alcohol. Minerals (e.g., attapulgite, bentonite, magnesium aluminum silicate, and silicon dioxide)comprise
the second-largest group of suspending and viscosity-increasing agents. Aluminum monostearate is the one
non-macromolecular, nonmineral excipient in this functional category. It consists chiefly of variable proportions of aluminum
monostearate and aluminum monopalmitate.

GENERAL CHAPTERS

The following general chapters may be useful in ensuring consistency in selected viscosity-increasing functions: Viscosity­
Capillary Methods (911), Viscosity-Rotational Methods (912), and Viscosity-Rolling Ball Method (913).

Functional Category: Ointment Base

DESCRIPTION

An ointment is a viscous semisolid preparation used topically on a variety of body surfaces. Anointment base is the major
component of an ointment and controls its physical properties.

FUNCTIONAL MECHANISM

Ointment bases serve as vehicles for topical application of medicinal substances and also as emollients and protective agents
for skin.

PHYSICAL PROPERTIES

Ointment bases are liquids with a relatively high viscosity so that solids can be suspended as a stable mixture.
Ointment bases are classified as: 1) oleaginous ointment basesthat are anhydrous, do not absorb water readily, are insoluble

in water, and are not removable by water (e.g., petrolatum); 2) absorption ointment bases that are anhydrous and absorb some
water but are insoluble in water and are not water removable (e.g., lanolin); 3) emulsion ointment bases that are water-in-oil
or oil-in-water emulsions and are hydrous, absorb water, and are insoluble in water (e.g., creams of water, oils, waxes, or
paraffins); and 4) water-soluble ointment bases that are anhydrous and absorb water and are soluble in water and are water
removable (e.g., polyethylene glycol).

CHEMICAL PROPERTIES

Ointment bases are selected to be inert and chemically stable.
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The following general chapters may be useful in ensuring consistency in selected ointment base functions: Congealing
Temperature (651), Viscosity-Capillary Methods (911), Viscosity-Rotational Methods (912), and Viscosity-Rolling Ball Method
(913).

Functional Category: Stiffening Agent

DESCRIPTION

A stiffening agent is an agent or a mixture of agents that increasesthe viscosity or hardness of a preparation, especially in
ointments and creams.

FUNCTIONAL MECHANISM

In general, stiffening agents are high melting point solids that increase the melting point of ointments or increase the
consistency or body of creams. Stiffening agents can be either hydrophobic (e.g., hard fat or paraffin) or hydrophilic (e.g.,
polyethylene glycol, high molecular weight).

PHYSICAL PROPERTIES

The primary physical property relevant to stiffening agents is their high melting point or melting range. Typical melting
ranges for stiffening agents range from 43° to 47° (cetyl esterswax), 53° to 57° (glyceryl distearate), 69° to 74° (glyceryl
behenate), and 8Y to 88° (castor oil, hydrogenated).

CHEMICAL PROPERTIES

Stiffening agents comprise a diverse group of materials that include glycerides of saturated fatty acids, solid aliphatic alcohols,
esters of saturated fatty alcohols and saturated fatty acids, saturated hydrocarbons, blends of fatty alcohols and a
polyoxyethylene derivative of a fatty acid ester of sorbitan, and higher ethylene glycol polymers.

GENERAL CHAPTERS

The following general chapters may be useful in ensuring consistency in selected stiffening-agent functions: Congealing
Temperature (651), Melting Range or Temperature (741), Viscosity-Capillary Methods (911), Viscosity-Rotational Methods
(912), and Viscosity-Rolling Ball Method (913)..

ADDITIONAL INFORMATION

Some of the materials included as stiffening agents increase the water-holding capacity of ointments (e.g., petrolatum) or
function as co-emulsifiers in creams. Examples include stearyl alcohol and cetyl alcohol.

Functional Category: Emollient

DESCRIPTION

Emollients are excipients used in topical preparations to impart lubrication, spreading ease, texture, and softening of the skin
and to counter the potentially drying/irritating effect of surfactants on the skin.

FUNCTIONAL MECHANISM

Emollients help form a protective film and maintain the barrier function of the epidermis. Their efficacy may be described
by three mechanisms of action: protection against the delipidizing and drying effects of surfactants, humectancy due to
occlusion (by providing a layer of oil on the surface of the skin, emollients slow water loss and thus increase the
moisture-retention capacity of the stratum corneum), and lubricity, adding slip or glide to the preparation.

PHYSICAL PROPERTIES

Emollients impart one or more of the following attributes to a pharmaceutical preparation: spreading capacity, pleasant feel
to the touch, softness of the skin, and indirect moisturization of the skin by preventing transepidermal water loss.

CHEMICAL PROPERTIES

Emollients are either oils or are derived from components of oils as esters of fatty acids. Depending on the nature' of its fatty
acid ester, an emollient may be liquid, semisolid, or solid at room temperature. Generally, the higher the molecular weight of
the fatty acid moiety (carbon chain length) the richer the feel and softness of the touch. Fluidity generally is imparted by shorter
chain length and higher degree of unsaturation in the fatty acid moiety. The degree of branching of ester bonds also influences
the emollient properties.
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The following general chapter may be useful in ensuring consistency in selected emollient functions: Fats and Fixed Oils(401).

PARENTERALS

Functional Category: Pharmaceutical Water

DESCRIPTION

Water is used as a solvent, vehicle, diluent, or filler for many drug products, especially those supplied in liquid form. These
may include injectable drugs, ophthalmic drugs, inhalation solutions, and others. Water also is a vehicle for buffers and
antimicrobial agents and is a volume expander for infusion solutions.

USP includes monographs for eight grades of pharmaceutical waters. Water for Injection is intended for use in the preparation
of parenteral solutions. Where used for the preparation of parenteral solutions subject to final sterilization, use suitable means
to minimize microbial growth, or first render the Sterile Water for Injection and, thereafter, protect it from microbial
contamination. For parenteral solutions that are prepared under aseptic conditions and are not sterilized by appropriate filtration
or in the final container, first render the Sterile Water for Injection and, thereafter, protect it from microbial contamination. Do
not use Purified Water in preparations intended for parenteral administration. Where used for sterile dosage forms other than
for parenteral administration, process the article to meet the requirements under Sterility Tests (71), or first render the Sterile
Purified Water and, thereafter, protect it from microbial contamination. USP also contains references to other types of water,
such as distilled water, deionized water, and others according to specific use assummarized in general information chapter
Water for Pharmaceutical Purposes (1231).

FUNCTIONAL MECHANISM

A solvent is able to dissolve materials becauseit isable to disrupt the intermolecular attractive forces and to allow the individual
molecules to become dispersed throughout the bulk solvent. Water isa favored solvent and vehicle in the majority of applications
because it is easy to handle, safe, and inexpensive.

PHYSICAL PROPERTIES

Water is liquid at normal temperature and pressure. It forms ice at the freezing temperatures of 0° or lower, and it vaporizes
at a normal boiling temperature of 100°, depending on atmospheric pressure. Vaporized water in the form of steam is used for
sterilization purposes because the latent heat of steam is significantly higher than that of boiling water.

CHEMICAL PROPERTIES

Water in its pure form is neutral in pH and has very low conductivity and total organic carbon (TOC). However, pH,
conductivity, and TOC are affected by storage conditions and exposure to gases in the air. Exposure to atmospheric carbon
dioxide lowers water's pH. Storage in plastic containers may increase the TOC content of water over time. Water stored in glass
containers may result in an increase in pH and conductivity over time.

GENERAL CHAPTERS

The following general chapters may be useful in ensuring consistency in selected pharmaceutical water functions: Injections
and Implanted Drug Products (1), Bacterial Endotoxins Test (85), TotalOrganicCarbon (643), WaterConductivity (645), Waterfor
Hemodialysis Applications (1230), and Waterfor Pharmaceutical Purposes (1231).

Functional Category: Bulking Agent

DESCRIPTION

Bulking agents used in lyophilized pharmaceuticals, also referred to as freeze-dried products, include various saccharides,
sugar alcohols, amino acids, and polymers. The primary function of bulking agents is to provide a pharmaceutically elegant
freeze-dried cake with noncollapsible structural integrity that will reconstitute rapidly before administration. In addition, bulking
agents are selected to prevent product loss caused by blow-out during freeze drying, to facilitate efficient drying, and to
provide a physically and chemically stable formulation matrix. Complementary combinations of bulking agents, e.g., mannitol
and a polymer, frequently are used to improve performance.

FUNCTIONAL MECHANISM

A bulking agent that readily crystallizes during lyophilization helps maintain the structural integrity of the cake formed during
primary drying, thereby preventing macroscopic collapse and maintaining pharmaceutical elegance. Microscopic collapse of
amorphous components in the formulation can still occur (with some potentially undesirable results) but does not result in
macroscopic collapse or "meltbac;k" if the bulking agent's properties and concentration are adequate. The bulking agent also
should possess a high eutectic melting temperature with ice to permit relatively high primary drying temperatures with
commensurate rapid and efficient drying and subsequent rapid reconstitution upon usage. Functional cake-forming excipients,
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such as mannitol, frequently are used because they crystallize during freezing, thereby allowing efficient drying and the
formation of a structurallyrobust and stable cake. Amino acids and cosolventsalso have been used to achieve this effect. Most
biopolymer active ingredients remain amorphous upon freeze-drying, and bulking agents such as disaccharides can function
as Iyoprotectants by helping to maintain a stable amorphous phase during freezing and drying to prevent denaturation.
Solubility enhancement of an insoluble crystalline active ingredient sometimes isachieved with the use of a biopolymerthat
enhances solubility or prevents crystallization during lyophilization or subsequent reconstitution. Bulking agents alsoare selected
on the basisof biocompatibility, bufferingcapability, and tonicity-modifying properties.

Lyoprotectant properties of bulkingagents (l.e., those that protect the drug substance during lyophilization) typically are
achieved by the formation of a highlyviscous glassyphase that includesthe biopolymerdrug substance in combination with
low molecularweight amorphous saccharidessuch as sucrose, trehalose, or certain amino acids.Atypical approach for protein
pharmaceutical formulation is to combine a sugar alcohol that readilycrystallizes and an amorphous diluent. This mixture acts
as a Iyoprotectant. "

PHYSICAL PROPERTIES

Bulking agents are dissolved in aqueous solution"before lyophilization. Therefore, chemical purity and the absence of
bioburden and pyrogenic materialsare essential properties of the excipient. However, the physical form and particleproperties
of the excipient generally are not relevant to the final properties of the lyophilized formulation. The solubilization process and
the drying process can be facilitated by the use of volatile cosolventssuch as ethanol or tertiary butyl alcohol.

The physical properties that are essential to product performance during and after lyophilization include the glasstransition
temperature (T 9) of the amorphous frozen concentrate before drying, the glass transition temperature of the final dried
formulation cake, and the eutectic melting temperature of the crystalline bulking agent with ice. The glass transition
temperature (T9)of the formulation depends on the glasstransitiontemperatures of the individual components, concentrations,
and interactions.Although approximations can be made based on reported transition temperatures for individual components,
current practice includes the measurement of formulation glass transition temperatures by thermal analysis or freeze-drying
microscopy.

The physical states of the bulkingagent during and after lyophilization are important physical properties. Both formulation
composition and processing parameters play roles in determining whether the bulking agent is amorphous or takes a specific
crystalline form. Rateof freezing,drying temperatures, and annealing are among the important process parameters used to
control the physical state of the formulation and its components. Moisture retention and adsorption after lyophilization also
can contribute to formulation instability and poor reconstitution.

CHEMICAL PROPERTIES

Reactlvlty of the bulkingagent with other formulation components, especially the active ingredient, may be critical. Reducing
sugars are well known to react with aromatic and aliphaticamines. Glycols may contain trace peroxide levels that can initiate
oxidativedegradation. The abilityof saccharidesand polyhydric alcoholsto form hydrogen bonds to biopolymers may playa
role in their Iyoprotection effects.

GENERAL CHAPTERS

The following general chapters may be useful in ensuring consistency in selecting bulkingagent functions: Injections and
Implanted Drug Products (1), Crystallinity(695), Characterization of Crystalline Solids by Microcalorimetry and Solution Calorimetry
(696), Thermal Analysis (891), Pharmaceutical Dosage Forms (1 151), and Water-Solid Interactions in Pharmaceutical Systems
(1241).

Functional Category: Tonicity Agent

DESCRIPTION

To avoid crenation or hemolysis of red blood cells and to mitigate pain and discomfort ifsolutionsare injected or introduced
into the eyes and nose, solutions should be made isotonic. This requires that the effective osmotic pressure of solutionsfor
injectionmust be approximately the same as that of blood. When drug products are prepared for administrationto membranes,
such as eyes or nasal or vaginal tissues, solutionsshould be made isotonicwith respect-to these tissues.

FUNCTIONAL MECHANISM

Tonicity isequal to the sum of the concentrations of the solutes that have the capacity to "exert an osmotic force across a
membrane and thus reflects overall osmolality. Tonicity applies to the impermeant solutes within a solvent-in contrast to
osmolarity, which takes into account both permeant and impermeant solutes. Forexample, urea isa permeant solute, meaning
that it can pass through the cell membrane freely and is not factored when determining the tonicityof a solution. In contrast,
sodium chloride is impermeant and cannot pass through a membrane without the help of a concentration gradient and,
therefore, contributes to a solution's tonicity.

PHYSICAL PROPERTIES

Solutions of sodium chloride, dextrose, and Lactated Ringer's are common examples of pharmaceutical preparations that
contain tonicity agents. Not all solutes contribute to the tonicity, which in general depends only on the number of solute
particlespresent in a solution, not the kinds of solute particles. Forexample, mole for mole, sodium chloridesolutionsdisplaya
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higher osmotic pressure than glucose solutionsof the same molar concentration. This is because when glucose dissolves, it
remains one particle, but when sodium chloridedissolves, it becomes two particles: Na' and CI-. Several methods are available
to calculate tonicity.

CHEMICAL PROPERTIES

Tonicity agents may be present as ionicor nonionic types. Examples of ionic tonicity agents are alkali metal or earth metal
halidessuch as calcium chloride (CaCI2) , potassium bromide (KBr), potassium chloride (KCI), lithium chloride (LiCI), sodium
iodide (Nal),sodium bromide (NaBr) or sodium chloride(NaCI), sodium sulfate(Na2S04) , or boricacid. Nonionictonicityagents
include glycerol, sorbitol, mannitol, propylene glycol, or dextrose. Sodium or potassium chloride and dextrose commonly are
added to adjust tonicity.

GENERAL CHAPTERS

The following general chapters may be useful in ensuring consistency in selected tonicity agent functions: Injections and
Implanted Drug Products (1), Osmolalityand Osmolarity (785), and Pharmaceutical Calculations in Pharmacy Practice (1160).

AEROSOLS

Functional Category: Propellant

DESCRIPTION

Propellantsare compounds that are gaseous under ambient conditions. They are used in pharmaceuticals (nasalspraysand
respiratoryand topical formulations), cosmetics, and foods to proyideforce to expel contents from a container.

FUNCTIONAL MECHANISM

Propellant substances are low boiling point liquids or compressed gases that are relatively inert toward active ingredients
and excipients. They can be characterized by three properties: whether they form a liquid phase at ambient temperatures and
useful pressures, their solubility and/or miscibility in the rest of the formulation, and their flammability. Their performance is
judged by their abilityto provide adequate and predictable pressure throughout the usage life of the product.

Propellantsthat have both a liquid and gas phase in the product provide consistent pressures as long as there isa liquid
phase present-the pressure in the headspace is maintained by the equilibrium between the two phases. In contrast, the
pressure provided by propellants that have no liquid phase may change relatively rapidlyas the contents of the container are
expelled. As the headspace becomes larger, the pressure within the container falls proportionately. Propellants that have no
liquid phase but have significantpressure-dependent solubility in the rest of the formulation have performance characteristics
between those of the other two systems. Insuch cases, as the headspace increasesthe propellant comes out of solutionto help
to maintain the pressure of the system.

In metered-dose inhalers, the propellant has-a liquid phase that isan integral part of the dispensed pharmaceutical product.
Actuatingthe metering valvedispensesa definedvolumeof the liquid contents. The propellant spontaneously boils and provides
atomizing and propulsiveforce. A predictable chanqe in active concentration occurs from the beginning to the end of the
container life cycleas the liquid phase of the propellant vaporizesto reestablish the equilibrium pressure of the system as the
headspace increases.

PHYSICAL PROPERTIES

Propellantshave boiling points wellbelowambient temperatures. Apropellant's densityfor dispersesystemsand itssolubility
properties may be significantconsiderations when one selects a propellant. Apaflurane and norflurane have liquid-phase
densities that are greater than that of water. Hydrocarbon propellants (butane, isobutane, and propane) and dimethyl ether
have liquid-phase densities that are lessthan that of water.

CHEMICAL PROPERTIES

Propellantstypically are stable materials. The hydrocarbon propellants (butane, isobutene, and propane) and dimethylether
are allflammable materials. Apaflurane, carbon dioxide, nitrogen, and norfluraneare nonflammable. Nitrousoxide is not
flammable but supports combustion. Chlorofluorocarbon propellants are considered to be ozone-depleting substances. Their
use in foods, drugs, devices, or cosmetics is regulated by 21 CFR 2.125. Albuterol metered-dose inhalers formulated with
chlorofluorocarbon propellants have not been available in the United States since January 1, 2009.

GENERAL CHAPTERS

The following general chapters may be useful in ensuring consistency in selected propellant functions: Inhalation and Nasal
Drug Products: Aerosols, Sprays, and Powders-Performance Quality Tests (601), Chromatography (621), and WaterDetermination
(921).
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Drypowder inhalers (DPls) commonly contain few functional excipients. Forexample, DPls may contain a carrierand may
use a capsule shell. Other useful excipients include glidants to improve flow during manufacture of the activecarriermix.A
discussion of the use of a lubricant can be found in the tablet or capsule sections above in addition to the carrierproperties
discussed below.

Functional Category: Carrier

DESCRIPTION

Carriers are used to help deposit the active ingredient in the lung and may have a secondary role in diluting the active to
ensure that dosages can be properly metered.

FUNCTIONAL MECHANISM

The carriers are used to promote drug deposition into the lungs for better penetration or absorption in the appropriate lung
location. Inaddition, the carrierisused to decrease the concentration of the activeso the latter isadequately dosed ina uniform
manner.

PHYSICAL PROPERTIES

The physical properties of carriers includeappropriate morphology, hydration state, flowability, surfaceenergy, and particle
sizedistribution.

CHEMICAL PROPERTIES

Carriers must have suitable purity, including low microbial content and no extraneous proteins or impurities, to avoid
interactions with the patient's immune system.

GENERAL CHAPTERS

Thefollowing general chapters may be useful inensuring consistencyinselected carrierfunctions: Microbiological Examination
of Nonsterile Products: Microbial Enumeration Tests (61), Microbiological Examination of Nonsterile Products: Tests for Specified
Microorganisms (62), Elemental Impurities-Limits (232) and Elemental Impurities-Procedures (233), LightDiffraction Measurement
of Particle Size (429), Nitrogen Determination (461), Inhalation and Nasal Drug Products: Aerosols, Sprays, and Powders­
Performance Quality Tests (601), Bulk Density and Tapped Density of Powders (616), Crystallinity (695), Characterization of
Crystalline Solids by Microcalorimetry and Solution Calorimetry (696), Density of Solids (699), Loss on Drying(731), Optical
Microscopy (776), Particle Size DistributionEstimation byAnalyticalSieving (786), Powder Fineness (811), Mid-Infrared Spectroscopy
(854) and Ultraviolet-Visible Spectroscopy (857), WaterDetermination.(921), Characterization of Crystalline and Partially Crystalline
Solids by X-Ray Powder Diffraction (XRPD) (941), and Powder Flow (1174).

Functional Category: DPI Capsule Shells

DESCRIPTION

Capsuleshellssometimes are used in DPls. Thecapsuleshellisused to contain the dosage amount and safeguardthe inhalable
powder in a DPI.

FUNCTIONAL MECHANISM

The use of capsule shell may speed pharmaceuticaldevelopment because it does not require a complex deviceand can use
premeasured drug substance orformulation. Acapsuleshellmust not fragment into inhalableportionsand should remain intact
after the shell breaks to expose the powder for inhalation.

PHYSICAL PROPERTIES

Capsule shell composition generally isdictated by the drug substance's moisture content, brittleness, and electrostatic
interactions with the inhalable powder.

GENERAL CHAPTERS

The following general chapters may be useful in ensuring consistency in selected DPI capsule shell functions: Microbiological
Examination of Nonsterile Products: MicrobialEnumeration Tests (61), Microbiological Examination of Nonsterile Products: Tests for
Specified Microorganisms (62), Arsenic (211), Elemental Impurities-Limits (232) and Elemental Impurities-Procedures (233),
Residue on Ignition (281), Inhalation and NasalDrugProducts: Aerosols, Sprays, and Powders-Performance Quality Tests (601),
Disintegration (701), Dissolution (711), Loss on Drying(731), OpticalMicroscopy (776), Particle Size Distribution Estimation by
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AnalyticalSieving (786), Uniformityof Dosage Units (90S), WaterDetermination (921), Color-Instrumental Measurement
(1061), and Water-Solid Interactions in Pharmaceutical Systems (1241).
additional information

Inaddition to the general chapters listedabove, useful information for ensuring consistencyinselected capsuleshellfunctions
may be found in Gelatin, GelStrength (Bloom Value).

OPHTHALMIC PREPARATIONS

Functional Category: Antimicrobial Preservatives

DESCRIPTION

The preservative system acts as a safeguard to kill or inhibit the growth of microorganisms that may be inadvertently
introduced in the product after the manufacturing process either during storage or use.

FUNCTIONAL MECHANISM

Antimicrobial preservatives work by a number of mechanisms. Quaternary ammonium compounds affect microbial cell
membranes via charge interactions with phospholipids, leading to disruption of the cell membrane. Parabensalso disrupt cell
membrane integrity.Alcohols such as chlorbutanol and benzylalcoholwork via lipid (membrane) solvation and protein
denaturation. N-[3-(Dimethylamino)propyl]tetradecanamide hasgreater antimicrobialeffectiveness toward fungi and protozoa
than do quaternary ammonium compounds. Similar to quaternary ammonium compounds, it disrupts plasma membrane
integrity.Sorbicacidworksby reduction of the sulfhydryl groups of proteins. Hypochlorite isa strong oxidizing agent. Reactions
of chloramineswith the amine groups of proteins can cause changes in conformation and thus lossof protein activity. Chlorine
released by these reactions can react with cellularconstituents, such as proteins and lipid. Polyaminopropyl biguanide
accumulates in the cell membrane, blocking the entry of nutrients.·

PHYSICAL PROPERTIES

Toserveas an ophthalmic antimicrobialpreservative, a compound should be at leastsparinglysolubleinwater, thus providing
an appreciable range of usable concentrations.

CHEMICAL PROPERTIES

Apreservative must be compatible with the activeand inactive ingredients of the finished product. For example, quaternary
ammonium compounds are incompatible with anionic surfactants. Benzyl alcohol is incompatible with oxidizing agents.
Chlorbutanol is incompatible with some nonionic surfactants. Compatibility between compounds varies with the pH of the
formula. The preservative should be stable in solution at the formulation pH, usually from 5 to 8. Formulation pH can affect
preservativeactivity by influencing how the preservative partitions between the formulation and microbesand how the
preservativeinteracts with the target sites of the microbial cell. Forexample, preservatives that must pass through cell
membranes before exerting activityshould be formulated at a pH at which the preservative is mainlyin its un-ionizedstate.

G'ENERAL CHAPTERS

The following general chapters may be useful in ensuring consistent functions of selected antimicrobial preservatives:
AntimicrobialEffectiveness Testing (51), Sterility Tests (71), Bulk Density and Tapped Densityof Powders (616), Chromatography
(621), Density ofSolids (699), Loss on Drying (731), Pharmaceutical Dosage Forms (1151), Powder Flow (1174), SterilityAssurance
(1211), and Validation ofMicrobial Recovery from Pharmacopeial Articles (1227).

Functional Category: Polymers for Ophthalmic Use

DESCRIPTION

Polymers are used in ophthalmic preparations to enhance the retention of active ingredients by reducing the amount of
product that is lostfrom the eye when the patient blinks. Inaddition, polymersalso can be components of artificial tears. Most
water-soluble polymerscommonly used as film-forming agents in ophthalmic preparations can be categorized as follows: 1)
cellulose-based substances, 2) biologically produced gums, and 3) synthetically produced substances.

FUNCTIONAL MECHANISM

Film-forming agents for ophthalmic preparations can enhance the retention of active ingredients in the eye by a number of
mechanisms. They can be used as simple viscosity-modifying agents to reduce the flow of the product, thereby slowing the
rate of product loss after administration. They also can be used to form films on the surface of the eye so the drug remains
deposited on the eye after the liquidportion ofthe product has been expelledor has evaporated. Theseagents can be formulated
to produce a film or a gel when the product warms to body temperature (upon contacting the surfaceof.the eye), mixingwith
the tear film, and/or evaporating. Some polymers have shown bio-adhesive properties on the cornea and can increase drug
retention.
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To serve as an ophthalmic film-forming agent, a polymer typically must be at least slightly soluble in water, thus providing
an appreciable range of usable concentrations. Such polymersoften increaseviscosityorexhibitfilm- or gel-forming properties
when warmed to body temperature, when exposed to the pHor solute composition and ionicstrength of the tear film, or when
the product evaporates.

CHEMICAL PROPERTIES

The finished product viscosity range that can be obtained with a film-forming agent is related to its chemical structure and
molecular weight. Functional groups such as the pyruvate and acetate groups of xanthan gum can affect the relationship
between viscosity and solution pH and ionicstrength and also can determine film- and gel-forming properties. Polymer charge
can influenceinteractionswith the mucous layerof the eye. Molecular conformation, chain mobility, and degree ofcross-linking
also can affect the degree of swelling and thus performance.

GENERAL CHAPTERS

The following general chapters may be useful in ensuring consistent functions of polymers for ophthalmic use: Bulk Density
and Tapped Densityof Powders (616), Chromatography (621), Density ofSolids (699), Loss on Drying(731), Particulate Matter in
OphthalmicSolutions (789), Viscosity-CapillaryMethods (911), Viscosity-RotationalMethods (912), Viscosity-RollingBallMethod
(913), Pharmaceutical Dosage Forms (1151), and Powder Flow (1174). In addition, the general chapters listed under Functional
Category: Film-Forming Agents also may be appropriate for the evaluation of polymersfor ophthalmic use.

TRANSDERMALS AND PATCHES

Functional Category: Adhesive

DESCRIPTION

Topicaldrug deliverysystems (e.g., transdermals or skin patches) require the use of adhesives to maintain contact between
the applied drug delivery system and the skin. Adhesives can be intercalated as a separate layerbetween the formulation matrix
and the skinsurface, incorporated as a part of the formulation matrix itself, or applied to the periphery of the topical delivery
system.

FUNCTIONAL MECHANISM

Adhesion is the tendency of dissimilar surfaces to adhere to one another as a resultof one or more types of interactions. For
topical drug deliverysystems, these adhesive interactionsgenerallyare chemical (primarily electrostatic)or dispersive (van der
Waals and/or hydrogen bonding) in nature, although there is the possibility of mechanical interaction via the interlocking of
microscopicasperities.

PHYSICAL PROPERTIES

In general, the adhesives used in transdermals or skin patches are pressure-sensitive materials whose performance is best
characterized by physical test methods for tackiness and viscoelasticity of the adhesive per se and viscosity of a solution of the
adhesive.

CHEMICAL PROPERTIES

Intransdermals, the most widelyused pressure-sensitive adhesivesare acrylic, rubber, and silicone polymers.Acrylic polymer
adhesives include various esters of acrylic or methacrylic acid, acrylamide, methacrylamide, N-alkoxyalkyl, or
N-alkyl-acrylamides. Polyisobutylenes and polysiloxanes are among the most common rubber-based and silicone-based
adhesives, respectively. The molecularweight and compositional distribution of the polymers are critical to the replication of
the adhesive's efficacy from batch to batch.

GENERAL CHAPTERS

The following general chapters may be useful in evaluating the suitability of adhesives used in transdermals: Tensile Strength
(881) and Viscosity-Capillary Methods (911).

Functional Category: Film-Forming Agent

DESCRIPTION

Film-forming agents used as the formulation matrix of topical drug delivery systems (e.g., transdermals or skin-patches) or
inconjunction with such systemscomprise a flexible, nontackybut adherent film, inwhole or in part, applied to the skin surface.
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Film formation results from the progressive loss of solvent(or dispersion medium) from a solution (or dispersion) of a
film-forming agent, whether in particulateor molecularly dispersed form. Solvent(or dispersion medium) loss leads to closer
molecular or particulatepackingand increased interaction among the film-forming agent molecules or particles. Ultimately, a
continuousfilm isformed as a resultof increased molecular entanglement or particulatesintering.

PHYSICAL PROPERTIES

Properties critical to successful film formation includethe film-forming agent's glasstransition temperature (Tg),the viscosity
of the solution or dispersion, and the surfacecharacteristics of the substrate. Viscoelastic propertiessuch as elastic modulus,
viscous modulus, and intrinsic or complex viscosity describefunctional characteristics, such as adhesion,for a pressure-sensitive
adhesivecomponent. Adhesion to a substrate and tack and shear tests can be used for batch release.

CHEMICAL PROPERTIES

Typical film-forming agents are thermoplasticor thermosetting high molecularweight polymers or copolymers, often in the
form of aqueous dispersions or latex compositions. Cellulosic polymers, vinyl polymers and copolymers, and acrylic and
methacrylic acid polymersand copolymersfrequently are used in topical delivery systemsas film-forming agents.

GENERAL CHAPTERS

Thefollowing general chapters may be useful in evaluating the suitability of film-forming agents used intransdermals and
patches: Thermal Analysis (891), Viscosity-Capillary Methods (911), Viscosity-Rotational Methods (912), and Viscosity-Rolling
Ball Method (913).

RADIOPHARMACEUTICALS

Radiopharmaceuticals commonly contain categoriesof excipients that also are used in conventional drugs. Forexample,
radiopharmaceutical capsules may contain diluentsand necessarily use a capsule shell, and parenteral radiopharmaceuticals
may contain pharmaceutical water, diluents, tonicityagents, pH modifiers, antimicrobial preservatives, chelating and/or
complexingagents, and antioxidants. Manyradiopharmaceuticals differ from conventionaldrugs, however, because their
preparation (reconstitution) involves one or more chemical reactions that require unusual excipients. Furthermore, the
self-absorption of emitted radiation may result in the radiolytic decomposition of many radiopharmaceuticals. Hence, several
excipients are used predominatelyinradiopharmaceutical formulations, although they occasionally maybe usedforother drugs.

Functional Category: Reducing Agent

DESCRIPTION

Reducing agents generallyare required for technetium Tc99m radiopharmaceuticals. TechnetiumTc99m, in the chemical
form of sodium pertechnetate (+7 oxidation state), must be reduced to a loweroxidation state so that it can be chelated or
otherwisecomplexed by the intended ligand to form the final Tc 99m radiopharmaceutical. The reducing agent, typically a
stannous salt, generally isformulated in the kitfor the preparation of the technetium Tc 99m radiopharmaceutical.

FUNCTIONAL MECHANISM

The reducinq agent (e.g., stannous ion) must be present in sufficient quantity to reduce allof the technetium atoms to the
intended oxidation state but must not produce undesired reduction products or other impurities (e.g., stannous hydroxide
precipitates).

PHYSICAL PROPERTIES

Reducing agents (e.g., stannous salts) must be readily solublein water.

CHEMICAL PROPERTIES

Reducing agents (e.g., stannous salts)are sensitive to oxidation by atmospheric oxygen and oxidizing species in solution.
Hence, lyophilized contents of kitvials must be filled with a nonoxidative gas such as nitrogen or argon. The reducing agent
also must be stable at the intended pH of the formulated product.

GENERAL CHAPTERS

Thefollowing general chapters may be useful in ensuringconsistency in selected reducing agent functions: Chromatography
(621) and Radioactivity ~821).
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Functional Category: Transfer ligand

DESCRIPTION

USP 43

In the preparation of certain radiopharmaceuticals, the radlornetal (e.g., stannous-reduced technetium Tc 99m) is first
chelated by a relatively weak chelating ligand and then is transferred to the principal chelating ligand or complexing moiety.
Examples of such transfer ligands include citrate, gluconate, and tartrate.

.FUNCTIONAL MECHANISM

Transfer ligands typically undergo rapid reactions with reduced technetium to form weak chelates.thus keeping the reduced,
technetium in a soluble form until it is transferred to the principal ligand. This procedure is especially useful when the kinetics
of complexation with the principal ligand isslow or when a heating step is necessaryto expose chelating groups on the principal
ligand.

PHYSICAL PROPERTIES

Transfer ligands must be readily soluble in water.

CHEMICAL PROPERTIES

Transfer ligands must have rapid complexation kinetics and must form relatively weak chelates compared to complexation
with the principal ligand. .

GENERAL CHAPTERS

The following general chapters may be useful in ensuring consistency in selected transfer ligand functions: Chromatography
(621) and Radioactivity (821).

Functional Category: Colloid Stabilizing Agent

, DESCRIPTION

Lyophobic colloids tend to clump together and form large aggregates to minimize their surface-area-to-volume ratio. Colloid
stabilizing agents are relatively large lyophilic molecules that coat the surface of each individual colloid particle and prevent or
inhibit clumping. Examples of colloid stabilizing agents include gelatin and dextran.,

FUNCTIONAL MECHANISM

The colloid stabilizing agent coats the surface of the lyophobic colloid particles, making them appear lyophilic. Additionally,
the colloid stabilizing agent may be charqed, thus causing the coated colloid particles to repel one another.

,PHYSICAL PROPERTIES

Colloid stabilizing agents must be readily soluble in water.

CHEMICAL PROPERTIES

Colloid stabilizing agents must be capable of coating the lyophobic colloid particles, e.g., by electrostatic attraction of an
opposite charge.

GENERAL CHAPTERS

The following general chapters may be useful in ensuring consistency in selected colloid stabilizing agent functions:
Chromatography (621) and Radioactivity (821). . .

Functional Cateqory: Free Radical Scavenger

DESCRIPTION
., .

Radiation interactions with water and other molecules frequently produce free radicals. Freeradical scavengers preferentially
interact with oxidative or reductive free radicals that otherwise would result in degradation of formulation components. In the
case of radiopharmaceuticals, free radical scavengers can be used to enhance radiochemical purity. Examples of free radical
scavengers include methylene blue and aminobenzoic acid.
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FUNCTIONAL MECHANISM
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Free radicalscavengers preferentially interact with radiolytically produced free radicals before these free radicals can interact
with the radiopharmaceutical and produce radiochemical impurities.

PHYSICAL PROPERTIES

Free radicalscavengers must be readilysoluble in water.

CHEMICAL PROPERTIES

Free radical scavengers must be capable of preferentially interacting with free radicals without causing other effects.

(1061) COLOR-INSTRUMENTAL MEASUREMENT

The observed color (see (631) Colorand Achromicity) of an object depends on the spectral energy of the illumination, the
absorbing characteristicsof the object, and the visual sensitivity of the observer over the visible range. Similarly, it is essential
that any instrumental method that iswidely applicable take these same factors into account.

Instrumental methods for measurement of color provide more objectivedata than the subjectiveviewing of colors by a small
number of individuals. With adequate maintenance and calibration, instrumental methods can provide accurate and precise
measurements of color and color differences that do not driftwith time. The basis of any instrumental measurement of color
isthat the human eye has been shown to detect colorviathree "receptors." Hence,allcolorscan be brokendown into a mixture
of three radiant stimulithat are suitablychosen to excite allthree receptors in the eye. Although no singleset of real lightsources
can be used to match all colors (i.e., for any three lights chosen, some colors require a negative amount of one or more of the
lights), three arbitrary stimuli have been defined, with which it is possible to define all real colors.Through extensive
color-matching experiments with human subjects having normal color vision, distributing coefficients have been measured for
each visible wavelength (400 nm to 700 nmJ givIng the relative amount of stimulation of each receptor caused by light of that
wavelength. These distribution coefficients x, y, Z, are shown below. Similarly, for any color the amount of stimulation of each
receptor in the eye is defined by the set of Tristimulus values (X, Y, and Z) for that color.

The relationships between the distribution coefficient(see accompanying figure) and the tristimulus valuesare given in the
equations

x =fo'" f)<APAd"t/Y',

Y =fa'" fSAPAd"t/Y', and

Z == f: fAzAPAd"t/Y',

in which

is the spectral power of the illuminant, and fA iseither the spectral reflectance (pJ or spectral transmittance (tA) of the
material.
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Once the tristimulusvalues of a color have been determined, they may be used to calculate the coordinates of the color in
an idealized three-dimensional color space referred to as a visually uniform colorspace. Many sets of color equations have been
developed in an attempt to definesuch a space. The equations given in this chapter represent a compromise between simplicity
of calculationand conformance with ideality.

The coordinates of a color ill a Visually uniform color space may be used to calculate the deviation of a color from a chosen
reference point. Where the instrumental method is used to determine the result of a test requiring color comparison of a test
preparation with that of a standard or matching fluid, the parameter to be compared is the difference, in visually uniformcolor
space, between the color of the blank and the color of the test specimen or standard.

PROCEDURE

The considerations discussed under Ultraviolet-Visible Spectroscopy (857) apply to instrumental color measurement as well.
In the spectrophotometric method, reflectanceor transmittance values are obtained at discrete wavelengths throughout the
visible spectrum, a band width of 10 nm or lessbeing used.Thesevaluesare then used to calculatethe tristimulus valuesthrough
the use of weighting factors.' In the colorimetric method, the weighting is performed through the use of filters.

In the measurement of the spectral reflectanceof opaque solids, the angle of viewing is separated from the angle of
illumination in such a manner that only rays reflected diffusely from the test specimen enter the receptor. Specular reflection
and stray light are excluded.

Forthe measurement of the spectral transmittance of clear liquids, the specimen is irradiated from within 5 degrees of the
normal to its surface, and the transmitted energy measured is that confined within 5 degrees from the normal. The color of
solutions changes with the thickness of the layer measured. Unless special considerations dictate otherwise, a layer 1 cm thick
should be used.

The methods described here are not applicable to hazy liquids or translucent solids.

Calibration

Forpurposes of calibration, one of the following referencematerials may be used, as required by instrument geometry. For
transmittance measurements, purified water may be used as a white standard and assigned a transmittance of 1.000 at all
wavelengths. Then the tristimulusvalues X, Y, and Z for CIE source Care 98.0, 100.0, and 118.1, respectively. Forreflectance
measurements, opaque porcelain plaques, whose calibration base is the perfect diffuse reflectorand whose reflectance

, Typical weighting factors are given by ASTM Z58.7.1-1951 as reported in the Journalof the OpticalSociety of America, Vol. 41, 1951, pages 431-439.
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characteristics have been determined for the appropriate instrumental geometry, may be used.! If the geometry of sample
presentation precludes the use of such plaques, pressed barium sulfate,white reflectancestandard grade, may be used.'

After calibration with the above-mentioned materials, it isdesirablewhenever possibleto measure a reference material as
closeto the colorof the sample as possible. Ifa sample of the material being tested isnot suitablefor useas a long-term standard,
color chips are available" which span the entire visually uniform color space in small increments. The use of such a reference
standard isencouraged as a means of monitoring instrument performance even for absolute color determinations.

Spectrophotometric Method

Determine the reflectance or transmittance from 380 to 770 nm at intervals of 10 nm. Express the result as a percentage,
the maximum being 100.0. Calculate the tristimulus valuesX, Y, and Z as follows.

REFLECTING MATERIALS

Forreflecting materialsthe quantities X, Y, and Z are

X = I::~PAXAPIv~A,/YI,

y = I::~PAYAPA~A,/Y',and

z= I::~PAZIvPA~A,/YI,

in which

is the spectral reflectanceof the material, X,PAI Y;.p"" and z;.p;. are known valuesassociated with each Standard Source.P and /).')...
is expressed in nm.

TRANSMITTING MATERIALS

Fortransmitting materials, the quantities X, Y, and Z are calculated as above, 1';. (spectral transmittance) being substituted
fur~ "

Colorimetric Method

Operate a suitable colorimeter! to obtain valuesequivalent to the tristimulus values, X, Y, and Z. The accuracy with which
the resultsobtained from the filter colorimeter match the tristimulus values may be indicated by determining the tristimulus
valuesof plaques of strongly saturated colors and comparing these values with those computed from spectral measurements
on a spectrophotometer.

INTERPRETATION

Color Coordinates

The Color Coordinates, L*, a*, and b* are defined by

L*= 116(Y/Yo)V,-16,

a*=500[(X/Xo)V, - (y/y 0)V,], and

b*= 200[(Y/yo)Y' - (Z/Zo)V,]

in which Xo, Yo, and Zo are the tristimulus values of the nominally white or colorless standard, and Y/Yo > 0.01. Usually they are
equal to the tristimulus values of the standard illuminant, with Yo set equal to 100.0. In this case Xo=98.0 and Zo =118.1.

2 Suitableitems are available from BYK-Gardner USA, 2431 Linden Lane, Silver Spring, MD20910, or from Hunter Associates Laboratory, Inc., 11491
Sunset Hills Road, Reston, VA 22090.
3 Suitablematerial is available from Eastman Kodak Company, Rochester, NY 14650, as "White Reflectance Standard."
4 Centroid ColorCharts may be obtainedfrom suppliersof instrumentsfor measurement of color.
S Asuitable tristimulus colorimeterisavailable from BYK-Gardner USA, 2431 Linden Lane, Silver Spring,MD20910, or from HunterAssociates Laboratory,
Inc., 11491 Sunset Hills Road, Reston, VA 22090.
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The total Color Difference ~E* is

Color Difference

USP 43

~E* = [(~L*)2 + (~a*)2 + (~b*)2]'h

in which ~L*, ~a*, and ~b* are the differences in color coordinates of the specimens being compared.
Instrumental variables can influence results. Although reliable comparisons can be made between similar colors measured

concomitantly, results obtained on different instruments or under different operating conditions should be compared with
caution. If it is necessary to compare data obtained from different instruments or taken at different times, etc., it is very helpful
to have concomitant data obtained on a standard reference material such as color chips for opaque materials. Comparison of
the readings on the reference material helps to identify variations caused by instrument performance.

(1062) TABLET COMPRESSION CHARACTERIZATION
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"1. BACKGROUND

The tablet is currently the most widely used dosage form for oral drug delivery (see Pharmaceutical Dosage Forms (1151».
The advantages of the tablet include economy of manufacture, patient convenience, and compliance. Tablets may also offer
additional advantages over other dosage forms, such as superior physical or chemical stability.

Powder compression is a critical process in manufacturing the tablet dosage form. Although this process has been used
routinely for over a century, problems related to powder compression in pharmaceutical formulation development and
manufacturing persist. Common problems include tablet failures, such as capping and lamination (7-3), high friability, powder
sticking to punch surfaces or the die wall, and insufficient mechanical strength to withstand stress in downstream processing.
Some formulations may exhibit acceptable compression characteristics during early development where production volumes
are usually low but become problematic during scale-up.

The properties of compressed tablets are sensitive to both material characteristics and process parameters. The characteristics
of the equipment used and the ambient conditions of temperature and humidity are also key factors that influence tablet
compression. Physical properties such as particle size (4), particle shape (5,6), surface texture (7), crystallinity, and moisture
content (8) influence powder tableting performance by affecting the bonding strength and/or the bonding area (9,70). The
powdered material mechanical properties, such as particle hardness, elastic properties, viscoelastic properties, plasticity, and
particle brittleness, also affect tablet strength (77-73). The extent of lubrication is yet another important factor that affects
powder compression. A lubricant is typically added to the drug product blend formulation as a final step prior to compression
to reduce frictional forces during compression and tablet ejection. This added lubricant, however, may adversely impact tablet
mechanical strength and dissolution release rate.

This chapter describes the current understanding of this specialized area and outlines experimental methodologies for
characterization of tablet compression to provide guidance for standardized compression test procedures and use of
terminology. Although the fundamental concepts described here are also applicable to other processes,such as plug formation
during encapsulation and rollercompaction, the focus of this article is on tableting.

[NoTE-The Glossary defines terms with the International System of Units (SI), commonly used in pharmaceutical tablet
cornpression.]
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2. COMPRESSION PHASES

Powdercompression behaviorisgoverned by the physical and mechanical propertiesof the material as well as aspects of
the compression process such as pressure(l.e., stress), degree of deformation (l.e., strain), and rate of deformation (i.e., strain
rate). Therefore, knowledge of stress, strain, and strain rate is important for understanding powder behaviorduring the
compression process. The majority of pharmaceutical tablets are manufactured by"uniaxial powder compression". That is, each
tablet isformed by the densification of a loosely packed powder sample confined withina rigiddie usingtwo rigid punches
that approach from above and below (in a vertical plane). This tablet formation process isoften describedas occurring in four
stages, as shown in Figure 7: .

1. Particle rearrangement
2. Compression
3. Decompression
4. Ejection

Compression -tDecompression+-- Eiectr:ilon
I I
I I
I I
I I
I I

Particle
rearrangement

Time

Figure 1. Stagesof powder compression (lower punch pressure).

In the first stage, Particle rearrangement, particles typically change positions through slippage, rotation, or translational
movement, thereby reducing or eliminating pores in the powder without significant irreversible deformation. Atthe end of the
first stage, where the particles have reached their fullest extent of rearrangement, the powder is usually significantly denser
than the starting powder because of reduced pore volume. Any further reduction in compact volumewould require particle
deformation.

During the second stage, Compression, particles are deformed at points of contact with other particles, the die wall, or the
punch surfaces. Duringthis stage, compression pressure often increases rapidly, causingvolumereductionasthe powderdensity
increases. Under pressure, particles initially undergo elastic deformation. Depending on mechanical propertiesand stressat
points of contact, particles can subsequently undergo varying degrees of fragmentation and/or plastic deformation. If
fragmentation takes place early in the second stage, some of the fragments may undergo further rearrangement. However,
relative particlemovement is limited when the powder is highlyconsolidated. Formost pharmaceutical materials, plastic
deformation isan important part of the compression processthat leadsto an increase in the area of contact between particles,
contributing to higher compact strength. Clean particle surfaces generated from fragmentation alsocontribute to higher
compact strength. The deformation behaviorand resultanttablet mechanical propertiesof many pharmaceutical powders are
alsosensitive to the compressionspeed (punch velocity) and the length of time at which the powder is held under pressure
at a constant volume (dwell time). Tablet densityand tensilestrength of speed-sensitive powders (such as starch) depend on
tableting speed, with higher speeds (l.e., shorter dwell times)generally producing less-dense tablets with lowerstrength. The
end of the second stage is usually the time of highest compression pressure.

During the third stage, Decompression, the punches retract, resulting in a decreasing axial punch pressure. As axial pressure
is reduced to zero during decompression, residual die wall pressure typically exists in the radial dlrectlon. During this phase,
particles primarily undergo elasticrecovery, depending on both the pressureand the mechanical propertiesof the particles.
Elastic recovery may provide insight into the elastic deformation that the powder experienced during compression. Excessive
elastic recovery may reduce the interparticle bonding and can result in a significant decrease in tablet mechanical strength.
Thesesame three stages apply to a pre-compression step in tablet manufacturing, which often involves a lowercompression
pressure and may be added as a precursor to the main compression step. .

During the fourth stage, Ejection, the tablet istypically pushed out of the die by the lowerpunch. As the tablet emergesfrom
the die, the ejected portion ofthe tablet isfreeto expand radially due to elasticrecovery (l.e., releaseof residual diewall pressure).
Significant shear stress may developwithin the tablet and at the edges of the tablet-die interfacebecause the lowerportion of
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the tablet remains constrained by the die wall. In.severecases, this shear stress can result in tablet lamination or capping. The
formation of a dense and defect-free compact depends on the ability of the particles to form interparticulate bonds during
compression, and the ability of these bonds to withstand elastic expansion during the decompression and ejection phases.
Tooling shape and size may also affect the properties of the compressed tablet because they affect density and stress distribution
during compression. The thermodynamics of the compression process, e.g., via compression calorimetry (74,75), is another
important aspect of powder compression, and it can be studied using instrumented presses (see 3. Tablet Compression
Characterization Equipment). .

3. TABLET COMPRESSION CHARACTERIZATION EQUIPMENT .

Various compression methods have been used to characterize the compression properties of pharmaceutical powders. Each
method has benefits and limitations. To characterize powder-compression properties, a compression pressure (stress) is applied
to a powder to produce a coherent, compacted specimen or tablet. The loading system used to apply the compression pressure
may have several designs. Typical compression instruments used in the pharmaceutical industry include hydraulic presses,
instrumented research tablet presses, tablet press emulators, compaction simulators, and instrumented production tablet
presses.

3.1 Hydraulic Press

When a hydraulic press is used, typically only the peak hydraulic pressure value is easily accessible. Generally, compression
and decompression speeds are not precisely controlled, and these processes occur over a period of seconds or more. Tablets
produced on such devices may then be tested for strength and density, as well as other performance properties such as friability,
disintegration, or dissolution. Such devices provide compression data for comparing materials and formulations but are not
necessarily predictive of tableting performance during high-speed tableting.

3.2 Instrumented Research Tablet Press

Research tablet presses have two basic designs: eccentric single-station and rotary multi-station presses. Eccentric
single-station presses typically are mechanically driven and compress the tablet using the upper punch with a sinusoidal position
profile; the lower punch is typically fixed during the compression cycle. Research rotary multi-station tablet presses are
scaled-down versions of production-scale presses, and they compress tablets via the movement of both the upper and lower
punch as they pass under a pair of compression rolls. The geometry of the punch head (i.e., curvature and flat area) also
influences the shape of the punch position profile on a rotary tablet press.

.3.3 Tablet Press Emulator

Tablet press emulators are similar to rotary tablet presses in that they use compression rolls to move the punches together
to form the tablet, and therefore punch displacement-time profiles (see 5. Punch Displacement-Time Profiles) are highly
representative of rotary machines. However,. the tablet press cycle time is longer than that of rotary presses because the
compression track is linear.

3.4 'Compaction Simulator

Compaction simulators are single-station presses that utilize hydraulic or mechanical power to move the punches and are
designed to match the displacement profile of a given high-speed press by means of a computer. Compaction simulators can
also be programmed to simulate any punch position profile, which is useful for fundamental material characterization.

3.5lrlstrumented Production Tablet Press

Instrumented production tablet presses al~o use a compression roll design to form a tablet. A large number of compression
stations enables greater production throughput and/or multi-layer tablet or tablet-in-tablet capability. ,

4. TOOLING

Tablets can be manufactured with a variety of tooling sizes and shapes. Commonly used tooling shapes for.basic material
characterization are flat-faced, flat-faced with beveled edge, and standard round concave tooling that produces convex-shaped
tablets. A wide variety of tooling shapes may be used in the production of pharmaceutical products, based on technical and
commercial considerations (7 6).Tooling may be embossed (Le., raised markings on punch surface), thus introducing debossed
markings on the compressed tablets. Depending on the powder compression properties and manufacturing process parameters,
the tablet tooling design may affect the tablet mechanical integrity.

5. PUNCH DISPLACEMENT-TIME PROFILES

Tablet compression equipment can be used to produce a variety of punch displacernent-tlme profiles. Figure 2 is an
illustration of three of the simplest profiles used for fundamental material characterization.

www.webofpharma.com

https://nhathuocngocanh.com/



USP 43 General Information / (1062) 7559

The properties of a compressed powder are dependent upon severalfactors, including compression pressure, compression
speed, and the compression profile. Compression experiments may be performed with one moving punch and one stationary
punch; one moving upper punch and a fixed base (i.e., no lower punch); or two independently moving upper and lower
punches (double-sided compression). Because the compressionset-up and parameters can affectmeasured compact properties,
it is important to specifythe experimental details when reporting results. Typical compression profiles include:

• Linear compression and decompression phases that yield saw-tooth punch displacement-time profiles (Figure 2A)
• Square punch displacement-time profiles (Figure 28)
• Modified sinusoidal punch displacement-time profiles typicalof a rotary tablet press (Figure 2C)
Either one punch (single-sided compression)or both punches (double-sided compression) mayfollow these profiles. Accurate

measurements of the displacement-time profiles, as well as the resultant forces applied, require high-accuracy instrumentation,
and in some cases correction for system deformation (i.e., elasticdeformation of punches and other machine components).
Punch displacement-time profiles for most production-scaletableting machines are a combination ofthe sinusoidal and square
profiles,where the compressionand decompression phasesfollow the sinusoidal profile and between them there isa flat portion
representing the dwell time. .
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Figure2. Punch displacement-time profiles: A) saw-tooth profile, B) square profile, and C) modified sinusoidal profile. Only
one curve for punch displacement over time is represented (e.g., upper-punch movement).

6. TABLET MECHANICAL STRENGTH

Tablet strength is primarily influenced by the particle-particle bond strength and true areas of contact (e.g., surface area
over which attractive force between particles issignificant) (17). When particle surfacesare brought into close proximity,
interparticle interactions (e.g., van der Waals forces) are maximized and typically lead to strong interparticle bonding. Tablet
mechanicalstrength can be quantified by measuringthe maximumstress, either compressiveor tensile, that a tablet can sustain
prior to failure (breaking). Acommonly used test is to place tablets between two platens and measure the force necessaryto
fracture the tablets; this test isdescribed in Tablet Breaking Force (1217). Forconventional round tablets with a circular
cross-section, loading occurs across the diameter of the tablet and is sometimes referred to as "diametralloading". Other
methods, such as three-point or four-point bending tests, are also available but are lessfrequently used in production settings
because they can require more complex equipment and analysis. Tablet strength, as determined by these tests, isoften referred
to in the pharmaceutical industryas "hardness", although a more exact term is "breaking force". In material science, hardness
refers to the resistance of a surface to penetration or indentation (e.g., Mohs hardness, indentation hardness, or permanent
deformation pressure). The tablet breakingforce valueservesas both a criterionby which to guide product development and a
quality control specification.

Tablet strength can be affected by several factors including:
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(1 )

• Tablet sizeand shape: Because breakingforce isaffected by tablet sizeand shape, a more reliable parameter for quantifying
mechanical strength of a tablet is tensile strength ..Forcylindrical or convex tablets with simpleshapes, tensilestrength
may be calculated from the diametral test, described in (1217).

• Relative density: Tablet strength increases as powders are compressed to a higher relative density.
• Time and storage conditions: Tablets can relaxor be influenced by environmental conditions (e.g., relative humidity),

therefore tablet storage conditions and length of storage time before testing should be specified for reproduciblestrength
determinations.

• Formulation composition and manufacturing process: Each component has unique mechanical properties, and in some
cases these properties can impact the mechanical properties of other components. Forexample, incorporationof a
lubricant, which ismeant to reduce adherence to manufacturing equipment, can reduce interparticulate bonds. Problems
in manufacturing processes, such as over-mixing or over-granulation, also can influencetablet strength.

Tablet performance attributes, such as disintegration, dissolution, and friability, may be affected by tablet compression and
may also be reflected in the tablet mechanical strength. Typically, a tablet of lowerstrength will havefaster disintegration and
dissolution as well as higher friability (see Tablet Friability (1216».

7. TABLET POROSITY AND SOLID FRACTION

Virtually allpharmaceutical compacts contain porous regions (pores).Tablet porosity isa measure of the volumeof the tablet
that consists of pores, or "void space". It is critically important to consider tablet porositywhen quantitatively characterizing
tableting properties, because it has a substantial effect on measured compact properties. Tablet solid fraction, also referred to
as relative density, is a measure of the volume of solid material in a compact and may be calculated using Equation 7. Tablet
solidfraction and porosity are related, as shown in Equation 2. The true density of a material is the average mass/unit volume
(e.g., q/cm") exclusive of all voids (see Density of Solids (699». Typical true densities of organic powders of pharmaceutical
interest are in the range of 1.0-1.7 g/cm 3, whereas inorganic ingredients may be in the range of 2.0-3.0 q/cm" (78,79).

(mass of tablet)

S I'd F tl (density of the tablet) (volume of tablet)o I rae Ion = . =--'----.----'---
(true density of matertal) (true densltv of material)

Porosity =1 - Solid fraction (2)

Simpletablet geometries (e.g., round flat-faced) are often used for research purposes, to simplify the determination of tablet
volume by using the measurement of tablet dimensions. Formore complex tablet shapes, alternativemethods of determining
tablet volume, such as the use of instruments that quantifyenvelope volume, may be used. Typical pharmaceutical tablets have
porosities between 0.1 and 004, depending on the material properties and the conditions used to produce the tablet (20). A
porosity of 0 would correspond to a theoretical tablet mass in which all pores had been eliminated, resulting in a compact
consisting entirelyof solidmaterial (l.e., solidfraction = 1). With increasing compression pressure, poresare eliminatedthrough
particle rearrangement and deformation, and the tablet porosity decreases unlessextensive elastic recovery of the tablet after
decompression causes cracksor other defects in the tablet.

8. MANUFACTURABILITY PROFILE

Tablet breakingforce isoften measured as a function of compressionforce. Aplot of breakingforce versuscompressionforce
is useful for monitoring changes in the tableting behavior of a powder with a fixed tablet size,shape, and weight produced
under similarcompression conditions (l.e., production speed and force), such as those obtained using a specific rotary tablet
press. In this case, the relationship between tablet breakingforce and compression force may be termed "manufacturability",
because it is often the criterion used in a production setting to monitor tablet compression. See Figure 3 for an example of a
manufacturability profile.
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Figure 3. Example of a manufacturability profile.

9. TABLETABILITY PROFILE

Although valuable in a manufacturing setting, tablet breakingforce should be replaced with tablet tensile strength for
quantifying tablet mechanical strength (see (1217»), and compression force should be replaced with compression pressure
(compressionforce per unit area of the punch tip cross-section). Thesechanges will minimizethe impact of tablet size,thickness,
and weight on compression data analysis. The relationship between tablet tensile strength and compression pressure is termed
"tabletability". Tablet tensile strength usually increases initially with increasing compression pressure. Depending on tablet
composition, tensile strength can either continue to increaseor gradually level off at higher pressures. It is also possible that
the tablet tensile strength may decrease with increasing pressure, a phenomenon known as overcompression.This decrease in
tablet strength with increasing pressure is most often the result of tablet defects of some materials that occur at higher
compression pressures. Because ofthe diversity of powdertabletability behaviors, it isbeneficial to determine the tensilestrength
of tablets prepared under a range of compression pressures, instead of a single pressure, if possible. This will help obtain an
accurate characterization of powder tabletability. When the available resources or materials are limited, the compression
pressure required to make a compact at a specifiedtensilestrength (e.g., 1 MPa) can be used to compare compression properties
of different powders. The tabletability of pharmaceutical materials can often be described by Equation 3 for a typical range of
compression pressures, where K and B are empirical constants:

log(tensilestrength) = K log(compression pressure) + B(3)

See Figure 4 for an example of a tabletability profile.
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Figure 4. Example of a tabletability profile.

1000

10. COMPRESSIBILITY PROFILE

Compressibility is the dependence of tablet solidfraction (or porosity) on compression pressure.The compressibility curve
can be obtained by plotting tablet solidfraction as a function of compression pressure. See Figure 5 for an example of a
compressibility profile.

Formany pharmaceutical materials, Equation 4 can be used to describe compressibility over a typical range of tablet solid
fractions, where a and b are empirical constants:

log(compression pressure) = a x (solid fraction) + b (4)

The compression pressure necessaryto form a compact with a specified solid fraction (e.g., 0.85) may be used to compare
diversepharmaceutical materials. Useof 0.85 as a reference solidfraction is convenient because many, although not all,
pharmaceutical powders can be compressed to this solidfraction, and a reference solidfraction enables comparative
assessmentsof tablet property measurements. Alternative valuesfor the reference solidfraction may be used as needed.
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Figure 5. Example of a compressibility profile.

Compressibility has also been described using the Heckel equation (Equation 5), which predicts a lineardependence of the
logarithm of tablet porosity versuscompression pressure. In Equation 5, K and Bare empirical constants.

-In(porosity) = K x (compression pressure) + B(5)
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However, the Heckel equation isoverly simplistic in that it does not adequately describe powder compressibility in the
low-pressure region, where In(porosity) versus pressure data are not linear. More sophisticated models,such as the modified
Heckel equation (27) and the Drucker-Prager Cap Model (22), have proven to be more reliable in describing powder
compressibility to account for the transition between the state of a powder and the state of a tablet.

11. COMPACTIBILITV PROFILE

0.90.7 0.8

Solid Fraction

Figure 6. Example of a compactibility profile.
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The relationship between tensilestrength and solid fraction (or porosity) istermed "compactibility". Generally, tablet tensile
strength increases exponentially with increasing solid fraction, and powder compactibility isoften well described by the
Ryshkewitch-Duckworth equation (Equation 6) where k and A are empirical constants (23):

log(tensile strength) = k x (solid fraction) + A (6)

This relationship isqualitatively reasonable, as the presence of more or larger pores in a compact weakensit. Moreover, this
relationship highlights the importance of determining tablet porosity to gain a better understanding of powder tableting
performance. Forexample, when a low tablet tensilestrength isassociatedwith high porosity(solid fraction), an effective
strategy for overcomingthe tableting problem isto add a more highly deformable excipient, which increases the plasticity of
the powder and decreases tablet porosity. See Figure 6 for an example of a compactibility profile.

100 ~--,-----,----.---,..-----.,.--..".---.

12. TABLET COMPRESSION PROFILE

Figure 7 illustrates the relationships among tensilestrength, compression pressure,and solid fraction (or porosity) and related
tableting parameters. The relationships among tensilestrength, compression pressure,and solidfraction (or porosity) can be
presented in three dimensions as shown in Figure 8, where the three faces of the three-dimensional plot represent the
tabletability, compressibility, and compactibility (24).

Tensile Accountfor tabletdimensions
Strength ~ - - - - - - - - - - - - - - - - - - - - - - - - - - Breaking Force

Compressibility

Figure 7. Relationships among tableting parameters for compression data analysis.
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Figure 8. Three-dlrnenslonal compression profile.

13. MACHINE SPEED SENSITIVITY

USP 43

The effect of compression speed may be assessed by comparing the properties of compacts that were prepared at different
compression speeds. A range of compression speeds can be obtained by using a hydraulic press, a rotary tablet press, or a
compaction simulator. Forfundamental material assessments, tablet properties such as tensilestrength, hardness, and porosity
can be used to quantify strain rate sensitivity (SRS) of a powder using Equation 7.

IproperlY(SR2) - properlY(SR1) I
SRS - '------'---'------'--'-'-

properlY(SR1)

SR 7 =low strain rates (e.g., low compression speed)
SR2 =high strain rates (e.g., high compression speed)"

(7)

14. CONCLUSIONS AND RECOMMENDATIONS

Tablet compression is a complex process dependent on the drug product composition, material properties, manufacturing
process parameters, environment conditions, equipment, and tooling design. To gain an in-depth understandinq of the
compression behavior of a powder, it is beneficial to have knowledge of the particle sizeand shape, solidform, and water
content of the powder. Without appropriate control and descriptions of these factors, the data obtained are not meaningful
for accuratelycharacterizingtablet compression propertiesofa powder. Therefore, these propertiesshould always be considered
during the analysis of the tablet compression results. Table 7 shows examples of parameters that are commonly used in the
characterization of the compression properties of pharmaceutical solids.

Table 1. Important Parameters to Specify When Characterizing Powder Compression Properties
Experimental Parameter Parameter Value(s) Used Example Parameters in Common Use"

Tooling type Specify Round flat-faced; standard round concave

Tooling size Specify 8 mm, 10 mm, 13 mm

Compression speed Specify Tablets/minute, 0.03 mm/s, 300 mm/s

Punch displacement-time profile Specify Saw tooth, square, sinusoidal; single-sided, double-sided

Compression pressure range Specify 25-300 MPa

Solid fraction range Specify 0.6-0.95

Tablet properties (weight,
Tablet thickness, tablet diameterdimensions) Specify

Powder eqtiiiibration Specify 20°, 40% relative humidity (RH)
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Table 1. Important Parameters to Specify When Characterizing Powder Compression Properties (continued)

Experimental Parameter Parameter Value(s} Used Example Parameters in Common Usea

Lubrication Specify Type;externaldie; internal,%

Tabletstorage (time, temperature, and
RH) Specify None; 24 h at 20°, 40% RH

Tablet press configuration Specify Withor without pre-compression setting

Data Analysis

Compressibility Compression pressure(ad at specified solidfraction (SF)

Compactibility Tensile strength (ax) at specified SF

Tabletability Specify ax at specified aCt or a, at specified ax

Ejection force
[NOTE-If possible, the entire

Ejection force at specified a,curve is preferred.]

. 5R5
5R5= (P2 - Pl }/P2, P2 = mean yield pressureat 300 mm/s; Pl = mean yieldpressureat

Specify 0.033 rnrn/s, saw-tooth punch displacement-time profile

aThese examples are not required and they may not be suitablefor all materials. Theyshould not be viewed as prescribedvaluesfor characterizingpowders.

GLOSSARY
Breaking force: The force [in Newtons (N)] required to cause tablet mechanical failure. Often referred to as tablet

hardness (see (1217».
Brittleness: The property that leads to particle or compact fracture, typically very rapidly.
Capping: Laminarsplitting along the edge of the crown or band of a compressed tablet.
Compactibility: The abilityof a powder to form an intact compact with measurable strength.
Compactibility profile: Change in tensile strength of a compressed body with solid fraction (or porosity).
Compaction: The transformation of a powder into an intact compact with measurable strength and defined shape by the

application of compression pressure. Usually used synonymouslywith consolidation.
Compaction emulator: A device that physically approximates tablet press configurations where compression parameters

may be applied; parameters may include pre-compression and compression roll dimensions, tableting speed, ejection angle,
and punch design.

Compaction simulator: A device that permits powder compression, typically using a hydraulicsource to control
displacement of punches that may be designed to match the force displacement profileof a high-speed press by means of a
computer.

Compressibility: The abilityof a powder to be compressed (reduced in volume) by the application of stress.
Compressibility profile: Change in solidfraction (or porosity) of a compressed body with applied pressure.
Compression: The reduction in volume of a powder bed due to the application of a stress, e.g., loading.
Compression force: Forceapplied to compress a powder bed. The unit kN is commonly used in tableting.
Compression pressure: Pressure(force/area, in MPa)applied to specimen material;sometimes used interchangeably with

the terms "compaction pressure" or "compression stress". See Compaction and Compression.
Compression profile: The relationship between Compression pressure, Solidfraction (or porosity), and tensile strength.
Dwell time: Duration of time (in ms) that the compression roll is in contact with the flat portion of the punch head. Often

used to describe rotary compression processes with a modified sinusoidal punch displacement-time profile.
Elastic deformation: The change in shape of a stressed body that is completely recovered when stress is released. Thisis

time-independent, recoverable deformation.
Elastic limit: The amount of stress at which a material deviates from linear elastic behavior, i.e., the smallest stress that

leavesa detectable permanent deformation when unloaded.
Failure: The permanent collapse, breaking, or deforming of the material.
Force: A push or pull (in N) resulting from the interactions between two objects.
Hardness: See Breaking force.
Hydraulic press: A device that uses liquid pressure to enable the application of force to a specimen.
Indention hardness: The resistance of a surface to permanent deformation (indentation) when subjected to pressure by a

hard object. .
Lamination: Condition in which a tablet splits or separates into layers.
Manufacturability profile: Change in breaking strength of a compressed body with applied force.
Mechanical properties: The characteristicsof a material upon application of a stress. Examples include tensile strength,

yield strength, plasticity, brittleness, hardness, elastic modulus, and bendability.
Plastic deformation: The permanent change in shape of a solid body, without fracture, resultingfrom the application of

.sustalned stress beyond the elastic limit. Deformation occurs without a change in particle volume.
Plasticity: See Plastic deformation.
Pressure: Forceapplied to a unit area (in MPa), used interchangeably in this chapter with stress.
Porosity or void fraction: A measure of the empty spaces in a material. This is the fraction of the voids divided by the

total volume. Porosityranges between 0 and 1, or as a percentage between 0% and 100%.
Shear stress: The force per unit area (in MPa) acting along a plane through a body.
Solid fraction: The apparent density divided by the absolute density of the solid, sometimes referred to as relativedensity.

Solidfraction = (1 - porosity). .
Sticking: The adherence of material to the faces of tablet press punches or dies after compression.
Stress: Normal stress. Used interchangeably in this chapter with pressure. See Pressure.
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Tabletability profile: Change in tensile strength of a compressed body with applied pressure.
Tablet press: A mechanical device that compresses powder into tablets of desired size and weight.
True density: The average mass per unit volume, exclusive of all voids that are not a fundamental part of the molecular

packing arrangement. .
Viscoelastic deformation: Time-dependent partially recoverable deformation.
Yield strength: The stressneeded to produce a specified amount of plastic deformation (usually a 0.2% change in length).
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1. INTRODUCTION
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A large number of pharmaceutical processes involve powder transfer and feeding, and the ability of powders to flow in a
controlled manner during these operations is critical to product quality.For example, drug product attributes such as weight
and content uniformity depend on powder flow characteristics. Shear cells are among the most important methods for
measuring powder flow properties, and the data from shear cell testing can be used to predict a wide varietyof powder flow
behaviorsduring pharmaceutical manufacturing. Shearcells have many advantages oversimplermethods of measuring powder
flow(see Powder Flow(1174)), but their operation ismore complex and the procedures for their use must be carefully controlled
to produce accurate and reproducible data. This chapter describes best practices for obtaining reliable and accurate powder
flow data using a shear cell.

1.1 Scope

This chapter focuses on the three most popular shear cell types used for measuring powder flow properties:
1. Translational (Jenike type)
2. Annular(Schulze type)
3. Rotational (PeschI type)
These three shear cell types are categorized as direct shear tests in which a region of the powder issheared under a seriesof

controlled normalstresses.Fromthese data, a widevariety of parameters can be obtained, includingthe yield locusrepresenting
the shear-stress to normal-stress relationship at incipientflow, the angle of internal friction, the unconfined yield strength,
powder cohesion, and a variety of related parameters such as the flowfunction. In addition, these three shear cells can be set
up with wall coupons (see Appendix) to measure the powder wallfriction. When the shear celldata are combined, they can be
used for bin and hopper evaluation and design. Other testing approaches, such as triaxial testers and indirect or hybrid testers
(e.g., the Johanson indicizer), are outside the scope of this chapter.

2. THEORY AND PRINCIPLES

The flow behavior of a powder isfundamentally differentfrom the flowof a fluid. First, powder flow properties and shear
behaviorsare strongly dependent on the consolidationstresses applied to the powder and are minimally dependent on the
strain or flow rate (under the assumption of quasi-static conditions such as flow in a bin). Fluid flow, in contrast, is strongly
dependent on the strain rate (where viscosity describesthe relationshipbetween shear stressesand strain rates) and isminimally
dependent on absolute pressure. Second, when shear stressesare applied to powders, they may not immediatelyfail (l.e., they
can avoid flow under a sustained shear stress), whereas Newtonian and viscoelastic fluids do not behave this way and always
flow under an applied shear stress.Thus, powders have the potential for arching and rat-holing, depending on the flow pattern
(see Appendix).

However, powders can sustain a shear stress without flowing only up to a certain point. The yield locusfor a given powder
is a function of many variables, including its composition, particle sizeand shape, moisture content, temperature, time stored
at rest, and the state of consolidation. Once a powder issubjected to stresses (whether by gravity or some mechanical means)
that reach or exceed the yield locus,the powder flows. Hence,determining the yield locusfor a given powder under conditions
representative of its manufacturing process isan essential step in evaluating the flow behaviors for that process. In some
circumstances, this may involve testing under controlled environmental conditions, as well as holding the powder under load
for an extended period before shearing (a "time test").

Because powder properties are highlydependent upon the degree of consolidation, the preparation of a uniform powder
bed (consistent bulkdensity throughout the powder bed) is the first critical step of shear cell testing. The next stage of testing
isthe application of a normal stress (0') and shear stress(r) to the powder bed to achievesteady-state shear, resultingin a known
state of consolidation. The shear stress then is removed, and a reduced normal stress is applied. Ashear stress then isapplied
and is rrogressively increased until the powder bed yields and begins to flow. This procedure is repeated at several different
norma stress conditions to create a "yield locus" plot. To complete a full flowfunction analysis, the operator must determine
several yield loci, which requiresthat the unconfinedyieldstrength be determined under severaldifferentlevels ofconsolidation.

Although this chapter focuses on the powder (particle-particle) properties, the wallfriction (particle-wall) properties and
bulkdensity are also important. Such properties are used for bin design and also are essential when one compares different
wall materials (e.g., different grades and finishes of stainless steel, or the effect of plasticcoatings on powder flow behaviors).
The most fundamental property of a wall material in this regard is w', the angle of friction between the bulk powder and the
wall material, or, correspondingly, the coefficient of wall friction (J.lw): .

u; = tan(w') = Tw/O'w

't"w = wall shear stress
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O"w = wall normal stress

Note that q>', and hence fJw, often are a function of the applied normal stress (O"w)'

3. DESCRIPTION OF SHEAR CELL COMPONENTS AND DESIGNS

USP 43

Figures 1, 2, and 3 provide schematics of the different types of shear cells considered in this general chapter. All have the
same general operating principleof being able to measure the force required to shear a powder bed to which a normal load
has been applied. The applied load or measured force can be expressed as a stress by dividing by the cross-sectional area of
the shear plane under consideration. .

The translational shear cell(Figure 1) has a fixed base with a movable ring above it, and both hold the bulk powder. Acover
that fits within the ring is used to contain the powder and to provide a uniform application of the normal load (N). The ring
and cover are pushed as a unit while a load cell records the shearforces (F) that are generated. The shear plane forms between
the powder that is contained in the base and the powder contained in the ring.

COVER
N

BRACKET

F~

BULK SOLID

RING

BASE

Figure 1. Descriptive schematic of the translational shear cell.

The annular shear cell(Figure 2) consistsof a shear cellor base that holds the powder. Acover that fits within the cell is used
to contain the powder and to provide a uniformapplication of the normal load (N). The cover isfree to move up and down,
but otherwise remainsfixed in place by a load cellthat measures the shear forces (F) that are generated. The shear cell is rotated
at a constant angular velocity (co) to create a shear plane that forms in the powder bed somewhere between the cell bottom
and the cover. The cover and shear cell usually have baffles or other surface features that prevent the powder from slidingor
shearing at the interface between the powder and the cover or shear cell base.
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CROSSBEAM

CELL COVER

SHEAR CELL

Figure 2. Descriptive schematic of the annular shear cell.

The rotational shear cell (Figure 3) has a base and ring that hold the powder. Aloading lid that fitswithin the ring is used to
contain the materialand to provide a uniform applicationof the normal load (N). The loading lid isfree to move up and down,
but otherwise remainsfixed in place, connected to a load cellthat measures the shear forces (F) that are generated. The shear
cell base then is rotated at a constant angular velocity (zo) to create a shear plane that forms in the powder bed somewhere
between the ring and the base. Alternatively, the base can be fixed, and the lidcan be rotated to create the shear plane in the
powder specimen. The ring and base usually havesurfacefeatures that prevent the powder from sliding at the powder-surface
interface.

LOADING LID

RING

BASE

BULK SOLID

<>,
I

Figure 3. Descriptive schematic of the rotational shear cell.

The choice of one shear celltype over another depends on factors such as the availability of equipment and ease of use for a
particular technician. Becauseof the infinite travel permitted with the annular and rotational shear cell geometry, these types
of cellsare more suited for powders for which reaching steady state requires large strains. Another advantage of the infinite
travel of rotational testers is that a preconsolidationstep may not always be required.

Wall friction tests can be carried out using all of the shear cells referenced in this chapter with only minor modifications,
namely by creating a shear plane in which the powder slides over a suitable wall coupon rather than having the shear plane
within the powder bed. This usually is achieved by replacing the base of the shear cellwith a coupon of the wall material and
adjusting the amount of powder used to create a shear plane at the powder-coupon interface.
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4. SHEAR CELL MEASUREMENTS

4.1 Sample Preparation

USP 43

The applicability of shear cell data depends strongly on the use of a representative powder sample. Detailed discussion of
appropriate sampling procedures can be found in Bulk Powder Sampling Procedures (1097).

The cell size (volume and diameter) usually is selected based on the maximum particle size of the powder sample, and the
proportion of large particles in the sample. The particle size limit is usually reported by the supplier of commercially available
testing equipment. For a translational cell, the maximum particle size is approximately 5% of the diameter of the cell, and for
an annular cell the maximum particle size is approximately 10% of the width of the annulus (Le., the difference between the
outer and inner radius of the shear cell trough). Fresh powder is desired for each test, if possible, so the use of a smaller cell
may be preferable to reusing the powder. Under some circumstances, a smaller cell may be needed to reach higher consolidation
stresses. Smaller cell sizes may have reduced precision and increased bias, depending on the specific tester and the cell size.
under consideration, because of the larger contribution of non-idealities caused by wall effects.

The shear strength of some powders (e.g., fibrous or flaky solids) is often caused by interlocking of particles; therefore, such
materials may prove to be unsuitable for testing with a conventional shear cell. Likewise, powders with high springback
(rubber-like or highly elastic properties) sometimes can fall outside of the practical limits of a shear tester. Poor reproducibility
and unexpected results may indicate a problem with testing these types of powders.

Powder samples must be handled and tested under conditions that are relevant from a practical standpoint. For example,
many pharmaceutical powders will sorb/desorb moisture from their surroundings according to the ambient relative humidity
and temperature. This sorbed moisture can significantly affect the measured powder flow properties. Controlling the
environmental conditions during sample handling and testing so that sample behavior is representative of the processing
conditions of interest is essential for most powders.

Some pharmaceutical powders "age" quickly after they are produced, and such powders may need to be tested immediately
after they are manufactured. The testing of some powders may result in caking or particle attrition that can render a powder
unsuitable for retesting. In these circumstances, fresh powder samples should be used for each test.

4.2 Instrument Preparation

The shear cell should be situated in an area that is free of vibrations. Vibrations can affect the instrument readings and also
can density or dilate the powder while it is being tested.

Because shear testers measure forces, their load cells must be calibrated for the forces being measured. Some testers also
measure the displacement (linear or angular) of the cell (indicating travel) and/or the vertical displacement of the cover or lid
(used to calculate the volume of the cell and hence an average bulk density). In these cases, the displacement transducers must
also be calibrated. The rate of any changes in force and displacement will need to be confirmed as part of this calibration. In
addition, the shear cell is operated under the assumption that all of the parts are precisely aligned and there is a minimal degree
of wobble when the cell rotates. For example, if the cover and shear cell trough are not parallel during testing, it will be difficult
to get reproducible results. Thus, the alignment and mechanical operation of the shear cell must be evaluated at regular intervals.
No other adjustments with respect to calibration are performed, although the correct performance of the apparatus may be
confirmed by the measurement of the yield locus of a reference powder under standardized test conditions.

Wall coupons used for testing must be representative of the surfaces upon which the powder will slide. Directional surfaces
can be oriented in the direction of flow in the application (e.g., grain oriented down the length of a hopper), oriented in the
worst-case condition (often, grain oriented perpendicular to the direction of flow in the hopper), or evaluated in both directions.

All shear cell components (including wall coupons) should be carefully cleaned before use with a method that does not
abrade the surface or leave any chemical residue behind. In addition, the cleaning method should be capable of removing all
of the components of the test sample, including lubricants and other additives.

5. SELECTION OF TEST CONDITIONS

Preshear normal stresses usually are selected based on the powder's density values. Standards, such as ASTM Standard 6128,
provide tables of specific initial preshear normal stresses as a function of the sample bulk density.' Subsequent preshear normal
stresses are given in multiples of the initial preshear value (e.g., 2, 4, and 8 times the initial level). The number of preshear
normal stress levels should be at least 4. It is often valuable to match preshear stresses in the test to the stresses expected in the
processing situation of interest. Hold times for time tests are selected based on matching the hold time in the practical
application. If long hold times are unrealistic, operators may consider several intermediate time points and extrapolation of
the data.

Normal stress levels for shear are selected to provide a range of data points on the yield locus. Typically, a range between
25% and 80% of the preshear normal stress is valid, although powders with high unconfined yield strength or internal friction
may require a narrower range. The range of normal shear stress levels should be sufficient to allow rneanlnqful fitting and
extrapolation of the data to determine the unconfined yield stress and other related parameters.

, ASTM. D6128-06. Standard test method for shear testing of bulksolidsusing the jenikeshear cell.West Conshohocken, PA: ASTMi 2006.
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Shear cell testing involves a sequence of steps that consolidates the powder to a known extent and then shears it under
carefully controlled conditions while recording the applied normal stresses and measuring the shear stresses. In most cases, the
essential steps are as follows:

1. Fill the test cell with an appropriate and representative sample of the powder in a manner that provides a uniform bulk
density and composition. Thissample in the test cell is referred to as the "specimen". Detailed procedures vary according
to the type of tester being used, but in all cases it is essential to evenly distribute the powder and avoid pockets of air
that can be difficult to remove later.

2. Fortranslational shear cells, perform a preconsolidationstep to create the desired density in the cell.Thisisaccomplished
bytwisting the coverwhile under a compressive normal load. Thisstep reduces the travel needed to achieve a steady-state
preshear value and can limit the total vertical displacement of the cover during the test. A preconsolidation step may be
conducted in other celltypes, but this isoften not conducted, because the unlimited rotation of the annular and rotational
cellscan generally provide a sufficient state of consolidation. The appropriate levelof preconsolidation iscritical, and care
must be taken not to over- or under-consolidate the specimen.

3. Consolidate the specimen by applying a known normal stress to the powder specimen via the cell cover/lid.
4. Preshear the specimen until a steady-state shear value is reached. Care should be taken to avoid over-consolidating the

specimen. The applied shear stress is then reduced to zero.
5. An instantaneous shear test is run by shearing the specimen under a reduced normal stress (with respect to the applied

preshear stress) until the shear stress goes through a maximum value and then begins to decrease.
Steps 1-5 are repeated at a series of different reduced normal stress conditions to create a complete set of data (yieldlocus)

and then at a series of different preshear normal stressconditions to create a "flowfunction". The test cell is preferablyemptied
and refilled before generating each point on the yield locus. Forannular or rotational shear cell types, it is common that steps
3-5 are repeated a number of times for the same specimen without emptying and refilling the cell. Ifthe same specimen is
used for multiple test points, caution must be taken to ensure that the specimen has not changed from test to test.

Awallfriction test is run in an analogous manner by <;liding the specimen over a coupon of wall material and measuring the
shear stress as a function of the applied normal stress. In a time test, a normal stress is applied to the specimen for a
predetermined period of time before shearing. Bothwall-friction and time-consolidation tests can be conducted with the three
types of shear cellsdescribed in this chapter, as long as directionality(ifany) of the wallsurface, relative to the cell movement,
is taken into account.

7. DATA ANALYSIS AND CALCULATIONS

Illustrative resultsfrom the shear cell test procedure are presented in Figure 4. Foranalysis, the applied preshear normal stress
«(Jp) and allvalid applied normal stress points «(Jsi) for 1= 1, 2, 3,..., n and their corresponding measured shear stress points­
(!p, !sl' !s2' •..' !sn) are plotted in «(J, f)-coordinates. These data are then used to generate a smooth linethrough all the valid shear
points to obtain the yield locus. Typically, the yield locus passes above or through the preshear point. Ifnot, the test results
should be analyzed in more detail. Insome circumstances, the yield locuscan be forced to pass through the preshear point and
can be fitted to allyield points.

The "unconfined yield strength" of the powder is obtained by drawing a Mohr circle through the origin and tangential to
the yield locus.The higher point of intersection of this Mohr circleand the e-axls isthe unconfined yieldstrength fc• The "major
consolidation stress", (JI, isfound by drawing a second Mohr circlethrough the preshear point and tangential to the yield locus.
The higher point of intersection of this Mohr circle(consolidation locus) and the e-axis is the major consolidation stress.

2 For a given normal stress applied, the measured steady-state shear stress values should be consistent from test to test. To account for normal
experimental variations, a given measured shear stress value may be prorated in an appropriate fashion, relative to the steady-state value associated with
that point.
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Figure 4. Shear cell testing and data analysis: shear cell raw data (left) and yield locuscalculatedfrom raw data (right).

The "angle of internal friction", <1>, isdefined as the slope of the yield locus, as shown in Figure 5. Aline drawn through the
origin and tangential to the steady-state Mohr circle has an angle, 0, that is defined as the"effective angle of friction". The
"cohesion," C, is the intersection of the yield locus and the r-axls.
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Figure 5. Graphical representation of the angle of internal friction (<1», effective angle of friction (0), and cohesion (C).

From a family of yield locigenerated at different preshear normal stresses, it is possibleto plot the unconfinedyieldstrength,
fe' as a function of the major consolidationstress, 0'1' as shown in Figure 6. The best-fit curve to these points iscalled the "flow
function" and can be used to calculate the potential for arching and rat-holing in a storage bin.
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Three PointsOn A Flow Function Curve

MajorConsolidation Stress, 0"1

wall yield locus

Figure 6. Calculation of the flowfunction from multipleyield locus plots.

The "kinematicwallyield locus" is developed in a manner similar to the calculation of the yield locus.This isdepicted in
Figure 7. The "wallfriction angle", <P', isdefined as the inclination of a linefrom the origin to a point on the wall yield locus. In
general, low wall friction angles are desirable.

time

Flqure 7. Calculation of the wall yield locus.

Test conditions should be carefully documented for every shear cell analysis to allowfor accurate data interpretation and
meaningfuldata comparisons. When analysts compare multiple powders, matching the tester type, specific tester model, test
cell size, sample preparation, test procedures, applied normal stresses, and environmental conditions provides increased
confidence that any differences in the results are attributable to the powder and not to the test. Changes in material sourcing
or manufacturing may require the repetition of the initial studies.

Shear celltests allowthe analyst to characterizeconsolidated powders under quasi-static conditions. The tests are unable to
directlymeasure powder flow properties at very low stress conditions or high shear rates, which may occur in some
powder-handling situations. Thus, no single parameter can describe powder flowability. Instead, the parameters described in
this chapter should be interpreted together and in the context of the conditions under which the powder will be stored and
handled (e.g., equipment dimensions, environmental conditions, and others).

The ratio of the major consolidation stress, (J" to the unconfined yield strength, fo at a particularvalue of the major
consolidationstress provides a general, simplified way of assessing powder flowability. As a general case, the flow of powdered
materials isclassified in Table 1.

Table 1. General Classification of Flow Character

(j/fc Flow Character

<2 Very cohesive, nonflowing

2-4 Cohesive

4-10 Easy-flowing

>10 Free-flowing

a[enlke A. Storage and flow of solids: bulletin no. 123 of the Utah Engineering Experiment Station. Salt Lake City, UT: University of Utah; 1964.

This approach can be useful for rank ordering the flow character of pharmaceutical powders as part of formulation and
process development activities. However, it should be noted that this simplified view may lead to significanterrors in

www.webofpharma.com

https://nhathuocngocanh.com/



7574 (1063) / General Information USP 43

interpretation because this approach does not take into account the flow pattern or the sizeor geometry of the manufacturing
equipment being used.

8. REFERENCE MATERIALS AND REPRODUCIBILITY

Fora tester that is installedand operated correctly, the performance of the instrument and operator can be assessed by
testing a standard material. There is currently no specific pharmaceutical reference materialfor shear cell test method
verification. Limestone powder has been used as a certified reference material.3

Figures 8, 9, 70, 71, 12, and 73 show representativeyield loci and flowfunction plots for several common pharmaceutical
excipient powders determined at a range ofconditions.The plotsare providedto illustrate the type ofdata that can be generated
for pharmaceuticalpowders using a shear cell and the typical reproducibility of the data. The data in Figures 8, 9, 70, and 11
were collected using a procedure consistent with that described for Figure 4. These plots are not intended for use as reference
data, and they should not be assumed to be representative of all test conditions and material types.
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Figure 8. Representative yield locifor microcrystalline cellulose NF (Avicel PH-1 01) at preshear stressesof 730 Pa (solid),
1.9 kPa (dot), and 4.6 kPa (dash).

3 Limestone powder certified reference material(BCR-116) isavailable from the Institutefor Reference Materials and Measurementsof the European
Commission and instrument suppliers.
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Figure 9. Representative yield loci for sorbitol at preshear stresses of 3 kPa (gray, dash), 6 kPa (dot), 9 kPa (black, dash), and
15 kPa (sQIid).
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Figure 10. Representative yield loci for mannitol (dot), sorbitol (black, dash), sieved lactose (gray, dash), and spray-dried
. lactose (solid) at a preshear stress of 9 kPa.
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Figure 11. Representative yield loci for several different grades of microcrystalline cellulose NF. Avicel PH-101 (solid), AviceI
PH-102 (dot), and Avicel PH-105 (dC!sh) at a preshear stressof 730 Pa.
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Figure 12. Representative yield loci for microcrystalline cellulose (Avicel PH1 02) from three independent determinations
conducted at a preshear stress of 9 kPa. [Figure adapted from Sun Cc. Setting the bar for powder flow properties in successful

high speed tableting. Powder Techno!. 2010;201 (1):106-108.]
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Figure 13. Representative flow function plots for microcrystalline' cellulose (AviceI PHl 02) from two independent operators.
[Figure adapted from Shi L, Chattoraj 5, Sun cc. Reproducibility of flow properties of microcrystalline cellulose-Avicel PHl 02.

Powder Technol. 2011 ;212(1 ):253-257.]

APPENDIX

Notation

Symbol
and SI

Term Units Definition Comments

Angle of internalfrlc-
tion ep, degrees The inclination of the yieldlocus(Figure 5).

OJ, degrees
Angular velocity per second The angularvelocity' at which the shear cellbase rotates. Isusually held constant.

The SchulzeRing ShearTesteris a common
Annular shear cell N/A Ashear cellbased,on a rotating annulusdesign (Figure 2). annular shear cell.

Theformationof a bridgeof powder acrossan opening caused
Arching N/A by, for example,attractiveinteractions between particles. Also knownas "bridging".

The massof a quantity of a powder dividedby its Varies with the applied normalstressand historyof a
Bulk density p, kg/m3 total volume. sample.

The failure shear stressat zero normal stress,normally Anindication of the intrinsic strength of an
Cohesion C, Pa obtained by extrapolation of the yield locus (Figure 5). unconfinedpowder.

Theprocessof increasing the densityofa powder,whichusually
resultsin increasing its unconfined yieldstrength.
Achieved in a shear cellby applyinga preshear normal load

Consolidation N/A and shear load to the specimen.

Flatsurfacethat is in contact with powder specimen Thecoupon surfacefinish must be representative of the
Coupon N/A during wallfriction testing. wallsurfaceof interest.

Effective angle of fric- Sometimes used as a measureof relative
tion 0, degrees The inclination of the effective yieldlocus(Figure 5). flowability,

The straight linepassingthrough the originof the
a - r plot and tangential to the steady-stateMohr'scircle, cor-
responding to steady-stateflowconditionsof a

Effective yi,eld locus N/A powder of given bulkdensity(Figure 5).

Aqualitative estimate of the relative flow propertiesof a pow- Often based on measuredvaluesof the flow
Flowability N/A der. function or effective angle offriction.

The plot of unconfinedyieldstrength versusmajor
consolidation stressfor one specific powder (Figure 6).
Quantified as the ratioof the majorconsolidation stress to the
unconfinedyieldstrength at a particularvalueof majorcon-

Flow function N/A solidation stress.
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Symbol
and SI

Term Units Definition Comments

Funnel flow
Aflowpattern where an activeflowchannel formsthrough

N/A stagnant material.

Lid N/A
The lidpositioncan be measuredto determine

Coverof the cellcontainingthe specimenwithina shear cell. displacement, bulkdensity, and powderdilation.

The majorprincipal stressgivenbythe steady-stateMohrcircle.

Majorconsolidation
Thiscircleis tangential to the yieldlocusand
effective yield locusand passes through the preshear point

stress (1" Pa (Figure 4).

Aflowpattern in a converginghopper where allmaterialis in
Mass flow N/A motion, including material sliding along the hopper walls.

Agraphicalrepresentationof a state of stressin
Mohr's circle N/A coordinatesof normaland shear stresses(Figure 4).

The stressacting normally (perpendicularly) to the (1 p isthe preshearnormalstress; (1,;for i = 1, 2, 3,... the
Normalstress (1, Pa consideredplane. test normalstresses.

Preconsolidation
Normalstressapplied to consolidatea powder before

N/A testing in some shear cells (Figure 4).

Preshear
Application of normalstresswhileshearingto attain

N/A steady-stateshear conditions(Figure 4).

Rat-holing
Tendencyof powder to flowonlyin the regionabove an open-

N/A ing, thus forminga narrowrat hole in the powder. Also knownas "core flow".

Ashear celloperating under rotationalshear conditions(i.e.,
rotationalshearing perpendicularto the applied The Peschl and Freeman shear cells are common rota-

Rotational shear cell N/A normalstress) (Figure 3). tionalshear cells.

Shearstress
Thestressrequiredto shear the powder in a direction

T, Pa perpendicularto the normalstress.

Timeconsolidated The unconfinedyieldstrength of a powder after being held at
strength f etI Pa fixedconsolidation conditionsfor a certain time.

Timeyield locus N/A
The yieldlocusof a powder that has remained at rest
under a givennormalstressfor a certain time.

Translational
Ashear celloperating under translational shear conditions(i.e.,
linearshearingperpendicularto the applied normalstress) The Jenike shear cellis a common translational

shear cell N/A (Figure 7). shear cell.

Unconfined yield
The major principal stressof the Mohrstresscirclethat is tan-

fe' Pa
gential to the yield locuswhen the minor principal stress is

strength zero (Figure 4).

Wall friction angle ep',degrees The arctan of the wallfriction coefficient (Figure 7).

Wall friction The ratioof the wall shear stress to the wall normal stressat a
coefficient Ilw given normalstresscondition.

Aplot of the wall shear stressversuswallnormalstress.

Wall yield locus
Usedto determine the wallfriction angle for a powder-wall

N/A combination(Figure 7).

Aplot of shear stressversusnormalstressat failure.

Yield locus
Theyieldlocussometimesiscalledthe instantaneousyieldlo- Apowder exhibitsa seriesof yieldlocifor each

N/A cus to differentiate it from the time yield locus(Figure 4). differentlevel of consolidation (density).

(1064) IDENTIFICATION OF ARTICLES OF BOTANICAL ORIGIN BY
HIGH-PERFORMANCE THIN-LAYER CHROMATOGRAPHY PROCEDURE

INTRODUCTION

Identification of botanical articles can be achieved by the application of multiple techniques, including macroscopicand
microscopicdescriptions, DNA analysis, and chemicalmeans. Identification ofArticles of Botanical Origin(563) providesa detailed
discussion of these approaches. Chemical identification typically employs chromatographic or spectroscopic procedures to
achievethe identificationbyfingerprintcomparison against that of a Reference-Standard, monograph description,or a reference
chromatogram. Thin-layer chromatography (TLC) is one of the chromatographic techniques used in US? monographs for
botanical articles in this way. High-performance thin-layerchromatography (HPTLC) is the most advanced version of TLC (see
Chromatography (621»), and a general analytical procedure for the application of HPTLC to the identification of botanicals is
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described in High-Performance Thin-Layer Chromatography Procedure for Identification ofArticles of Botanical Origin (203). In
HPTLC, the stationary phase consistsof a uniform, typically 200-J,Jm layerof porous (pore size 60 A), irregularparticlesof silica
gel with a size between 2 and 10 J,Jm and an average particlesizeof 5 J,Jm, plus a polymericbinder and a fluorescence indicator
(F254) coated onto a support, which istypically a glassplate or aluminumfoil. Other stationary phases, such as chemically bonded
phases (C8, C18, CN, NH2; DiaL) or microcrystalline cellulose, are also available with and without a fluorescence indicator.
Because of the greater separation efficiency of the fine particles in HPTLC, the chromatographic system is miniaturized, using
smallerdeveloping chambers and shorter developing distances of 6-8 em, in comparison to classical TLC, where 12-15 em are
required for best separation. As a consequence, less mobile phase and lesstime are required for chromatogram development.
Another effect of miniaturization is the use of smallersample volumes and the resulting possibility of analyzing more samples
per plate than in classical TLC.

Inaddition, improved layerqualitydue to smallerparticlesizepositively affects the signal-to-noise ratio,and therefore affects
the detectability of separated sample components. Asystem suitability test is used to qualify the results. This feature isof great
importance for the identification of botanical ingredients, which have an intrinsic natural variability in chemical composition.
HPTLC features electronic images of chromatograms that allowconvenient visual comparison of resultsobtained for multiple
samples against images of chromatograms generated with reference materials. Forpurposes of identification, the complexity
of botanical ingredients isbest represented byfingerprintsobtained in multipledetection modes from the same chromatogram,
e.g., UV 254 nm and UV 366 nm light without derivatization, and white and UV 366 nm light after derivatization. Because
compendial methods are used to determine compliance, variability in the resultscaused by the analytical method selected
should be avoided. Because HPTLC can control the variables within narrow ranges using a rigorously standardized methodology
and appropriate equipment, HPTLC is able to increase significantly the reproducibility of a chromatographic result from plate
to plate compared to traditional TLC. Following here isa discussion of the variables to be controlled in order to achieve
reproducible results in the identification of articles of botanical origin using HPTLC.

VARIABLES OF HPTLC

The plate is an open system affected by environmental factors, which must be controlled carefully. Unlike column
chromatography, a closed system where samples are analyzedsequentially, in HPTLC multiple samples can be analyzed in
parallel on the same plate. All steps of the planar chromatographic process are independent in time and location (an off-line
process). Foreach of the steps-sample application,chromatogram development, visualization, detection, documentation, and
evaluation-numerous parameters can be selected freely. This uniquefeature adds immense flexibility to the method and makes
the planar chromatographic approach complementary to column-based techniques.

During method development, the many choices available for the variousparameters can be overwhelming, and depending
on the combination selected, there may be multipleresults that allmeet the respectiveanalytical goal and yet are quite different.
In this scenario, the labels "better" or "worse" are often assigned to the parameters according to personal preferences. In a
cGMP (current Good Manufacturing Practices)-compliant environment, the reproducibility and integrity of resultsare of great
importance.. Thisiswhy the individual parameters of the HPTLC technique should be selected and combined thoughtfully in a
standardized methodology so that the final result isoptimized and can be compared to resultsobtained by different analysts.
It may be important to avoid cumbersome and time-consuming steps, or to avoid the use of hazardous or toxic chemicals.
Simplicity and clarityare desirable aspects of practical methods.

Handling of Plates

HPTLC plates are delicate and must be handled with care to avoid damaging the layer. When moving the plate, it should be
touched only in the upper part above the region of chromatography. Each plate should be labeled with a soft pencil in the
upper right (or left)corner. The expected developing distance can be marked on the right (or left) edge with a short pencil
mark that goes down to the glasssupport. Marking the developing distance across the entire plate should be avoided because
it isdifficult to judge when the rather-diffuse mobile phase front reaches that line. Aligning the front with a short mark on the
edge is easier.

Plates should be stored in a place that isfree of fumes and dust with the layerfacing down to the stack. Shrink wrap of the
package should not be in contact with the layer in order to avoid contamination with volatiles from the foil. Generally, HPTLC
plates are ready for use without any pretreatment. Older or improperlystored plates may have accumulated impurities and
therefore require precleaning. This is the case when after development, the solvent front (or additional secondary fronts) can
be seen under UV 254 nm as an intense, broad dark band acrossthe plate. Precleaning can be achieved by developing the plate
in methanol to the upper edge. Subsequently, the plate isdried in a clean oven at 1200 for 20 min. Forcooling down to room
temperature and for storage prior to further use, plates can be kept in an empty desiccator or wrapped in aluminum foil.
Precleaning may slightly change the selectivity of a plate. Therefore, it is important to define in a method whether or not
precleaned plates are to be used. Precleaning with the mobile phase is usually not a good option because it may be difficult to
completely remove all components during the drying step.

Plate Layout and Sample Application

The standard format of the HPTLC plate is20 x 10 cm (width x height). Other sizes (e.g., 10 x 10 cm) could be used as well,
but one should keep in mind that for obtaining reproducible results, each sizeof plate requiresa differentchamber to maintain
the same geometrical aspects as, for example, a twin-trough chamber would have for the standard plate (see Chromatogram
Development). The optimum developing distance in HPTLC is 6 em. Cutting plates to lessthan 10 cm in height provides no
additional advantages. .

Exact positioning isessentialfor proper identification of separated zones. Forthe application of sampleswith respect to plate
layout (Figure 1), the following parameters must be considered.
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Figure 1. Plate layout.

Forproper identification (migration distance/RF values), allsamples must be applied on a (virtual) line parallel to the lower
edge of the plate. The distance (y) must be largeenough to avoidthe sample being immersed in the developing solvent. During
development, the velocity of the mobile phase decreases with increasing developing distance. Consequently, the final result
depends on the application position relative to the level of developing solvent (Figure 2).

Figure 2. Upper part: Effect of the applicationpositionrelative to the level of developing solvent (5 mm). Distancefrom lower
edge ranges from 8-50 mm in increments of 3 mm. Lower part: RF values calculated for the differenteffective developing

distances. Sample is Houttuyniae herba; developing solvent is a combination of ethyl acetate, formic acid, and water (15:1:1,
v/v/v); derivatization is Natural Products reagent (NP); detection is UV 366 nm.

Forreproducible results, the distance from the loweredge (y) must be kept constant, and the amount of developing solvent
placed into the chamber must also be fixed. To minimize solvent consumption, twin-trough chambers are used. The level of
developing solvent in such chambers is typically 5 mm. A meniscus isformed on the plate at the immersion line.Asample
applied at y = 8 mm will be well above this meniscus.

The distance of the application positionfrom the leftand right edges ofthe plate (x) must be sufficient to avoid the so-called
"edge effect" (Figure 3). During production, most precoated plates develop a small rimon their edges where the layerisslightly
thicker.Thiscauses the mobile phase to advance faster, and samples that areapplied directly onto or too close to the rim will
migrate unevenly., '
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Figure 3. The "edge effect".

The position x, is typically called "application position". In order to avoid the edge effect, the length of the applied band
(I) has to be taken into account when defining X2 as the distance from the edge of the plate. Aminimum of 15 mm is necessary
for X2• The distance between two samples (dl ) alsoconsiders the band length (I). Ford2, a minimum of 3 mm is recommended
so that samples do not interferewith each other iflargervolumesare applied. The band length (I) must be fixedfor each method
because it affectsthe concentration of samples per band ifa defined volume of sample solution isapplied. The applied quantity
(acrossa defined band length) has an effect on the intensityof the separated zones and may affectwhether or not a particular
zone of a fingerprint is visible. An argument for selecting shorter bands would be that more samples can be applied on the
plate. However, because chromatogram evaluation is primarily performed visually, it has to be noted that a band seems to look
"sharper" (more like a band and lessoblong) when it is>5 mm (Figure 4). A band length of 8 mm is a good compromise also
from the perspective that (621) specifies bands of 5-10 mm for HPTLC plates.
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Figure4. Effect of band length on the visual impression of separation. Fromleft to right, 3 lJL/3 mm, 5 lJL/5 mm, 8lJL/8 mm,
11 lJL/11 mm, and 15 lJL/15 mm. Sample isTiliae flos; developing solvent consistsof ethyl acetate, formic acid, water, and

methyl ethyl ketone (50:10:10:30, v/v/v/v); derivatization is NP/Polyethylene glycol reagent (PEG); detection isat UV 366 nm.

With the parameters just discussed, the standard plate layout will feature 15 bands of 8-mm length. Iffewer samples are to
be analyzed, it is recommended to either apply replicatesor leavesome tracks on the plate blank.

During application, samples are precisely deposited onto the HPTLC plate at defined positionsand in defined quantities.
Sample solutions can be applied by contact using a capillary or a syringe, or by sprayingthe sample solution without touching
the plate (spray-on technique). During contact application, the sample's solvent can perform circular chromatography (Figure
5). Therefore,onlysmallvolumesshould be applied inone stroke, and ifpossible, onlynonpolar solventsshould be used. During
spray-on application, the sample's solvent is nebulized and evaporated, creating sharp zones regardless of the polarity of the
solvent. .

Ifsamples are applied manually, a spotting guide can be used for proper positioning. Marking the application positionwith a
pencil is not a good option, because the layercan.be damaged easily.
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1 2 3 4 5 6 7 8

Figure 5. Lower part: Sample application as spot (tracks1-4) and band (tracks5-8) using contact application (tracks1, 2,
5, 6) or spray-on technique (tracks 3, 4, 7, 8); application volumes were 2 IJL (tracks 1, 3, 5, 7) or 5 IJL (tracks 2, 4, 6, 8); test

dye mixture in methanol. Upper part: Chromatography with toluene as mobile phase.

CHROMATOGRAM DEVELOPMENT

The processes in a chromatographic chamber are highlycomplex and difficult to describe. Unlike column chromatography,
which is assumed to take place in equilibrated chromatographic systems, planar chromatography always begins in a state of
nonequilibrium and never reaches equilibrium.The sample has been applied onto the plate, which becomes the stationary
phase only when it comes in contact with a liquid in the chromatographic chamber. The advancing mobile phase must be able
to dissolve the sample for chromatography to begin. Driven by capillary action, the mobile phase velocitydecreases with
increasing migration distance because the resistanceof the stationary phase against the flow is also increasing.

It can be shown experimentally that the optimum migration distance for mobile phases on HPTLC plates is about 6 em.
Depending on the viscosity of the mobile phase, development takes place between 10 and 20 min. Tofurther move the solvent
front just 10 mm will extend the developing time by 5-15 min, whilemovingan additional 20 mm will increasethe developing
time by 15-40 min.The contribution of that extra developing distance to improvedseparation isusually not justifiable, because
the diffusion that occurs at decreased velocity of the mobile phase often offsetsany gain in distance of separated zones.

Fourdistinct processes occur in a chromatographic chamber. These processes always take place simultaneously and affect
each other (Figure 6).
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Figure 6. Processes occurring in the chromatographic chamber (twin-trough chamber): (1) chamber saturation; (2) plate
preconditioning; (3) evaporation; (4) formation of secondary fronts.

Chamber saturation (Figure 6, process 1) is usually established before placement of the plate into the chamber. The
developing solvent, which has a known composition, is placed into both troughs of the chamber, and the filter paper in the
rear trough iswetted thoroughly. Chamber saturation occurs once the liquid in the tank is in equilibrium with its own vapor,
and this is a function of time. After 20 min, the chamber will generallyachieve a reproducible degree of saturation.

The plate should be placed into the chamber so that it rests in a vertical position against the front wall while the layerfaces
the rear wall.The dry portion of the layerabsorbs solventvapor from the gas phase (process 2) in order to achieve adsorptive
saturation, which occurs when the surface iscovered by a layerof solvent molecules.Generally, this processcan lowerRFvalues
and also affect the selectivity of the separation. In the lower portion of the plate, the liquid in the chamber forms the mobile
phase. Depending on the degree of saturation, a part of the mobile phase may evaporate off the plate (process 3).
Multicomponent mobile phases may be separated by the stationary phase because of different interactionsof the constituents.
This process is affected by the degree of preconditioning.

Inan unsaturated chamber, the situation isquite different. The rear trough does not contain liquid or filter paper. The plate
is introduced immediately after the solvent, which does not allowenough time to achieve gas-liquid saturation equilibrium.
Preconditioning has little effect, while evaporation and possibly formation of secondary fronts (process 4) dominate the
chromatographic process. Both of these processestypically cause alterations in the chromatograms, thereby affecting the
separation.

In conclusion, each chamber givesa somewhat different result, depending on the chamber's geometry, the presence or
absence of llquld and filter paper in one of the troughs, and the waiting time before introducing the plate. The chromatograms
shown in Figure 7 were obtained with an automatic developing chamber with humidity control. In this example, a saturated
chamber (A) gives better separation than an unsaturated chamber (C). Chromatograms are reproducible ifall conditions are
the same (A) and (B). Ifthe filter paper for saturation is not exchanged but is reused without drying, a completely different
result isobtained (D).
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Figure 7. Effects of different chamber configurations at relative humidity 33%: (A) and (B) are saturated, (C) is unsaturated,
and (D) is saturated with reused filter paper. Sample is Lapsana communis, references are chlorogenic acid (RF 0.38, Lane1,

Panel A), quercitrine (RF0.58, Lane2, PanelA), developingsolvent:water, methanol, glacial acetic acid, and methylene chloride
(2:3:8:15, v/v/v/v); derivalization NP/PEG; detection UV 366 nm.

For reproducible results, it is necessaryto carefully standardize the development step. Chamber saturation iseasy to achieve,
as is proper timing. Unsaturated chambers are extremelysensitive to small changes and therefore, from a practical point of
view, they should be avoided, even ifthey can give "better" separation. It is a good practice to keep developing distances
constant (at optimum) for all methods, because other parameters, such as selectivity and condition of the gas phase, affect
separation to a much greater degree. .

DRYING

After the mobile phase has advanced the desired distance, the plate must be removed from the chamber and reproducibly
dried. This is best achieved by exposing the plate in the vertical position to a flow of cold air. Elevated temperature during
drying could cause volatilesample components to diffuse or evaporate from the plate. During the evaporation of the mobile
phase, sample components move from deeper areas of the layerto the surface. Uneven drying across the plate may result in
different intensities for zones with equal amounts of substances.

EFFECTS OF HUMIDITY

Silica gel has an extremely high affinity for water and isan effective drying agent. An HPTLC plate is always at equilibrium
with the water vapor in the laboratory atmosphere (relative humidity, RH). Chromatographic results are affected by variation
in the amount of water adsorbed onto the silica gel surface. The higher the RH, the more water is adsorbed. In a first
approximation, this reduces the"activity"of the stationaryphase and causes higher RFvalues. Also, because the adsorbed water
can become part of the stationary phase, the selectivity of the chromatographic system often changes in response to variation
in RH.

Unfortunately, it is nearly impossibleto predict what effect a change in RH may have for a given separation (Figure 8). Some
separations are more affected than others, and sometimes only parts of the chromatogram will change. In addition, there is no
idealactivity of the plate that can solveallseparation problems,and it isdifficult to use definedactivitychanges of the stationary
phase to influence separation in a desired way. The best option is to keep the RH constant at a moderate level (e.g., 33%) and
then, try to adjust the selectivity of the mobile phase. One practical exemption is effective "drying off" of the plate using a
molecularsieve. Activating a plate by heat (1200 for 20 min) is possible, because under these conditions water adsorbed onto
the silica gel iseffectively removed, but when the plate iscooled down and stored, or during sample application it re-equilibrates
to ambient relative humidity.
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Figure 8. Effects of relative humidity on the separation of different samples. (A) Hoodia gordonii, developing'solvent:
chloroform, methanol, and water (70:30:3, v/v/v);derivatization: anisaldehyde reagent, detection white light. (B) Licorice root,
developing solvent: ethyl acetate, formic acid, acetic acid, and water (15:1:1 :2, v/v/v/v); derivatization: sulfuric acid reagent,
detection white light. (C) Actein/Black cohosh rhizome, developing solvent: toluene, ethyl formate, and formic acid (5:3:2, v/

v/v); derivatization: sulfuric acid reagent, detection UV 366 nm. Humidity: *ambient; 2%: molecular sieve; 33%: saturated
solution of magnesium chloride (MgCI2) ; 47%: saturated solution of potassium thiocyanate (KSCN); 750/0: saturated solution

of sodium chloride (NaCI).
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To achieve reproducible results independent of seasonal or regionalchanges in the RH in various laboratories, it is important
to expose the plate to a defined RH before development and with the samples already applied. Thiswill keep the activity and
the selectivity of the stationary phase constant. Defined RH can be created in closed containers such as a desiccator over
saturated salt solutions. Between 20° and 25°, saturated solutionsof magnesium chloride establish 33% RH; of potassium
thiocyanate (KSCN), 47% RH; and of sodium chloride (NaCI), 75% RH.
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DERIVATIZATION, DETECTION, AND EVALUATION

The possibility of convenient chemical derivatization of substances alreadyseparated on a plate isan outstanding advantage
of planar chromatography. Solutions of derivatizing reagents can be applied onto the plate, either by spraying or immersion.
Forreproducible results, the amount of reagent ofa givenconcentration applied needs to be defined either byvolume(spraying)
or by volume, and dwell time (immersion). Most derivatization reactions require a heating step performed either on a plate
heater or in a drying oven. The plate should be dried in air before heating to avoid any disruption of the layer resultingfrom
evaporation of residual solvent. Before the plate is heated, the heating device should reach the required temperature. For
reproducible results, it is important that the entire derivatization process is strictlytimed. This includes any waiting time (e.g.,
for cooling) before the detection step.

Detection is performed under white light, typically by using a light source above the plate (reflectance) in combination with
light from below the plate (transmission). Additional information(typically before any chemical derivatization) can be obtained
under UV 254 nm. The F2s4 indicator of the HPTLC plate will emit a green light (blue for F2s4s) ' Anysubstance that absorbs UV
254 nm will be visible as a dark "quenching" zone where the degree ofquenching corresponds to the amount of that substance
(and its extinction coefficient). Some substances can be excited to fluoresce by UV 366 nm, particularly after chemical
derivatization. Suchsubstances are seen as zones of specific colorson the dark background.

HPTLC benefitsfrom digital images taken of the plate indifferentdetection/illumination modes. Suchimages maysometimes
lookdifferentfrom what the analyst's eye isseeing. This isdue to some physical limitations, but it is possible to standardize the
imaging process so that "true" data are generated. These parameters should always be the same for a given plate regardless
of where and by whom the image is taken. The use of image editing software to change certain aspects is not permissible.

In the evaluation step, the analytical data obtained for a sample are compared against specifications of the method. HPTLC
for identification of botanical ingredients typically produces fingerprints, i.e., sequences of zones that have specific positions,
colors, and intensity.Those fingerprints are compared against data obtained with reference materials. Ideally, comparison is
based on images rather than descriptions. Because of the natural variability of botanical materials, there will always be a range
associated with the acceptance criteria for a fingerprint to pass the identity test. Fingerprints of differentspecies (adulterants)
should have distinguishingfeatures not present in samples that pass the evaluation (Figure 9). It is necessary to include a range
of botanical reference materials covering different accessions when defining the acceptance criteria for identification. Multiple
detection modes are helpful in making decisions.

2 3 4 5

Figure 9. Similarities and differences among multiple samples of related species: (1) Cimicifuga racemosa; (2) Cimicifuga
foetida; (3) Cimicifuga heracleifolia/dahurica; (4) Cimicifuga pachypoda; (5) Cimicifuga americana.

SYSTEM SUITABILITY

Before evaluating and/or comparing data that originatefrom differentHPTLC plates, each developed plate must be qualified.
This is possiblewith a system suitability test, which is part of the analytical method. On each plate, the analyst selects two or
more reference substances that havesimilarbut just separable RFvaluesunder the chromatographic conditions to be used [e.g.,
chlorogenic acid (blue) and hyperoside (yellow-orange) in chromatographic systems used for flavonoids]. The substances
designated to checkthe system suitability for resolution,position,and colorsof the bands may be included in referencestandard
extracts or another matrix. Description of the resolution position and colorsfor the key bands of the reference material
fingerprint should match the description in the reference within a specified tolerance range. Only when the system suitability
requirements have been satisfied can the resultsobtained with the sampleson the same plate be evaluated further to determine
compliance. For reference to a standardized procedure for identification of articles of botanical origin controlling the variables
described in this chapter, see (203).

CONCLUSIONS

As HPTLC is widely used for botanical identification to monitor the quality of articles of botanical origin on an increasingly
globalized level, it seems important to thoroughly standardize the involved analytical procedures. All parameters discussed
above must always be selected for each HPTLC analysis. Currently laboratories in different countries can make this selection
widelywithin the framework of the USP general chapters; however, guidance about how to achieve specific HPTLC results in a
reproducible manner is not available. Astandardized procedure as proposed in (203) could fill this gap and serve as basisfor
harmonization of resultsobtained in different laboratories.
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(1065) ION CHROMATOGRAPHY

INTRODUCTION

USP 43

Ion chromatography (lC) is a high-performance liquid chromatography (HPLC) instrumental technique used in USP test
procedures such as identification tests, assays, and determination of impurities, including limittest and quantitative tests. IC is
used to measure anions and cations derived from organic or inorganic molecules, from smallmolecules to larger biomolecules.
This may include, but is not limited to, organic acids, carbohydrates, sugar alcohols, aminoglycosides, amino acids, amines,
phosphonates, peptides, aminoglycosides, oligosaccharides, proteins, and glycoproteins.

IC has been applied to all aspects of the manufacturing and disposition of pharmaceutical products, including
characterization of active ingredients, excipients, degradation products, impurities, and process streams. Raw materials,
intermediates (including media and culture broths), bulkactive ingredients, diluents, formulated products, production
equipment cleaning solutions, process water, and waste streams may be analyzed using Ie.

The majority of IC methods use either anion- or cation-exchange chromatography coupled with suppressed conductivity
detection. IC isespecially valuablefor ionicor ionizable (inthe mobilephase) analytesthat have littleor no nativeUV absorbance.
In addition to suppressed conductivity detection, the ion-exchange separation can be coupled to other detection strategies,
includingpulsed amperometric detection (PAD), UVjVis absorbance detection, inductively-coupled plasma massspectrometric
detection (ICPMS), and massspectrometric detection, providing a wide range ofanalytesensitivity and specificity. Ion-exclusion
separations expand the range of IC applications to some nonionicanalytes (e.g., alcohols) and provide a different selectivity
for some analytes that can also be separated by ion exchange. The wide dynamic range of the majority of the IC detection
methods makes IC applicable to the quantification of trace contaminants as well as major product components in the same
run. IC typically uses dilute acids, alkalis, buffers, or salt solutionsas the mobile phase, reducing solvent cost and simplifying
disposal logistics. In most cases, the effluent can be disposed of after appropriate neutralization and, when necessary, after
dilution with water.

IC is typically performed at or near ambient temperature. As with other forms of HPLC, IC separations are based on varying
capacity factors and typically follow the Knox equation. IC isa technique often complementary to reversed-phaseand
normal-phase HPLC as well as atomic absorption and inductively-coupled plasma techniques in pharmaceutical analysis.

APPARATUS

IC instruments can be either conventional HPLC instrumentsor instruments specially designed to onlyperform Ie. What type
of instrument is chosen depends on the application. Typical components of an IC instrument may include an autosampler, a
high pressurepump, a sample loop of suitablesize,a guard column, an analytical column, an optional suppressor ifconductivity
detection is used, a flow-through detector, and a data system (Figure 7).

Figure 1. Components of a typicallC system illustrated schematically; CD=conductivitydetector, PAD =pulsed
amperometric detector, and MS =mass spectrometric detector. [NOTE-Mobile phase iswater when the optional Eluent

Generator is used.]

Because mobile phases generallyconsist of dilute acids, alkalis, or salt solutions, the components in contact with the mobile
phase and the sample are typically made from inert materials, such as polyetheretherketone (PEEK). Aconventional HPLC system
can be used provided that its components are compatible with the mobile phase and injected sample solutions, though a
metal-freesystem should be used for trace metal analysis. Following suitable preparation, if needed, the sample is introduced
via the injection valve. Because IC uses a predominantly ionicmobile phase, a suppressor is typically necessary prior to .
conductometric detection when high sensitivity is needed, although nonsuppressed conductometric detection has been
successfully used in pharmaceutical analysis.

HighPressure
Pump

EluentGeneretor
(optional)t .

Sampte Injection
Valve

Detector(CD,
PAD, UV·Vis,MS)

t

t
Suppressoror

Other Post-column
Device(Optional)

Mobile Phases

Nearlyall ICseparations require acids or bases diluted in high-purity water, generallywith resistivity greater than 18
megohms-cm to prepare the mobile phases.Asineverychromatographic method the sensitivity dictates the detection method,
and the selectivity dictates the mobile phase and column selection.

Forsuppressed conductivity detection, the bases and acidsused are suppressed to water or weakly dissociatedspecies. Ifthe
analytesare anions, the mobile phase bases used as counterions by suppressed conductivitydetection are sodium or potassium
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hydroxide, sodium carbonate, sodium bicarbonate, and lessoften sodium tetraborate. Ifthe analytes are cations, the mobile
phase acids used as counterions by suppressed conductivitydetection are methanesulfonicacid, sulfuric acid, and lessoften
hydrochloric acid. When determining low ion concentrations, appropriate trapping technology should be used to purify the
mobile phase.

When the detection is based on UV or visible absorbance, then a wide variety of salt solutions may be used to prepare the
mobile phase, including phthalic acid and p-hydroxybenzoic acid for the determination of anions, and methanesulfonic acid
for the determination of cations.

Amperometric detection uses either a strong acid or base solution as the mobile phase, although some methods can use a
salt solution near neutral pH or an acid or base solution containing a salt. When using alkaline mobile phases, carbon dioxide/
carbonate contamination can be minimized through the use of high purity reagents and storage under nitrogen or helium
headspace. Most IC-MS methods use the same mobile phases used for suppressed conductivity, though volatile amines and
volatile salt solutions have also been used. IC methods that use an ion-exclusion column use solutions of strong acids such as
sulfuric acid as mobile phases. Organic solventscommonly used for HPLC are sometimes used to prepare the mobile phase,
typically at NMT 20% concentration. Thisaddition isusually made to either modifyselectivity or to enhance solubility of sample
components that might otherwise contaminate the stationary phase.

Also, protein molecules may get a differentsurfacecharge distribution according to their structure and the pH of the mobile
phase. In those cases, the pH, gradient of pH, ionicstrength, or a combination of those parameters proved to be useful in the
separation.

Stationary Phases

IC separations relyon ion exchange, and therefore stationaryphasesfor IC are anion or cation exchangers, and lesscommonly
phases containing both functionalities. Stationary phases may be silica-based or polymer-based materialssupporting ionic
functionalgroups. However, due to the solubility of silica gel in water, particularly at alkaline pHs, the use of silica-based support
is limitedwhen the mobile phase is alkaline. In those cases, a polymericsupport for IC is useful over an extended pH range.
Mostof the phases used today are constructed with highlycross-linked polymers, increasing their compatibilitywith the organic
solventsthat sometimes are needed to prepare the mobile phase. Polymeric anion-exchange phases for IC are typically
constructed from polystyrene/divinylbenzene, ethylvinylbenzene/divinylbenzene, or polyvinyl alcohol polymericsubstrate and
polyrnethacrylate supports, with particlessizesranging from 4 to 15 urn in diameter either nonporous or with pores up to 2000
A. To provide functionality to the anion exchanger, the anion-exchange groups are attached to the substrate typically in one
of two manners, electrostatically or covalentlyby condensation polymerization (a.k.a. a step-growth polymerization).
Cation-exchange phases for ICuse the same polymeric substrates as the anion-exchange phases, but because the mobile phases
for cation IC are acidic, silica can also be used. Ion-exclusion chromatography usesa porous strong cation-exchange stationary
phase, while ion-pair chromatography typically uses a polymer reversed-phase stationary phase.

Detection

Conductivitydetection is the most commonly employed mode of detection in IC, especially for suppressed conductivity
detection.

Insuppressed conductivity detection, the backqround conductance of the ionic mobile phase is significantly reduced as it
flows through the suppression device (suppressor). Forexample, when diluted sodium hydroxide (10-50 mM) used as the
mobile phase in IC of anions flowsthrough the suppressor, it isconverted to water (H20 ), which shows very poor conductivity.
Analogous reactions occur using a suppressor for cations, where the acidic mobile phase isconverted to water, and the analyte
cationsare converted to highlyconducting hydroxideforms(due to higher equivalentconductance of hydroxideionscompared
to other anions).

The reduced background conductance and the enhanced signal due to the ionicspecies result in a significantly enhanced
signal-to-noise ratio for the conductometric detection of ions in suppressed Ie. This results in reduced baseline noise while
increasing the sensitivity and reproducibility of the analysis. Commonly used suppressors can be classified into two categories.
Inthe firsttype, the reactions occur across an ion-exchange membrane with the regenerant ionsfurnished by either a chemical
or as products of electrolysis of water. In the second type, the suppression reactions occur in a packed bed of high-exchange
capacity resin or monolith material, with regeneration either by a chemical or by electrolysis of water.

PULSED/INTEGRATED AMPEROMETRIC DETECTION (PAD/IPAD)

PAD and IPAD are modes of amperometricdetection that apply more than one potential to the working electrode. These
detection modes are commonly used for the detection ofelectroactivespecies,e.g., organic compounds such as carbohydrates,
sugar alcohols, amino acids, amines, and organic sulfurspeciesthat can be easily oxidized.Analytes are detected by an oxidative
desorption process at the surface of an electrode located in the column effluent stream. PAD uses one potential for detection
while IPAD uses multiple potentials. The current generated during the fixed time periods these detection potentials are applied
is integrated to yield charge. Following detection, a seriesof potentials are applied for fixed time periods to clean the electrode
surface. Unlike conventional direct current amperometry that suffers from electrode surfacefouling, this rapidly repeating
sequence of potentials for detection and electrode cleaning, referred to as a waveform, allows detection and removal of the
products of redox reactions from the working electrode surface.

UV DETECTION

DirectUV detection is used for inorganic and organic ions that absorb UV light, typically at low wavelengths. These include
organic acids, bromide, iodide, nitrate, nitrite, thiosulfate, and cyano-metal complexes. Indirect UV detection uses eluents that
strongly absorb in the visible or ultraviolet spectral region. Awavelength is selected where the eluent absorbs but the sample
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ions do not, and then negative peaks proportional to the analyte concentration are detected. In spectral detection after
post-column reaction, some analytes are detected after the column effluent is combined with a reagent resulting in the
formation of a compound that absorbs light at either a UV or visible wavelength.Aclassic example isthe determination of metal
ions,where the metal ions in the column effluentare chelated with 4-(2-pyridylazo)-resorcinol followed bydetection at 510 and
530 nm.

MASS SPECTROMETRY (MS)

Typically, analytes are detected after they have first passed through a suppressor to make the resultingeffluent compatible
with the massspectrometer. Negativemode electrosprayionization isusedfor anions whilethe positivemode isusedfor cations.
The suppressor effluent issometimes augmented with an organic solventto improve ionization for increasedsensitivity. Certain
metal ions can be determined by an ion-exchange separation followed by ICPMS.

SAMPLE PREPARATION

Sample preparation may range from simple sample dissolution or dilution to the proper concentration, often followed by
filtration, and in other cases more complex preparations need solid-phase extraction (SPE). Ifthe solution iscloudy and/or
contains particulates, then filtration through a syringefilterof 0.45-l.Jm pore size that is suitable for IC is needed. Samples
containing a high concentration of ionsofthe same charge as the target analytemay require a sample pretreatment to selectively
remove the high concentration.ion.

PROCEDURE

The choice of mobile phase is typically dictated by the choice of column, which in turn ischosen based on the selectivity for
the analyte(s) compared to other ions of the same charge known or likely to be present. In situations where the other ions are
in high concentration, a column with higher capacity ischosen to prevent column overload. This is especially important for
many limittests, where low concentration of a target analyte is in the presence of a large concentration of another ion of the
same charge state. Foranion IC, some mobile phases can be prepared from the solid or from commercial concentrates or
ready-to-use solutions, e.g., sodium bicarbonate/carbonate. Other mobile phases should be prepared and handled with care,
e.g., sodium hydroxide solutions, minimizing air exposure, and prepared from 50% sodium hydroxide solutions. Sodium
hydroxide pellets and commercial dilute solutionscontain large amounts of carbonate, thus altering the desired composition
of the mobile phase. The acid solutionsfor cation IC are prepared by diluting high-purity concentrated acids.Alternately,
carbonate/bicarbonate, hydroxide, and methanesulfonic acid mobile phases can be produced by an eluent generator. Most
analyseswill require the injection of 5-50 I.JL of sample solution, but largervolumes may be required for the analysis of low
concentration analytes. As in other LC techniques, quantification is made by either internal or external standardization
procedures, where the concentration iscalculated by interpolation of the sample response into a calibration curve. IC methods
are validated according to the recommendations described in Validation of Compendial Procedures (1225).

(1066) PHYSICAL ENVIRONMENTS THAT PROMOTE SAFE
MEDICATION USE

INTRODUCTION

The physical work environment in healthcare settings is one of the most important potential contributors to medication
errors. Dataon medication errors reported to the UnitedStates Pharmacopeia (USP) Medication Error Reporting Program(2008)
show that various physical attributes of the workplace'affect human performance on the job. These attributes may help or
hinder healthcare providersas they striveto deliversafe, high-qualitycare to everypatient. As noted by the Instituteof Medicine
(10M) in its landmark 2001 report, Quality Chasm, "Health care today harms too frequently and routinely fails to deliverits
potential benefits."

Thisgeneral chapter describesevidence-based standards for creating and maintaining a physical environment that supports
and promotes accurate, safe medication use. The process of safe medication use involves multiple aspects, or stages:
procurement, prescribing, transcribing, order entry, preparation, dispensing, and administration, as well as monitoring the
medication's effects on the patient. A better understanding of these processes can form a solid foundation for improvement,
allowinghealthcare providersto reach optimal performance within the medication use system in various practice settings. This
general chapter focuseson the characteristics ofthe physical environment that can promote accurate medication use. Standards
are provided when justified by evidence and expert opinion, and a glossary of terms used in this general chapter is provided.

ORGANIZATIONAL SUPPORT

The leadershipofa healthcare organizationtypically determines the operations, policies, and procedures that influence safety.
The leaders also establish the workplacedesign and culturalenvironment, and they have a powerful influence on the espoused
safety culture versus the enacted safetyculture. Forexample, the organizational hierarchy can either enhance safety by
encouraging the free flowof informationand reinforcing safetybehaviors, or can discourage and downplayany safetyinitiatives.
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Two reports are available that document issues related to organizational actions and culture as they affect patient safety and
care: The 10M's 1999 report, To Erris Human, and the 10M's 2006 report, Preventing Medication Errors.

Accreditation agencies such as The joint Commission (TjC), the National Integrated Accreditation for Healthcare
Organizations (NIAHO), and the International Organization for Standardization (ISO) emphasize the roles of the organization
and leadership in determining safetystandards. TjC definesthe critical function of leadershipand holds the leadersaccountable
for their systemsand processes,whereas NIAHO and ISO callfor management reviewof both qualityand safetybythe governing
body, with the goal of promoting high-quality, safe healthcare.

Organizational influencecan be understood as falling somewhere on a continuum ranging from prescriptive controls, in the
form of rulesand procedures, to discretionarycontrols,which may relysolely on the individual's experience,according to James
Reason (Human Error, 1990). Organizationalcontrolsthat foster a safeenvironment should include,at a minimum,the reporting,
analysis, and intervention plans necessaryto shore up defenses against adverse medication events. Systems analysis of errors
should include the organizational influences that ultimatelyaffect the workforce at the unit level.

Leadership that issupportive and empowering, at all levels of the organization, should result in optimal physical work
environments. that help to prevent medication errors and promote accurate medication use. Thisapproach can improve the
performance of all persons involved in the medication use process. An organization that aligns leadershipgoals and resources
to a strategic safety focus based on evidence will create safer systemsfor medication delivery. Although hospitals have been
"designed" for patient care, there isa growing body of research that points to evidence-based design (EBD) for safe delivery
of care. Other high-risk industrieswith a strategic safety emphasis share common characteristics, including the use of robust
processesfor improvement throughout organizations; this can lead to interventions based on scientific data and evidence.

MEDICATION SAFETY ZONES

Inthe medication use system, the degree of accuracyand safetyaccomplished isthe end result of many interactionsbetween
humans, their physical work environments, and the equipment and technology they use. It is important to focus on areas of
the work environment where (1) medications are prescribed; (2) orders are entered into a computer or transcribed onto paper;
and (3) medications are prepared/compounded, dispensed, and administered. These work areas are commonly referred to as
medication safetyzones (MSZ). Examples includethe workareasaround a medication cart on a nursing unit;any locationwhere
prescribingdecisionsare made; the work space of an automated medication dispensing device;a pharmacywhere prescriptions
are prepared, inspected, and dispensed; and areas in patients' homes where medications are prepared, consumed, or
administered. The patient's bedside inthe healthcarefacility or home isanother important MSZ that presents unique challenges.

The physical environment of any procedure room deserves special attention because of the increased noise levels, variable
illumination, and other distractions. In this challenging setting, providers are making critical medication decisions that can
influencewhether a patient lives or dies. Also, medication safetyzones should include the provision for areas that allocate space
to incorporate equipment for the safe disposal of sharps (needles and syringes). Overall, in any MSZ, it is important to ensure
that appropriate quantities of supplies are maintained; product expiration dates are checked routinely; and
temperature-sensitive products are kept in the correct storage conditions.

Principles From Human-Factors Research

The research literature describes several principles that may be useful in planning the physical environment of the MSZ.

IMPORTANCE PRINCIPLE

Within the MSZ, important components should be placed in convenient locations. Forexample, information systemsshould
be accessible within or near the MSZ so that drug information and patient data (e.g., lab results and vital signs) are readily
available. Instructionsabout equipment function and troubleshooting should be located directly on or near the equipment to
provide a quick answer to questions that arise.

FREQUENCY OF USE PRINCIPLE

Suppliesand equipment that are used frequently should be easyto find and accessible. This reduces the likelihood that staff
will create workarounds, in which suboptimal equipment/supplies are substituted for the recommended items.

FUNCTION PRINCIPLE

Displays, controls, or supplies related to a specific function should be grouped together. Forexample, syringes, needles, and
alcohol swabs could be stored together in one drawer, and IV tubing and connectors that are used to prepare infusions could
be placed together on the same shelf.

SEQUENCE OF USE PRINCIPLE

Items should be placed in an order that reflects the sequence of steps needed to perform the task correctly. Forexample,
sterilegloves are in or with steriledressing kits, and the items are arranged in sequence. This allows personnel to complete tasks
quickly and correctly.
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Methodsfor performingworkplace analysis are available. One important aspect isthe medicationadministrationareas at the
bedside (in healthcarefacilities or the patient's home), whichshouldfollowthe same design as the centralized MSZ. Distractions
are an even greater challenge at the bedside, and measuresshould be taken to minimize them whenever possible. Information
and suppliesshould be kept accessible (according to the human-factorprinciplesalreadydiscussed) and placed inan uncluttered
area with adequate lighting. Sharpscontainers should be placedwithin easy reach for the provider, but out of high-traffic areas.
Each bedside workstation should be standardized indesign, so that information and suppliesdo not need to be brought along
when moving from one patient bed to another.

lean Production

Maintaining an efficient,' effective workplace reduces the likelihood of errors. One efficient approach to workspace design
uses lean-production techniques to enhance desirable, value-added activities while eliminating undesirable activities that lead
to waste during work processes.

Three lean-production techniques are as follows: (1) Visual Controls, Le., keeping work processes and indicators in viewso
that personnel can see the status of tasks at a glance; (2) Streamlined Layout, Le., optimizing the sequence of work processes
through facility design; and (3) Point-of-Use Storage, i.e., storing supplies at the location where they will be used whenever
possible so that personnel can perform tasks more efficiently.'

Simplification and Standardization

Making changes that simplify and standardize the patient-care environment decreases the cognitiveload, reducing the
likelihood of slips and lapses during routine tasks by minimizing decision and manipulation time. Standardizationcan be used
for facility and room design, medical equipment, and medication-relatedfunctions (e.g., medication delivery, storage of
patient-specific medications). Ensuring ready accessto clinical informationthat isspecific to the patient (or the drug) isessential
for all areas in which personnel implement steps in tile medication-use process.

Innovative Solutions

Another approach to optimizing the design of the MSZ is to involve personnel who perform the tasks on a routine basis.
Workers may suggest innovativesolutions to work station problems. To support innovation, it isadvisable to incorporate
flexibility into the MSZ design.

Forcing Functions

Constraint and forcing functions are an effective means of preventing errors, particularly for high-risk medications and
situations. Forcing functions do not always refer to devicedesign. The simplest of these do not requiretechnology. One of .he
firstforcing functions identified in healthcar.e was the removal of concentrated potassium from hospital units to eliminate th,::'
risk of inadvertent preparation of intravenoussolutions with concentrated potassium, an error that hascaused a smallbut SL3b:·~

number of deaths over the years.
Other examples would include sealing neuromuscular blockers in an intubation kitwhich lowers the chance of a paralyzinq

agent being administered to a patient without havingaccessto ventilation support. Additionally, packaging an enteral product
so it is physically unable to connect to an intravenoustubing luer lockconnector would avert a wrong route error, even if the
nurse was working in low-lightconditions and initially misidentified the intended route for the tubing. The availability ot
medication safety technology is never a substitute for safe medication practices within an MSZ. Reports have warned of errors
that resultfrom ignoring or overridingsafety checks, such as smart infusion pump drug libraries and alarms.

Work System Elements

CHARACTERISTICS OF INDIVIDUALS

Characteristics of the individual performing the work include his or her experience level, age, visual and hearing acuity,
distractibility, and level of attention. Humans vary in their responses to the physical environment. Inan ideal scenario, the
physical environment could be modified on an individual basis. In that way, the environment could be adapted to match the
needs of the current user, thereby optimizing the accuracyof his/her performance. Alternatively, the environment should be
as supportive as possibleto as wide a range of capabilities as possible.

SOUND AND NOISE

The Environmental Protection Agency(EPA) recommends peak sound levels of 45 dB during the day and 35 dB at night in
hospitals.The World Health Organization (WHO) guidelines state that background sound levels in a patient room should not
exceed 35 dB.The International Noise Council recommends maximums of 45 dB during the day and 20 dB at night for acute
care areas. Ear protection is required when workers are exposed to sound levels averaging 90 dB.

, Sanders MS, McCormick E]. HumanFactors in Engineering and Design. New York: McGraw-Hili; 1993.
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The standard for sound levels in MSZs isset at 45 dB. This is intended to ensure that critical verbal information can be heard
accurately. Healthcareprovidersshould be sensitive to their individual need for quiet, depending on the task being performed,
and they should have a quiet area available to promote accurate performance. The total elimination of noise in patient-care
settings isnot feasible or desirable. Patient counselingareas in pharmaciesshould include sound-reduction methods to enhance
audibility and learning, for example, the use of a closed room.

Noise is recognized as a serious health hazard to hospitalized patients, and as a source of interference with effective work
performance. Most studies of the effectsof noise in the work environment have been conducted in non-healthcare settings.
However, noise levels as a factor contributing to stressfor nurses is increasingly being documented. In healthcare facilities,
sourcesof noisecan range from overhead paging systems, equipment alarms, heating, ventilation, and air-conditioning (HVAC)
systems, plumbing, televisions, and radios to ice machines. Noise has been cited as one obstacle to the effective performance
of nurses. An in-depth study developed a noise map of a hospital, and found sound levels of 55 dB, which is 10-20 dB above
EPA recommendations, depending on the time of day. Average sound levels in other hospitals have been measured between
45 and 68 dB, with peaks between 85 and 90 dB. Astudy of sound levels during shift changes measured 113 dB.

The following sound-related features may affect accuracywhen dispensing medication: predictabilityof the sound;
controllability of the sound; type of task (simplevs. complex); multitasking; and distraction due to noise (which may mask
environmental cues and the worker's internal voice, used to rehearse and recall important tasks). Out of 58 studies, 7 showed
that noise improved performance, while 29 showed that it impaired performance. Unpredictable but controllablesounds and
noise were found in one study to improve prescription filling accuracy, contrary to previous research. Thismay indicate that
some environmental stimuli are needed to maintain proper alertness and attention of workers. Researchers are attempting to
identifyoptimal levels ofarousaldue to sound and noisefor people performing differentkindsof tasks(e.g., Yerkes-Dodson law).

Noiseand other sensory interference can be reduced by employing activities, tools, and principlesdeveloped by human
factors and engineering experts; many of these principles are already being used by some healthcare organizations.The effects
of these and other design improvementsfor nursingworkspaces on patient outcomes and facility performanceare being studied
as part of a research project (http://www.healthdesign.org/pebble) sponsored by the Center for Health Design, a nonprofit
research and advocacyorganization. The project hasfound decreases in medical errors, as wellas reductions in patient transfers,
nosocomial infections, patient falls, and medication usage. When permitted by infection control guidelines, reducing noise by
installing materials that absorb sound (e.g., ceiling and wall materials, and carpeting) can be accomplished at modest cost.
Acoustical engineers can provide additional methods for noise reduction. Workers who don't have to respond to any audible
signalssuch as telephone calls or alarms may be able to wear noise-canceling headphones and listen to music, provided that
performance is not adverselyaffected.

ACTIVITIES AND TASKS PERFORMED

When designing an optimal physical environment that promotes accurate medication use, one should consider the activities
and tasks that need to be performed. Apoorlydesigned environment or other adverse conditions in the work area can lead to
an unsafe adaptation of the procedures. Forexample, practitionerswho have to listen to the constant barrage of equipment
alarms that are not set within appropriate parameters (and are producing too many false alarms) may silencethe alarms to
reduce the noise. However, this limits the practitioner's ability to monitor the safety of the system. Similar situations occur with
visual alarms and computer messages that are often ignored or overridden. In general, activities and tasksshould be structured
so they can be performed with the least amount of difficulty. Ifworkarounds are detected, they should be investigated as an
indication that the procedure or workflow is not suited for the task.

Multi-Tasking

The term "multi-tasking" originated in the computer engineering industry; it is the abilityof a person to perform more than
one task simultaneously. The human brain iswired differently in every individual; therefore, not everyone can multi-task
successfully. The need to multi-task is common in all areas of the healthcare environment, whether on a nursing unit, in a
pharmacy, in an operating room, or in a specialprocedure area. Some people can focus on performing more than one task at a
time, whereas others cannot. In the human brain, multi-tasking involves linearly switching back and forth among different
activities while actuallycompleting one task at a time.

Thiscan be problematic in healthcare settings, particularly ifsomething unexpected happens in relation to one task while
the individual isfocused on the other task. These interruptions and distractions can lead to medication errors and other forms
of patient harm. Another type of multi-tasking error is related to "mental stacking," that is, when several items are under
consideration at the same time. An excessive cognitiveworkloadcan lead to unintended consequences, and it is important to
note that not all practitioners are able to handle established systems and processes in a particular physical environment.

Pharmacists and nurses are practitionerswho typically multi-task. Although most prescriptions are prepared or administered
one at a time, this does not mean that rnultl-tasklnq cannot occur. The work area should be designed to keep individual
prescriptionsseparate while accommodating multi-tasking. Individuals vary in their abilities to perform sequential tasks versus
multi-tasking. Currently there is not enough evidence to evaluate an individual's fitness to perform multi-tasking in healthcare
settings, but human factors research in controlled laboratorysettings suggests that in the future, it may be possibleto assess
and augment this skill in healthcare providers.

TOOLS AND TECHNOLOGIES IN THE PHYSICAL ENVIRONMENT

In the healthcare setting, tools and technologies that are used to perform the tasks can also interact with the physical
environment to affect the likelihood of medication errors.Therefore, the design of the environment should account for the
specific tools and technologies that individuals will use to complete their work. Forinstance, the physical layoutof an operating
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room should accommodate the size, maneuverability, and required spacing of the many devices used during surgery. Tools
and technologies should also meet ergonomic design standards.

Another example is that labelson medications are sometimes too small to display instructionsfor preparation, dispensing,
or administration;when this occurs, alternativesshould be considered. One alternative isto includeQuickResponse (QR) codes
on the labels,which allowhealthcare personnel with a web-enabled device (such as an iPad, iPhone, or Android-powered
device) to access prescriptive information and handle the product correctly. QR codes are two-dimensional bar codes that,
when read by an imaging device, bring the user directlyto the website containing the needed information.

Additional factors that should be considered include equipment malfunction, downtime, and vibration.
Equipment malfunction: Any equipment that malfunctions, isdamaged, or is lost should be reported to the supervisor

immediately. In the case of malfunction, a decisionshould be made either to repair or to replace the item as soon as possible.
In many cases, the item can be replaced rapidly, but some piecesof equipment take longer to disassemble and reinstall.
Personnel should confirm that the equipment is in good working order before and after each use. A routine program of
confirming equipment function should be in place.

Equipment downtime: The term "downtime" refers to periodsof time when a system or item of equipment is unavailable.
The outage, or downtime duration, is the length of time that the equipment fails to perform its primaryfunction. The concept
of downtime is commonly applied to computer networksand servers but can also be used in other environments when
discussing equipment failures. These failures can occur for various reasons, including damage; design flaws; procedural error,
i.e., improper use by humans; engineering issues, Le., how the equipment is used and deployed; overload occurring when
system resourcesare stressed beyond capacity; environmental problemswith support systems such as heating, ventilation, and
air conditioning (HVAC) and power; and scheduled downtime for maintenance, upgrades, or expansion. Service agreements
are a common strategy for minimizing downtime and outages. Proceduresshould be in place to address downtime.

Equipment vibration: Vibration is a mechanical phenomenon in which oscillations occur around an equilibrium point.
Although vibration may be desirable, usually it is undesirable, wasting energy and creating unwanted noise. As examples, the
vibrationalmotions ofengines, electricmotors, or any mechanical deviceare typically unwanted and mayresultfrom imbalances
in the rotating parts, unevenfriction, imperfect meshing of gear teeth, and other factors. Careful design and proper installation
can usuallyminimize unwanted vibrations.

DISTRACTIONS AND DISTRACTIBILITY INDEX

The healthcare work environment is replete with distractionsand interruptions that can adversely affectwork performance
and lead to medication errors. Architects, engineers, and other professionals who playa role in workplace design have a
responsibility to be educated about, and keenlyaware of, this issueso they can design safe, ergonomically ideal workspaces.
Thisapproach should have a significantbeneficial impact by counteracting the negative effectsof interruptionsand distractions
on patient care. In general, MSZs should be located in areas where the potential for distraction and interruption is minimized.
Nursesfrequently cite distractionsand interruptions as contributing to the incidence of medication errors. Distraction from
competing tasks is likely to impairperformance inseveral ways,such as sensory/perceptual interference(e.g., the nurse doesn't
hear the alarm because a coworkerinterrupts with a question), cognitivecost of switching tasks(the nurse responds to an alarm
more slowlybecause it takes time to reorient to the alarmed task after a coworker's question), or prospective memory failure
(when returning to the task after the interruption, the nurse omits a step because of forgetting where he/she left off).

Inaddition, interruptionsand distractionshave been linked to higher rates of prescriptiondispensingerrors inan ambulatory
pharmacy. According to the 2008 USP MEDMARX Data Report, distractionscontinue to playa major role in medication errors,
identified as a contributing factor in 45% of all medication errors in hospitals and health systems. However, interruptions and
distractions can be prevented or reduced by givingstaffthe ability to control and manage their exposure to these disturbances.
Personnel can be allowed to adjust features of the MSZ to maximize their concentration and attention levels and to optimize.
their performance. Adjustable features include a work station that is protected from interruptions and distractions, such as a
separate medication room, versusa mobile cart with workspacefor those that are not adverselyaffected by distractions.
Individuals have different levels of distractibility, and should be sensitive to their own need for a distraction-free work area.
Heightened self-awareness of the adverse impact of interruptions and distractions can help minimize problems. Also, workers
canbe trained in how to avoid interrupting coworkers for non-urgent requests, particularly whiletheir coworkers are performing
medication-related tasks. In a pharmacy study, the most frequent source of interruptions was coworkers askingfor assistance.

Techniques that may be effective for decreasing interruptions and distractions include visual cues (such as wearing orange
safety vests) and physical barriers, such as preparing doses in a medication room. Personnelcan also use checklists to focus or
refocus their own attention on the task. Scientific research about distractions and interruptions in the physical environment is
limited; therefore, additional studies are needed to identifyevidence-based corrective actions that will promote safe
medication use.

PHYSICAL ENVIRONMENT ELEMENTS

Factors in the physical environment, such as lighting, noise, temperature, layout, and workstation design, interact with
human and task-related factors to influence the accuracy of medication use. The remainder of this general chapter focuses on
providingguidance on the optimal environment to improvethe performanceof persons involved in the medication use process.

WORK SYSTEM DESIGN

According to the Systems Engineering Initiative for Patient Safety (SEIPS) model, fivework systems-humans, tasks,
technology and tools, organization, and environment-interact to affect employee, organization, and patient outcomes.
Because these five work systems are closely interrelated, designers should consider all of the systems.Wheneverone work

www.webofpharma.com

https://nhathuocngocanh.com/



USP 43 Genera/Information / (1066) 7595

element changes, there will be implications for the other elements. Theentire worksystem needs to be well designed to optimize
performance and ensure positiveoutcomes. Although this general chapter describes all the work systems, it focuses on
recommendations for the physical environment.

Evidence-Based Design

Evidence-based design (EBD) isa fieldof study that draws upon the most reliable research data in planning the design of the
workplaceenvironment and equipment. EBD isclosely related to the systematichierarchyof evidence-based practice,and usesa
systematic process of evaluating scientific research as the basisfor design decisions that enhance human performance and
reduce stress in the complex environment of healthcare. EBD intersects and combines the domains of ergonomics, human
factors, usability, and cognitive psychologyto arrive at the best possiblework environment.

EBD principles are availableto informenvironmental design choices. In2008, Ulrich and associates published a review of the
research literature on evidence-based healthcare design, concluding that "The evidence indicates that well-designed physical
settings playan important role in making hospitals safer and more healing for patients and better placesfor staffto work." For
example, major advances such as reduced infection rates have been linked to the design and location of sinks for hand washing,
proper ventilation, and suitable materialsfor surfaces.

Application of EBD principles to equipment design is just as essential as applying these principles to the work environment.
The use of EBD for intravenous pumps, feeding tubes, and patient-controlled analgesic devices has been described in recent
years. Research continues to support the use of standardized fonts and labelsfor drug identification, as wellas EBD for
medication storage areas. In each decision regarding the complex healthcare work environment, stakeholdersshould draw
upon the most substantial research evidence available and use it as a major guiding factor. Objects such as furniture, cabinetry,
and fixtures should be selected after carefulconsideration of EBD goals and research. Forexample, it is ideal iffurniture can be
configured to create a sense of privacy and minimize visual and auditory distractions during medication transcription,
preparation, dispensing, and administration. Furniture should be adjustable to meet a worker's ergonomic needs. In addition,
surface contamination can be reduced by selecting nonporous surface materialswith no joints or seams, allowing for ease of
cleaning. .

CHALLENGES IN THE PHYSICAL ENVIRONMENT

Ordering and Transcribing

Errors in ordering medications or transcribing medication orders are well documented in the research literature. Because
errors made during these tasks can directlyendanger patient safety, ordering and transcribing should be treated as high-risk
activities within the healthcare environment. Manual methods of ordering and transcribing are dependent on human
performance. Errors may result when the reader misinterprets handwriting flaws, abbreviations, or decimal points, or when
there isfrank misreading of handwriting. Faxed orders involve additional concerns, because legibility may be poor after
transmission and printing.

Computerized systems for ordering, known as computerized physician order entry (CPOE), and transcription of orders by
electronic means are not completely protected from the possibility of error. Forexample, electronic healthcare records have
been cited for failures in usability and visual display, and may lackthe customization necessaryto order for specific populations,
such as pediatric patients. Although the electronic transmission of data isconsidered more secure from errors of interpretation,
the addition of decision support in CPOE has not been established as an evidence-based intervention that assuressafety.At all
times, applications of technology should undergo the same degree of scrutiny as other methods to prevent medication errors.

PREPARATION AND COMPOUNDING

The preparation/compounding work area should be designed, arranged, and maintained to facilitate high-quality
compounding that meets the standards of Pharmaceutical Compounding-Nonsterile Preparations (795) and Pharmaceutical
Compounding-Sterile Preparations (797). The area for sterile drug preparation should be separate from the area for nonsterile
drug preparation (see (795) and (797». Traffic in the preparation/compounding area should be kept to a minimum, with only
authorized individuals allowed access. Lighting, temperature, and ventilationshould be optimal to prevent decomposition of
active pharmaceutical ingredients (APls), excipients, and drug products. These measures can also ensure a workplacewhere
personnel are not distracted by physical discomfort.

Humidity should be monitored and controlled, because drugs tend to degrade in the presence of moisture. Because of its
.effecton drug stabilityand integrity, the humidity in compounding and storage areas is second in importance only to
temperature (see (795) and (797». Ahygrometer should be placed on an interiorwall, but not near an air-handling return, hot
plate, or door entrance/exit, so that it will provide a representative reading of the relative humidity in the compounding area
or storage facility.

The materials used for the floor, walls, shelving, cabinets, and ceilingshould not retain dust, odors, or residuesfrom the
compounding activities. Also, the area should be free of dust-collecting overhangs (e.g., ceiling pipes, hanging light fixtures,
and ledges). The actual work area should be level, smooth, impervious (free of cracksand crevices), and non-shedding, and
the shefving and cabinets should be easy to clean.

Hazardousdrugs should be prepared, stored, and handled by appropriately trained personnel under conditions that protect
the healthcare workers and others who may come in contact with these drugs. Disposal of all hazardous drug wastes should
comply with the applicable federal and state regulations.Any workerswho perform routine custodial waste removal and
cleaning activities in the storage and preparation areas for hazardous drugs should be trained in appropriate procedures to
protect themselves and prevent contamination of the physical environment. This training should include procedures to be
followed in the event of a spill.
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Forsterilecompounding, the primaryengineering control (PEe) unit should be placed in a locationthat will minimize noise
and avoid conditions that could adversely affect its operation. Forexample, strong air currents from opened doors, personnel
traffic, or air streams from the HVAC systemscan disrupt the unidirectional airflow in open-faced workbenches. The PEC should
be placed out of the traffic flow and in a position that will avoid disruption from the HVAC system and room cross-drafts. In
general, allequipment should be selected and installed to create optimal working conditions, with minimal noise and sufficient
lighting, so that personnel can perform accurate, high-quality work (see (797).

DISPENSING

There are many potential distractions in dispensing areas of pharmacies and other areas where medicationsare dispensed.
Thesedistractions may include ringing telephones and interruptionsfrom patients, other staff, visitors, and others. Distractions
should be minimized or eliminated to the greatest extent possible. Although dispensing functions often require multi-tasking,
it is optimal that only one prescription or medication order be prepared, processed, and checked at a time. The final check
should be done by a pharmacist or an authorized, licensed professional in an area that isfree of distractions. Additional points
include the following:

• Proper illumination is necessarybecause the labels on some containers have verysmallor lightly colored print.
• Noise levels should be kept to a minimum (see Table 2), which may require moving noisyequipment to a different room,

or at least using a partition for separation.
• Odors in the pharmacy setting should be controlled by using appropriate exhaust systems, which should be maintained

properly and monitored periodically. Pharmacies contain a combination of odors resultingfrom the storage, preparation,
and dispensing of the drugs themselves; odors also emanate from other items such as disinfecting agents.

• Temperature should be maintained at appropriate levels for the comfort of pharmacy personnel and for the stability of .
the pharmaceuticals.

• The pharmacy workspaceshould be designed to enhance workflow efficiency and to maintain safetythroughout the entire
dispensing process.

ADMINISTRATION

Some critically important MSZs for nurses include the medication preparation and administration areas. Information should
be readily available in a user-friendly format that will facilitate the practitioner's synthesisof facts and data. Access to
medication-related informationshould be efficient, with materialsand records available at the proper sites.Forexample, a nurse
may need both drug information and patient-specific data to make a decision about drug administration; therefore, these two
sources should be near each other to support fact finding and/or decision making. The variousinformation components within
the space should be arranged according to specific principles that decrease distractionswhen seeking information and making
decisions. Nursesalso need to be aware of additional factors when administering medications, e.g., illumination, clutter, odor,
noise levels, and temperature. .

THE HOME ENVIRONMENT

The home healthcare environment differs from hospitals and other institutional environments in some important ways. For
example, clinicians recognize that the hornecare setting isthe privatedomain of the patient. Thusthe care they provideto each
patient should be unique and individualized, based largely on that home setting. There may be situational variables in the
patient's home that present risks to the patient and·are difficult or impossible for the clinician to eliminate. Forinstance, hospitals
have environmental safety departments to monitor air quality, as well as designers/engineers to ensure that the heights of stair
risers are safe, but home healthcare providers are not likely to have the training or resources needed to assessand ameliorate
such risks in the patient's home.

Yet the patient and caregiver still can promote a safe home environment by establishing proper storage, organization, and
accessibility of medications, as well as adequate lighting in areas where drugs are administered. Several other physical elements
alsoshould be assessed to facilitate safe handling and administrationof medications. Thereshould be reliable telephone service
to the home, an adequate area to prepare and administer medications (e.g., parenteral infusions), and intact, safe electrical
outletsfor any required equipment. All medicinesshould be stored inwaysthat facilitate both medicationsafetyand compliance.
The storage locations should be dry and cool. Medications needing refrigeration should be stored in areas where they will not
freeze. All medications, whether prescriptionor over-the-counter, should be kept out of reach of children, pets, or mentally
altered/impaired adults.

PHYSICAL ENVIRONMENT FACTORS

Sensory interference resulting from extreme temperatures, noise, poor lighting, glare-producing surfaces, interruptions, or
clutter can adverselyaffectthe workingmemory and job performance of healthcare practitioners.Theguidelinesdescribed here
for the physical environment should be applied to MSZs.

Illumination

Proper illumination levels can improve both accuracy and efficiency of performance. Prescription-fillingaccuracy improved
significantly, from 96.2% to 97.4%, when lighting levels in a busy outpatient pharmacy were increased from 450 to 1460 lux
(45-146 fc). One study found that pharmacistswho rated lighting levels as at least adequate detected 38% more errors when
filling prescriptions. In addition, as visual fatigue increases over a shift, increased light is needed. Pharmacists using task lights
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to increase illumination had a 10.7% reduction in product verification errors. A study of luminance in homes, offices, and public
places found lower levels than recommended for reading, and also found that performance was related to age. Efforts should
be made to prevent medication errors caused directly or indirectly by low lighting. For example, one incident report showed
that poor lighting contributed to improperly connected patient-controlled analgesia (PCA) administration tubing, causing
medication to run onto the floor, resulting in uncontrolled patient pain. Low lighting contributed to difficulty in seeing that the
tubing was not connected properly. A study of lighting in a retail pharmacy revealed an error in strength and dosage form as
dicyclomine 1O-mg capsuleswere used to fill a prescription for 20-mg tablets. The light level at the shelf where the medications
were stored was 220 lux (22 fc).

The recommendations described here take into consideration the need to work quickly and accurately during medication
handling, the level of task visibility, and the comfort of personnel. Architects and lighting engineers can consult the Illuminating
Engineering Society of North America (IESNA) reference "Lighting for Hospitals and Healthcare Facilities" for details about
lighting medication areas. It is important to note that the illuminance levels recommended in the IESNA reference are below
those listed in this guidance; the latter are higher because of evidence that lighting levels are inversely related to medication
errors. Fluorescent cool white deluxe lamps or compact fluorescent lamps are recommended, because they have a color
rendering index of 80 or more and are highly efficient compared to incandescent lamps. Providing the recommended color
rendering index can help avoid misidentification of medications.

If illumination levels are below recommendations, task lighting is required in areaswhere critical visual tasksare performed.
If task lighting is not available, then workers can cast shadows on the workspace, further reducing lighting levels. Critical tasks
include reading handwritten prescriptions and small print on labels and inspecting medication dosage forms. Because
individuals perceive lighting levels differently, adjustable 50-watt high-intensity task lights are recommended for situations
where personnel encounter difficult-to-read prescriptions and product labels such as unit-dose package labels. Lighting levels
are important for key healthcare providers involved in computer order entry (e.g., physicians or pharmacists), prescription filling,
inspection, and patient counseling. Illumination levelsfor computer order entry areasshould be at least 750 lux (75 fc). Higher
levels [1000 lux (100 fc)] are recommended when handwritten orders are read.

Lighting should be positioned so there is no glare on the computer monitor that may make it difficult to read the screen
accurately. Prescription preparation areas, medication inspection stations (for double-checking), and counseling areasshould
have illumination levels between 900 and 1500 lux (90-150 fc). These standards are all above the minimum of 200 lux (20 fc)
for accurate reading of medication labels set by the American Society for Testing and Materials International (ASTM
International). An ASTM International standard includes a legibility test requiring that the name and amount of the drug on
the label be legible in 20 fc of light at a distance of about 20 inches (500 mm) by a person with 20/20 unaided or corrected
vision. Lighting levels should be increased where the work force has an average age beyond 45 years to optimize legibility
(general recommendation for treatment of presbyopia). Healthcare providers should also consider having a magnifying glass
available to assistin the careful reading of labelswith very small print and in situations where low lighting levelsare unavoidable.
Pharmacists using a magnification lens along with a task light reduced errors in product verification by 22% compared to a
control group.

For nurses,key medication-related tasksthat require good lighting include medication order review and medication selection,
preparation, and administration. These tasks may take place in one or more locations on the nursing unit, such as the nursing
station where patient charts are stored, the medication room, or a patient's room. Transitional lighting is recommended for
medication areason nursing stations and other patient care units to avoid dark and bright spots located next to dimly lit areas.
Luminance should enable good color rendering (Le., color rendering index of 80 or more) to assistwith proper medication
checking. Task lighting can help achieve appropriate levels of lighting and should be included on mobile medication carts
(including those used with bar code medication verification systems). Glare on computer monitors should be controlled by
ensuring that there are no light reflections that can wash out the screen and make it difficult to read.

Illumination levelsfor medication rooms located on nursing units should be at least 1000 lux (100 fc) basedon the complexity
of the task (e.g., reading small type on medication packages) and the need for accuracy and speed. The higher range of the
lighting level should be used when the task requires reading small print. Lighting level recommendations are summarized in
Table 7. Over time, lighting levels can decrease (e.g., by 25% over a 2-year period), so it is important to clean lighting fixtures
routinely in order to maintain recommended luminance levels.Lighting levels should be measured on a quarterly basis. Burned
out or flickering bulbs should be replaced promptly.

Table 1. Lighting Level Recommendations for Healthcare Settings
Illumination Level

Foot-Candle
Work Area Lux (fc)

Computer order entry 1000 100

Handwrittenorder processing 1000 100

Medicationfilling and checking (pharmacy) 900-1500 90-150

Patient counseling(pharmacy) 900-1500 90-150

Sterile compounding and preparation 1000-1500 100-150

Pharmacymedication storeroom 500 50

Medicationpreparation area (e.g., nursing station) 1000 100

Medicationadministration work area (e.g., cart surface, patient room) 1000 100

Proper lighting is also essential at the point of care. Attempting to be patient- and family-friendly may run contrary to the
necessary lighting conditions for safe medication administration. If practitioners administer medication at night under low
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luminance to avoid disturbing the patient or family, this an unsafe practice. Task or spot lighting should be available so
practitioners can visually confirmthat they have the correct patient (by reading armband or other identification technology),
and so the medication and administrationsite isnot compromised. Compact fluorescent lampstake time to come to the correct
lighting level. Therefore, no critical tasks should be performed until the light isworking at its rated level.

SOUND AND NOISE RECOMMENDATIONS

Forhospitals, the Environmental ProtectionAgency(EPA) recommends peak sound levels of 45 decibels (dB) during the day
and 35 dB at night in hospitals. The World Health Organization (WHO) guidelinesstate that background sound levels in a
patient room should not exceed 35 dB.The International Noise Council recommends limits of 45 dBduring the day and 20 dB
at night for acute care areas. Ear protection is required when workers are exposed to sound levels averaging 90 dB.Sound level
recommendations are shown in Table 2.

Table 2. Peak Sound Level Recommendations

Work Area Source" Sound Level (dB)

Hospitals (daytime) EPA 45

Hospitals (nighttime) EPA 35

Patient room WHO 35

Acute care areas (daytime) INC 45

Acute care areas (nighttime) INC 20

Ear protection required INC 90 (average)

Medication safety zones - 50

a EPA, Environmental Protection Agency; WHO, World Health Orqanizatlon: INC, International Noise Council.

The standard for sound levels in MSZs is set at 45 dB, which is intended to ensure that critical verbal information canbe
heard accurately. However, this will be exceeded in many typical pharmacy dispensing and compounding areas. Healthcare
providersshould be sensitiveto their individual needsfor quiet, depending on the task being performed, and they should have a
quiet area available to promote accurate performance. The total elimination of noise in patient-care settings is not feasible or
desirable. Patient counseling areas in pharmacies should includesound-reduction methods (e.q., use of a closed room) to
enhance audibility, learning, and privacy.

Excessive noise is recognized as a serious health hazard. Itseffect on hospitalized patients and its possible interferencewith
effective work performance by clinicians should be considered. Most studies of the effects of noise in the work environment
have been conducted in non-healthcare settings. However, noise levels are being documented more often as a contributor to
stress for nurses. In healthcare facilities, sources of noise can include overhead paging systems, equipment alarms, heating,
ventilation, air-conditioning(HVAC) systems, plumbing, televisions, and radios to ice machines. Noisehas been cited as one
obstacle to the effective performance of nurses.Anin-depth study developed a noise map of a hospital,and found sound levels
of 55 dB,which is10-20 dBabove EPA recommendations, depending on the time ofday. Average sound levels inother hospitals
have been measured between 45 and 68 dB, with peaks between 85 and 90 dB.Astudy of sound levels during shift changes
measured 113 dB.

Accuracy when dispensing medication can be affected by specific characteristicsof the sound/noise, e.g., whether it is
predictable and whether it can be controlled. Thesefactors may maskenvironmental cues and the worker's internalvoice,used
to rehearse and recall important tasks. Out of 58 studies, 7 showed that noise improved performance, while 29 showed that it
impaired performance. Unpredictablebut controllablesounds and noisewere found in one study to improve prescriptionfilling
accuracy, contrary to previous research. Thismay indicate that some environmental stimuliare needed to maintain proper
alertness and attention of workers. Researchers are attempting to identifyoptimal levels of arousal due to sound and noisefor
people performing different kinds of tasks (e.g., Yerkes-Dodson law).

The adverse effectsof noiseand other sensory interferencecan be reduced by using activities, tools, and principles developed
by human factors and engineering experts. Manyof these principles and tools are already being used by some healthcare
organizations. Researchers are studying these and other design characteristics of nursing workspaces to assess their effectson
patient outcomes and facility performance; one study issponsored by the Center for Health Design, a nonprofit research and
advocacyorganization, and a network of 11 healthcare providers (http://www.healthdesign.org/pebble). The data haveshown
reductions in medical errors, patient transfers, nosocomial infections, patient falls, and medication usage. Reducing noise by
installing materials that absorb sound (e.g., ceiling and wall materials, and carpeting), when permitted by infection control
guidelines, can be accomplished at modest cost. Acoustical engineers can provide additional methods for noise reduction. In
addition, workerswho do not have to respond to any audible signalssuch as telephone calls or alarms may be able to wear
noise-canceling headphones and listen to music, provided that performance is not adverselyaffected.

ODOR

Areas where pharmaceuticals are stored or manipulated tend to have an odor that is characteristicof the respectivedrugs.
These odors often can be minimized by using appropriate air handling/exhaust systems. Indoor environmental quality (IEQ)
can be related to chemicals and other sources. The odors found in almost any working environment may result from caulks,
sealants, coatings, adhesives, paints, varnishes, stains, wall coverings, cleaning agents, fuels and combustion products,
carpeting, vinyl flooring, fabric materials, air fresheners, and other scented products, as wellas personal products of employees
(e.g., perfumes, shampoos, and others). Ifthese odors are not controlled, IEQ problems can arise, especially ifthe building's
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ventilationsystem is improperlydesigned and/or poorly maintained. IEQ can be improved by installing appropriate exhaust
systems to remove the odors emanating from drug products. This may also include "snorkel exhaust" facilities close to where
the drug products are manipulated, as well as cabinet-type exhaust hoods. Other measures that may be helpful include
establishing perfume-free zones, prohibiting smoking, and not allowingfood storage or eating in the immediate area. The
practice of introducing pleasant odors in the workplace mayor may not be beneficial, but managing the response to odors and
irritants is critical to maintaining the health and well-beingof workers.

TEMPERATURE CONTROLS AND HUMIDITY

Temperature control is important for drug stabilityand for the comfort of personnel. In a room where equipment is present
(e.g., laminarair flow hoods), heat tends to be generated, and therefore, appropriate temperature control measuresshould be
designed and implemented.

In some situations such as compounding, it is important to control humidity and thereby minimizestatic electricity in
powders, packaging, and other dosage forms (see (795) and (797). Humidity control isalso important for related technologies,
such as computers, tablets, and automated dispensing machines. The core temperature of the central processing unit in
computers should be between 100 and 320 C, and the ideal humidity index is between 30% and 50%.

PHYSICAL DESIGN AND ORGANIZATION OF WORKSPACE ASSESSMENT

The design of the work environment influences the ability of providersto effectively use information and accuratelyperform
tasks.The height of counters, height of shelving for storage of supplies, and lighting changes in lower drawers and cabinets
that decrease visibility of products can contribute to errors ifimproperlyadjusted. The effective integration of adjustablefixtures
and appropriate counter heights, with the use of mobile carts, can improve efficiency as well as safety. Work counter clutter or
lackof sufficient space to perform keytasks istypically an indicatorof disorganizationand poor planning. One study found that
more dispensing errors occurred when medication storage containers were placed on shelves in a cluttered fashion «1 inch
between distinct drugs). When choosing appropriate furniture, an evidence-based-design furniture checklist may be used to
make informed investment decisionsand improve healthcare outcomes (see Table 3 for a complete checklist).
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Table 3. Evidence-Based Design Checklist

USP 43

Findings Evidence-Based Design Goals and Features"

1. Reducesurfacecontamination linkedto healthcareassociatedinfections
A. Surfaces are easilycleaned, with no surfacejointsor seams.
B. Materials for upholsteryare impervious (nonporous).
C. Surfaces are nonporous and smooth.

2. Reducepatient falls and associated injuries
A. Chairseat height is adjustable.
B. Chair has armrests.
C. Space beneath the chair supports foot positionchanges.
D. Chairseat posterior tilt angle and seat back reclinefacilitate patient egress.
E. Chairsare sturdy, stable, and cannot be easily tipped over.
F. Rolling furniture includeslockingrollers or casters.
G. Chairshave no sharp or hard edges that can injurepatients who fallor trip.

3. Decrease medicationerrors
A. Lighting fixturesshould provide90-150 foot-candle illumination and an adjustable 50-watt high intensitytask lampfor furniturewith

built-in lighting that is used in a medicationsafetyzone.
B. Furniture isconfigurableto create a sense of privacy to minimize visual distractionsand interruptionsfrom sound and noiseduring

medication transcription,preparation, dispensing,and administrationactivities.
4. Improvecommunication and social support for patients and family members

A. Furniture can be configured into smallflexible groupings that are easily adjusted to accommodate varying numbersof individuals in a
varietyof healthcare settings.

B. Wide-sized and age variations are supported.
C. Acoustic and visual patient privacy are supported.

5. Decreasepatient, family member, and staffstressand fatigue
A. Materials suggest a linkto nature.
B. Appearance isattractive and noninstitutional.
C. Furniture is tested for safe and corntortabl- use by all, includingmorbidly-obeseindividuals.

6. Improvestaffeffectiveness, efficiency, and communication
A. Furniture iseasilyadjustable to individual worker'sergonomic needs.
B. Designenables care coordination and information sharing.
C. Materials are sound absorbing.

7. Improveenvironmentalsafety
A. Materials do not contain volatile organic compounds (VOCs), such as formaldehyde and benzene.

8. Represent the best investment
A. Reflect and reinforcethe organizational mission, strategicgoals, and brand.
B. Integrate new with existingfurnitureand objectsfor facility renovationsprojects.
C. Pieces can be flexibly reconfiguredand moved to support changing and emerging missions.
D. Provide castersor glides to reduce floordamage.
E. Checkthat there are no protuberances that may damage walls; check chair rail heights.
F. Manufacturerprovides resultsof safetyand durability testing.
G. Manufacturerdescribes the specific evidence that has been used to design the product.
H. Manufacturerincludesa warrantyappropriate to use, such as furniture used all day, everyday.
I. Replacementparts are available.
J. Repair can be done in the healthcarefacility.
K. Manufactureror localdealer can assistwith furniture repairand refurbishing.
L. Environmental services/housekeeping staffcan easily maintainfurniture.
M. AGroup Purchasing Organization (GPO) can be used when purchasing furniture.

Findings Scale:
Present (+), Absent(-), More Information Needed (7), Not Applicable (N/A).

a MaloneEB, Dellinger BA. Furniture Design Features and Healthcare Outcomes. TheCenterfor HealthDesign; 2011 (see https://www.healthdesign.org/chd/research/
furniture-design-features-and-healthcare-outcomes).

METHODS FOR ASSESSING THE PHYSICAL ENVIRONMENT

Illumination

An illuminance meter, also referredto as a light level meter or photometer, is an instrument that consists of a photodetector
(with a digital or analog display) that measures illuminance in luxor foot-candles (fc). Lighting levels should be evaluated in all
MSZs using point illuminance measurements. To do this, the photodetector should be placed in the area where the critical
medication task is performed (e.g., medication inspection at a work counter), with the worker standing in a normal working
position when the measurement is taken. In medication storage areas, measurements should include light levels at the top,
middle, and bottom shelves, because light levels depend on the distance from the lighting source. Photometers are
commercially available, or management engineers may be able to provide them, and they should be recalibrated annually.

Illumination levels also can be measured using a smart phone "LightMeter" application (app). These apps are easy to use
and inexpensive. They are simplydownloaded to a Smartphone, and after clicking on the app, the camera function is pointed
to a lighted area/surface and the on/off button is pressed. The device takes measurements and also providesa description of
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the activities for which those light levels are appropriate. The apps can be calibrated and the sensitivity adjusted, with readouts
in either lux or fc.

SOUND LEVELS

Sound level meters capable of reading from 30 to 130 decibelson the Ascale (dBA) should be used to measure sound levels.
The Ascale iscommonly used when measuring decibelsbecause it most closely represents what the human ear hears in terms
of loudness.The meters should be calibrated prior to each use. Measurements are taken while standing in a working position,
using the instructions provided in the manual for the specific sound meter. Type 1 or Type 2 meters have acceptable levels of
accuracy. Sound levels also can be measured easily and inexpensively by using a Smartphone app. The app isdownloaded to a
Smartphone, and the readout options are selected. The measurement is activated, and it continues to provide a complete
readout of frequency (x-axis) and decibel sound pressure level (y-axis) in real time.

ODOR DETECTION

Odors can be detected by individuals, but this approach isverysubjective. Some odors indicate the presence of a specific
chemical entity or moiety. However, appropriate measuring devicesfor use in a work environment may not be available or
practical. Consequently, it may be necessaryto select a team of individuals to categorize what isacceptable and what is not
acceptable in terms of odors in the work environment. Appropriate HVAC systems may playa role in reducing odors.

TEMPERATURE/HuMIDITY MEASUREMENT

Temperature istypically measured with digital thermometers, and humidity is measured with hygrometers. In both cases, a
recording instrument (e.g., recording thermometer) offers the advantage of documentation.

SUMMARY

As earlyas the 19th century, Florence Nightingale identified the importance of physical environmentsfor patient healing, but
only recentlywas it established that the physical environment can support the performance of critical tasks by healthcare
personnel to protect the patient from iatrogenic harm. Currently, medication errors are recognized as complex, multifactorial,
and systemdependent, and full scientific understanding oferror prevention has proven elusive. However, Nightingale's counsel, .
"above all, do no harm," compels us to use the most up-to-date evidence for safe practices in healthcare to prevent errors and
protect the patient. Aspectsand considerations of the physical work environment discussed in this general chapter are not
exhaustive, but can serve as a stimulusfor the assessmentof existingwork spaces and for consideration of the latest evidence
from human factors science in the design of new facilities. The remaining constituent not discussed in this general chapter is
the healthcare provider working in arduous conditions who may, with the best intent, contribute to patient harm through
inadvertent actions in substandard conditions. The physical work environment should be structured to support and promote
safe delivery of care and prevent harm to patients whilealso bolstering the practice of healthcare by clinicians.

.GLOSSARY OF TERMS
Administering: The preparation, directly prior to use, of a pharmacologic or other therapeutic agent for ingestion,

injection, insertion, or application. .
Color rendering index (CRI): An expression of how a light source affects the color appearance of objects or humans,

compared to how they would appear under a referencelight source. .
Compounding: The preparation, mixing,assembling, altering, packaging, and labelingof a drug, drug-deliverydevice,or

device inaccordance with a licensedpractitioner's prescription, medication order, or initiative based on the practitioner/patient!
pharmacist!compounder relationship in the course of professional practice.

Constraint: A rule stating under what conditions an action is allowed or prohibited. Constraints are used in designing
procedures or tools to prevent unsafe practices.

Crowding: Acondition that occurs when multipleworkers use the same workspace, adverselyaffecting the amount of
space available for each person and also increasingthe negative factors of distractions, interruptions, and noise.

Decibel: A unit used to measure the intensityof a sound by comparing it with a standard level on a logarithmic scale,
thereby indicating the degree of loudness. The Ascale iscommonly used when measuring decibels, because it most closely
represents what the human ear perceives in terms of loudness.

Dispensing: The act of providing a medication or prescription order; to fill a prescription.
Distraction: An external stimulus that occurs when a person isengaged in a task or activity that causes a cognitive or

emotional disturbance, but does not result in the discontinuationof the activity, such as a telephone ringing or question from a
coworker.

Ergonomic design: Arrangement of a workspace to accommodate each individual's capacities and limitations, allowing
them to work safelyand efficiently. This includes an optimum ambient environment and adjustable furniture.

Forcing function: Anaspect of a design that preventsa target action from being performed, or that allowsits performance
only ifanother specific action is performed first.

Human factors: The scientific discipline concerned with interactions among humans and other elements of a system, and
the profession that applies the theory, principles, data, and methods to design systems that optimize human well-being and
overall system performance. .

Illumination level: The quantity of light energy reaching an area as measured (in lux or foot-candles) by a photometer
with an illuminance sensor; this indicates brightness. Alux isa unit of illuminance, measured in lumens per square meter. A
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foot-candle (fc) is lumens/square foot, and is also commonly measured by light meters. The term candela replaced fc as the
International System (SI) measure of luminous intensity and represents 1 lumen/steradium (lrn/st).

Interruption: The cessation of productive activity before a task is completed, caused by an externally imposed stimulus.
Lean production: High-quality work output achieved while eliminating waste and decreasing resources used, time spent,

and errors.
Medication safety zone: A critical area where medications are prescribed; orders are entered into a computer or

transcribed onto paper documents; or medications are prepared/compounded or administered. The characteristics of an
optimal physical environment for accurate medication use will apply to MSZs.

Multi-tasking: The ability of human beings to perform multiple tasks simultaneously.
Noise and sound: Noise is defined as an auditory stimulus that bears no informational relationship to the task at hand.

Sound is a change in volume that has some informational relationship to the task at hand. A quiet work environment is defined
as an area where noise is absent and the worker is free from disturbance.

Override: To neutralize or counteract the action of an automatic control.
Photometer: An instrument for measuring photometric quantities such as illuminance.
Physical environment: The surroundings that can affect one or more human senses.
Workaround: A plan or method used to circumvent a problem (as in computer software) without eliminating it.
Working conditions: A set offactors that include the physical environment, workforce staffing, workflow design, personal!

social factors, and organizational characteristics.
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THECONCEP~ OF RISK-BASED MICROBIOLOGICAL MONITORING AND RELEASE TESTING .
CRITiCALOPERATING PARAMETERSTO BE USED IN DETERMINING A RiSK-BASED RAPID MICROBIALTEST FOR THE
RELEASE ·OF STERILE SHORT-LIFE PRODUCTS' ~ , . ,~ , . .

SITUATIONSWHEN (7,1 )IS UNSUITABLE FOR PRODUCTRELEASE TESTING
Sample Size Consideration
Limit of Detection
AbilitY to Detecfa Wide Range of Microorganisms

RAPID MICROBIAL TEST METHODS FORTHE RELEASE OF STERILE SHORT-LIFE PRODUCTS
Brief Descriptions of the Technologies

METHOD SUITABILITY TESTING
GLOSSARY
REFERENCES

INTRODUCTION

It is widely recognized that the current growth-based sterility tests with' an incubation period of at least 14 days (see Sterility
Tests (71» are not suitable for products with a short shelf-life or for products prepared for immediate use,which a ually .
infused into patients before the completion of the test (1). These short-lIfe'products include compounded sterile .. ations
(CSPs), positron emission tomographic (PET) products, and cell and gene therapies, which require ew generation of ..
risk-based approaches that includerapid microbial tests. For a general discussi.on of the factors oth han.sterility testing that
contribute to sterility assLirance, 'seeSterilityAssurance (1211). It should be noted that aswith alternate test methods,: therefere¢
test in the event of a dispute is (71). .., .' .' . .

If a microbial test isconducted, patientsafety is best served through the completion of a test that detects microbial
contamination p'rior to product uSe~ .. " . . '.' . .'

!he rapid microbial tests (RMTs) should be risk-basedsothe stakeholder can select the preferred technology for th . .
useand balance user requirernentspecifications (URS)including time to result, specificity, limit of detection D
and productattribl1tes..For example, many radiopharmaceuticals,.due to the short half-life ofradiotracers, I
from a real-time microbial test, while CSPs and cell therapy products, due totheirshortbeyond-:-use dating, I
an overnight test or at least one that is completed within 48 h:. .'...

This general informationat chapter discussesthe needs of those who manufacture/prepare and test pro
shelf life and tbeirURS; and includes a brief discussion of some'suitable methods for risk-:basedrapid microbial,
release of short shelf-life sterile products'(hereafter referred to in this chapter as "short-life products").
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USER REQUI~EMENT' SPECIFICATI9NS FOlrARAPID.MICIlOBIA~ 1"ESTFOR-rHE_·RELEASEOF
STERILE·SHORY:~LIFlE· PRODUCTS

SeleCtion of an appropriate technology for the rapidmrcrobialtestlng f9rthe release of a short-life' proaucfshoulal>ea
risk-based decision. The URS (2) of different technologiesindude:'

• As shortaspossible time to result, ideallyin real tilTle:or less than24 hours, preferablypriortt;> the administration of tti¢
product

• Ability to detect, preferaoly less ttlanlOOcolony-forrnlnglfnifs(du) inth~test sample
• Ability to detect a wide range of viable mkr60rgarlisrris irl 'apro-dUct
• Samplequantity~ Le., minimum number of artiClestesfed and quantity per container tested that dcie~ not consume a latg~

proportion of the available product; whenever feasible, manufacturers should considerassayrequirementsduring
processdesign

• Aseptic test material handling, Le.,· Closed systemsto reduce inadvertent corita:mination during testing
• Availability of instniments and reagents from multiple venaors
• Availability 'of referencestandards, negative and positive controls, appropriatefortechnologies that use signais -other than

the colony-forming unit
• Ease of use/simplicity of test and data interpretation
• Low rates of false positive and false.negative results
• Amethod suitability testing strategy for each'speCific product
• Improved patientsafety arising from:

o Completion of the test prior to administration
o Teststhat provide progressive monitoringand reports of a detection of sterility test failure

• Ability to identify the detected mIcroorganisms, which may b'eusefulto the Clinician administering the products and
investigating to determine its source

• Robustness and reliability bf equipment and reagents used in.the~testing
• Samplepreparation suitablefor both manual and automated methods

THE CONCEPT OF RISK-BASED MICROBIOL.OGICALMONITOIUNGAND.RELEA.S·E TESTING

Areview of the URS for an RMTshows that some risk.:.based decisiorls· would rieed to be madecespeciall)l interms.oftimefO
results, LaD,samplesize, and range of microbesdetected to allow the use ofsuch tests priorto administration. Thestakeholders
should carryout a risk assessmentfor choosing an RMT in caseswhere the current compendial sterility test is unsuitable.

Benefits may include, for instance:
• Useof RMT in caseswhere asubstantial risk to patient survival existswhen the product IS administered too late. One

striking examplefrom the c1inkalliteratur~ is that of bloodstream.infections that are rapidly progressive infections with
mortality rates of up to 40% and in which each dayof delay in administrating antibioticsleads to a 10% increasein
mortality (3). In these cases, patient safety is clearly promoted bythe completion of amicrobial test priorto the
administration. .

• Use of growth-based RMTs with continuous reading ap·plied for "negative to date" on risk release because fast growing
microorganisms can be detected earlier, and ifa failure isdetected this would enable the cliniCian to intervenesoonerwith
the patient~ When a contaminated product isdetected, the laboratorysupervisorcould inform'thecliniciantreating the
patient and intravascular fluid resuscitation andantibiotic treatment may be initiatedto ~void septic shock; A sterility test
that progressively monitors and automatically reports any failure will therefore have additionaladvantages as compared
to a single reading at the end of the incubation period.

• Use of non-growth based RMTs with LaD above 1 cfuthat isamplifiedby growth in microbiological mediabut veryfast
time to results. The abilityto detect contamination, in real time, priortothe administration ofthe short-life product may
be considered more important than detection of a singlecolony-forming unit in the product. Whenconsidering risk to
the patient, choice of the RMT should factor in the sensitivityof the assayversusthe time to detection: Assays should be
reasonably sensitive to detect the presence ofa low-level contaminantand:should do so in a time framethat allows results
to be available before product administration. . ... .... . ..

• Other advantages of nongrowth-basedRMT me as a-Iso mayfnHudethe-inabilIty eaffed:ec bY.ahtibioticsirithe
test sample and the detection of culture-negati iousagents,Som A-targ antibiotics(e.g~, polymyxin B
and bacitracin) have been shown toihhibitPCR I catio il.eanti .. ' s such as penicillin G, chloramphenicol,
amphotericin and nalidixicacid do not affectth Iving tial ()fthe reaction.Thiswould be most important to
sterile.compounding pharmacies producin 'njec a Ieantib olutions.. Method suitability should determine'<'!hether,
any antibiotics inthe test sample could a .'. the assay.

In addition, RMTs or other rapid microbiologkalmethods (RM yhe-used as in-processc:ontrols prior to the final
product releasesterility test to' providefaster informationon .the eff. . nessof mierobial .controls and the earlydetection'of
gross contamination (enabling to investigate.andrestart pr . i:l sooner) or probabili~y that a productmay failsterility~

Forthe risk assessment, one consideration that may be. .ed isthe relative risk to the.patient based on the volume of
the product injected or infused and the site of administration, The greaterthevolume and the more invasive, the greater the
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risk of blood stream infection for the patient; The risk rangesfrom a small volumeof an intradermal injection to a largevolume
ofan intravenous infusion (see Table 1).

Table 1. TypicalVolunles by Route of Administration and the Relative Risk Level

Route of Administration
Typical Volume Administered

Risk level(mt)

Intradermal ~0.1 Verylow

Subcutaneous :51 Low

Intramuscular ~3 Moderate

Intrathecal 1-10 Hign

Intravenous push 1...,60 Moderate--High

Intravenous piggyback 25-250 High

Intravenous >250 High

CRITICAL OPERATING PARAMETERS TO BE USED IN DETERMINING A RISK-BASED RAPID
MICROBIAL TEST FORTHE RELEASE OF STERILE SHORT-LIFE PRODUCTS

The estimated operating parameters, Le., LCD, time to results, and sample size,forthe candidate technologiessuit~ble for
an RMTare found in Table 2.

Table 2. Operational Parameters of the Candidate Rapid Microbial Technologies

LOD Sa,mple Siz~ Range
Candidate Technology (du) Time to Result (mt)

Gram stain (for comparative purposes
only) 10qOs 30 min 0.1

TheoreticalLODofl-3 du based on a
(71) .Poisson distribution 14 days 40:--:500

Adenosine triphosphate (ATP)
2:....7 days (including pre-enrichment)bioluminescence 1-10 1":';10Q()

ATP bioluminescence 103 30 min l-1ClOO

Flowcytometry 10-100 6-8 h (pre-enrichment) 0.1-2

Isothermal micro-calorimetry 104 2-:7 days 1

Nucleic acid-methodsa 10-100 2-4h 0.2-2

Respiration 1-10 . Overnight to 7 days Up tolO

Solid phase cytometry 1-10 2-3 h 1-1000

a For th~se methods, the signal would be in genomic units.

SITUATIONS WHEN (71) IS UNSUITABLE FOR PRODUCT RELEASE TESTING

Sample Size Consideration

The sample sizetested may need to be reduced based on either the sample processing capability of ~he technology or the
need to conservethe much-needed product.. .

The minimum quantity of product used for each medium and the minimum of unitsto be tested relati ch is
found in (71), Table 2 and Table 3.lt iswidely understood that for large pharmaceutical product batch size m of
unitstested are not statistically based and has a reduced capability of detecting lowcontamination levels in i u duct
lots. However,with the smallerbatch sizes of manyshort-lived products, this limitation will be reduced because the~p ortior)
of products tested relative to the batch sizewill increase.

This traditional sampling plan is nor appropriate for a cell therapy product. For example,if 10 indivi
cells were prepared, then 4 bagswould be sampledwith 20 mL taken from each bag. With this sampli
batch would be consumed for sterility testing representing not only a large economic loss, but also mo
loss oftherapeutic product that may preventadministration ofa dose adequate to treat the patient. In·con ra
l-mL vials were consumed for the sterility testing of a 40,OOO-vfal batch of an injectable drug product, this
only0.1% of the batch.

RedUcing the sample size al1d the number of unitstested will reduce the sensitivity of the sterility test. Table 3 andTable 4
illustrate the relative insensitivity of the test for a pharmaceutical product and a CSP.
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Contilmhlated items intheBatch
(%)

0.1 1 5 10 2.0 so
P 0.001 0.01 0.05 1);1 6:2 0.5;

q 0.999 0.99 0.95 0.9 0.8 Q:'?
Probability(p)of
drawing 20 consec-

0.36 (>:12 0;Of2 <O:OQoPTutive sterile items 0.98 0.82

Calculated from the following (4):

P:::(1:"'p)20= q20

p= proportion of contaminated cO,ntainers in the batch
q := proportion of non-contaminated containers inthe batch

Table 4. The Probability That a 6~Unit SteriiityTest Passes Given an Increasing'Contamin4ition Rate for a<:SP

Contarninated'lternsiijJfl~ Ilcttcl:i
(%)

1 5 JO 2q

P 0.001 0.01 O.(js oJ

q 0.999 0.99 0.95 Q:9

Probability (P) of drawing 6
0.995 0.94 (J.7'3 (5;5;~consecutive sterile items

Alternatiye sampling plans have been proposed in other compendia. One.re
therapy products for a batch .size of less than 40 units isfound in~ European Pha
Examination of Cell..Based Preparations. . '

The contamination test.sample sizefor:acell preparationwith.a volum
volume;for a cell pr~paration with a volume between.1 and 10·mL, it wo. '.. .'
less' than 1.mL, the preparation would not be tested. As suggested in 21 CFR 6.1 0.12, (SJergi.
methods may be used in lieuof finalproducttesting when fully justified.

Ii, a similar fashion as cell-therapypreparations, the sample quantity and sa"
also accommodate the limited number of vials (!Jsually one) and the volume of
15 mL). Ifthe batch iscomprised of a singlecontainer;thesterility test samplesiz
example,' ifa batch iscomprised of 1 vial containilig 15 mL, use at least 0.15 mL
isc:omprised of morethan 'one container, use a volum'e from asingle containert
volume. Ifa batch iscomprised of 3 vials each containing 25 mL, use at least 0.7
test.

limit of Detection

Ability to Detect a Wide Rang~at Mi'c:roc)rgtanisrT!~

Although aU the analytical platformsshould have the ability to detect awi
praCtical importance to demonstrate that technologychosen for an
sterility test failures, infection outbreaks,.and product recalls ,associa' e
or ll1anufactured pharmaceuticals. This isespeciallylrue ifthe technology,. a ~

Withlhe administration of the products un'ique to that stakeholdergroup.

. Within the limitations of preparing inocula from a cell 5uspensionwith on r
steriHtytestscan be shown to have at least a theoretical LOD of 1-3cfu bas . P

. singleViable cellwith all technologies isan unrealistic barrier'ofentryfor any sterility
colony~forming unit that is amplified by cultural enrichment.

RAPID MICROBIAL TEST METHODS ,fOR THE RELEASE, RitE~SI"'()I~t:L.

TecHnologies recommendedbased on theirmatch~to the URS discusseda~bg'fe'{2)$~itaqle (6r(lfl~R.JY1far~lJ:Sf~dj;llptl(lb'~ti~~O~
'as follows:

• AdenosinetriphQsphate(ATP)biolumiriescen~e
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• Flow cytometry
• Is-other,mal microcalorfmetry
• NLideicacidam'plification
• Respiration
• Solidpl1Glsecytometry

BriefDescriptions of the Technologies

_Eachof these candidate advanced analytical platforms isbriefly discussed separatelyarid keY'. ref~renceSC1r~ prg.viqed. F~ran
Qvervievv, see Moldenhauer (5).

ADENOSINE TRIPHOSPHATE BIOLliMINESCENCE

This isa well-established technology with luminometers and reagents Glvatlablerroin multipleinstrumentmanufacturers.The
energy from living cells is stored as ATI' and can be measured as light when exp' ed toluciferase from, the American firefly; ,
Each ATPmolecule consumed byluciferase produces 1 photon, e resu te,ctedb' -rT\inollleter istypically
expressed in relative light units (RLU) and is instrument, reagent . . erent
microorganisms ranges from 2 to 4 x10-18 ·mble/d u for gram-n ,ositive
bacteria, and 300 to 800 x 10-18 mole/du for fungi (6). Given the hig signa.. and the
backgroundATP in, microbiologiCal culture'medi he microbiologicallyrelevcm th is in the
order of5000 RLU equivalent to approximately . u', ,'"., .

This lOp 'Nill detect the presence of microo .isms at levels which are3~ less withinan aliqLJof ofthe m an
that isrequired for visual detection of growth in the media:Fora rapid miaobial "for the releaseofsterileshort-life" UC1:5,
'anenrichment culture either in liquid media to reach a threshold ATP level or on a mell1brane filteron solid media for the
formation of microbial colonies could be used with an incubatiootime of 2-7 days.

FLOW CYTOMETRY

FloW qitometry may be used to detect fluorescently labeledviable microbial ceJlsafter. an enrichment culture step0
48 labeling reagent consisting of either a fluorogenic bstrate or vital stain'isu ' . e enti .
de '. cellular debris.Whii ,are very .
differe y size, shape, and fl . t intensit

ochrome generated by nonsp~cific cellul, .' ,
tes each cell inthe flowstream and the emitted Iig

d interpreted by discrimination softw"re; The LOD for, th
sary.

ISOTHERMALMICROCALORIMETRY

icrocalorimeters monitor enthalpy changes incl
urrent instruments,'104 activemicrobial c

. on (2-7 days to result). Recentlyits applicati
ific application to releasetesting of sterile products

s systems)re
ugh heatt
I microbiolo
Iished yet (8).

microbial metaboliC activityand
tected and enrichment is needed
s been evaluated,although its., .

NUCLEiC ACID AMllUFICATION

. Real-time quantitGltive polymerase ch'ainreaction(PCR) ha
36 clesofamplification usinguniversal primers and,pro

of the target DNA; which,is in turn propo
. is, turned-o,ver rapidly metab()lically andw
ntains 2 molecules ofDNAand 2 xl 04 mole

conversion of RNA into a complementary copy of DNA (cDNA)
analyiedinreal time in,either a quantitative (enumerationtest
PCRs, a samplepretreatment withethidium monoazideor prop
Iiv dmicrobialcells (10,17), orfree microbialDNA f11a
s rial pellet used for analysis. -. ' .

LOD of a single . Ie ce!1 isprobably an .insurm
nd universal prim .Another challengeisthe

, LOD ranges .from10 to 1OOOviablecells/mL in asample~and~ it1
ently it was shown that PCR may actually achieve detectio icr
ontaining a highconcentratiolJ of up to 106 mammalian
ia (12) ..Addinga growth-based enrichmeritstepfor 'atleas

afte ., , enrichment may provide a practical solution for sterility testing.Alter .
applied to enrich the sample ano reduce the samplevolume. As noted by the authors . en s , -the
PCR sterility test for stem cells,with the demonstrated bacterial sensitivityof 10-100 du/inLI a test meth09 wJ.asensitivity
of 100 du/mLwould be suitable to detect clinically significant bacterial contamination of blood and cell products (13).
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Direct comparison of growth-based and nucleic acid arnplific;:ation:-based assays is cOmplicated ,bytn~ ,tact thatnuc:lei<~Ciq
~mplificatio~:-base?assays alsodetectn~>n:-viableorgani~ms ~nd are.~ m~asureof microbialgef)or:ne sopy' ",not",~,
colony-forming Units. Forthat reasql)Jthe LCJD for a (luclelc,acidalTlpllflcatlon-basedassa~ ~hol,!lc:f b~p~flrll;~' tgenor:n~

equivalentsper milliliter.
Non-growth based RMTsJor the release of sterile short-life products like'rllJeleic 'aciqamplific~tion:ijlaynave,adaitjona:1

advantages due to the folloWing:
• With c1osetoreal:-time testing, the test wnrbe completed before the.short:Hfepr()ductsarelnfus~c!iri,toaj)atierit

• Detection of culture-negative'jnfectiQus agen~
• The test Isminimally ciffected.by'antibioticsil1 the test'sample, as indkatedearlier~ in th~cbapter:

• The'test is less sensitive to background resulting from animal celllysis (e;g.,particles>ATP)as cqmparecrt9~~the(
technologies since specific microbial ,genes are targeted

RESPIRATION

ms.,
ion~

This bro'ad category ranges from classicalrespirometers,to gaseous headspace an
,A.erobi d anaerobic broth formulations allow for the recovery of mostmicr
withi, a :-dayincubation. With some instruments, this includes incubationa ,
technology has been successfully extended to sterility testing of cell therapy.pro_dLi~cells u~ilJ

alternative to the compendial sterility t r lot release (14). , '
Other'instrumentsare available to,a ,and enumerate respiring microorganis

ab tion spectroscopy (TDLAS) can mE!asu ' gen, 2) depletioh:or ea ' .
c ining growing microorganisms in~u" . tech logy w
compOSitionin closed units and also could beu ,,' . iafillins
standards and minor adaptations are needed if the sys em istobe used:for st
containers)~' [NoTE:'-AII the systems of the respiration platform reqqire microbial g
Lei"the usual time of 2~7 days toobtairi results is required.'However, when the resu
detecta sterility testfailure earlier in the incubatiol1 period, thatis a huge advantage_
tne risk assessment section above.]

SOLID PHASECYTOMETRY

Thereare instrument systems based on solid phase cytometry' bining fluores
t, pidly enumerate viable microorganisms in filterabl~ liqUids (16)., '.
po yester membranes and treated with background and viabilitystain'
488 nM .argon laser. Multiple photomul,tiplier tubes, processed to diff
background noise, based on size, shapeJ and fluorescence intensity! detect uorescenc
identifies the position of the fluorescent events that are verified using an epifluorescen ,
rnetorlzed stage to locate the individual events: The system is claimed to dete~t individual viable , , '
should be noted that most ceU therapy product~ are non-filterable, so this technologimay'rlotbecompati
of products.

METHOD'SUITABILITY TESTING

.The method suitability requirements fo(a growth-based sterility test are ,given in (71); Tbesuitabili
demonstrated for each product to be tested. The recovery of the USP challenge organisms at a Ie
presenceqf residual product! is demonstrated as clearlyvisible growth inthe mjcrobi . 0

inoculatiotlor membrane filtration method. With signals other than the colony.:for,m t
(e.g., nUclekacid, ATP, and fluorescent labeling of viable microbial cells),the results rom
results thatare not equivalent to that using other technologies. However,meth6dsuitability
residues in the analyte will not inhibit the enzymatic steps associated with the signal generatio

GLOSSARY
, Colo~y-forming unit (cfu): Viable-miCroorganisms capable of growth on 'solid mkrobiolq-gical_ cLJltiJ:re' meaf~d6rming
discrete, visible colonies.
, Limit ofdetection (lQD): The lowestsignal representing a viable microorganisnitliat ea-aU d:i

Patient'safety: Reduction of morbidity and mortality of the recipi~ntsof a contaminated t , ~ th.~

c()mpletion of a rapid microbial test priorto the.administration. .,'.. ", ...
Positron emission tomography (PET): A nuclear medicine functionalimagtechnlque ~tna~

metabolic processes in the body as an aid to the diagnosis of disease. The systemdtspairsof gam
by a positron~emitting radionuclide (tracer), which is introduced into the body. " , ' ..,.'. .

_. R.isk~based rapid. microbial test: A rapid microbial testselecte,d.byth~ stakeholder after a. considera
safl1P~e size, specificity,'and time to result that promotes patient safety by ~ompletitlg'the test pri()rtq: tpe a
short-lived product to. detect contam.inatio.n~ifany; , ..

Specificity: Abilityto detect a ~wide range of different bacteria, yeasts, and molds.
_Time to result; Time to complete the microbial.test and reach a condusionaboutthelack,ofcontamhi,~'tion of the

sample test.
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(1072) DISINFECTANTS AND ANTISEPTICS

INTRODUCTION

Asound cleaning and sanitization program isneeded for controlledenvironments used in the manufacture of Pharmacopeial
articles to prevent the microbial contamination of these articles. Sterile drug products may be contaminated via their
pharmaceutical ingredients, process water, packaging components, manufacturing environment, processing equipment, and
manufacturing operators. Current Good Manufacturing Practices (cGMPs) emphasize the size, design, construction, and
location of buildings and construction materials, and the appropriate materialflow to facilitate cleaning, maintenance, and
proper operations for the manufacture of drug products. When disinfectants are used in a manufacturing environment, care
should be taken to prevent the drug product from becoming contaminated with chemicaldisinfectantsas a resultof the inherent
toxicity of the disinfectants.The requirements for aseptic processing include readily cleanable floors, walls, and ceilings that
have smooth and nonporous surfaces; particulate, temperature, and humidity controls; and cleaning and disinfecting
procedures to produce and maintain aseptic conditions.The cleaning and sanitization program should achieve specified
cleanliness standards, control microbial contamination of products, and be designed to prevent the chemical contamination
of pharmaceutical ingredients, product-contact surfaces and/or equipment, packaging materials, and ultimatelythe drug
products. These principles alsoapplyto nonsteriledosage formswhere the microbial contamination iscontrolled bythe selection
of appropriate pharmaceutical ingredients, utilities, manufacturing environments, sound equipment cleaning procedures,
products especially formulated to control water activity, inclusion of suitable preservatives, and product packaging design.

In addition to disinfectants, antiseptics are used to decontaminate human skin and exposed tissue and may be used by
personnel prior to entering the manufacturing area. Chemicalsterilants may be used to decontaminate surfaces in
manufacturing and sterility testing areas. Furthermore, sterilantsmay be used for the sterilization of Pharmacopeial articles, and
UV irradiation may be used as a surface sanitizer. '

Thisgeneral information chapter will discussthe selection of suitable chemical disinfectants and antiseptics; the
demonstration of their bactericidal, fungicidal, and sporicidal efficacy; the application of disinfectants in the sterile
pharmaceutical manufacturing area; and regulation and safety considerations. Biofilm formation and its relationship to
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disinfectants are outside the scope of this chapter. Additional information not covered in the chapter may be obtained from
standard texts on disinfectants and antiseptics.'

DEFINITIONS

Antiseptic-An agent that inhibitsor destroysmicroorganisms on living tissue including skin, oral cavities, and open wounds.
Chemical Disinfectant-A chemical agent used on inanimate surfacesand objects to destroy infectious fungi, viruses, and

bacteria, but not necessarily their spores. Sporicidal and antiviral agents may be considered a special class of disinfectants.
Disinfectants are often categorized as high-level, intermediate-level, and low-level by medically oriented groups based upon
their efficacy against various microorganisms.

Cleaning Agent-An agent for the removal from facility and equipment surfacesof product residues that may inactivate
sanitizingagents or harbor microorganisms.

Decontamination-The removal of microorganisms by disinfection or sterilization.
Disinfectant-A chemical or physical agent that destroys or removes vegetative forms of harmful microorganisms when

applied to a surface.
Sanitizing Agent-An agent for reducing, on inanimate surfaces, the number of all forms of microbial life includingfungi,

viruses, and bacteria.
Sporicidal Agent-An agent that destroys bacterial and fungal spores when used in sufficient concentration for a specified

contact time. It is expected to kill all vegetative microorganisms.
Sterilant-An agent that destroys allforms of microbial life includingfungi, viruses, and all forms of bacteriaand their spores.

Sterilants are liquid or vapor-phase agents.
Microorganisms differgreatly in their resistance to disinfection agents. The order of resistanceof clinically significant

microorganismsto chemical disinfectantsfrom most to least resistant is listed in Table 7.

Table 1. The Resistance of Some Clinically Important Microorganisms to Chemical Disinfectants (Listed in Order of
Decreasing Resistance)

Type of
Microorganisms Examples

Bacterial spores Bacillus subtilis and Clostridium sporogenes

Mycobacteria Mycobacterium tuberculosis

Nonlipid-coated viruses Poliovirus and rhinovirus

Fungal sporesand vegetativemolds and yeast Trichophyton, Cryptococcus, and Candida spp.

Vegetative bacteria Pseudomonas aeruginosa, Staphylococcus aureus, and Salmonella spp.

Lipid-coated viruses Herpessimplex virus, hepatitisBvirus, and human immunodeficiency virus

CLASSIFICATION OF DISINFECTANTS

Chemical disinfectants are classified by their chemical type. This includesaldehydes, alcohols, halogens, peroxides,
quaternary ammonium compounds, and phenolic compounds (see Table 2).

Table 2. General Classification of Antiseptics, Disinfectants, and Sporicidal Agents

Chemical Entity Classification Example

Aldehydes Sporicidal agent 2% Glutaraldehyde

Alcohols Generalpurpose disinfectant, antiseptic,antiviral 70% Isopropyl alcohol, 70% alcohol
agent

Chlorine and sodium hypochlorite Sporicidal agent 0.5% Sodiumhypochlorite

Phenolics Generalpurpose disinfectant 500 IJg per 9 Chlorocresol, 500 IJg per 9 chloroxylenol

Ozone Sporicidal agent 8% Gas by weight

Hydrogen peroxide Vaporphase sterilant, liquidsporicidal agent, anti- 4 IJg per 9 H202 vapor, 10%-25% solution, 3% solution
septic

Substituteddiguanides Antiseptic agent 0.5% Chlorhexidine gluconate

Peracetic acid Liquid sterilant, vapor phase sterilant 0.2% Peracetic acid, 1 IJg per g peracetic acid

Ethylene oxide Vapor-phase sterilant 600 IJg per 9 Ethylene oxide

Quaternaryammonium compounds Generalpurpose disinfectant, antiseptic Concentrationdependent on application,
Benzalkonium chloride

~·Propiolactone Sporicidal agent 100 IJg per 9 ~·Propiolactone

, Ascenzi,J.M., Ed. Handbook of Disinfectants and Antiseptics, 5th ed.; Marcel Dekker: New York, 1995; Block, 5.5., Ed. Disinfection, Sterilization, and
Preservation, 5th ed.; Lippincott Williams&:Wilkins Publishers: Philadelphia, 2000. Russell, A.D.; Hugo, W.B.;Ayliffe, GAJ., Eds. Principles and Practices of
Disinfection, Preservation and Sterilization, 3rd ed.; Blackwell Science lnc.: london, 1999.
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The effectiveness of a disinfectant depends on its intrinsic biocidal activity, the concentration of the disinfectant, the contact
time, the nature of the surfacedisinfected, the hardness ofwater used to dilute the disinfectant, the amount oforganic materials
present on the surface, and the type and the number of microorganisms present. Under the Federal Insecticide, Fungicide, and
Rodenticide Act (FIFRA), the Environmental ProtectionAgency(EPA) registers chemical disinfectants marketed in the United
States and requires manufacturers to supply product information on the use dilution, type of microorganisms killed, and the
necessarycontact time. Certain liquid chemicalsterilizers intended for use on critical or semicritical medical devicesare defined
and regulated by the U.S. Food and Drug Administration (FDA).

SELECTION OF AN ANTISEPTIC FOR HAND AND SURGICAL SITE DISINFECTION

Hands and surgical sites are disinfected in a hospital setting to reduce the resident flora and to remove transient flora (e.g.,
Streptococcus pyogenes) and methicillin-resistant S. aureus and P. aeruginosa that have been implicated in hospital-associated
infection. Use of antiseptics to disinfecthands has been shown to be more effective than soap and water in reducing the counts
of bacteria on the skin; repeated antiseptic use further reduces these counts. These principles may be applied to clean-room
operators in the pharmaceutical industry.

Common antiseptics include 4% chlorhexidine, 10% povidone-iodine, 3% hexachlorophene, 70% isopropyl alcohol, and
0.5% chlorhexidine in 95% alcohol.

SELECTION OF A DISINFECTANT FOR USE IN A PHARMACEUTICAL MANUFACTURING
ENVIRONMENT

When selecting a disinfectant for use in a pharmaceutical manufacturing area, the following points should be considered:
the number and types of microorganisms to be controlled; the spectrum of activityof commercially available disinfectants; the
claims as a sterilant; the disinfectant or sanitizersupported by the EPA registrations; the concentration, application method,
and contact time of the disinfectant; the nature of the surface material being disinfected and its compatibilitywith the
disinfectant;the amount oforganic compounds on the surfacethat mayinactivatea disinfectant;the possible need to maintain a
residual bactericidalactivityof the disinfectanton the surface; the corrosiveness of the disinfectant to equipment with repeated
application; the safety considerationsfor operators applying the disinfectant; the compatibilityof the disinfectantwith cleaning
agents and other disinfectants;the planned disinfectantrotation; and the steps that need to be taken to avoidthe contamination
of pharmaceutical products by a dlsinfectant.?

THEORETICAL DISCUSSION OF DISINFECTANT ACTIVITY

Plots of the log of the number of microorganisms per mLsurviving in a disinfectant solution indicate that first-order kinetics
can be applied as a gross approximation to the reduction in microbial count with respect to time. In practice, the plots show a
more sigmoid curve with a slower initial reduction in numbers followed by an increasing rate with respect to time.

The rate constant, 1<, for the disinfection process can be calculated by the formula:

(1 It)(log No/N) .

in which t is the time, in minutes, for the microbial 'count to be reduced from No to N; No is the initial number of organisms,
in cfu per mL; and N is the final number, in cfu per mL, of organisms.

As with a first-orderchemical reaction, the same concentration of disinfectant reduces the number oforganisms more rapidly
at elevated temperatures. Thiscan be expressed as a temperature, T, coefficientper 10° rise in temperature, Q,o, calculated by
the formula:

Time to decontamination at TO/Time to decontamination at T

in which T is TO -10.
Furtherevidence that a first-orderreaction isan inadequate descriptionof disinfection isthat the Q,o valuesfor chemical and

enzyme reactions are 2 to 3, while the common disinfectants phenol and alcohol have a Q lO of 4 and 45, respectively.
Critical to the successful employment of disinfectants isan understanding of the effect of disinfectant concentration on

microbial reduction. A plot of the log of the time to reduce the microbial population in a standard inoculum to zero against
the log of the disinfectant concentration isa straight linewith the slope of the line termed the concentration exponent, n. The
relationshipcan be expressed as follows:

n = (log of the kill time at concentration C2) - (log of the kill time at concentration C,)/(log C, - log (2)

in which C, and C2 are the higher and lowerdisinfectant concentrations, respectively.
The wide differences in concentration exponents, n, have practical consequences in picking the use dilution of different

disinfectantsand in using dilution to neutralize a disinfectant in disinfectant-effectiveness testing and routine microbial
monitoring of the manufacturing environment. Forexample, mercuricchloride has a concentration exponent of 1, so a 3-fold
dilution will reduce the disinfectant activity by 3' (or by one-third), whilephenol with a concentration exponent of 6 will have a

2 Denny,V.F.; Marsik, F.j. Current Practices in the Useof Disinfectants within the Pharmaceutical Industry.PDA;. of Pharmaceutical Sci. and Tech., 1997,
57, (6), 227-228.
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36 (or a 729-fold) reduction in disinfectant activity. Disinfectants with a larger concentration exponent or dilution coefficient
rapidlylose activity when diluted. The concentration exponents for some disinfectants are listed in Table 3. .

Table 3. Concentration Exponents of Common Antiseptics, Disinfectants, and Sterilants
Disinfectant Concentration Exponents

Hydrogenperoxide 0.5

Sodium hypochlorite 0.5

Mercuric chloride 1

Chlorhexidine 2

Formaldehyde 1

Alcohol 9

Phenol 6

Quaternaryammonium compounds 0.8 to 2.5

Aliphatic alcohols 6.0 to 12.7

Phenolic compounds 4 to 9.9

Another important consideration may be the pH of the disinfectant. Many disinfectantsare more active in the ionizedform,
while others are more active in the nonionizedform. The degree of ionization will depend on the pKa of the agent and the pH
of the disinfection environment. Forexample, phenol, with a pKa of 10, will be more effective at a pH below 7 where it is
nonionized.

MECHANISM OF DISINFECTANT ACTIVITY

Table 4 lists the sites and modes of action of some representative disinfectants.

Table 4. Mechanism of Disinfectant Activity Against Microbial Cells

Target Disinfectant

Cell wall Formaldehyde, hypochlorite, and glutaraldehyde

Cytoplasmic membrane, action on membrane potential Anilides and hexachlorophene

Membrane enzymes, action on electron-transport chain Hexachlorophene

Action on ATP Chlorhexidine and ethylene oxide

Action on enzymeswith -SH groups Ethylene oxide, glutaraldehyde, hydrogen peroxide, hypochlorite, and iodine

Action on general membrane permeability Alcohols, chlorhexidine, and quaternary ammonium compounds

Cell contents, general coagulation Chlorhexidine, aldehydes, and quaternary ammonium compounds

Ribosomes Hydrogenperoxide

Nucleic acids Hypochlorites

Thiolgroups Ethylene oxide, glutaraldehyde, hydrogen peroxide, and hypochlorite

Aminogroups Ethylene oxide, glutaraldehyde, and hypochlorite

Generaloxidation Hypochlorite

MICROBIAL RESISTANCE TO DISINfECTANTS

The development of microbial resistance to antibiotics isa well-described phenomenon. The development of microbial
resistanceto disinfectants is less likely to occur at significant levels, as disinfectants are more powerful biocidal agents than
antibiotics. In addition, they are normally applied in high concentrations against low populations of microorganisms usually
not growing actively, so the selectivepressurefor the development of resistance is lessprofound. However, the most frequently
isolated microorganismsfrom an environmental monitoring program may be periodically subjected to use-dilution testing with
the agents used in the disinfection program to confirm their susceptibility, as there are real differences among different species
in resistance to the lethal effects of different sanitizers.

DISINFECTANT CHALLENGE TESTING

Under FIFRA, the EPA requires companies that register public health antimicrobial pesticideproducts includingdisinfectants,
sanitizationagents, sporicidalagents, and sterilantsto ensure the safetyand effectiveness of their products before they are sold
or distributed. Companies registering these products must address the chemical composition of their product, include
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toxicologydata to document that their product issafe ifused as directed on the label, include efficacy data to document their
claims of effectiveness against specific organisms and to support the directionsfor use provided in the labeling, and provide
labeling that reflects the required elements for safeand effective use. While these directions provide valuable information, they
may not be helpful in terms of the products' use as disinfectants in a manufacturing environment.

In the United States, the official disinfectant testing methods are published by AOAC International! and include the
Phenol-Coefficient Test, Use-Dilution Method Test, Hard Surface Carrier Method, and Sporicidal CarrierTest. Ascientific study
submitted for EPA reviewin support of disinfectant registrationmust be conducted at a laboratoryfacility that follows the Good
Laboratory Practices (GLP) regulations (21 CFR 58). To demonstrate the efficacy of a disinfectant within a pharmaceutical
manufacturing environment, it may be deemed necessary to conduct the following tests: (1) use-dilution tests (screening
disinfectantsfor their efficacy at variousconcentrations and contact times against a wide range of standard test organismsand
environmental isolates); (2) surface challenge tests (using standard test microorganisms and microorganisms that are typical
environmental isolates, applying disinfectants to surfaces at the selected use concentration with a specified contact time, and
determining the log reduction of the challenge microorganisms); and (3) a statistical comparison of the frequency of isolation
and numbers of microorganisms isolated prior to and after the implementation of a new disinfectant. This isconsidered
necessarybecause critical process steps like disinfection of aseptic processing areas, as required by GMP regulations, need to
be validated, and the EPA registration requirements do not address how disinfectants are used in the pharmaceutical,
biotechnological,and medicaldevice industries. Forthe surfacechallengetests, the test organisms are enumerated usingswabs,
surface rinse, or contact plate methods. Neutralizers that inactivatethe disinfectants should be included in either the diluent
or microbiological media used for microbial enumeration or both. Information on disinfectant neutralization may be found in
Validation of Microbial Recovery from Pharmacopeial Articles (1227).

The disinfectant efficacy test must have realistic acceptance criteria. In practice, sufficient organisms need to be inoculated
on a 2-inch x 2-inch square of the surface being decontaminated, Le., a coupon, to demonstrate at least a 2 (for bacterial
spores) to 3 (forvegetative bacteria) log reduction during a predetermined contact time (Le., 10 minutes over and above the
recovery observed with a control disinfectantapplication). The efficacy of the neutralizers and their ability to recoverinoculated
microorganisms from the material should be demonstrated during the use-dilution or surface-challengestudies. Points to
remember are that disinfectants are lesseffective against the higher numbers of microorganisms used in laboratory challenge
tests than they are against the numbers that are found in clean rooms (see Microbiological Controland Monitoring of Aseptic
Processing Environments (1116»; that inoculafrom the log growth phase that are typically employed in laboratorytests are more
resistant, with the exception of spores formed during the static phase, than those from a static or dying culture or stressed
organisms in the environment; and that microorganisms may be physically removed during actual disinfectant application in
the manufacturing area.

Although not all inclusive, typical challenge organisms that may be employed are listed in Table 5.

Table 5. Typical Challenge Organisms
AOAC Challenge Typical Environmental

Organisms Isolates

Bactericide: E. coli, ATCC 11229; S. aureus, ATCC 6538; P. aeruqinosa, ATCC 15442 Bactericide: M. luteus, S. epidermidis, Coynebacterium jeikeium, P. veslc-
u/aris

Fungicide: C. a/bicans, ATCC 10231 or 2091; Penicillium chrysogenum, Fungicide: P. chrysogenum, A. brasiliensis
ATCC 11709; A. brasiliensis, ATCC 16404

Sporicide: 8. subtilis, ATCC 19659 Sporicide: 8. sphaericus, 8. thuringiensis

Because a wide range-ofdifferent materials of construction are used in clean rooms and other controlled areas, each material
needs to be evaluated separately to validate the efficacy of a given disinfectant. Table 6 contains a listof common materials
used in clean room construction.

Table 6. Typical Surfaces to be Decontaminated by Disinfectants in a Pharmaceutical Manufacturing Area
Material Application

Stainless steel 304Land 316Lgrades Worksurfaces, filling equipment, and tanks

Glass Windows and vessels

Plastic, vinyl Curtains

Plastic, polycarbonate Insulation coating

Lexanilll (plexiglass) Shields

Epoxyl-coated gypsum Walls and ceilings

Fiberglass-reinforced plastic Wall paneling

Tyvek" Equipmentwraps

Terrazzo tiles Floors

3 AOAC International Official Methods of Analysis, 15th, 16th, and 17th editions. Arlington, VA.
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DISINFECTANTS IN A CLEANING AND SANITIZATION PROGRAM

The selection of suitable disinfectants and the verification of their effectiveness in surface challenge testing iscritical in the
development of a cleaning and sanitization program.

Issues associated with the successful implementation of such a program are the development of written procedures, staff
training, decisionson disinfectant rotation, institution of application methods and contact times, environmental monitoring to
demonstrate efficacy, and personnel safety.

The cGMP 21 CFR 211.67, Equipment Cleaning andMaintenance, details the requirements for written proceduresfor cleaning,
maintenance, and sanitization of pharmaceutical manufacturing equipment. These procedures should address the assignment
of responsibility, establishment of schedules, details of cleaning operations, protection of clean equipment prior to use,
inspection for cleanliness immediately prior to use, and maintenance of cleaning and sanitization records.

Staffinvolved in disinfection require training in microbiology, industry practices for cleaning and sanitization, safe handling
of concentrated disinfectants, the preparation and disposal of disinfectants, and appropriate application methods. It should be
emphasized that the preparation of the correct dilutions is critical because many disinfectant failures can be attributed to use
of disinfectant solutions that are too dilute. Typically disinfectants used in aseptic processing and filling areas are diluted with
Sterile Purified Water, and are prepared aseptically. Alternately, the disinfectant may be diluted with Purified Water, and then
sterilefiltered to eliminate microorganisms that may potentially persist in a disinfectant. Diluted disinfectants must have an
assigned expiration dating justified by effectiveness studies.

The rotation ofan effective disinfectantwith a sporicide isencouraged. It isprudent to augment the dailyuse of a bactericidal
disinfectantwith weekly(or monthly) use of a sporicidal agent. The dailyapplication ofsporicidal agents isnot generallyfavored
because of their tendency to corrode equipment and because of the potential safety issues with chronic operator exposure.
Other disinfection rotation schemes may be supported on the basisof a reviewof the historical environmental monitoring data.
Disinfectants applied on potential product contact surfaces are typically removed with 70% alcohol wipes. The removal of
residual disinfectants should be monitored for effectiveness as a precaution against the possibility of product contamination.

The greatest safety concerns are in the handling of concentrated disinfectants and the mixingof incompatible disinfectants.
Forexample, concentrated sodium hypochlorite solutions (at a concentration of more than 5%) are strong oxidants and will
decompose on heating, on contact with acids, and under the influenceof light, producing toxic and corrosive gases including
chlorine. In contrast, dilute solutions (at a concentration of lessthan 0.5%) are not considered as hazardous. Under no
circumstances should disinfectants of different concentrations be mixed. Material SafetyData Sheets for all the disinfectants
used in a manufacturing area should be available to personnel handling these agents. Appropriate safetyequipment such as
face shields, safety glasses, gloves, and uniforms must be issued to personnel handling the disinfectant preparation, and
personnel must be trained in the proper use of this equipment. Safetyshowers and eye wash stations must be situated in the
work area where disinfectant solutions are prepared.

(1074) EXCIPIENT BIOLOGICAL SAFETY EVALUATION GUIDELINES

INTRODUCTION

This informational chapter presents a scientifically-based approach for the safety assessment of new pharmaceutical
excipients (Le., those excipients that have not been previously used or permitted for use in a pharmaceutical preparation). The
guidelines presented herein provide a protocol for developing an adequate database upon which to establishconditions for
the safe use of a new excipient intended for use in products administered by variousdosage routes. [NOTE-The final section of
this chapter, Definitionof Terms, lists some terms referred to in this chapter.]

An excipient may perform a varietyof functionality roles in a pharmaceutical product; but, unlike pharmacologically active
drug entities, the excipient displays either no pharmacological activityor very limited and directed activity. Because of these
differences between excipients and active drug substances in terms of risk and benefit relationships and expected biological
activities, the approaches for safety assessments of excipientsand active drug substances will differ. Therefore, it is important
to note that the guidelines presented in this informational chapter apply only to the safety assessment of excipients, not to the
safety assessment of active drug substances.

These testing guidelines are informational in nature and are intended to be used by professionals having a knowledge of
toxicology and associated sciences. It is also intended that the applicable safety test method requirements of the receiving
regulatory authority would be used in a proposal for market entry. Forexample, ifa proposal is to be submitted to the U.S.
Food and Drug Administration, that agency's safetytest requirements would have to be met. These guidelinesdo not provide
specific details regarding test methodology and data interpretation. Test procedures that are generally recognized by experts
and by the regulatory agencies should be used. Alternatives to the use of living animals are encouraged wherever these
alternative procedures have been validated for the intended purpose and where it is known that the alternative procedure will
providesufficient data upon which to base a safetyjudgment. Itis recommended that the GuidingPrinciples on the Use of Animals
in Toxicology of the Societyof Toxicology (1996) and, in other countries, the appropriate legal and professional codes, be
adhered to in the conduct of all test procedures. All studies must meet the requirements of the appropriate national good
laboratory practice guidelines in effect in the country where the studies are being conducted.

In cases of extensive human experience based upon food use, there may be sufficient information to fulfill the requirements
of the guidelinesfor orally-ingestedexcipients only. In addition, there may be animal-based data, which was developed for
other purposes, that may be used to fulfill the testing quldellnesrequirements. Ifthe data requirements have been met through
prior human use experience and pertinent human data have been collected in a scientifically sound manner, there is no need
to provide animal data for those endpoints evaluated by prior clinical experience.
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Some dosage routes offer unique toxicological challenges, and the guidelines include provisions for these routes (e.g.,
inhalation). Also, further explanation is provided regarding numbers of speciesand other basic information (e.g., two species,
one rodent and one nonrodent).

The extent of information required to definea set of baselinedata, which constitute a toxicological and chemical database,
isdependent upon the intended use of, and duration of, dosing of the candidate excipientmaterial. It iscritical that a thorough
review of background information be conducted before embarking on a testing regimen. Inaddition to literature database
reviews, information should be obtained regarding the physical and chemical propertiesof the compound; its manufacturing
process(or processes); and product specifications including limits of impurities, potentialfor pharmacological activity, exposure
conditions (Le., dose, duration, frequencyof use, dosage formulation, and route of administration), and potential user .
population. Also, base toxicityinformation covering the topics isfundamental. Particular attention should be addressed to the
absorption/distribution/metabolism/excretion/pharmacokinetics (ADME/PK) studiesbecausemuch ofthe laterdecision process
will be dependent upon these data.

Theseguidelinesprovide a mechanism for obtaining sets of baseline data for all candidate excipient materials. The
background information and baseline toxicity information alone may support the use of the candidate excipienteither in a
short half-life product that is not administered in a frequency that results in a residual excipientbuild-up in body tissueor in a
product used only once or twice in a lifetime, such as a diagnostic agent. Additional tests, listed under Step 4 of the Safety
Assessment Guidelines, are necessary for candidate excipient material that is to be used in a manner that will result in short- or
intermediate-term repeated exposure in humans-that is, a pharmaceutical product that will be administered for less than
10 days or for 30 to 90 consecutivedays, respectively. Fora candidate excipient material that is intended for use in a
pharmaceutical product intended for either intermittent or chronicadministration overa long time period, such as a treatment
for psoriasis or an insulin preparation, further tests are required. Thesetests are listed under Step 7 of the guidelines and in the
appropriate section under Additional Requirements forSpecific Exposure Routes. While providing guidance for consumer safety,
some of the required tests are intended to provideinformation to address occupationalsafety(e.g., skin and eye irritation).

The guidelines are summarized in Table 1. Tests that are required (R) by the guidelines are distinctfrom those that are
recommended conditionally (C).Whetherconditional tests are conducted isdependent upon the conditionsof useand available
biological data. Consideration must also be given to the requirements of the regulatory authoritieswhen making the decision
to test. .

Table 1, Summary of Excipient Guidelines
Routes of Exposure for Humans

Dermal!
Topical/
Trans- Inhalation/

Tests Oral Mucosal dermal Injectable' Intranasal Ocular

Baseline Toxicity Data

Acute Oral Toxicity R R R R R R

Acute DermalToxicity R R R R R R

Acute Inhalation·Toxicity C C C C R C

Eye Irritation R R R R R R

SkinIrritation R R R R R R

SkinSensitization R R R R R R

Acute InjectableToxicity - - - R - -
Application Site Evaluation - - R R - -
PulmonarySensitization - - - - C -
Phototoxicity/Photoallergy R - R R R -
Genotoxicity Assays R R R R R R

ADME/PK-Intended Route R R R R R R

28-DayToxicity (2 Species)-Intended Route R R R R R R

AdditionalData: Short-or Intermediate-term Repeated Use

90-DayToxicity (Most Appropriate Species) R R R R R R

Embryo-Fetal Toxicol, R R R R R R

Additional Assays C C C C C C

Genotoxicity Assays R R R R R R

IrnmunosupresslonAssays R C C R C C

Additional Data: Intermittent Long-term0; Chronic Use

Chronic Toxicity (Rodent, Nonrodent) C C C C C C
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Table 1. Summary of Excipient Guidelines (continued)
Routes of Exposure for Humans

Dermal!
Topical!
Trans- Inhalation/

Tests Oral Mucosal dermal Injectable' Intranasal Ocular

Reproductive Toxicity R R R R R R

Photocarcinogenicity C - C C C -
Carcinogenicity C C C C C C

R=Required
C =Conditional

* Intravenous, intramuscular, subcutaneous, intrathecal, etc.

SAFETY ASSESSMENT GUIDELINES

Background Information

Before proceeding to the steps under Data Requirements and Checkpoints, the following points should be reviewed and
defined:

• Review literature information using all appropriate databases
• Definechemical and physical properties
• Definemanufacturing process
• Defineproduct specifications, including impurities and residual solvents (see applicable ICH guidelines)
• Estimate exposure conditions (dose, duration, frequency route)
• Defineuser population
• Assess potential for pharmacologic activity.
At this point evaluate what is known, and develop the initial approach to testing.

Data Requirements and Checkpoints

STEP 1

Toxicity Data (see Baseline Toxicity Data)
The toxicity data should take into account the following information:
• Effects of acute exposure by oral and intended routes
• Effects of repeated exposures by intended routes
• Effects of in vitro genotoxicity assays
• ADME/PK by oral or appropriate routes; single or multipledoses.

STEP 2

Depending on resultsof above, evaluate effects of a single dose in humans.

STEP 3

Checkpoint: Evaluate results of above and proposed exposure conditions and exposed population. The above data might
allow use ina single product with a short half-life (e.g., a diagnostic agent).

STEP 4

Gather the following additional data:
• Effects of subchronic exposure in appropriate speciesand routes
• Embryo-fetal development studies via appropriate route of exposure
• Additional in vitro and in vivo genotoxicity tests.

STEP 5

Depending on resultsof above, consideration should be given to testing in humans as part of the clinical trials of an active
ingredient or as a stand-alone procedure.
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STEP 6

USP 43

Checkpoint:Evaluate all of above information. Data might allowuse ina varietyof products intended for short-term, repeated
intake (e.g., an antibiotic). Ifthe ADME/PK studies for a noninjectableexcipient show no absorption, data may permit using a
product for 30 to 90 consecutive days. .

STEP 7

Additional data should be obtained for use in a product taken chronically, either dailyor intermittently, over a long time
period depending on: .

• Results of subchronic studies and long-term toxicity in appropriate mammalian nonrodents
• Reproductive toxicitystudies
• Other test resultsand human exposure data and long-term toxicityor carcinogenicity in rodents.

Baseline Toxicity Data

The followinq data should be taken into account:
• Appropriate acute toxicity by intended dose routes: skin sensitization, approximate lethal dose method, limittest, etc.
• Other appropriate acute toxicitystudies: oral toxicity by limittest or approximate lethal dose method, skin irritation, etc.
• ADME/PK: single or multiple doses.
• Genotoxicity: for example, AmesTest, in vitro chromosome aberration test, mammalian cell mutation assay.
• 28-day repeated dosing studies in two species by appropriate routes (one rodent, one mammalian nonrodent): evaluation

of injectionsite or similarconsiderations might be necessarydepending on route of administration.
[NOTE-l. In those cases where intended route restrictions (e.g., volume, concentration) preclude an adequate assessment

of the toxicityof the excipient, development of a toxicity profile by other relevant routes may be needed.
2. The comparison of toxicity and ADME/PK data between oral and intended routes iscritical at this point because that

knowledge may set the direction for future toxicitytesting (e.g., reproductive toxicity testing conducted by oral route rather
than intended route). Inaddition, relevantstudies usingthe intended route and anticipated duration of exposure may preclude
performance of additional studies.]

Additional Requirements for Specific Exposure Routes

FOR ORAL EXPOSURE

No additional requirements beyond those presented for Baseline Toxicity Data.

FOR MUCOSAL EXPOSURE

No additional requirements beyond those presented for Baseline Toxicity Data.

FOR DERMAL, TOPICAL, OR TRANSDERMAL EXPOSURE

Baseline Toxicity Data
• Effects ofAcute Exposure by Transdermal Dose Route: dermal sensitization study for repeat applications
• Effects of Repeated Exposures by Transdermal Route

1. Photoallergy/phototoxicitystudy
2. Studies in two species (one rodent, one mammalian nonrodent) by transdermal route.

• Effects of Subchronic Exposure, Reproductive Toxicity Effects-Initial toxicity studies may be performed by the IV route to
adequately profile the toxicity of the excipient. This will provide an assessment of potential target organs ifan adequate
amount of the compound cannot be deliveredvia a transdermal dosage form. This is dependent upon the resultsfrom
the ADME/PK studies.

Reproductive studies may also be conducted viaoralor IVroute with demonstration of absorption (oral) and pharmacokinetic
comparisons of the chosen route versus transdermal.

Photocarcinogenicity studies may be required and should be considered ifdata and the proposed use indicatewhen
evaluating materials to be placed on the skinfor prolonged periodsof time and exposure to UV light isa factor (e.g., sun block).
Thisalsoappliesto oral, parenteral, and inhalation products where skindrug concentrations exceed plasmadrug concentrations
for a substantial period of time, or where the candidate material would appear to have the potential for photo-activityor has
demonstrated photo-activity. .

FOR INJECTABLE DOSAGE FORMS

Background Information
1. Define compatibilityof the dosage form with blood, ifappropriate, based on route of exposure.
2. Define the pH and tonicity of injectable dose form, ifappropriate, based on the route of exposure.

Baseline Toxicity Data
• Effects ofAcute Exposure by IntendedInjectable Dose Routes
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1. Include evaluation of injection site irritation in rabbit or dog
2. Include evaluation of rate of administration.

FOR INHALATION OR INTRANASAL EXPOSURE1

General Information / (1078) 7617

Baseline Toxicity Data

• AcuteInhalation Toxicity-A limittest that would, for example, use the highest achievableconcentration in a 4-hour
exposure to vapor, aerosol, or solid particulate. Pulmonarysensitization may be performed along with other appropriate
studies. Ifexposure isto be to an aerosol or solid particulate, particulates of appropriate mass median diameter should be
generated.

• Single and Repeated Dose ADME/PK by Inhalation or Intranasaland Oral Routes
• 28-Day Repeated Dose Inhalation Study in Two Mammalian Species Using Vapor or Particulates ofAppropriate Mass Median

Diameter: compare to similaroral toxicity data.

FOR OPHTHALMIC EXPOSURE

Background Information: define pH and osmolarity of topical ocular dose form.
Baseline Toxicity Data

• Effects ofAcuteExposure by OphthalmicRoutes: cytotoxicity tests (e.g., agar overlay)
• Effects of Repeated Exposures by OphthalmicRoutes

1. Studies in two species (one rodent, one mammalian nonrodent)
2. Examination of anterior and posterior segments of the eye
3. Studies on allergenicity potential.

Other Data-Comparison of pharmacokinetic parameters of the route chosen for reproductive studies and the ophthalmic
exposure are essentialfor extrapolation of potential toxirlty via the ophthalmic route.

GLOSSARY
Acute: exposure to a test agent within a single, 24-hour period. Doses may be single, multiple or continuous during a

24-hour period.
Subacute: repeated dosing of a test agent for up to 29 days. Daily doses may be single, multiple or continuous during a

24-hour period.
Subchronic: repeated dosing of a test agent for 30 days to 10% of the lifespan of the test species (90 days in rodents).

Daily doses may be single, multiple or continuous during a 24-hour period.
Chronic: repeated dosing ofa test agent for more than 10% of the lifespan ofthe test species(more than 90 days in rodents).

Daily doses may be single, multiple or continuous during a 24-hour period.

(1078) GOOD MANUFACTURING PRACTICES FOR BULK
PHARMACEUTICAL EXCIPIENTS

BACKGROUND

This general information chapter providesguidelines for methods, facilities, and manufacturing controls to be used in the
production of pharmaceutical excipients in order to ensure that excipients possess the quality, purity, safety, and suitability for
use that they purport to possess. The principles and information in this chapter can be applied to the manufacture of all
pharmaceutical excipients (referred to throughout this document as excipient[sJ) intended for use in human drugs, veterinary
drugs, and biologics. Itcoversthe qualitymanagement systemand the extent ofgood manufacturing practices(GMP) necessary
throughout manufacturing for both batch and continuous processes. It is intended to assist manufacturers as well as auditors
in establishingwhether the facilities and controls used for the manufacture ofexcipients are adequate and whether the
excipients possess the quality and purity that they purport to possessand are suitable for their intended use. The manufacture
of certain excipientsfor specialistapplicationspresents additional challengesthat are outside the scope ofthis chapter. Examples
includeexcipientsfor parenteral, ocular, inhalation, and open wound use and those that are sterileand/or pyrogen-free. Itdoes
not provide information for all national legal requirements nor does it cover in detail the particular characteristics of every
excipient.The qualitysystem standard used as a frameworkfor this chapter is ISO 9001, which isappropriate to manufacturing.
Because of the diversity of excipients, some principles in this information chapter may not be applicable to certain products
and processes.

This chapter combines the concepts of existing GMP principles from the following sources:
• World Health Organization (WHO) GMP Guidelines for Excipients,
• International Pharmaceutical Excipients Council (lPEC) Good Manufacturing Practices Guide for Bulk Pharmaceutical

Excipients 2001,

1 When designing studies to evaluate use in products intended for use by the inhalationor intranasalroute, considerationshould be given to the dosing
regimen that will be used by humans. The appropriate study protocolfor a product intended for inhalationtherapy that will resultin prolonged exposures
(e.g., several hours per day) may differfrom that used to evaluate a product that would result in exposure to several metered doses per day.
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• Instituteof QualityAssurance (IQA) Pharmaceutical Quality Group (PQG) PS 9100:2002, Pharmaceutical Excipients,
• International quality management system requirements as developed by the International Organization for

Standardization (ISO).
Inviewof the increasing globalization of the pharmaceutical industryand the harmonization of pharmaceutical registration

requirements, deference to all schemesis becoming necessary. Therefore, relevantportionsof the manufacturing concepts are
employed throughout this chapter.

The General Guidance section provides an overview of the appropriate manufacturingpracticecriteria applicableto excipient
manufacture and the points of application of excipientgood manufacturing practices and qualitysystems. The section also
recommends measures to limitcontaminationof an excipient. Finally, it discusses the relationship of excipients to finished
dosage forms. No attempt has been made to includedetailsspecific to particularexcipients.

The information in Appendix: Auditing Considerations sets forth keycriteria to aid in the audit of an excipient manufacturing
facility.

Fora listof terms used in this chapter and their definitions, see Glossary.

INTRODUCTION

Purpose and Scope

This chapter defines the extent and point of applicationof appropriate GMP principles for excipientmanufactureand is
applicableto the manufacture of excipients intended for use in drug products. It covers the quality management systemand
the extent of GMP necessary throughout manufacturingfor both batch and continuous processes. ltis intended to aid both
auditors and manufacturers in establishing whether the facilities and controls used for the manufactureof excipients are
adequate and whether the excipients possess the quality, purity,and safetythat they purport to possess and are suitablefor
their intended use.

The manufacture of certain excipients for specialist applications presents additionalchallengesthat are outside the scope of
this chapter. Examples includeexcipients

• for parenteral, ocular, inhalation, and open wound use; and
• those that are purported to be sterile and/or pyrogen-free.
Inthese cases,detailed information pertainingto the intended use of an excipientas provided by the end usercan be useful

in determining appropriate GMP. This chapter does not address the specific GMP relatingto good trade and distribution
practices (GTDP).

Principles Adopted

THE CHAPTER AND ITS USE

Pharmaceutical excipients are diverse and often haveusesother than pharmaceutical applications. Each manufacturershould
considerhow the chapter might applyto itsproducts and processes (forexample, batch versus continuous processes). Because
excipients areso diverse, some principles of thischapter maynot be applicableto certainproductsand manufacturing processes.

APPLICATION

The text provides information necessary for the manufacture of excipientsbut does not provideall the details. It cannot
specify national legal requirementsor cover particularcharacteristics of everyexcipient.

QUALIIT SYSTEM STANDARD

The quality management system standard chosen as a framework for this chapter is ISO 9001, which isappropriate for
manufacturing facilities. Amanufacturermay apply the ISO standard with or without certification; but this possibility, as a
business decision, isnot discussed inthischapter. However, ISO certification hasthe benefitof providing assuranceto customers
that the excipient manufacturer's quality management system has been independently verified.

The headings in this chapter have been aligned with the ISO 9001 clause numbers, because many excipient manufacturers
alreadyuse that standard asa basis for their quality management system. Additional headings are includedas needed to
introduce additional guidance on GMP when not covered by current ISO 9001 clauses.

DOCUMENT STRUCTURE

The chapter combines the concepts of existing GMP principles from the following:
• World Health Organization (WHO), GMP Guidelines for Excipients,
• International Pharmaceutical Excipients Council (lPEC), Good Manufacturing Practices Guidefor Bulk Pharmaceutical

Excipients 2001,
• Instituteof QualityAssurance (lQA) Pharmaceutical QualityGroup (PQG) PS 9100:2002, Pharmaceutical Excipients,

International quality management system requirements as developed by the International Organization for
Standardization (ISO).

In viewof the increasing globalization of the pharmaceutical industryand the harmonization of pharmaceutical registration
requirements, relevantportionsofthe manufacturing concepts detailedinthese schemesareemployedthroughout thischapter.
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The General Guidance section provides an overview of the GMP criteria applicable to excipient manufacture and the point
of application of excipient GMP.

The remaining sections provide quidance on GMP principles and implementation of a quality management system suitable
for excipient manufacture. Forexample, these sections suggest measures to limitexcipient contamination. No attempt has
been made to include details specific to particular excipients, and individual manufacturers should address these as they apply
to their own products and processes.

The Appendixes provide supporting guidance for excipient GMP. Appendix: Auditing Considerations describes keycriteria to
be considered in the audit of an excipient manufacturing facility. Glossary provides definitions of terms used in this chapter.

GENERAL GUIDANCE

Pharmaceutical Excipients

Pharmaceutical excipients are substances other than the active pharmaceutical ingredient (API) that have been appropriately
evaluated for safety and are intentionally included in a drug delivery system. Forexample, excipients can do the following:

• aid in the processing of the drug delivery system during its manufacture,
• protect, support, or enhance stability, bioavailability, or patient acceptability,
It assist in product identification, and
It enhance any other attribute of the overall safety, effectiveness, or delivery of the drug during storage or use.
A more complete classification of excipients according to their functions can be found in USP and NFExcipients, Listed by

Category in the USP-NF.

Excipient GMP Implementation

The application of GMP isrelevant once it has been determined that a chemical is intended for use as a component of a drug
product. EXcipient manufacture should be carried out in accordance with the GMP concepts consistent with this chapter. The
objective of excipient GMP is to ensure that the manufacture of an excipient results in a'consistent material with the desired
quality characteristics. The emphasis of GMP for excipients is to ensure product integrity, avoid product contamination, and
ensure that records are maintained.

As the excipient manufacturing process progresses, the degree of assurance concerning the quality of the product should
increase. Manufacturing processes should be controlled and documented. However, at some logical processingstep, as
determined by the manufacturer, the GMP as described in this chapter should be applied and maintained.

Judgment based on risk analysis and a thorough knowledgeof the process is required in order to determine from which
processing step GMP should be implemented. Thisis usually wellbefore the finalfinishing operation and, for example, may be
identified using methods such as hazard analysis and critical control point (HACCP), failure mode and effectsanalysis (FMEA),
or a detailed process flow diagram. Consideration should also be given to other factors such as batch versuscontinuous
processing, dedicated versus multipurpose equipment, and open versusclosed processes.

QUALITY MANAGEMENT SYSTEM: EXCIPIENT QUALITY SYSTEMS

General Recommendations

The principles outlined in this chapter provide a comprehensive basisfor the quality management system used in the
manufacture of pharmaceutical excipients. Excipient manufacturers should identifythe qualitymanagement processesrequired
to ensure excipient quality.Where manufacturing, testing, or other operations that could affectexcipientqualityare outsourced,
the responsibility for quality remains with the excipient manufacturer, and control measures should be defined (see also the
subsection Purchasing Information in the Product Realization section).

Documentation Recommendations

GENERAL

The excipient manufacturer should have a system in place to control documents and data that relate to the requirements of
the quality management system.

QUALITY MANUAL

The excipient manufacturer should prepare a quality manual describing the quality management system, the quality policy,
and the commitment of the excipient manufacturer to applying the appropriate GMP and quality management standards
contained in this chapter. This manual should include the scope of the quality management system, reference to supporting
procedures, and a description of the interaction between quality management processes.
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CONTROL OF DOCUMENTS
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The excipientmanufacturershould establish and maintain proceduresfor the identification, collection, indexing, filing,
storage, maintenance, and disposition of controlled documents, including documents of external originthat are part of the
qualitymanagement system.

Procedures used in the manufacture of excipients should be documented, implemented, and maintained. Inaddition, there
should be formal controls relating to procedure approval, revision, and distribution. These controls should provideassurance
that the currentversion ofa procedure isbeing used throughout the operational areasand that previous revisions of documents
have been removed.

Documentsand subsequent changes to documents should be reviewed and approved by designated qualified personnel
before issuance to the appropriate areas, as identified in the documents. Documents that affect product quality should be
reviewed and approved by the quality unit (see also Responsibility and Authority in the section Responsibility, Authority, and
Communication under ManagementResponsibility).

Controlled documents may include a unique identifier, the date of issue, and a revision number to facilitate identification
of the most recent document. The department with the responsibility for issuing the documents should be identified. When it
is practical, changes and the reasonsfor the changes should be documented.

Electronic documentation should meet the requirements for the document control system stated above. If electronic
signaturesare used on documents, they should be controlled to providesecurityequivalentto that provided by a handwritten
signature. Electronic documents and signatures may alsohave to satisfy local regulatory requirements.

CONTROL OF RECORDS

The excipientmanufacturershould establish and maintain proceduresfor the identification, collection, indexing, filing,
storage, maintenance, and disposition of records.

Records should be maintained to demonstrate achievementof the required qualityand the effective operation of the quality
management system. Records should be legibleand identifiable with the product involved. Pertinentsubcontractorquality data
should be an element of these records. .

Entries in recordsshould be clear, indelible, made directly after performingthe activity (in the order performed), and signed
and dated by the person makingthe entry. Corrections to entriesshould be signed and dated, leaving the original entry legible.

Records should be kept for a defined period. This periodshould be appropriate to the excipientand to its expirydate or
reevaluation interval. Records should be stored and maintained in such a manner that they are readily retrievable, in facilities
that providean environment suitablefor minimizing deterioration or damage.

CHANGE CONTROL

The excipientmanufacturershould establish and maintain procedures to evaluate and approve changes that may affectthe
qualityof the excipient. Forexample, this may includechanges to the following:

• raw materials or packaging and their sources,
• material specifications,
• test methods,
• manufacturing and analytical equipment,
• production processes,
• manufacturing or packaging sites.
Aunit with a function that is independent from production(such as regulatoryaffairs or qualityassurance) should have the

responsibility and authority for the final approval of changes.
Customers should be notified, and, where applicable, excipientregulatorysubmissions (forexample, for Drug MasterFiles

[DMFs] or Certificates of Suitability to the European Pharmacopoeia [CEPsD should be amended to reflect significant changes
from established production and process control procedures that may affectexcipient quality(see also Customer
Communication in the section Customer-Related Processes under Product Realization).

MANAGEMENT RESPONSIBILITY

Management Commitment

Top management should demonstrate to the organization the importance it placeson customer satisfaction and compliance
with the appropriate regulations and standards. This should be accomplishedthrough the development of a qualitypolicy and
establishmentofqualityobjectives. Progress toward the documented qualityobjectives should be reviewed at planned intervals.

Customer Focus

It isthe responsibility of top management to ensure that customer requirements are determined and met. The excipient
manufacturershould permit the customer or its representative to conduct audits of the manufacturer'squality management
system, manufacturing processes, buildings, and facilities.
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Top management should demonstrate its commitment to the corporate quality policyand ensure that it is implemented
within the operational unit. The quality policyshould support continual improvement of the quality management system.
Management should participate in the development of the company's quality policy and provide the resources necessaryfor
its development, maintenance, and deployment.

Planning

QUALITY OBJECTIVES

Top management should set objectivesfor adherence to GMP to ensure that the excipient manufacturer maintains and
improves its performance. Objectivesshould be deployed throughout the organization and should be measurable and
consistent with the quality policy.

QUALITY MANAGEMENT SYSTEM PLANNING

Top management should provide adequate resources to ensure conformity to the provisions of this chapter. There should
be a process for the identificationof resources needed for adherence to GMP. Agap analysis based on audits by internal
personnel, customers, regulatory agencies, or outside contractors, or based on the use of this chapter, could be created to
identifyresource requirements. Top management should ensure that the integrity of the quality management system is
maintained when changes are planned and implemented.

Responsibility, Authority, and Communication

RESPONSIBILITY AND AUTHORITY

Responsibility and authority should be clearly defined by top management and communicated within the organization. It
should be the responsibility of a unit that is independent of production, such as the quality unit, to do the following:

• ensure that quality-critical activities are undertaken as defined,
• approve suppliers of quality-critical materialsand services,
• approve or reject raw materials, packaging components, intermediates, and finished excipients,
• ensure that there isa reviewof production recordsto confirmthat no errors have occurred or, iferrors have occurred, that

they are fully investigated,
• participate in reviewing and authorizing changes to processes,specifications, procedures, and test methods that potentially

affect quality (also see above, Change Control in the section DocumentationRecommendations under Quality Management
System: Excipient Quality Systems) and participate also in investigatingfailures and complaints,

• retain responsibility for approval or rejectionof the excipient ifit isproduced, processed, packaged, or held under contract
by another company, .

• develop and implement a self-inspection program of the quality management system.
The excipient manufacturer may delegate some of the quality unit's activities to other personnel ifappropriate controls (for

example, periodic audits, training, and documentation) are in place.
An organization chart by function should show interdepartmental relationships as well as relationships to top management

of the company. Personnel whose positions affect excipient quality should have job descriptions.

MANAGEMENT REPRESENTATIVE

The excipient manufacturer should appoint a management representative with sufficientauthority to ensure that the
provisions of this chapter are properly implemented. The representative should periodically report to top management on
conformity to the quality management system, including changing customer and regulatory requirements.

INTERNAL COMMUNICATION

The excipient manufacturer should ensure that appropriate systems are established to communicate GMP and regulatory
requirements, qualitypolicies, qualityobjectives, and procedures throughout the organization. The communication should also
provide information about the effectiveness of the qualitymanagement system. Top management should be notifiedpromptly
of quality-critical situations, such as product retrievals, in accordance with a documented procedure. .

Management Review

GENERAL

The top management of the company should hold periodic reviews of the quality management system to confirmthe
organization's continued conformityto this chapter. The review should be recorded and should includeassessing opportunities
for improvement and the need for changes to the quality management system.
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REVIEW INPUT

Management reviewinputs should include,for example, the following:
• resultsof internal and external audits,
• customer feedback of the company performance,
• product conformity and process performance,
• action items from the previous management review,
• customer complaints,
• status of corrective or preventiveactions,
• changes that could affect the quality management system.

REVIEW OUTPUT

USP 43

The management reviewshould identify the resources needed and the opportunities presented for improving the quality
management system and improving product conformityto customer and regulatory requirements. A record should be made
of actions recommended and taken.

RESOURCE MANAGEMENT

Provision of Resources

There should be sufficientqualified personnel and resources (e.g., equipment, materials, buildings, and facilities) to
implement, maintain, and improve the quality management system and to produce, package, test, store, and releaseeach
excipient in a manner consistent with this chapter.

Human Resources

GENERAL

Personnel performing work affecting the quality of excipients should have the appropriate combination of education,
training, and experience for their assignedtasks.Consultants advisingon the design, production, packaging, testing, or storage
of excipientsshould have sufficient education, training, and experience or any combination thereof to adviseon the subject for
which they are retained. Records should be maintained listing the name, address, and qualifications of consultants and the type
of service they provide. .

COMPETENCE, AWARENESS, AND TRAINING

The excipient manufacturer should establish and maintain procedures for identifying training needs and for providingthe
necessarytraining to personnel performing activities affecting excipient quality. Appropriate records of training should be
maintained. Training should address the particularoperations that the employee performs and GMP as they relate to the
employee's functions. Qualified individuals should conduct GMP training frequently enough to ensure that employees remain
familiar with applicable GMP principles. Management should establish adequate and continued personal-hygienetraining for
personnel who handle materialsso that they understand the precautions necessaryfor preventing contamination of excipients.
The training program should ensure that personnel understand that deviations from procedures may affect the customer's
product quality.

PERSONNEL HYGIENE

To protect excipients from contamination, protective apparel such as head, face, hand, and arm coveringsshould be worn
as appropriate to the duties performed.Jewelry and other loose items, includingthose in pockets,should be removed or covered.
Onlyauthorized personnel should enter the areas of the buildings and facilities designated as limited-access areas.

Personnel should practice good sanitationand health habits. Any person shown byeither medicalexamination or supervisory
observation to have an apparent illness or open lesions that may adverselyaffect the safety or quality of the excipient should
be excluded from direct contact with raw materials, packaging components, intermediates, and finished excipients until the
condition iscorrected or until competent personnel determine that it will not jeopardize the safety or quality of the excipient.
Personnel should be instructed to report to supervisory personnel any health conditions that may have an adverse effecton
excipients.The storage and use of food, drink, personal medication, tobacco products, or similar items should be restrictedto
designated locations separate from manufacturing areas.

INFRASTRUCTURE

The infrastructure should be managed, operated, cleaned, and maintained in accordance with GMP principles to ensure
excipient quality and to avoid contamination (including, where critical to excipient quality, control of particulate matter,
microbiological control, and control of water quality).
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The prevention ofcontamination should be considered in the design of the manufacturing processesand facilities, particularly
when the excipient isexposed. Buildings and facilities used in the production, processing, packaging, testing, or storage of an
excipient should be maintained in a good state of repair and should be of suitable size, construction, and location to facilitate
cleaning, maintenance, and correct operation appropriate to the type of processing.

Manufacturingprocesses associated with the production of highlysensitizing or toxic products (forexample, herbicidesand
pesticides) should be located in dedicated facilities or should use equipment separate from that used for excipient manufacture.
Ifthis is not possible, appropriate measures (for example, cleaning, inactivation) should be implemented to avoid
cross-contamination. The effectiveness of these measures should be demonstrated. There should be adequate facilities for the
testing of raw materials, packaging components, intermediates, and finished excipients.

EQUIPMENT

Equipmentused in the production, processing,packaging, testing, or storage of an excipientshould be maintained ina good
state of repair and should be of suitable size, construction, and location to facilitate cleaning, maintenance, and correct
operation, depending on the type of processing (for example, batch versuscontinuous). Equipment should be commissioned
before use to ensure that it isfunctioning as intended. Where equipment is located outdoors, there should be suitable controls
to minimize the risk to excipient qualityfrom the environment (for example, processing within a closed system).

. EQUIPMENT CONSTRUCTION

Process equipment should be constructed so that contact surfaceswill not be reactive, additive, or absorptive and thus will
not alter the quality of the excipient. Substances required for operation, such as lubricantsor coolants, should preferablynot
come into contact with raw materials, packaging materials, intermediates, or finished excipients.Where contact is possible,
substances suitable for use in food applicationsshould be employed.

Equipment should be designed to minimize the possibility of contamination caused by direct operator contact in activities
such as the unloading of centrifuge bags, the use of transfer hoses (particularly those used to transfer powders), and the
operation of drying equipment and pumps. The sanitarydesign of transfer and processingequipment should be evaluated. To
control the risk of contamination, equipment with moving parts should be assessed with regard to the integrity of sealsand
packing materials.

EQUIPMENT MAINTENANCE

Documented procedures should be established and followedfor maintenance of critical equipment used in the production,
processing, packaging, testing, or holding of the excipient. There should be records of the use and maintenance of
quality-critical equipment. These records can be in the form of a log, computer database, or other appropriate documentation.

COMPUTER SYSTEMS

Computer systems that may affect excipient quality should have sufficient controls for operation and maintenance and for
prevention of unauthorized access or changes to computer software, hardware, or data, including the following:

• systems and procedures that show that the equipment and software are performing as intended,
• procedures for checking the equipment at appropriate intervals,
• retention of suitable back-up or archival systemssuch as copies of the program and files,
• assurance that changes are verifiedand documented and are made only by authorized personnel.

UTILITIES

Utilities (for example, nitrogen, compressed air, and steam) used in the production, storage, or transfer of materials that
could affect excipient quality should be assessed and appropriate action taken to control the risk of contamination and
cross-contamination.

WATER

Water used in the manufacture of excipientsshould be demonstrated to be of appropriate quality in consideration of purity
requirements and the intended use of the excipient. Unless otherwise justified, process water should, at a minimum, meet
regulatory requirements for drinking (potable) water. If drinking (potable) water is insufficient to ensure quality, or if tighter
chemicaland/or microbiological water qualityspecifications are required, appropriate controlsand specifications should be set:
for example, physical and chemical attributes, total microbial counts, and limits on objectionable organisms and/or endotoxins.

Where water used in the process is treated by the manufacturer to achieve a defined quality, the treatment process should
be specified and monitored with appropriate action limits. Water that comes into contact with the excipient should be supplied
under continuous positive pressure (or other means of preventing back flow) in a system free of defects to control the risk of
contamination to the excipient.

WORK ENVIRONMENT

Where the excipient isexposed during manufacture, it should be in an environment appropriate for minimizing
contamination. The manufacturer should apply suitable controls to maintain that environment.
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AIR HANDLING
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Wherean air-handling system is installed to provideprotection to the excipient, the excipient manufacturer should
demonstrate its effectiveness. Excipient production unit air-handling systemsshould be designed to prevent
cross-contamination. Fordedicated areas processing the same excipient, it ispermissible to recycle a portion of the exhaust air
back into the same area. The adequacy of such a systemfor multiuse areas, especially ifseveral products are processed
simultaneously, should be assessed for potential cross-contamination.

CONTROLLED ENVIRONMENT

Acontrolledenvironment may be necessary inorder to avoid contaminationor degradation caused byexposureto heat, air,
or light.The degree of protection required mayvary depending on the stage of the process. Special environments required by
some processes should be monitored to ensure product quality(forexample, inertatmosphere or protectionfrom light). Where
an inert atmosphere is required, the gas should be treated as a raw material. Ifinterruptions in the special environmentoccur,
adequate evidenceand an appropriate rationale shouldbe documented to show that such interruptions havenot compromised
the qualityofthe excipient.Suchenvironmental concernsbecome increasingly importantfollowing purification ofthe excipient.

CLEANING AND SANITARY CONDITIONS

Adequate cleanliness isan important consideration in the design of excipient manufacturing facilities. Buildings used in the
production, processing, packaging, or holding of an excipientshould be maintained in an appropriately clean and sanitary
conditionaccordingto the type of processing conducted (forexample,open/closed systems). Wheremaintenanceofcleanand
sanitaryconditions is critical to excipientquality, documented procedures should assign responsibility for cleaningand
sanitation,describing in sufficient detail the cleaningschedules, methods, equipment, and materials to be used in cleaningthe
buildings and facilities. Theseproceduresshouldbe followed, and cleaningshouldbe documented. Waste shouldbe segregated
and disposed of in a timelyand appropriate manner. If waste is not disposed of immediately, it should be suitably identified.

PEST CONTROL

Buildings should be free from infestation by rodents, birds, insects, and other vermin. Some raw materials, particularly
botanicals, maycontain some unavoidable contamination,such as rodent or other animalfilth or infestation. The manufacturer
should have sufficient control methods to prevent the increase of such contamination or infestation in holdingareas and its
spread to other areas of the plant.

LIGHTING

Adequate lighting should be providedto facilitate cleaning, maintenance, and proper operations.

DRAINAGE

Inareas where the excipient isopen to the environment, drainsshould be of adequate sizeand, where connected directly
to a sewer,should be provided with an air breakor other mechanical device to prevent back-siphoning.

WASHING AND TOILET FACILITIES

Adequate personal washing facilities should be provided, including hot and cold water, soap or detergent, airdryers or
single-service towels, and clean toilet facilities easily accessible to working areas. Adequatefacilities for showering and/or
changing clothes should be provided,where appropriate.

PRODUCT REALIZATION

Planning of Product Realization

The excipient manufacturer should plan and develop the processes and controls needed for product manufacture. These
plansand controls should be appropriate to the production process, excipientspecification, equipment, and facilities used in
the manufactureof the product. Key aspectsof the planningof a suitableprocessand itscontrolsshould includethe following,
as appropriate: .

• documented testing programs,for quality-critical materials including excipients, that includeappropriate specifications,
sampling plans, and test and release procedures, .

• generation and maintenance of records(alsosee above, Controlof Records in the section Documentation
Recommendations under Quality Management System: Excipient Quality Systems) that provideevidencethat these plans
havebeen realized as intended and that enable traceability to be demonstrated (alsosee belowin thissection, Traceability
under Identification and Traceability),

• provision of resourcesto implement these plans,
• environmental and hygiene control programs to minimize contamination.
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Customer-Related Processes

DETERMINATION OF REQUIREMENTS RELATED TO THE PRODUCT

The excipient manufacturer should determine the excipient quality, labeling, and delivery requirements of the customer.
Additional requirements, whether customer-specific, legal, or regulatory (for example, pharmacopeia material and general
monographs), should be agreed on by both parties. Requirements not stated by the customer but necessary for specifiedor
intended use, where known, should be considered. .

REVIEW OF REQUIREMENTS RELATED TO THE PRODUCT

The excipient manufacturer and customer should mutuallyagree upon the requirements identifiedin the section above,
Determinationof Requirements Related to the Product, before supply commences. The manufacturer should have the facility and
process capabilityto consistently meet the mutuallyagreed-upon specifications. Where the requirements determined in the
section Determination of Requirements Related to the Product are changed, this reviewshould be repeated before supply
recommences.

CUSTOMER COMMUNICATION

Thereshould be provision for providingaccurate and pertinent communication to the customer. Mastercopiesof documents
such as specifications and technical reports should be controlled documents. Provision should be made for replying to customer
inquiries, contracts, and order-handling requirements. Customerfeedback and complaints should be documented. Customers
should be notifiedof significantchanges (alsosee above, Change Control in the section DocumentationRecommendations under
Quality ManagementSystem: Excipient Quality Systems).

DESIGN AND DEV~LOPMENT

ISO 9001 includes requirements for ensuring control over design and development activities. It is recommended that
companies involved in such activities followthe requirementsof ISO 9001. Full GMP are not always applicableduring the design
and development of new excipients and/or manufacturing processes. However, development batches of excipients that are
intended for use in drug products should be manufactured in accordance with the applicable provisions of this chapter.

Purchasing

PURCHASING PROCESS

Excipient manufacturers should have a system for selecting and approving suppliers of quality-critical materials and services
(for example, subcontract manufacturers and laboratories). Supplierapproval by the quality unit should require an evaluation
of the supplier's quality management system, including adequate evidence that they can consistentlymeet agreed-upon
specifications and maintain traceability.Thismay require periodicaudits of the supplier's manufacturing facility. Records of
these activities should be maintained. Materials should be purchased against an agreed specification from approved suppliers.

PURCHASING INFORMATION

Purchasingagreements should describe the material or service ordered, including, where critical to excipient quality, the
following: .

• the name, type, class, style, grade, item code number or other precise identification traceable to the raw material and
packaging specifications,

• drawings, process requirements, inspection instructions and other relevant technical data, including requirements for
approval or qualification of product, procedures, process equipment, and personnel,

• adherence to the appropriate sections of this chapter for relevant contract manufacturers or laboratories, and
• a statement to notifythe excipient manufacturer of significant changes in quality-critical raw materials.

VERIFICATION OF PURCHASED PRODUCT

There should be procedures for the approval and release of quality-critical material. Upon receipt, quality-critical materials
should be placed inquarantine and should not be used priorto acceptance. Effective quarantine can be establishedwithsuitable
identifying labels, signs, and/or other manual documentation systems.When quarantine and stock control are managed with
computer systems in lieuof a physicalstock control, systemcontrols should prevent the use of unreleased material.Quarantine
may not be feasible for materialssupplied via pipelines. Inthese casesthe excipient manufacturer should establish an agreement
with the supplier so that the manufacturer is notified of material that does not meet specification. Sampling activities should
be conducted under defined conditions, in accordance with a defined sampling method and using procedures designed to
prevent contamination and cross-contamination.

Quality-critical materials used in the manufacture of an excipient should be tested or otherwise verified prior to use.
Verification should include availability and a check of the supplier certificateof analysis and, wherever feasible, at least an
identification test. Testing schedules should be organized to separate routine tests from those that are performed infrequently
or onlyfor new suppliers. Bulk deliveriesshould have additional controls to ensure material purity and freedom from
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contamination (forexample, dedicated tankers, tamper-evidentseals, a certificate of cleaning, analytical testing, or audit of the
supplier). These procedures, activities, and results should be documented.

Production and Service Provision

CONTROL OF PRODUCTION AND SERVICE PROVISION

Productionactivities should be carriedout under controlledconditions(alsosee above, Planning of Product Realization under
Product Realization). Specific examplesof important controls, some of which may not be applicable to all excipient
manufacturers, are illustrated in the following sections.

PRODUCTION INSTRUCTIONS AND RECORDS

Production instructions and recordsare required but may differ for the type of operation: for example, batch versus
continuous processes. There should be a controlled document that describes how the excipient isproduced (for example,
master production instructions, master productionand control records, or processdefinitions). For batch processes, an accurate
reproduction of the appropriate master production instructions should be issued to the production area. Forcontinuous
processes, a current processing log should be available. Records should be available for each batch of excipient produced and
should includecomplete information relating to the production and control of each batch. Forcontinuous processes, the batch
and its records should be defined (forexample, based on time or defined quantity). Records may be in different locations but
should be readily retrievable. Records for both batch and continuous processing, where critical to excipient quality, should
includethe following:

• date and time each step was completed or date and time log of key parameters,
• identification of persons performing and directly supervising or checkingeach significant step, operation or control

parameter,
• identification of major equipment and lines used,
• material inputs to enable traceability: for example, batch number and quantitiesof raw material/intermediate and time it

was added,
• in-process and laboratorycontrol results,
• the quantity produced for the defined batch and a statement of the percentage of theoretical yield, unless not quantifiable

(for example, as in some continuous processes),
• inspection of the packaging and labeling area before and after use,
• labelingcontrol records,
• description of excipient product containersand closures,
• description of sampling performed,
• failures, deviations and their investigations,
• resultsof final product inspection.

EQUIPMENT CLEANING

The manufacturer should design and justify cleanlnqand sanitization procedures and provideevidence of their effectiveness.
In multipurpose plants the use of the modelproductapproach (groups of product of similar type) may be used in justifying a
suitable procedure. Cleaningand sanitization proceduresshould be documented. Theyshould containsufficient detail to allow
operators to clean each type of equipment in a reproducible and effective manner. There should be a record confirming that
these procedures havebeen followed. Equipmentand utensils should be cleaned and sanitized wherecritical to excipientquality
and at appropriate intervals to prevent contamination and cross-contamination of the excipient.The cleaningstatus of
equipment should be recorded appropriately.

Where multipurpose equipment is in use, it is important to be able to determine previous usage when investigating
cross-contamination or the possibility of such contamination(alsosee belowin this section,Records of Equipment Use). During a
production campaign, incidentalcarryover frequentlyoccurs, and it is usually acceptable because cleanup between successive
batches of the same excipient is not normally required in order to maintain quality levels. Products that leave residues that
cannot be effectively removed should be produced in dedicated equipment. Forcontinuous processing, the frequency of
equipment cleaning should be determined by the manufacturerand justified.

RECOVERY OF SOLVENTS, MOTHER LIQUORS, AND SECOND CROP CRYSTALLIZATIONS

Wheresolventsare recoveredand reused in the same processor differentprocesses, they should meet appropriate standards
prior to reuse or mixing with other approved material. Mother liquors or filtrates containing recoverable amounts of excipient,
reactants, or intermediates are frequently reused. Such processes should be documented in the production records or logsto
enable traceability.

IN-PROCESS BLENDING OR MIXING

In-process blending or mixing to ensure batch uniformity or to facilitate processing should be controlled and documented.
Ifthe intent of the operation is to ensure batch uniformity, it should be performed so as to ensure homogeneous mixing of
materials to the extent feasible "and should be reproducible from batch to batch.
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'In-process inspection and testing, based on monitoring the process or actual sample analysis at defined locationsand times,
should be performed. Samplingmethods should be documented to ensure that the sample isrepresentativeand clearly labeled.
In-process samples should not be returned to production for incorporation into the final batch.

The results of in-process tests should be recorded and should conform to established process parameters or acceptable
tolerances. Workinstructionsshould definethe procedure to follow and should indicate how to use the inspectionand test data
to control theprocess, There should be defined actions to be taken when the resultsare outside specifiedlimits. Whereapproval
to continue with the process is issuedwithin the production department, the specified tests should be performed by trained
personnel and the results recorded.

PACKAGING AND LABELING

Procedures should be employed to protect the quality and purity of the excipient when it is packaqed and to ensure that
the correct label is applied to all containers. Packaging and labeling operations should be designed to prevent mix-ups.
Proceduresshould be implemented to ensure that the correct labelsare printed and issued and that the labelscontain the
correct information. The procedure should also specify that excess labelsare immediatelydestroyed or returned to controlled
storage. Excess labels bearing batch numbers should be destroyed. Packaging and labelingfacilities should be inspected
immediately before use to ensure that materials that are not required for the next packaging operation have been removed.
When excipients are labeled on the packaging line, packaged in preprinted bags, or bulk-shipped in tank cars, there should be
documentation of the system used to satisfy the intent of the above procedures.

RECORDS OF EQUIPMENT USE

Records of quality-critical equipment use should be retained. These records should allowthe sequence of cleaning,
maintenance, and production activities to be determined .

. VALIDATION OF PROCESSES FOR PRODUCTION AND SERVICE PROVISION

An important factor in the assurance of product quality includes the adequate design and control of the manufacturing
process, because product testing alone is not sufficient to reveal variations that may have occurred. Each step of the
manufacturing process should be controlled to the extent necessaryfor ensuring that the excipient meets established
specifications. The concept of process validation is a keyelement in ensuring that these quality assurance goals are met. The
process reactions, operating parameters, purification steps, impurities, and keytests needed for process control should be
documented, thus providing the basisfor validation.

The full validation program that istypically performed in the pharmaceutical industry may not always be carried out by the
excipient manufacturer. However, the excipient manufacturer should demonstrate the consistent operation of each
manufacturing process: for example, through process capabilitystudies, development, and scale-up reports.

Identification and Traceability

TRACEABILITY

Quality-critical items (for example, raw materials, packaging materials, intermediates, and finished excipients) should be
clearly identified and traceable through records.These records should allowtraceabilityof the excipient both upstream and
downstream. Identification of raw materials used in batch production processes should be traceable through the batch
numbering system or other appropriate system. Identification of raw materials used in excipients produced by continuous
processing should indicate the time frame during which a particular batch of raw material was processed through the plant.
Excipient manufacturers should also have adequate knowledge about the origin of any raw materialsderived from plant or
animal matter .

. Raw materials, including solvents, are sometimes stored in bulk tanks or other large containers, making preciseseparation
of batches difficult. Nevertheless, the use of such materialsand containers should be documented in production records.

INSPECTION AND TEST STATUS

. There should be a system for identifying the inspection status of quality-critical items, including raw materials, packaging
materials, intermediates, and finishedexcipients. Although storing materials in identified locations is preferred, any means that
clearly identifies the test status issatisfactory. Continuouslyfed materialsmay need specialconsideration in order to satisfy these
requirements.

LABELING

Labeling for excipient packages is subject to national and international regulatory requirements, which may include
transportation and safety measures. Ata minimum, labelsshould include the following:

• the name of the excipient and grade, ifapplicable,
• the excipient manufacturer's and/or distributor's name,
• the batch number from which the complete batch historycan be determined,
• special storage conditions, ifapplicable.
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The excipient manufacturer should establish and maintain procedures for verification, storage, and maintenance of
customer-supplied materials intended for incorporation into the customer's excipient. Verification by the manufacturer does
not relieve the customer of the responsibility of providing an acceptable material. Material that is lost or that isdamaged or
otherwise unsuitable for use should be recorded and reported to the customer. In this case, procedures should be in place for
acceptable dispositionand replacement of the material.The manufacturershould also make provisions for protecting other real
and intellectual property that is provided by the customer (for example, test equipment, test methods, and specifications).

Preservation of Product

HANDLING, STORAGE, AND PRESERVATION

Excipients, intermediates, and raw materialsshould be handled and stored under appropriate conditions of temperature,
humidity, and light so that their identity, quality, and purity are not affected. Outdoor storage of raw materials (for example,
acids, other corrosive substances, explosive materials) or excipients is acceptable, provided that the containers givesuitable
protection against deterioration or contamination of their contents, identifying labels remain legible, and containers are
adequately cleaned prior to opening and use. Records of storage conditions should be maintained ifthey are critical for the
continuing conformity of the material to specifications.

PACKAGING SYSTEMS

An excipient packaging system should include the following features:
• documented specifications and examination or testing methods,
• cleaning procedures, where containers are reused,
• tamper-evident seals,
• containers that provide adequate protection against deterioration or contamination of the excipientduring transportation

and recommended storage,
• containers that do not interact with or contaminate the excipient,
• storage and handling procedures that protect containers and closuresand minimizethe risk of contamination, damage,

or deterioration and that will avoid mix-ups(for example, between containers that have different specifications but are
similarin appearance).

Ifreturnable excipient containers are reused, previous labeling should be removed or defaced. Ifthe containers are reused
solelyfor the same excipient, previous batch numbers or the entire label should be removed or completely obliterated.

DELIVERY AND DISTRIBUTION

Identification and traceability of quality-critical aspects are required of excipient manufacturers. Distribution recordsof
excipient shipments should be kept. These records should identify, by excipient batch, where and to whom the excipientwas
shipped, the amount shipped, and the date of shipment so as to facilitate retrieval if necessary. Where excipients are handled
by a series of different distributors, it should be possible to trace them back to the original manufacturer, and not only to the
previoussupplier. The manufacturer should maintain the integrityand the quality of the product after final inspectionand test.
Where contractually specified, this protection should be extended to include delivery to the final destination. Excipients should
be supplied only within their expiry and/or retest period.

CONTROL OF MEASURING·AND MONITORING DEVICES

Measuringand test equipment, includingcomputerized systems, identifiedas being quality-critical should be calibratedand
maintained. Thisincludes in-process instruments as wellas test equipment used in the laboratory. The control program should
includethe standardization or calibrationof instruments and equipment at suitable intervals in accordance with an established,
documented program. This program should contain specific directions, schedules, limits for accuracy and precision, and
provisions for remedial action in the event that accuracyand/or precision limits are not met. Calibration standards should be
traceable to recognized national or compendial standards as appropriate.

Instruments and equipment not meeting established specifications should not be used, and an investigation should be
conducted to determine the validity of the previous resultssince the last successful calibration.The current calibration status of
quality-critical equipment should be known and verifiable to users.

MEASUREMENT, ANALYSIS, AND IMPROVEMENT

The organization should plan and implement the monitoring, measurement, and improvement activities that are required
in order to demonstrate conformity of the excipient to customer requirements and to ensure conformityof the quality
management system to this chapter. The organization should evaluate opportunities for improvements through the
measurement and analysis of product and process trends.
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The excipient manufacturer should establish measurement activities to assesscustomer satisfaction. Such measurements can
include customer complaints, return of exclplents, and customer feedback. This information should driveactivities that strive
to continuously improve customer satisfaction.

INTERNAL AUDIT

The excipient manufacturer should carry out a comprehensive system of planned and documented internal quality audits.
These should determine whether quality activities comply with planned arrangements and should also determine the
effectiveness of the quality rnanaqernent system. Audits should be scheduled on the basisof the status and importance of the
activity. Audits and follow-up actions should be carried out in accordance with documented procedures. Audit resultsshould
be documented and discussed with management personnel having responsibility in the area audited. Management personnel
responsiblefor the area audited should take correctiveaction on the nonconformities found. Appendix: AuditingConsiderations
will be of assistance in establishing an internal audit program.

MONITORING AND MEASUREMENT OF PROCESSES

The excipient manufacturer should identifythe tests and measurements necessaryfor adequately controllingmanufacturing
and quality management system processes. When critical to excipient quality, techniques used to verify that the processesare
under control should be established. When deviationsfrom planned resultsoccur, corrective action should be taken to ensure
that the excipientmeets requirements. Periodic reviews of keyindicatorssuch as process quality attributes and processfailures
should be conducted to assess the need for improvements.

MONITORING AND MEASUREMENT OF PRODUCT

The excipient manufacturer should establish the test methods and procedures to ensure that the product consistentlymeets
specifications. Analytical methods should be suited to their purposes. The analytical methods may be those included in the
current edition of the appropriate pharmacopeia or another accepted standard. However, the methods may also be
noncompendial. Ifthe excipient manufacturer claimsthat its product is in compliance with a pharmacopeia or an official
compendium, then ,

• noncornpendlal analytical tests should be demonstrated to be equivalent to those in the compendia;
• the product should comply with applicable USP general chapters and notices.

LABORATORY CONTROLS

Laboratory controls should include complete data derivedfrom tests necessaryfor ensuring conformitywith specifications
and standards, including the following:

• a description ofthe sample receivedfor testing, together with the material name, a batch number or other distinctive
code, and the date the sample was taken, '

• a statement referencing each test method used, '
• a record of raw data secured during each test, including graphs, chromatograms, charts, and spectra from laboratory

instrumentation, identified to show the specific material and batch tested,
• a record of calculations performed in connection with the test,
• test resultsand how theycompare with establishedspecifications,
• a record ofthe person who performed each test and the date(s) the tests were performed.
There should be a documented procedure for the preparation of laboratory reagents and solutions. Purchased reagents and

solutions should be labeled with the proper name, concentration, and expiry date. Records should be maintained for the
preparation of solutionsand should include the name of the solution, the date of preparation, and the quantities of material
used. Volumetric solutionsshould be standardized according to an internal method or by using a recognizedstandard. Records
of the standardization should be maintained.

Where used, primaryreference reagents and standards should be appropriately stored and need not be tested upon receipt,
provided that a certificate of analysis from the supplier isavailable. Secondary reference standards should be appropriately
prepared, identified, tested, approved, and stored. Thereshould be a documented procedure for the qualification of secondary
reference standards against primary reference standards. The reevaluation period should be defined for secondary reference
standards, and each batch should be periodically requalified in accordance with a documented protocol or procedure.

FINISHED EXCIPIENT TESTING AND RELEASE

Finished excipient testing should be performed on each batch to ensure that the excipient conforms to documented
specifications. There should be a procedure to ensure that appropriate manufacturing documentation, in addition to the test
results, isevaluated priorto releaseof the finishedexcipient.The qualityunit should be responsiblefor the releaseof the finished
excipient. Forexcipients produced by continuous processes, assurance that the excipient conforms to documented
specifications may be achieved through the resultsof in-process testing or other process control records.
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Out-of-specification (OOS) test results should be investigated and documented according to a documented procedure. Retest
sample results may be used to replace the original test result only if it isdemonstrated on the basis of a documented investigation
that the original result is erroneous. When statistical analysis is used, both the original and retest data must be included. The
OOS procedure should define which statistical techniques are to be used and under what circumstances. These same principles
apply when the sample is suspected of not being representative of the material from which it was taken.

RETAINED SAMPLES

When practical, a representative sample of each batch of the excipient should be retained. The retention period should be
appropriate to the expiry or reevaluation date. The retained samples should be stored and maintained in such a manner that
they are readily retrievable in facilities that provide a suitable environment. The sample size should be at least twice the amount
required to perform complete specification testing.

CERTIFICATES OF ANALYSIS

The organization should provide certificates of analysis to the required specification for each batch of excipient.

IMPURITIES

When possible, excipient manufacturers should identify and set appropriate limits for impurities. The limits should be based
on appropriate safety data, limits as described in officialcompendia or other requirements, and sound GMP considerations.
Manufacturing processes should be adequately controlled so that the impurities do not exceed such established limits. Many
excipients are extracted from or purified using organic solvents. These solvents are normally removed by drying. It is important
that excipient specifications include tests and limits for solvent residues.

STABILITY

Although many excipient products are stable and may not require extensive testing to ensure stability, the stability of
excipients is an important factor in the overall quality of the drug product. For excipients that have been on the market for a
long time, historical data may be used to indicate stability. Where historical data do not exist, a documented testing and/or
evaluation program designed to assess the stability characteristics of the excipient should be undertaken. The results of such
stability testing and/or evaluation should be used in determining appropriate storage conditions and retest or expiry dates. The
testing program should include the following:

• the number of batches, sample sizes and test intervals,
'. storage conditions for samples retained for testing,
• suitable stability-indicating test methods,
• storage of the excipient in containers that simulate the market container, where possible.
The stability of excipients may be affected. by undetected changes in raw materials or subtle changes in manufacturing

procedures or storage conditions. Excipients may also be shipped in a variety of packaging types that can affect their stability
(for example, plastic or glass bottles, metal or plastic drums, bags, tank cars, or other bulk containers).

Some excipients may be available in different grades (for example, various molecular weights of a polymer or different
monomer ratios, different particle sizes, bulk densities) or may be mixtures of other excipients. These excipients may be very
similar to others within a product group. Minor quantitative differences of some of the components may be the only significant
variation from one product to another. For these types of excipients, a model product approach may be appropriate for
assessment of the stability of similarexcipients. Stability studies of this type should involve selection of several model products
that would be expected to simulate the stability of the product group being assessed. This selection should be scientifically
sound and documented. Data from stability studies of these model products can be used to determine theoretical stability for
similar products.

EXPIRY/RETEST PERIODS

An expiry or retest period should be assigned to each excipient and communicated to the customer. Common practice is to
use a retest period rather than an expiry period.

CONTROL OF NONCONFORMING PRODUCT

Raw material, intermediate, or finished excipient found not to meet its specifications should be clearly identified and .
controlled to prevent inadvertent use or release for sale. A record of nonconforming product should be maintained. Incidences
of nonconformity should be investigated to identify the cause. The investigation should be documented and action taken to
prevent recurrence. There should be a documented procedure defining how the retrieval of an excipient from distribution
should be conducted and recorded. Procedures should exist for the evaluation and subsequent disposition of nonconforming
products. Nonconforming product should be reviewed in accordance with documented procedures to determine if it can be

• reprocessed or reworked to meet the specified requirements,
• accepted by the customer with customer agreement,
• regraded for other applications,
• destroyed.
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Repetition of an activitythat isa normal part of the manufacturing process (reprocessing) should occur onlywhen it has
alreadybeen documented that the excipient may be made in that manner. Inallother cases, the guidance for reworking should
be followed.

REWORKING

An activitythat is not a normal part of the manufacturing process (reworking) should be conducted only following a
documented reviewof risk to excipient qualityand approval by the quality unit. As appropriate, when performing the risk
assessment, consideration should be given to the following:

• new impurities that may be introduced as a result of reworking,
• additional testingto control the reworking,
• records and traceability to the original batches,
• suitable acceptance criteriafor the reworked excipient,
• impact on stabilityor the validity of the reevaluation interval,
• performance of the excipient.
When the need to reworkan excipient isidentified, aninvestigation and evaluationof the cause are required.The equivalence

of the quality of reworked material to original material should also be evaluated and documented to ensure that the batch will
conform to established specifications and characteristics. Batchesofexcipientsthat do not conform to specifications individually
must not be blended with other batches that do conform in an attempt to hide adulterated or substandard material.

RETURNED EXCIPIENTS

Returned excipients should be identified and quarantined until the quality unit has completed an evaluationof their quality.
There should be procedures for holding, testing, reprocessing, and reworking of the returned excipient. Records for returned
products should be maintained and should include the name and the batch number of the excipient, the reasonfor the return,
the quantity returned, and the ultimate disposition of the returned excipient.

ANALYSIS OF DATA

The excipient manufacturer should develop methods for evaluating the effectiveness of its quality management system and
use those data to identifyopportunities for improvement. Suchdata can be derivedfrom customer complaints, product reviews,
processcapabilitystudies, internal audits, and customer audits. The analysis ofsuch data may be used as part of the management
review(also see above, Management Review under the Management Responsibility section). A periodic review of key indicators
such as product quality attributes, customer complaints, and product nonconformities may be conducted to assess the need
for improvements.

Improvement

CONTINUAL IMPROVEMENT

The excipient manufacturer should take proactive measures to continuously improve manufacturing and quality
management system processes. To identifyopportunities for continual improvement, analysis of the following performance
indicators may be considered:

• causes of nonconforming product,
• resultsof internal and external audits,
• customer returns and complaints,
• process and operational failures.

Corrective Action: The excipient manufacturer should establish, document, and maintain procedures for the following:
• determining the root causes of nonconformities,
• ensuring that corrective actions are implemented and effective,
• implementing and recording changes in procedures resultingfrom corrective action.

Preventive Action: The excipient manufacturer should establish, document, and maintain procedures for the following:
• initiating preventive actions to deal with problems at a level corresponding to the risks,
• implementing and recording changes in procedures resultingfrom preventive action.

GLOSSARY
The terms below are defined as used in this chapter. Wherever possible, definitions used by the InternationalConference on

Harmonization have been used as the basisfor the glossary.
Acceptance Criteria: numerical limits, ranges, or other suitable measures of acceptance for test results.
Active Pharmaceutical Ingredient (API): any substance or mixture of substances that is intended to be used in the

manufacture of a drug product and that, when used in the production of a drug, becomes an active ingredient of the drug
product. Such substances are intended to furnish pharmacological activity. or other direct effect in the diagnosis, cure,
mitigation, treatment, or preventionof disease, or to affect the structure or any functiori of the body of humans or animals.
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Adulterated Material: a material that either hasbeen contaminatedwithaforeignmaterial or hasnot been manufactured
using GMP. This does not pertain to a material that simply does not meet physical or chemicalspecifications.

Batch (lot): a specific quantity of material produced in a processor series of processesso that it can be expected to be
homogeneous. Inthe case of continuous processes, a batch maycorrespondto a definedfraction of the production. The batch
sizecan be defined either by a fixed quantity or by the amount produced in a fixed time interval.

Batch Number (lot Number): a unique combination of numbers, letters, and/or symbolsthat identifies a batch and
from which the production and distribution historycan be determined.

Batch Process: a processthat produces the excipientfrom a discretesupply of raw materials that are present beforethe
completion of the reaction.

Batch Record: documentation that providesa history of the manufactureof a batch of excipient.
Blending (Mixing): intermingling differentconforminggrades into a homogeneous lot.
Calibration: the demonstration that a particularinstrument or measuring device produces results within specified limits

by comparison with those produced by a referenceor traceable standard, over an appropriate range of measurements.
CEP (Certificate of Suitability to the European Pharmacopoeia): certification granted to individual manufacturers

by the European Directorate for the Qualityof Medicines (EDQM) when a specific excipient or active ingredientis judged to
be in conformitywith a European Pharmacopoeia monograph.

Certificate of Analysis: a document listing the test methods, specification, and results of testing a representative sample
from the batch to be delivered.

Commissioning: the introductionof equipment for use in a controlledmanner.
Contamination: the undesired introduction of impurities of a chemical or microbiological nature or foreign matter into

or onto a raw material, intermediate, or excipient during production, sampling, packaging or repackaging, storage, or
transport.

Continuous Process: a processthat continuously produces material from a continuing supplyof raw material.
Critical: a processstep, processcondition, test requirement, or other relevantparameter or item that must be controlled

within predetermined criteria to ensure that the excipient meets its specification.
Cross-Contamination: contamination of a material or product with another materialor product.
Customer: the organization receiving the excipientonce it has left the control of the excipient manufacturer; includes

brokers, agents, and users.
Deviation: departure from an approved instruction or established standard.
Drug Master File (DMF): detailed information about the manufactureof an excipient that issubmitted to the U.S. Food

and DrugAdministration (FDA).
Drug (Medicinal) Product: the dosage form in the final immediate packaging intended for marketing.
Excipient: substances other than the API that have been appropriately evaluatedfor safetyand are intentionally included

in a drug delivery system. '
Expiry (Expiration) Date: the date designating the time during which the excipient is expected to remain within

specifications and after which it should not be used.
Impurity: a component ofan excipientthat isnot intended to be present but arises as a consequenceof the manufacturing

process.
In-Process Control/Testing: checksperformed during production to monitor and, ifappropriate, to adjust the process

and/or to ensure that the intermediate or excipientconformsto its specification.
Intermediate: material that must undergo further manufacturing steps before it becomes an excipient.
Lot: See Batch. ,
Manufacturer/Manufacturing Process: all. operations of receipt of materials, production, packaging, repackaging,

labeling, relabeling, qualitycontrol, release, and storage of excipients and related controls.
Master Production Instruction (Master Production and Control Record): documentation that describes the

manufacture of the excipientfrom raw material to completion.
Material: a general term used to denote raw materials (starting materials, reagents, and solvents), process aids,

intermediates, excipients, packaging, and labeling materials.
Model Product: a product that represents a group of similar products with respect to composition, functionality, or

specification.
Mother Liquor: the residual liquid that remains after crystallization or isolation processes.
Packaging Material: a material intended to protect an intermediateor excipientduring storage and transport.
Production: operations involved in the preparation of an excipientfrom receipt of materials through processing and

packaging of the excipient.
Quality Assurance: the sum total of the organizedarrangements made with the object of ensuring that all excipients are

of the quality requiredfor their intended use and that qualitysystems are maintained.
Quality Control: checkingor testing that specifications are met.
Quality-Critical: describesa material, processstep or process condition,test requirement, or anyother relevant parameter

that directly influences the qualityattributes of the excipientand that must be controlled within predeterminedcriteria.
Quarantine: the status of materials isolated physically or byother effective means pending a decision on their subsequent

approval or rejection.
Raw Material: a general term used to denote starting materials, reagents, and solventsintended for use in the production

of intermediates or excipients.
Record: a document stating results achievedand/or providing evidenceofactivities performed.Themediummay be paper,

magnetic, electronicor optical, photographic, or another medium, or a combination thereof. . . .:
Reevaluation Date (Retest Date): the date when the material should be reexaminedto ensurethat itis still inconformity

with the specification. . .. '
Reprocessing: repetition of an activity that isa normal part of the manufacturingprocess and that has been documented

previously. .
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Retrieval: process for the removal of an excipient from the distribution chain.
Reworking: subjecting previously processed material that did not conform to standards or specifications to processing

~ steps that differfrom the normal process.
Specifications: listof tests, referencesto analytical procedures, and appropriate acceptance criteria that are numerical

limits, ranges, or other criteriafor the tests described for a material.
Stability: continued conformity of the excipient to its specifications.
Top Management: person or group of people who direct and control an organization at the highest level. The highest

level can be at either the site level or the corporate level and will depend on the way in which the qualitymanagement system
is organized.

Traceability: abilityto determine the history, application, or location that is under consideration: for example, origin of
materialsand parts, processing history, or distribution of the product after delivery.

Validation: a documented program that providesa high degree of assurance that a specific process, method, or system
will consistently produce a result meeting predetermined acceptance criteria.

APPENDIX

Auditing Considerations

INTRODUCTION

Manyexcipients are used in food, cosmetic, and industrial products as well as in pharmaceuticals. Thus, environmental
conditions, equipment, and operational techniques employed in excipient manufacture are often those of the chemical. industry
as opposed to the pharmaceutical industry. Chemical processescan produce impurities from side reactions. Careful process
control is therefore essential to minimize levels of impurities and contamination.

Excipients are often manufactured on a large scale,usingcontinuous processingand automated processcontrols. Production
equipment and processes vary depending on the type of excipient being produced, the scale of production, and the type of
operation (for example, batch versus continuous process).

Thisappendix isintended as an aid in preparing for an audit of an excipient manufacturer. Bothexternaland internal auditors
(see also Internal Audit in Monitoring and Measurement under the Measurement, Analysis, and Improvement section) will find this
appendix useful in identifying the significantissues with respect to GMP and quality that require examination. Thissection will
assistexcipient manufacturers in identifying keydeliverables when adopting the GMP standards listed in the other sections of
this chapter; in planning an audit, it will also help to verify the quality of the excipient manufacturing process and the
manufacturer's quality management system.

GMP PRINCIPLES

Control of Impurities and Contamination: In general, the pharmaceutical customer does not performfurther chemistry or
purification steps on the excipient; it is used as purchased. Consequently, impurities present in the excipient are likely to be
present in the drug product. Although dosage form manufacturers have some control over excipient quality through
specifications, excipient manufacturers have greater control over the physical characteristics, quality, and presence of impurities
in the excipients they produce.

External contamination of the excipient can arisefrom the manufacturing environment. However, chemical processes used
to manufacture excipients are often performed in closedsystemsthat affordprotection against such contamination, even when
the reaction vessels are not located in buildings.The external environment may require suitable controls to avoid potential
contamination wherever the excipient or in-process material isexposed.
Excipient Properties and Functionality: Excipients are frequently used in those types of drug products for which physical
characteristics, such as particle size, may be important. Although the manufacturer of the finished dosage form is primarily
responsiblefor identifying the particularphysical characteristics needed, it isalsothe responsibility of the excipient manufacturer
to control excipient manufacturing processes to ensure consistent conformity to excipient specifications. Wherever possible,
considerationshould be given to the end use of the excipient.Thisisparticularly important ifthe excipient isa direct component
of a sterile drug product or one that isclaimed to be pyrogen-free.
Consistency of Manufacture and Change Control: Athorough understanding of the manufacturing process and effective
control of change can best ensure consistency of excipient qualityfrom batch to batch. Implementation of changes may also
have consequences for registration filings with regulatory agencies.

Changes in excipient manufacturing processes may result in changed physical or chemical properties of the excipient that
are evident only during subsequent processing or in the finished dosage form. This is particularly important in the context of
the pharmaceutical product approval processwhere bioequivalencecomparisons are made between pivotal, clinical trial batch
(bio batch) production and commercial scale-up batches. Changes made to the excipient supplied for the commercial product
from the excipient supplied for the bio batch should not affect the quality and performance of the commercialdrug product.
Scale-upof excipients to commercial production may involve several stages, and data may be required to demonstrate
consistency between batches through the scale-up process.
Traceability: Traceability of batch-related records to facilitate investigations and retrieval of product isalso a key requirement
of GMP.

APPLICATION OF GMP PRINCIPLES

It is the responsibility of the excipient manufacturer to designate and document the rationale for the point in the
manufacturing process at which appropriate GMP are to be applied. From this point on, appropriate GMP should be applied.
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The manufacturer should apply a level of GMP to each manufacturing stage commensurate with the importance of that step
in ensuring product integrity. Thismay be demonstrated by means of the use of a risk assessment procedure (for example,
HACCP, FMEA).

The stringency of GMP in excipient production should increase as the process proceeds from early manufacturing to final
stages, purification, and packaging. Physical processing(forexample, granulation, coating, or physical manipulation of particle
size such as milling or micronizing) as well as chemical processing of excipientsshould be conducted at least to the standards
suggested by this chapter. .

It should be recognized that not all intermediates may require testing. Anexcipient manufacturer should, however, be able
to identifycritical or key points in the manufacturing process where selective intermediate sampling and testing are necessary
in order to monitor process performance.

GENERAL AUDITING CONSIDERATIONS

Audits of an excipient operation will be influenced by the purpose of the audit and the intended use of the excipient. The
keystages of a production process should be examined to determine whether the manufacturer controls these steps so that
the process performs consistently. Overall, an audit should assess the excipient manufacturer's capabilityto delivera product
that consistently meets established specifications.

The audit team may consist of engineers, laboratory analysts, purchasing agents, computer experts, maintenance staff, and
other personnel as appropriate to the scope and purpose of the audit. External auditors must respect the confidentiality of the
manufacturer's processes and other disclosures.

An audit should focus on the quality-critical processingsteps that are necessaryfor producing an excipient that meets
established physical and chemical criteria. These steps should be identified and controlled by the excipient manufacturer.
Quality-critical processing steps can involve a number of unit operations or unit processes. Quality-critical steps can include,
but are not limited to, the following:

• phase changes involvlnq the desired molecule, solvent, inert carrier or vehicle (for example, dissolution, crystallization,
evaporation, drying, sublimation, distillation, or absorption),

• phase separation (for example, filtration or centrifugation),'
• chemical changes involving the desired molecule (for example, removalor addition of water of hydration, acetylation or

formation of a salt),
• adjustments of the solution containing the molecule (for example, pH adjustment),
• precise measurement of added excipientcomponents, in-process solutions,and recycled materials(forexample, weighing

or volumetric measurements),
• mixing of multiple components,
• changes that occur in surface area, particlesize, or batch uniformity (for example, milling, agglomeration, or blending).

AUDIT CHECK POINTS

A good approach for an excipient plant audit is a review of the following areas:
• nonconformities-such as the rejection of a batch that did not meet specifications, customer complaints, return of a

product by a customer, or retrieval of aproduct. The manufacturer should have determined the cause of the
nonconformity, prepared a report of the investigation, and initiated and documented subsequent correctiveaction.
Records and documents should be reviewed to ensure that nonconformitiesare not the result of a poorly developed or
inconsistent process;

• customer complaint files-such as reports that some aspect of the product is not entirelysuitable for use, because such
problems may be caused by impurities or inconsistencies in the excipient manufacturing process;

• change control logs-to ascertain whether the company evaluates its significant changes to decide whether the customer
and/or regulatory authority should be notified;

• nonconforming products meeting or Material Review Board documents and/or equivalent records that demonstrate that
the disposition of nonconforming product is handled in an appropriate manner by responsible individuals;

• master formula and production recordsfor frequent revisions that may reveal problems in the excipient production
process;

• evidence for the presence of unreacted intermediates and solvent residues in the finished excipient;
• materialsmanagement systems, to ensure adequate control over nonconforming materialsso that they cannot be sold to

customers or used in manufacturing without authorization;
• reviewof a process flow diagram, to aid understanding of the various processingstages. The critical stages and sampling

points should be identified as part of the reviewof the processing records;
• reviewof contamination control measures.
Inevaluating the adequacy of measurestaken to prevent contamination and cross-contaminationof materialsin the process,

it is appropriate to consider the following risk factors:
• the type of system (for example, open or closed). Enclosed systems in chemical plants often are not closed when they are

being charged and/or when the final product is being emptied. Inaddition, the same reaction vessels are sometimes used
for different reactions; ,

• the form of the material (for example, wet or dry);
• the stage of processing and use of the equipment and/or area (for example, multipurpose or dedicated);
• continuous versus batch production.

www.webofpharma.com

https://nhathuocngocanh.com/



USP 43

DOCUMENTATION AND RECORD REVIEW

Genera/Information / (1079) 7635

Documentation requiredfor the earlysteps in the process need not be as comprehensiveas in the latter stages of the process.
It is important that a chain of documentation exist and that it be complete when the following isthe case:

• the excipient can be identified .and quantified for processeswhere the molecule is produced during the course of the
process. Forbatch production, a theoretical mass balance may also be established with appropriate limits, because
deviationsfrom tolerance area good indicator of a loss of control;

• an impurity or other substance likely to adversely affect the impurity profile or form of the molecule is identified, and
subsequent attempts are made to remove it.

As chemical processing proceeds, a chain of documentation should be established that includes the following:
• a documented process,
• the identification of critical processing steps,
• appropriate production records,
• records of initial and subsequent batch numbers,
• records of raw materials used,
• comparison of test resultsagainst meaningfulstandards.
Ifsignificantdeviationsfrom the normal manufacturing process are recorded, there should be evidence of suitable

investigationsand a reviewof the quality of the excipient. Complete documentation should be continued throughout the
remainder of the processfor quality-critical processingsteps until the excipient is packaged and delivered to the end user.The
batch should be homogeneous within the manufacturer's specifications. Thisdoes not necessitate the final blending of
continuous-process material if process controls can demonstrate compliance with specifications throughout the batch.

In order to promote uniformity in excipient GMP inspections, the following basic requirements should be established:
• assignment of a unique batch number to the excipient, enabling it to be traced through manufacture to release and

certification,
• suitable controlsfor the preparation of a batch record for batch processingand/or a production record, log sheet, or other

appropriate documentation for continuous processing,
• demonstration that the batch has been prepared using GMP guidelinesfrom the processingpoint at which excipient GMP

have been determined to apply,
• confirmation that the batch is not combined with material from other batches for the purpose of either hiding or diluting

an adulterated batch, .
• recordsshowing that the batch has been sampled inaccordance with a sampling plan that ensures a representative sample

of the batch,
• records showing that the batch has been analyzed using scientifically established test methods designed to ensure that

the product meets established standards, specifications, and characteristics,
• stabilitydata adequate to support the intended period of use of the excipient; these data can be obtained from historical

data, from actual studies on the specific excipient, or from applicable model product studies that can reasonably be
, expected to simulate the performance of the specific excipient.

(1079) GOOD STORAGE AND DISTRIBUTION PRACTICES FOR DRUG
PRODUCTS

INTRODUCTION

Thisgeneral informationchapter describes good storage and distribution practicesto ensure that drug products (medicines)
reach the end user (practitioners and patient/consumers) with quality intact.

In the context of this chapter, the following definitions are used.

SCOPE

Good storage and distribution practices apply to all organizations and individuals involved in any aspect of the storage and
distribution of all drug products, including but not limited to the following:

• Manufacturers of drug products for human and veterinaryuse where manufacturing may involve operations at the
application holder's facilities (Le., facilities that belong to the holder of an approved New DrugApplication or Abbreviated
New Drug Application) or at those of a contractor for the applicant holder

• Packaging operations by the manufacturer or a designated contractor forthe applicant holder
• Repackaging operations lnwhichthe drug product may be owned byan organizationother than the primarymanufacturer
• Laboratoryoperations at the manufacturer's or at the contractor's site
• Physician and veterinary offices

.• Pharmaciesincludingbut notlimited to retail, compounding, specialty, mailorder, hospital,and nursing home pharmacies
• Importers and exporters of Record
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• Wholesale distributors; distribution companies involved in automobile, rail, sea, and air services
• Third-party logistics providers, freight forwarders, and consolidators
• Health care professional dispensing or administering the drug product to the end user
• Mail distributors including the U.S. Postal Service (USPS) and other shippingservices including expedited shippingservices
The information is intended to apply to alldrug products regardless of environmentalstorage or distribution requirements.
It is recognized that conceivably there are special casesand many alternativemeans of fulfilling the intent of this chapter

and that these means should be scientifically justified. Although this chapter is not intended to address the storage and
distribution of active pharmaceutical ingredients (APls), excipients, radioactive products, reagents, solvents, medical devices,
medical gases, or clinical trial materials for which storage requirementsmay not yet be defined (e.g., PhaseI clinical trial drug
products), the general principles outlined here may be useful ifapplied selectively or comprehensively.

This general information chapter does not supersedeor supplant any applicable national, federal, and/or state storage and
distribution requirements, or USP monographs. General Chapter (659) Packaging andStorage Requirements containsdefinitions
for storage conditions. This chapter isnot intended to covercounterfeiting, falsified medicines, drug pedigrees,or other supply
chain security, including chain of custody issues.

BACKGROUND INFORMATION

Storage and distribution processes may involve a complex movement of product around the world, differences in
documentation and handling requirements,and communication among various entities in the supplychain.The translation of
best practices into good storage and distribution meets these challengesand sets forth a state of control.

The good storage and distribution practicesdescribed in this chapter should facilitate the movement of drug products
throughout a supplychain that iscontrolled, measured, and analyzed for continuous improvements and should maintainthe.
integrityof the drug product in its packagingduring storage and distribution.

RESPONSIBILITIES

The holder of the drug product application, the drug product manufacturer (in the case of many OTCs, where there is no
application) and the repackager bear primary responsibility and accountability including but not limited to the following:

• The decision for regulatorysubmissions, where applicable, relative to the contents of this chapter for the storage and
distribution of drug products. If breaches occur in any of the QMS systemsand cannot be justified or documented with
scientific evidence, the appropriate entity shouldconsideraction with the product to ensure the publicsafety.

• Determining proper storage and handling practices
• Communicating storage and distribution practices through the supply chain
• Drug product stability profiles or the associated stability information from the holder, inclusive of distribution conditions

and excursions that may be allowable should they occur. Thesestabilityprofiles includethe approved storage conditions
for the shelflife of the drug product and, whereappropriate, supporting data for the distribution conditions, ifthese differ
from the storage conditions.

• Appropriate firms, such asan applicant holder, areto conveyrelevantenvironmentalrequirements(e.g., when appropriate,
product-specific Iifecycle stability data), when needed to support deviationsor temperature excursions. If stability data
cannot be reviewed or is not shared, an assessment may be needed to consider regulatoryreview or other appropriate
actions (e.g., destruction of product or additional stability testing).

• Recalling the drug product if it isfound to be adulterated in any part of the supplychain
However, all organizations along the supply chain bear responsibility for ensuring that they handle drug products within

adequate storage and distribution parameters that will not affectthe drug product identity, strength, quality, purity, or safety.
Each holderofdrug product isresponsible and accountablefor the receiptfrom an entityand transferout ofthe drug product

to the next entity.

LABELING CONSIDERATIONS FOR DRUG PRODUCTS

The environmental requirementsfor drug product storage conditions should be indicated on the drug product primary
container-closuresystem. If space on the immediatecontainer istoo small(e.g., an ampule)or isimpractical for the container­
closuresystem(e.g., blisterpackage),this information can be placedon the most immediatecontainerofappropriate size(e.g.,
carton). Environmental storage conditions and/or environmental warning statements should be evident, securely fixed, and
indelible on the outermost container (generally the shippingcontainer).

Productsclassified as hazardous materials and/or dangerous goods by the U.S. Department of Transportation or other
relevantauthorities or bodies should be labeled, stored, and handled in accordance with applicable federal/state/local
regulations. Drug products classified as controlledsubstancesby the U.S. Drug Enforcement Administration or by individual
state requirements should be labeled and handled in accordancewith applicable regulations.

Good practices and controls for labeling should provide the receiver with instructions for the correct handling of the drug
product upon receipt.When a drug product's storageconditionsare not readily available, use the storage conditionsdescribed
in USP's Packaging and Storage Requirements (659).

Product labels with expanded information beyond the single long-term storage temperature ensure ease of transport and
usefor shippers, distributors, healthcareprofessionals, and patients.Product labelsshouldclearly definethe storage temperature
range, and broader distribution or in-usetemperature rangeswhere allowable. Productslabeled "Keep in a cold place" or "Do
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not freeze" are subject to interpretation and are discouraged if used without accompanying temperature ranges. USP storage
definitions and temperature ranges are defined in General Notices and Requirements.

During international transport, the proper language(s) should be used to ensure that handlers understand the requirements
set forth on drug product labeling. The use of symbols that are recognized byinternational organizations is advisable.

Drug products can be transported at temperatures outside of their labeled storage temperatures ifstability data and relevant
scientific justification demonstrate that product quality is maintained.The length of the stability studies and the storage
conditions for a drug product should be sufficient to cover the shipment, distribution, and subsequent use of the drug product.
The data gathered from ICH, Ql A R2, accelerated testing or from testing at an ICH intermediate condition may be used to
evaluate the effect of short-term excursionsoutside of the label storage conditions that might occur during storage and/or
distribution.

QUALITY MANAGEMENT SYSTEM

Good storage and distribution practices require that entities involved in the storage and/or distribution of drug products
maintain a Quality Management System(QMS) that is based on standard quality concepts, includesgood manufacturing
practice (GMP) in compliance with the appropriate regulatoryagency(s), and is complementary to the ICH quality guidances,
including ICH Q7 0 Pharmaceutical QualitySystem and ICH Q9 QualityRisk Management. Inthe context of this chapter, the QMS
includes the following management system programs: (1) Storage Management System, (2) Distribution Management System,
(3) Environmental ManagementSystem, and (4) Risk Management System.

The storage and distribution QMS should, at minimum, cover the following elements: correctiveand preventive actions
(CAPA), change management, deviation/investigation management, and the management review process.

Written agreements (e.g., QualityAgreement, Technical Agreement, Service Level Agreements) should be in place between
applicable organizations involved in the drug product supply chain. This means that the originating manufacturer may not be
required to hold a Written Agreement with all parties in the supply chain. The use of written agreements ensures clarity and
transparency, and delineates the responsibilities of each organization in the supply chain.

Good Documentation Practices

Good documentation practicesshould be practiced in the QMS. This documentation includesstandard operating procedures
and corporate policies and standards, as wellas protocols and other written documents that delineate the elements of the QMS.
The QMS programs should describe events and actions that must be documented as well as the proper verbiage to be used,
the copies required, and any other items that will ensure adequate processing of the drug product and prevent delays. The
documentation processshould use a standard such as a qualitymanualor other practice and, should includeroutine assessment
for reviewand update as needed.

Written procedures should ensure that drug products are held in accordance with their labeling instructions and associated
regulatory requirements. Procedures should provide the written steps needed to complete a process and ensure consistency
and standard outcomes. The following elements should be included: (1) how and when a product should be moved from one
transport container/vehicle into another, (2) how products are handled when equipment malfunctions or when there are delays
in distribution due to Customs hold, and (3) how to communicate with the necessary parties.

The QMSshould require monitoring of processes to demonstrate that a state of control is being maintained, where the set
of controls consistently provides assurance of continued process performance and product quality (ICH Q10).

Ifdeviations occur, a nonconformance should be documented, and investigation should be performed and documented as
appropriate. The investigative process should determine the root cause(s) of the deviation. Forexample, the following should
be determined: whether the drug product experienced stress, damage, delays, or environmental lapses, or whether there were
errors in documentation. The associated supply quality management staff should have final responsibility for approving or
rejecting the investigation.The investigation process should be linked to the risk management program to ensure that proper
mitigation occurs and preventive measures are put in place.

Forexample, a written investigationshould be performed if the receiving and/or transferring processes result in a drug
product being subjected to unacceptable temperature conditions or contamination (e.g., pests, microorganisms, or moisture).
Any breach of standard operating procedures should be documented with a risk justification as needed. This informationshould
be forwarded to the appropriate organization responsiblefor the drug product. The drug product should be quarantined, and
final disposition should be based on good science with appropriate evidence to justify the decision(s).

Manufacturersshould develop written procedures for recordingthe securityprocess that confirmscontainer-closure integrity
for drug products that require special handling, such as securitysealsfor controlled substances. Returned and salvaged goods
records should address how the drug product isassessedthrough a written procedure. Inaddition, training on such procedures
should be part of the QMS.

Records should be retained for purchases and sales of drug products and should show the date of purchase or supply; the
name of the drug product and the amount; the name and address of the supplier or consignee; and the associated lot numbers.
These records should allowfor the traceabilityof a drug product in the supply chain.

All records and documents should be maintained in accordance with a traceable records-retention program and should be
made available upon request to regulatory agencies. These documents should be approved, signed, and dated by the
department responsiblefor the QMS.
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It is important that each entity define their appropriate storage locations to ensure that adequate controls are in place.These
locations include buildings and facilities for drug product storage (e.g., warehouse, storage or hold area, the original
manufacturer's warehouses, contractor warehouses, wholesaledistribution warehouses, mail order or retail pharmacy storage
area, hospital or nursing home pharmacy storage areas; and border Customs storage areas).

In these locations, two basic processescan occur. First, receiving for storage is the act of bringing a drug product into a
facility, while transferring refers to the moving of a drug product internallywithin a facility or into or out of a vehicle. Second,
storing and holding refers to the act of maintainingtemporary possession of a drug product in the supplychain process, during
which no movement of the product will occur.

STORAGE IN BUILDINGS AND FACILITIES

Drug product storage areas are required to maintain the product temperature between the limits as defined on the product
label. Buildings and facilities used for the warehousing, storage, and/or holding of drug products should be of adequate size
for their intended use. Thesefacilities should be adequate to prevent overcrowding.The buildingand facility should be designed
to control environmental conditions where necessary and should be made of readilyor easily cleanable materials. Sanitation
and pest control procedures should be written, indicatingfrequency of cleaning and the materials and methods used. The
pest-control program should ensure the preventionof contamination as wellas the safe use of pesticides. Records of allcleaning
and pest-control activities should be maintained.

Storage should be orderly and should provide for the segregation of approved, quarantined, rejected, returned, or recalled
drug product. Ifcomputerized systemsare used for the control of storage conditions, the software should be appropriately
qualifiedfor its intended purposes. Facilities should have controls that mitigate risks such as fire, water, or explosion. Certain
drug products may cause these risks and should be stored accordingly. Storage areas, when not computerized, should be
appropriately visually labeled. '

Storage facilities themselves, unless thermostatically controlled, cannot be validated; however, they can be qualified via a
mapping process. The generator back-up power supply should be qualified. .

RECEIVING AND TRANSFERRING DRUG PRODUCTS

Storage of a drug product includes not only the period during which the drug product isheld in the manufacturer's storage
areas but also time spent at the receiving bay area. When drug products arriveat warehouse loading docks and other arrival
areas, they should be transferred as quickly as possible to a designated storage or within a time period that isconsistent with
the risk and exposure of the product in the receiving area to a designated storage environment to ensure minimal time outside
specifiedstorage conditions as described in a written procedure.

Relative to the incoming receipt of drug product, it is recognized that the process of product reaction to ambient conditions
begins immediately and may occur quickly (e.g., reach temperature equilibrium within minutes to a few hours depending on
details such as the product mass,volume, and packaging densitytaking into account secondary and tertiary packaging)1 • Time
spent in a transport vehicle isconsidered to be part of the distribution process and is not a storage location.

Receiving docks should protect drug product deliveries from inclement weather during unloading. Anystorage area,
including loading and unloading docksfor receipt and distributionof drug products, should be clean, cleanable, and free from
pests. The incoming receiving area should limitaccessto authorized persons. Whereappropriate, the delivery vehicle/container
should be examined before unloading to ensure that adequate protection from contamination was maintained during transit.
Deliveries should be examined at receipt in order to check that containers are not damaged and that the consignment
corresponds to the order. The resultsof this examination should be documented.

Areas should be designated to providean adequate space in which containers of drug products can be cleaned and opened
for sampling. Ifsampling is performed in the receiving area, it should be done in a manner that prevents contamination and
cross-contamination and ensures that environmental requirements for the drug product are not breached.

Adequate precautions should be taken to prevent theft and diversion of drug products. Drug products that have been
identified as counterfeit should be quarantined to prevent further distribution. The appropriate regulatory agencies should be
contacted according to established procedures.

Appropriate deliveryrecords(e.g., asapplicable,transport vehicle movement papers, receiving/delivery records,data logging
records, temperature recorders and similar devices, bill of lading, house air waybill, master airwaybill, etc.) should be reviewed
by each receiving entity in the supply chain to determine ifthe product has been subjected to any transportation delays or
other events that could have exposed the product to undesirableconditions. Each entity should ensure that their respective
Service Level Agreement documents and supporting documents such as SOPs cover delivery and receiving responsibilities of
the transactional parties.

Smoking, eating, and drinking should not be permitted in any storage/hold areas.

REFRIGERATORS AND FREEZERS

Refrigerators and freezers used to store drug products are required to maintain the product temperature between the limits
as defined on the product label. Typically, a refrigeration unit specification would be set to 5° with an allowable range of ±3°
to store products labeled 2°_8°. Freezer temperatures may varyand typically range from -25° to -10°. Some frozen drug
products, however, require lower temperatures, e.g., dry ice or liquid nitrogen temperatures.

1 JP Emond, Studyfor Temperature Sensitive Product: Preliminary Testing, October zoos.Unlverslty of Florida.
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Regular operating procedures and maintenance protocols should be in place along with written contractual agreements for
all maintenance and evaluation procedures including the following:

1. Items should be stored in the units in a manner that allows adequate air flow to maintain the specified conditions.
2. Units should be positioned in the facility so that they are not subjected to environmentalextremes that could affect their

performance. Ifthis cannot be prevented, the mapping protocol should include a provision for testing during the
anticipated environmental extremes.

3. Large commercial units such as walk-in cold rooms are qualified via a temperature mapping study or other type of
qualification process to determine the unit's suitability for storing drug products. Asuitable number of
temperature-recording devices should be utilized to record temperatures and to provide temperature area maps.
Thereafter, the units should be monitored as determined by the results of the mapping study. Refer to the Temperature
Monitoring section under Environmental Management System.

4. Units should utilize recording systems to log and track temperatures. Alarm systemsshould be an integral part of the
monitoring system for both refrigerators and freezers. Whileautomated systems monitor units continuously, manual
checks should be performed as appropriate to the validation program. When automated systemsare not available,
manual systems may be used.

Distribution Management System

Distribution of drug products occurs within a facility or location such as a manufacturer, wholesaler, pharmacy dispensing
area, retail site, clinic/hospital/nursing home pharmacy, and the physician's practice. Distribution of drug products occurs as
point-to-point movement within the supply chain between distributionfacilities viasemitrailer trucks,vans, emergency medical
servicevehicles, industry representatives' automobiles, trains, aircraft, sea vessels, and mail delivery vehicles.

Communication within the supply chain should be coordinated to determine proper timing for drug products to be
transported and received, taking into account holidayschedules, weekends, or other formsof interruption. When international
distribution is required, alerts should be made in advance and proper language should be used to ensure understanding of the
requirements set forth on drug product labeling.

PACKAGING FOR THE DISTRIBUTION AND TRANSPORTATION PROCESSES

Pharmaceutical manufacturers should consider primary, secondary, and tertiary packaging that best protects the drug
product during storage and distribution. Packageperformance testing should be documented as part of a manufacturer's QMS.
Several standard test procedures are available for evaluating package performance for factorssuch as shock,vibration, pressure,
compression, and other transit events. Organizationswith standard test methods include the following: the American Society
for Testing and Materials (ASTM) StandardPractice for Performance Testing of Shipping Containers and Systems, and the
International SafeTransitAssociation (ISTA) specifications for various types of transit modes such as less-than-truckload, small
package, rail car, and air freight. .

It is important to be aware that removal or modification of the originalpackaging may subject the product to unacceptable
conditions.

The packaging (tertiary or thereafter) for the distribution of the drug product should be selected and tested to ensure that
product quality is maintained and to protect the contents from the rigorsof distribution including environmental or physical
damage.

All drug products have storage requirements that may contain specific controls. Thecontainer used for transporting the drug
product should be qualifiedon the basisof the labeledconditions of the product aswell asanticipated environmental conditions.
Consideration should be made for seasonal temperature differences, transportation between hemispheres, and the routes and
modes of transport.

The type, size, location, and amount of the temperature stabilizers required to protect the product should be based on
documented studies of specificdistribution environments including domestic and international lanes, mode(s) of transport,
duration, temperature, and other potential environmental exposures or sensitivities that may impact product quality.
Transportation container materials such as warm/cold packs and materialsused to control temperature conditions should be
properly conditioned before use. Barrier protection may be important in helping to determine the position of materialssuch as
gel packs in order to avoid direct contact with the drug product. It should be determined ifstudies are required to ensure that
the dry ice and its vapors do not adverselyaffect the drug product, including the drug product labeling.

VALIDATION AND THERMAL PERFORMANCE QUALIFICATION FOR TRANSPORT SYSTEMS

Drug product transport systems should be continuously monitored by calibrated monitoring systems, (continuous
verification), or shipping systems should be qualified and based on historical data relative to the process. However, it may be
acceptable to use product stability data and supply chain risk assessment to justify shipping without either continuous
monitoring or qualification of the shipping system.

Operational and performance shipping studies should on a generic level be part of a formal qualification protocol that may
use controlled environments or actual field testing, depending on the projected transport channel. These studies should reflect
actual load configurations, conditions, and expected environmental extremes. Testingshould be performed on both activeand
passive thermal packaging systems.
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USP 43

While storage and distribution temperature ranges for drug products are labeled on the packaging, relative humidity effects
occur over a much longer time frame. The primarycontainer is designed and tested to protect the product from moisture;
therefore, humidity monitoring should be considered when a product will be stored in an uncontrolled facility.

TEMPERATURE MONITORING

Environmental conditions are important parameters to consider in the storage and distribution of alldrug products and may
require monitoring depending on the requirements. When specific storage conditions are required and transportation
qualification has not been performed, and in the absence of active or passive containers, environmental recorders or devices
should be used to confirm that an acceptable range has been properly maintained during each stage in the supply chain.

Temperature isone of the most important conditions to control, and requirements for each drug product should be based
on stabilitydata. Temperatures should be tracked using a monitoring system, and the monitoring devices used should be
included in a calibration and/or preventive maintenance program. Environmental monitoring devicesshould be calibrated for
their range of operation. The monitoring devices used should provide an alert mechanism if the preset ranges are breached.
Thefollowing practicesand controls are examples ofappropriate measures that should be put in place to ensure environmental
control (see also Monitoring Devices-Time, Temperature, and Humidity (1118)):

• Temperature-monitoring equipment, a monitoringdevice, a temperature data logger, or other such device that issuitable
for its intended purpose should be used.

• An appropriate number of temperature monitors or some other form of recordation or proof of temperature control.
Temperature monitor(s) should be used with everydistribution process unlessanother process has been put in place to
ensure specified temperature ranges. .

• Electronic temperature monitors should be calibratedto National Jnstitute of Standards and Technology(NIST) or other
suitable standard.

• Chemical temperature indicators may be used as appropriate.
• Predetermined temperature ranges should be set for all applicable areas, as well as a plan of action in the event of an

unacceptable excursion.

TEMPERATURE MAPPING

The basis of any temperature mapping in a temperature controlled space (e.g., facility, vehicle, shipping containers,
refrigerator, freezer) is the identification and documentation of a sound rationale used for a given mapping procedure. The'
temperature variability associated with mapped locations and the level of thermal risk to the product should be defined, unless
another process has been put in place to ensure environmental control.

Atemperature mapping study should be designed to assess temperature uniformity and stabilityover time and across a
three-dimensional space. Completing a three-dimensional temperature profile should be achieved by measuring points at not
Jess than three dimensional planes in each direction/axis-top-to-bottom, left-to-right, front-to-beck, where product will be
present.

When temperature mapping is necessary, it should begin with an inspection of the facility, equipment and/or vehicleand
should be re-evaluated as appropriate. Environmental mapping also should be performed after any significant modification to
the distribution system that could affect drug product temperature.
Facility temperature mapping: The following factors, which may contribute to temperature variability, should be considered
during the process of temperature mapping storage locations: (1) sizeof the space; (2) location of HVAC equipment, space
heaters, and air conditioners; (3) sun-facingwalls; (4) lowceilings or roofs; (5) geographic location of the area being mapped;
(6) airflow inside the storage location; (7) temperature variability outside the storage location; (8) workflow variation and
movement of equipment (weekdayvs. weekend); (9) loading or storage patterns of product; (10) equipment capabilities (e.g.,
defrost mode, cycle mode); and (11) SOPs.

The recording of temperatures during the thermal mapping of a warehouse or cold room should be sufficient in time frame
to capture workflow variation that may impact air flowand the resulting temperature fluctuation (Le., a period of one week is
recommended for data collection and should capture workflow cycles).
Equipment (container/trailer) temperature mapping: To minimize risk of product exposure to damaging temperatures
during transport, dedicated containers/vehiclescargo space should be mapped. When complete fleet mapping (Le., wholesaler
or distributor vehicles) is not realistic or appropriate, minimally at least one container/vehicle from the fleet must be mapped.
Thereafter, the following conditions should be considered: (1) SOPs, including loading and unloading procedures; (2)
route-specific operation ofthe temperature control equipment; (3)seasonaleffectsencountered on expected routes; (4) loading
patterns; and (5) transport durations.

When nondedicated (l.e., mail carriers) transport containers/vehicles and equipment are used, they should be designed to
minimize the risk of contamination of the product being handled. Ifenvironmental mapping of such vehicles is not performed,
some other means of control should be in place to ensure that the drug product isadequately protected. Mapping by the
shipper may not be necessaryifthe shipper usesa transport container that isproperly insulatedand has been previously qualified
for the duration of the distribution process by the transport container manufacturer via a mapping study or ifdrug products
are continuously monitored by calibrated monitoring systems(continuous verification).

The vehicle in which drug products are transported should be mapped to determine the appropriate placement of
temperature-recording devices and to confirm that the load configuration is not restricting air flow. The following are
recommended practices and controls for vehicles that receive and transfer drug products:

1. Transport containers/vehiclesand equipment used to store and transport drug products should be suitable for their
intended function.

www.webofpharma.com

https://nhathuocngocanh.com/



USP 43 General Information / (1079) 7641

2. Procedures should be established that describe how to operate, clean, and maintain transport containers/vehicles and
equipment used in the storage and distribution of drug products.

3. Transport containers/vehicles should be designed to prevent damage to the drug product, and pharmaceutical
manufacturers should collaboratewith their transporter to determine contingency responseplansfor how drug products
are handled when equipment malfunction.

4. When drug product must be moved from one transport container/vehicle into another, the proper load configuration
should be followed.

5. It should be understood how communication is made to the necessary entities when such transferoccurs.
6. Subcontracted vehicles should be considered in contractualagreements and audits, and documentation should be

maintained for their use.
Temperature mapping should account for maximum and minimum loads to capture temperature variability resulting from

variations in temperature massof the payload. Performance of equipment under extreme scenarios including door open, door
closed, and simulatedequipment failure should be taken into account.

Thermal mapping of vehicles should be representative of the fleetwith the intention of capturingvariability acrossthe range
ofvehicles (type ofvehicle including non-refrigerated equipment, use,heating and/or coolingsystem). Aperiodic requalification
program should be documented.

Mappingfor both facilities and transportation containers/vehicles should be done in a way that confirms their fitnessfor
operation during periodsof expected extreme weather (e.g., summer and winter). Facilities should be mapped under varying
operating conditions-ideally during periods of greater variability, accounting for and capturing the resultof any seasonal
fluctuations of inventory movement, equipment movement, or workflow variation.

The temperature-mapping protocol and associatednumber of temperature data loggers used to map a three dimensional
space should meet the intent of demonstrating three-dimensional uniformity and compliance with product requirements. For
both facility and trailer/containertemperature mapping, the ambient conditionsshould be recorded and correlations between
ambient conditions and potential thermal risks insidethe controlled space should be identified. Drug products should not be
stored in areas where a thermal risk has been identified as a resultof the temperature mapping. Areas identified as being
unsuitablefor storage should be clearly labeledas such to ensure that they are not used.

Temperature data loggers should be used for temperature mapping and PQtesting of facilities, equipment, and
transportation containers used for storage or transportation of temperature-sensitive medicinal products.Temperature data
loggers and any associated softwareapplications should be appropriately validated. Certificates of calibration to an NIST or
other international traceable standard should be available for individual monitoring devices.

EXCURSIONS

The mapping processwill help determine when excursions could occur and are useful when pharmaceutical manufacturers
developa planfordealingwith them. Alarms should be usedto reveal environmentalexcursions duringoperations.Temperature
excursions for briefperiods outside of respective storage label conditionsmay be acceptable providedstability data and
scientific/technical justification exists demonstrating that product quality isnot affected(see Health Canada'sGUI 0069 entitled,
Guidelines for Temperature Controlof Drug Products DuringStorage and Transportation, 2011).

MEAN KINETIC TEMPERATURE (MKT) CALCULATION

The MKT is the singlecalculatedtemperature at which the total amount of degradation over a particular period isequal to
the sum of the individual degradations that would occur at various temperatures. MKT may be considered as an isothermal
storage temperature that simulates the non-isothermal effects of storage temperature variation. It is not a simple
arithmetic mean.

Thetemperatures usedforcalculating MKT can be conveniently collectedusingelectronicdevices that measuretemperatures
at frequent intervals (e.g., every15 minutes). MKT can be calculated directly or the data can be downloaded to a computer for
processing. Software to compute the MKT is available commercially.

Fordispensingsites,such as pharmaciesand hospitals, where the use of such instruments may not be feasible, devicessuch
as high-low thermometers capable of indicating weekly high and lowtemperatures may be employed.The arithmeticmean of
the weekly high and lowtemperatures is then used in the calculation of MKT. MKT is calculated by the following equation
(derivedfrom the Arrhenius equation):

where Tk is the mean kinetic temperature; DoH is the heat of activation, 83.144 kJ . mole-1 (unless more accurate information is
available from experimental studies); R is the universal gas constant, 8.3144 x 10-3 k] . mole-1 • degree-I; T 1 is the valuefor the
temperature recorded during the first time period, e.g., the first week; T 2 is the valuefor the temperature recorded during the
second time period, e.g., second week; and Tn is the valuefor the temperature recorded during the nth time period, e.g., nth
week, n being the total number of storage temperatures recorded during the observation period. [NOTE-All temperatures, T,
are absolute temperatures in degrees Kelvin (K).]

MKT DURING STORAGE AND DISTRIBUTION

The holding of a drug mayoccur as part of storage and distribution practices. Drug products in the distribution supplychain
may be held at temperatures outside their labeledstorage requirements as determined by an appropriate stability study. Drug
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products stored either in warehouse conditions or in transportation modes may experience excursions from their acceptable
temperature ranges. Each product excursion must be evaluated to determine the final product effect. The means of evaluation
must be scientifically sound with documented technicaljustification that the integrityof the drug product has not been affected.
One method of analysis for drug product stored outside its respectivelabel storage conditions isthe use of an MKT calculation.

Because MKT expresses the cumulativethermal stressa drug product experiences, it isconsideredan acceptable practicefor
storage, and it follows that it should be considered for transit excursionsin the process of distribution. The calculation must be
justified for use with distribution excursionsby confirming that the stability limiting characteristic of the product follows first
order kinetics over the temperature range encountered. The ICH stability-testingquidelinesdefine MKT as a "single" derived
temperature, which, ifmaintained over a defined period,would affordthe same thermal challengeto a pharmaceutical product
as would have been experienced over a range of both higher and lower temperatures for an equivalentdefined period.

The MKT analysis must be based on good science and should take into account the integrityof the product. The calculated
MKT isnot sensitiveto the impact of excursions that mayoccur ifthe baseline isa long period of time such as a storage segment
or the entire lifetime of the drug product. Forshorter baselineperiods of time, such as transport segments, an excursion can
have a significantimpact on the resulting MKT for that segment; however, this would not necessarily have a significantimpact
on product quality.

The MKT analysis may be used for storage conditions that have exceeded the acceptable parameters for a drug product,
for a short period of time and is not intended to be a measurefor long-term storage.

Knowing the MKTfor an excursionisuseful for evaluatingthe potential impact on product quality. However, it isalsoessential
to know the upper and lower temperature limits of any excursion. Ifthese extreme temperatures are outside available stability
data, it may not be possibleto predict the qualityimpact of the excursionwith any confidence regardless of the MKT. Although
higher temperatures are given greater weight in the calculation, the calculation of MKT for nonfrozen product that becomes
frozen for any amount of time may not result in an acceptable temperature although the product may not be adulterated. At
higher temperatures the kinetics of degradation may change or new degradation reactions may occur; at lower temperatures
(near freezing) a phase change may occur that is knownto have a negative impact on the qualityof some drug products (e.g.,
some proteins and vaccines). Foran example of a calculation, see Pharmaceutical Calculations in Pharmacy Practice (1160).

Emergency Medical Service Vehicles, Automobiles, and Van Transportation

Road vehicles used to transport drug products (e.g., ambulances and other emergency response vehicles, vans, or
automobiles, includingthose used by salesrepresentatives to transport physicians'samples)should be suitablefor their purpose.
Monitoring devicesshould be placed in differentareas of the trunk or cabin where the drug product will be positioned during
seasonal extremes (e.g., summer and winter). The monitor should be secured so that it is immobile, and there should be no
ambiguity about its exact position within the payload so that the monitor is always placed in the same position. Monitoring
devices used on or in packages or on containers may also be used. Suitable measures should be taken to maintain the drug
product within the allowable limits of the labeled storage requirements. Storage of physician drug product samples by sales
representatives is regulated under 21 CFR Part 203.34(b)(4).

Mail Order Pharmacy Distribution

The mailingparty isaccountable for the appropriate mailing process. Mail distributors includingthe U.S. Postal Service (USPS)
and other shipping services including expedited shipping services are responsible to provide the service contracted.

In the event that the package cannot be delivered as scheduled, the package should be returned to the mailing pharmacy.

Risk Management System

Risk Management Systemstrategies should ensure that each organization's best interests are served by adhering to proper
practices, controls, and procedures, including but not limited to the following: the nature of the drug products; distribution
requirements on the readable container labeling; exposure to adverse environmental conditions; numberof stages/receipts in
the supply chain; manufacturer's written instructions; contractors; and drugs at risk from freezing (vaccines, insulin, and
biological products) or elevated temperatures (fatty-basedsuppositories, vaccines, insulin, and biological products).

Examples of risks include the fcllowlng: (1) vibrationthat can cause aggregation of some drug products such as proteins and
peptide-based drugs; (2) temperature excursions that may lead to phase changes (melting or freezing); (3) lossof container­
closure integrity in transit that could cause glassfractures or loss of sterility in sterile drug product containers; and (4) ingress
of water or oxygen that could lead to an increase in degradation products. Appropriate firms such as applicant holders are
recommended to convey relevant environmental requirements when needed to support deviations or excursions. There may
be alternate ways of determining acceptable environmental conditions and these should be documented and justified.

Pharmaceutical manufacturers should ensure that suppliersof drug product transportation are monitored. Auditing
transportation firmsshould be carried out routinely to ensure adequate product handling. The manufacturer's change control
system should capture and evaluate changes in logistic factors such as warehouse or receiving areas and vehicle changes.

CONCLUSION

The practices and processes set forth in this general information chapter apply to storage and distribution as part of the
life-cycle management of drug products. All involved should ensure the product to itspoint of use, creating a contiguous supply
network that iscollaborativeand emphasizes preventivemeasures to protect drug product quality.The increase in global
processes coupled with products requiring special environmental controls highlights the need for a strong QM program. QM
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should provide the foundation for maintaining the storage and distribution practices in a continual improvement program and
part of an overall management system review by each entity, as appropriate, in the supply chain.

It isequally important to stay current and be ready to change as new solutions evolve. These new technologies should be
considered in developing strategies for good distribution practices, controls, and procedures.

GLOSSARY
Adulteration: FDA FDC Act, SEC. 501 (351), Adrug or device shall be deemed to be adulterated, if (2)(A) It has been

prepared, packed, or held under insanitary conditions it may have been contaminated with filth, orwhereby it may have been
rendered injurious to health; or (B) the methods used in, or the facilities or controls used for, its manufacture, processing,
packing, or holding do not conform to or are not operated or administered in conformitywith current good manufacturing
practice to assure that such drug meets the requirements of this Actas to safety and has the identify and strength, and meets
the quality and purity characteristics, which it purports or is represented to possess. .

Continuous improvement: Recurring activity to increase the ability to fulfill requirements (see Quality Management
Systems-Fundamentals and Vocabulary. ISO Standard 9000:2005).

Distribution: Refers to elements such as shipping and transportation activities that are associated with the movement and
supply of drug products.

Distribution management system: Aprogram that coversthe movement, includingstorage and transportation, ofdrug
products.

Documentation: Recorded information.
Drug products: Medicines, including marketed human and veterinary prescription finished dosage medications,

in-process/intermediate/bulk materials, drug product samples, clinical trial materials, over-the-counter products (OTC).
End user: The patient as well as the healthcare provider administering the drug product to the patient.
Environmental management system: Amanagement system that allows for the identificationof quality critical

environmental aspects (such as temperature, humidity, and/or other environmental factors) for the drug product and ensures
that adequate processes to maintain that environment are in place.

Hazardous materials and/or dangerous goods: Any item or chemical which, when being transported or moved, isa
risk to public safety or the environment, and is regulated as such under any of the following: Hazardous Materials Regulations
(49 CFR 100-180); International Maritime Dangerous Goods Code; Dangerous Goods Regulations of the International Air
TransportAssociation; Technical Instructions of the International Civil Aviation Organization; or the U.S. Air ForceJoint Manual,
Preparing Hazardous Materials for Military Air Shipments.

International Conference on Harmonization (ICH) Guidance for Industry, Q10 Pharmaceutical Quality System;
ICH Q9, Quality Risk Management; and, ICH Q1A R2, Stability Testing of New Drug Substances and
Products: Internationallyharmonized documents intended to assist the pharmaceutical industry.

Mean kinetic temperature (MKT): The single calculated temperature at which the total amount of degradation over a
particular period isequal to the sum of the individual degradations that would occur at various temperatures.

Preventive actions: The measures to eliminate the cause of a potential nonconformity or other undesirable potential
situation.

Quality: The physical, chemical, microbiological, biological, bioavailability, and stability attributes that a drug product
should maintain in order to be deemed suitable for therapeutic or diagnostic use. In this chapter, the term is also understood
to convey the properties of safety, identity, strength, quality, and purity.

Quality management system (QMS): In. the context of this chapter, minimally a set of policies, processes, and
procedures that enable the identification, measurement, control, and improvement of the distribution and storage of drug
product. It is the management system used to direct and control a company with regard to quality (see ICH Ql 0 model and
Quality System-Fundamentals and Vocabulary, ISO Standard 9000:2005).

Risk management system: Asystematic process used to assess, control, communicate, and reviewrisks to the quality
of a drug product across the product Iifecycle. Integral to an effective pharmaceutical quality system, it is a systematic and
proactiveapproach to identifying, scientifically evaluating, and controlling potential risks to quality as described in ICH Ql0. It
facilitates continual improvement of processperformance and product qualitythroughout the product Iifecycle. ICH Q9 Quality
Risk Management provides principles and examples of tools that can be applied to differentaspects of pharmaceutical quality.

Written agreement or contract (commonly referred to as a Quality Agreement, Technical Agreement,
Service level Agreement, or other): Anegotiated, documented agreement between the drug product owner and service
providerthat defines the common understanding about materialsor service, quality specifications, responsibilities, guarantees,
and communication mechanisms. It can be either legally binding or an information agreement. AService Level Agreement may
also specify the target and minimum level of performance, operation, or other serviceattributes.

Storage management system: A program that is used to control the storage of drug products.
Supply chain: The continuum of entities spanning the storage and distribution Iifecycle of a product to the end user.
T.emperature stabilizer: Amaterial or combination of materialsthat stores and releases thermal energy used to maintaina

specified temperature range within an active or passive packaging container or system (e.g., water-, chemical-, or oil-based
phase change material, such as carbon dioxide solid/dry ice and liquid nitrogen).

Transport vehicles: Vehicles used in the supply chain including semitrailertrucks, vans, trains, airplanes, sea vessels, and
mail delivery vehicles. Other vehicles, when used to transport drug products are included here, such as emergency medical
service vehicles and industry representatives' automobiles.
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(1079.1) STORAGE AND TRANSPORTATION OF INVESTIGATIONAL
DRUG PRODUCTS

INTRODUCTION

Clinical trials are drug studies that are performed to determine if an investigational medicine meets the effectiveness and
safety criteria as has been outlined in the protocol for the clinical trial. Investigational drug products (lOPs) are products not
commercially available for the indication or dosage being tested; there may be situations when a commercially available product
may be used in a clinical trial asa positive control (comparator), a new indication, or a rescue medication. The term lOP is used
throughout this document. Where lOP is used, others may be more familiar with the European Union term investigational
medicinal product (IMP). The definition of an IMP is provided in European Commission Directive 2001 /20/EC, Article 2 (d), as
"a pharmaceutical form of an active substance or placebo being tested or used asa reference in a clinical trial, including products
already with a marketing authorization but used or assembled (formulated or packaged) in a way different from the authorized
form, or when used for an unauthorized indication, or when used to gain further information about the authorized form". For
the purposes of this chapter, we will consider the two terms as equivalent. The pre-commercial nature of lOPsmeans the
manufacturing ingredients, including active pharmaceutical ingredients (APls), excipients, the clinical trial dosage, and any
associated stability and packaging components may not be as defined as the final approved finished product. The Food and
Drug Administration (FDA) current Good Manufacturing Practice regulations for finished drug products apply equally to
commercial products and lOPs.

lOP distribution differs from commercial distribution in that the quantities for lOPsare often small (e.g., as little as one or
two bottles or unit dose packages) and there are numerous final destinations, such asclinics and remote clinical settings. Another
difference from a commercial drug product is the known stability of the lOP that is often a new chemical/molecular entity in .
the early stages of clinical trials and has not been through the robust stability program of commercial products. The lOP also
creates a unique challenge when compared to a commercial product,which is ensuring the proper distribution of every
packaging system, because a temperature excursion may jeopardize the entire clinical trial outcome.

SCOPE

Due to global security issues, regulations may vary and/or change for the distribution of drug products and for lOPsaswell.
Sponsors, clinical trial site personnel, or their designees are responsible for control of lOPsand should maintain an understanding
of the current country distribution requirements. This chapter will addressthe aspectsof storage and distribution that are unique
to lOPs (e.g., unblinding, comparators, and academic studies); other chapters of interest may be Monitoring Devices-Time,
Temperature, and Humidity(1118), GoodStorage and Distribution Practices for Drug Products (1079), and GoodDistribution
Practices for Bulk Pharmaceutical Excipients (1197). This guidance chapter applies to all lOPs, including drug device combinations
as well as non-commercial clinical lOPs, but does not apply to medical devices. The non-commercial clinical trial may have
limited financial commercial return and is often performed in an academic setting or by a compounding pharmacy with limited
industry participation (see Figure 7).

Direct-to-Site-Shipment

Trial Site

Direct-to-Patient Mailing

Central/Local
Depot

Sponsor,
Manufacturer, or
Contract
Packager

Non-Commercial ClinicalTrial SupplyChain

Compounding
Pharmacy,
Research Institute,or
University

Figure 1. lOP supply chain scheme for commercial and non-commercial clinical trial studies.
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KEY fACTORS FOR IDP DISTRIBUTION

Number of Clinical Trial Sites

The larger the number of clinical trial sites, the greater the risk involved, as this may mean more countries, shipments, and
customs challenges.The lOP sponsor company and distributorshould be aware of customs requirements in allcountries where
the lOP is to be distributed. lOPs may be transported from one clinical trial site to another, and the distribution of these lOPs
must undergo the same distribution requirements as any other drug products being transported.

Audits

CLINICAL TRIAL SITES

Clinical trial sites must store lOPs in an area that issafe and secure with limited access, and ensure products are maintained
at their labeled storage conditions. Asite qualification audit will ensure that the sites have adequate space and segregation for
both lOPs that have not been dispensed to patients, as well as lOPs that are awaiting return to a sponsor or contractor for final
reconciliation and disposition. Depending on the regulatory requirements of the countries where the studies are being
conducted, calibrated thermometers or an automated temperature tracking and alarm system should be in place to document
site compliance.

DEPOTS AND SUBCONTRACTORS

These places and individuals should follow both the sponsor requirements and associated country regulations in which the
study is being conducted.

Available Product Quantities

In earlystage development (i.e., Phase 1 and early Phase2), there are typically fewer APls and lOPs available. Disruptions in
the supply chain will have greater impact and consequences to the timely completion of clinical trials, and distribution delays
(especially for biologics) may impact enrollment and study completion.

Expiration/Retest Dates

As the stability profile is being developed during the early phases of development, expiry or re-test date extensions should
be anticipated. lOP expiryor re-test dates should follow local regulatory requirements throughout the life of the study. Expiry
or re-test dates can be tracked through a validated electronicsystem, though lOP expiryor re-test dates at global sitesor depots
may need to be manuallyupdated.

Qualification of Packaging for lOP and Track and Trace

There is no difference in the packaging qualifications for lOPs and commerciallyavailable drug products.
Determiningwhat the required environmental conditionsof lOP shipments will be during the earlystages ofa clinical research

protocol isof particular importance, as this is the best time to define the robust stability profile of the study drug. Important
distribution risk factors to consider include the distance, time, temperature, and the number and type of handoffs that may.
occur. Packaging that is appropriate to the clinical phase should be used to protect the contents. When that is not possible,
the intent is to use qualified components (Le., components that have been tested to show positiveoutcomes for maintaining
temperatures for a wide varietyof products in a wide variety of environmental conditions) to ensure the lOPs insidethe shipping
containers are controlled and remain at the correct temperature during the journey from warehouse (or depot) to clinical trial
site. There are, however, sophisticated track and trace technologies that permit the trial sponsor, packaging contractor, clinical
research organization, and the clinical trial site to monitor (track) the lOP along the supply chain.

Performancequalification (PQ) of packaging systemsfor shipping lOPs should be carried out reflecting the actual load
configuration, duration of travel, and expected environmental conditions. There should be no difference in the PQ rationalfor
investigational and commercial drug products because the risks of storage and transport are not related to the marketing
authorization. Details of PQ as a strategy for mitigating risks are provided in (1079).

lOP Supply Chain Challenges

One of the larger lOP supply chain challenges iswith the number of clinical trial supply shipments that are made in support
of clinical trials. In lOP distribution circles, these shipments are referredto as "outbound" shipments. The faster the trialenrolls,
the larger the number of shipments. With each shipment we now increasethe risk of damage as wellas temperature excursions.
Each of these would mean shipping additional lOPs to support the trial and added cost to the sponsor company.

Among the challengesfor the lOP supply chain are the frequency and sizeof shipments. These are influenced by such factors
as number of patients, frequency of lOP administration to patients, the number and sizeof patient kits in each shipment, and
the expense associated with each shipment. .

www.webofpharma.com

https://nhathuocngocanh.com/



7646 (1079.1) / Genera/Information

Timing

USP 43

Clinical trialstudies that are longer in duration than the originalplan may mean more lOP shipments and the need to ensure
these extensionscontinue being in compliancewith current good distribution practices.Thereare instanceswhen lOP inventory
remains in the investigational sitewhen enrollment iscomplete, even though enrolled patients continue to take their remaining
treatment. Inother instances, lOP may remain in the institutionwhileawaiting return/destruction instructions from the sponsor.
The guidelines in this chapter apply to both instances.

Key Global Challenges for IDPs

Global challenges include security, language, culture, tariffcodes/taxes, hiring, training, customs, holidays, country-specific
import and export requirements, time differences, airline schedules, and documentation. Guidanceforsuch issues can be found
in regulatory guidance documents [e.g., FDA DrugSupplyChain SecurityAct (DSCSA) or International Council for
Harmonisation (ICH) Q Series].

IDP ENVIRONMENTAL CONDITIONS

The environmental controls for the distribution of lOPs may be provided for on container labeling, product certificateof
analysis, safety data sheet, or other records available for shipping purposes; however, these environmental conditions are not
always known at the time of transportation to the trial sites, such as the clinical setting or the patient's home (for home
administration).There must be confirmation that the proper steps are taken to ensure lOP supply chain integrity throughout
the distribution process. At the point that the lOP isdispensed to the research participant (subject or patient), and is in their
custody, the proper handling and storage of the lOP should be explained (in written form or verbally) at the clinical site, in the
hospital, or in the participant's home. lOPs that have been dispensed to a patient or subject may not be returned to research
stock at the investigatorsite to be dispensed again. In the case where the lOP is provided to a member of the research team to
be dispensed to the participant, but it is not dispensed to the subject or patient, and the chain of custody can be verified to
have remained within the study team, the lOP may be received back to the investigational drug service to be dispensed again
only if there are standard operating procedures (SOPs) and documentation in place to ensure control of the lOP. Please note
that this redispensing guidance may be overruled ifthe specific protocol or sponsor SOPs or instructionsforbids redispensing
in any case.

Unblinding

Blinding of lOPs isperformed to reduce or eliminatebias in clinical trialsand assists in providing randomizationacross patient
populations. In certain circumstances, in order to maintain the safety of research participants, emergency unblinding is
necessary. This may be done for an individual dose or a batch/lot. In either case, the unbllnded lOP would be separated from
the supply of the lOP waiting to be dispensed. Depending upon the reason for the unblinding, the sponsor shall provide
instruction regarding return of the lOP or destruction. The impact of unblinding a product can create a need for distribution
of a new lOP, either from the manufacturer, depot, or from another clinical trial site. The supply chain partners should have a
written procedure establishing responsibilities, procedures, precautions, records, and final destination regarding the unblinding
of lOPs to ensure proper handling of this material and avoid the redistribution of lOPs with a broken randomized code.

Comparators

Most lOPs in late Phase 2 and all of Phase 3 clinical trials will be compared to the current standard of care (Le., commercially
available product). This process isgenerallydone using a comparator product that mayor may not be currently in the market
place in countries where the clinical trial is being conducted. The distribution processfor the comparator should follow the
shipping requirements on the lOP labelingfor that product or from the manufacturer of the product. The lOP provider using
comparators should understand and follow the distribution requirements of the comparator to ensure a safe and efficacious
product for the clinical trial patient.

Returned IDPs

There should be the same concern for environmental monitoring and supply chain integrityfor returned lOPs, as some
sponsors may choose to redistribute any returned lOPs that are unopened and undispensed to other clinical trialsites. Returned
lOPs intended for redistribution must meet all requirements (i.e., initial release criteria) of the product and associated local
regulations.The decision to reuse returned lOPs should be supported by a risk-based assessment.

ASSESSING RISK EARLY IN THE DISTRIBUTION PROCESS

When shipping lOPs to depots and clinical trial sites, using common shipping lanes (routes between the point of origin and
the destination point) and within appropriate temperature zones, a risk assessment can identify the probabilityand the impact
missteps in the supply chain. ICH Q9 presents some risk assessment tools that can be used to help organizations to identify
their risks and how to address them. Factors such as product category (e.g., narcotics, biologics, radiopharmaceuticals), storage
conditions specification (e.g., temperature, light, humidity, vibration), environmental conditions that products will face
according to the transportation route (e.g., origin, destiny, and lanes), duration of journey, shipping container (e.g., if
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temperature-controlled, if active or passive), and type of vehicle should be taken into consideration for risk assessment.
Organizations should also evaluate if delays along the transportation route or due to custom holds can increase risk rates and
should propose strategies to mitigate these risks.

GLOSSARY
Blinding: The process through which one or more parties to a clinical trial are unaware of the treatment assignments.

Blinded studies are conducted to prevent the unintentional biases that can affect subject data when treatment assignments are
known.

Comparator: An investigational or marketed product (i.e., active control), or placebo, used as a reference in a clinical trial.
Distribution: Refers to elements such asshipping and transportation activities that are associated with the movement and

supply of drug products.
Investigational drug product (IDP): Any pharmaceutical product (new product or reference product) or placebo being

tested or used as a reference in a clinical trial. .
Protocol: The study plan on which a clinical trial is based.
Rescue medication: Medicines identified in the protocol as those that may be administered to the patients when the

efficacy of the investigational drug product is not satisfactory, or the effect of the IDP is too great and is likely to cause a hazard
to the patient, or to manage an emergency situation.

Standard operating procedure (SOP): Detailed written instructions to achieve uniformity of performance of a specific
function. ICH/ISO 9001 required for repeated application of processes that require standardization. All SOPs require quality
assurance approval.

Trial site: The location where trial-related activities are actually conducted.
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1. INTRODUCTION

1.1 Purpose

USP 43

Thisgeneral information chapter isderived from the Certificate of Analysis Guide for Bulk Pharmaceutical Excipients, prepared
by the International Pharmaceutical Excipients Council of the Americas (lPEC-Americas) and is meant to serveas a guide for the
preparation and appropriate use of a Certificate of Analysis (COA) for pharmaceutical excipients.The goals are to standardize
the content and suggest a format for COAs for excipients, and to clearly define the roles and responsibilities for the excipient
manufacturer and distributor. The detailed definitions and discussions are intended to establish a uniform approach. By
providing this foundation for mutual understanding, the COA will serve as an important element of the overall supply chain
controls needed to provide the user with assurance of excipient conformance to specification and its suitability for use in
pharmaceuticals.

The chapter isdivided into several parts. The first part provides background discussion necessaryfor the design and required
elements of a COA. The section 4. CGA Content is provided to show the format and placement of information in the COA. This
isfollowed by a detailed discussion to ensure that the purpose and meaning of the specific information contained in the COA
is understood. Fora listof terms used in this informational chapter and their definitions, see the Glossary.

1.2 Scope

Thischapter isapplicable to excipients used in the manufacture of pharmaceutical products.

1.3 Principles Adopted

As an international guide, this informational chapter cannot specify all national legal requirements or cover in detail the
particularcharacteristicsof everyexcipient. When considering the use of this chapter, manufacturers, distributors, and users
should consider how it may apply to that specific organization's product. The diversity of excipients means that some principles
of the chapter may not be applicableto certain products and processes.The terminology "should" and "it is recommended"
do not necessarily mean "must" in the application of this chapter.

2. GENERAL GUIDANCE

The COA is a legal document that certifies the quality of the excipient and demonstrates that the batch conforms to the
defined specifications, has been manufactured under recognized principles of good manufacturing practices (GMPs), and is
suitable for use in pharmaceuticals. It should not be used in lieuof appropriate qualification of the supplier (1).

A COA for excipients should be prepared and issued by the company responsiblefor the material, followinq the general
guidelinesdiscussed below. It isexpected that a complete and accurate COA is provided to the user for each batch and/or
delivery of excipient. When analysis is performed by a distributor, the distributor should issuea CGA to the userfor any analysis
that was performed by or on behalfof the distributor. In such cases, industry best practice isfor the distributor to provide the
user with the original manufacturer's COA and the distributor's COA.

Identification testing by the excipient manufacturer is not a regulatory requirement. The excipient manufacturer is not
required to perform identity tests ifthey have process controls in place that together with testing ensure the identity of the
excipient.

3. DESIGN AND REQUIRED ELEMENTS OF A COA

The elements of a COA listed below are included in 4. CGA Content. The excipient supplier may organize the elements on
the COA at their discretion; however, the sections in this chapter have been designed to present the required and optional
information in a logical manner.

The original manufacturer and manufacturinq site should be identified ifdifferentfrom the supplier and supplier location.
The intent is to enable the user to ensure that a change in manufacturing location has not occurred without their knowledge.
It isessentialthat the manufacturer be known to the user.To protect confidentiality through the supply chain, the use of codes
for manufacturers and manufacturing siteson the COA isacceptable as long as the user can linkthe code to the manufacturer
and site of manufacture. The identity of the excipient should be definitively established by stating the compendial name and
trade name (ifany), the grade of the material, and the applicable compendial designations on the COA.

Abatch number or other means of uniquely identifying the material quantity covered by the COA, and information relating
specifically to it, are typically included in a body section (see 4.2 Body). Unique identification of the excipient links the CGA to
the relevant specification and istraceable to a specifiedbatch. The date of manufacture and, ifapplicable, the expiration date,
recommended retest date, or other relevantstatement regarding the stability of the excipient istypically included in this section
(a detailed discussion of dates on the COA iscontained in 6. Establishing Dates on a CGA). User-required informationcould also
be included here.

The actual test resultsapplicable to the quantity of material covered by the CGA are included in Appendix 7: Model CGA.
Preferably, the acceptance criteria and test resultsare included for each characteristic listed.Test method designation and
acceptance criteriamay be communicated to the customer by referenceto other controlleddocuments, e.g., salesspecifications.
Reporting of actual data and observations is recommended rather than nonspecific "passes" or "conforms" statements, unless
the test is qualitative or this is the acceptance criteria as listed in a compendium or other specification.
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Ifthe reported results are not derivedfrom sampling the finished excipient batch, it should be noted on the analysis section
of the COA (see 7.2 Data versus Conformance for a detailed discussion of such considerations). Insuch cases, alternative options
for the origin of test results other than quality control laboratory testing include, for example (2):

• In-process testing
• Continuous monitoring of an attribute or variableand applicationof appropriate statistical process control (SPC) methods
It may be acceptable not to perform a test when the test attribute cannot be present or cannot fail to meet acceptance

criteria, e.g., limited by upstream controls that involve measurement of an impurity to ensure it does not enter or form in the
process. Not performing a specifiedtest should be supported by a suitable documented rationale based on a documented risk
assessment.

The section 4.3 Certification and Compliance Statements is used to listvariousstatements that may be required, depending
on the excipient and agreed to user requirements. Anydeclaration by the supplier as to compliance with compendial and/or
other regulatory requirements is typically included in this section.

The basisfor COA approval should appear on the COA (see 8. Use of Electronically Generated COAs).

4. COA CONTENT

The following informationshould appear on the COA or by reference. It is important that all pages of the COA are numbered
and include the total number of pages for document control, to assure the customer that all pages of the COA are present. See
Appendix 7: Model COA for an example.

4.1 Identifying Information

• Title "Certificate of Analysis"
• Identity and address of original manufacturing site: name or other suitable identifierthat is unique to the manufacturer

and site (e.g., code)
• Responsible organization that issues the COA, address, and contact information (ifdifferentfrom the original

manufacturer)
• Name (compendial or chemical) and compendiaIdesignation, as applicable
• Grade
• Trade name
• Batch number

4.2 Body

• Date of manufacture
• Unique identifierto the excipient specification
• Expiration or retest date (as applicable) or stability statement
• Specification

o Test name
o Reference to the test method
o Acceptance criteria

• Analysis
o Test results based on the finished excipient sample, or
o Alternative test results, as appropriate (see 7.3 Alternatives to Excipient Testing)
o Date retested (if appropriate)

4.3 Certification and Compliance Statements

• Standard of GMP applied (e.g., IPEC-PQG Excipient, ICH Q7, NSF/IPEC/ANSI 363, EXCiPACr™)
• Additional compliance statements and applicable references to standards
• Potential to meet additional compendial standards
• Content listing and grade of ingredients (ifa mixture)
• Customer specified information

4.4 Authorization

• Identity of authorized individual for approval or electronic signature statement
• Date of approval. or suitable alternative
• Page number (Le., 1 of Xpages)
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5. REQUIREMENTS FOR eOMPENDIAL DESIGNATION

USP 43

Fora supplier to claim a compendial grade on the eOA for an excipient, there are two requirements to be met. The first
requirement is that the excipient is manufactured according to recognized principles of GMPs (see General Notices, 3.10
Applicabilityof Standards). The second requirement is that the excipient meets all of the acceptance criteria contained in the
appropriate compendial monograph, unlessitsdifference isstated on its label, as defined under General Notices, 3.20 Indicating
Conformance. These expectations remain in effect until its expiration or recommended retest date, when stored according to
the manufacturer's recommendations in the manufacturer's original unopened container.

Every compendial article must be so constituted that when examined in accordance with these assayand test procedures,
it meets all the requirements in the monograph defining it, as well as meeting any provtsions of the General Notices, general
chapters, or rules, as applicable. However, it isnot to be inferredthat application of everyanalytical procedure in the monograph
to samples from every production batch isnecessarily a prerequisitefor assuring compliancewith compendial standards before
the batch is releasedfor distribution. Data derivedfrom in-process testing or continuous monitoring of an attribute with spe
may be used. Withappropriate scientific justification, analytical methods that are equivalentor better (i.e., more accurate, more
precise, etc.) to that which appears in the monograph may be substituted by the supplier when judging compliance of the
batch with the compendial standards (see 7. Reporting of Data).

6. ESTABLISHING DATES ON A eOA

6.1 General Guidance

In reporting dates on eOAs for excipients, it is important that a clear and unambiguous format be used to prevent possible
misinterpretation.To accomplish this, it is recommended that the name of the month be used to designate the month (it may
be abbreviated), rather than a numerical representation. It is also recommended that the year include all four digits (l.e., Jan.
1, 2010, or 1 Jan. 2010, etc.).

6.2 Date of Manufacture

The date of manufacture should be clearly defined by the original manufacturer and consistently applied for the particular
excipient and process based on established policies and procedures.

It is important to note that while repackaging operations are to conform to GMP requirements, repackaging alone is not
considered a processing step that can be used in determining the date of manufacture. To provide traceabilityfor a specific
excipient batch, other dates may be required in addition to the date of manufacture, to reflectadditional steps such as
repackaging. .

6.3 Expiration Date and Recommended Retest Date

Thestabilityofexcipients may be an important factor in the stabilityof the finishedpharmaceuticaldosage forms that contain
them. Therefore, it is important that the eOA indicates stability of the excipient either by reporting the expiration date and/or
the recommended retest date. This provides userswith key information concerning the usability of the excipient in the period
between the date of manufacture and the use of the excipient by the user.

Appropriate expiration and/or recommended retest dates for excipients should be established from the resultsof a
documented stability-testing program or from documented historical data. Expiration and recommended retest dates should
not be reported by a supplier without sufficient stability data or product history to support the assigned dates. Where the
excipient is repackaged, the effect of this operation and the new packaging materialson the expiryor retest date should be
evaluated to determine ifsuch dates need to be changed.

The expiration date of an excipient cannot be extended. The retest date for an excipient isthe date indicated by the supplier
after which the excipient should be reevaluated to ensure continued compliance with appropriate specifications. An excipient
retest date may be extended based upon appropriate testing. The reevaluationof the excipient may includephysical inspection
and/or appropriate chemical, physical, or microbiological testing.

It is acceptable to report both an expiration date and a recommended retest date on the eOA for excipients, ifapplicable.
Ifstabilitydata (3) are not available for an excipient, then an appropriate statement should be included on or with the eOA

to indicate what is known about the stabilityof the material, and/or whether stabilitystudies are in progress.

6.4 Date Retested

Ifretesting is performed by an excipient supplier(as noted in 6.3 Expiration Date and Recommended Retest Date), and the
resultsare used by the supplier to extend the length of time that the material may be used, then the date retested should also
be reported, preferablyon the eOA, but alternativecommunication means are acceptable. The specific tests that were subject
to retesting should be clearlyidentified, and the results obtained upon retesting should be reported. After retesting, a new
recommended retest date should be reported on the eGA.
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Other dates may appear on a COA, ifdesired by the excipientsupplieror requested by the user. Examples include the release
date, shipping date, date of testing, and date the COA was printed or approved. Anyadditional dates that appear on a COA
for excipients should include a clear indication of what the date represents.

7. REPORTING OF DATA

7.1 General Guidance

Forthe excipients listed in USP-NF, the product specifications are set by the supplier to include all attributes listed in the
monograph. It is not required that analysis of all specification attributes be made on each lot. However, sufficient analysis and
evidence of processstabilityshould existto ensure that the batch meets allspecifications before it is released (see 7.3 Alternatives
to Excipient Testing). Periodic testing of all attributes should be performed to confirm continuing compliance. All the attributes
should be verified at an appropriate frequency.

General Notices, 6.30. Alternativeand Harmonized Methods and Procedures allows the use of alternative methods and/or
procedures if they provide advantages in terms of accuracy, sensitivity, precision, selectivity, and in some other aspects of the
procedure performance and handling, and give equivalent or better results.

Forexcipients that are not included in USP-NF, specifications should be set by the supplier to ensure that the quality of the
material is maintained on a continuing basis and reflects both the inherent properties of the excipient and its manufacturing
process. Specification methods should be demonstrated to provide accurate, reproducible, and repeatable resultsfor the
characteristic(s) being tested.

7.2 Data versus Conformance

Finished excipient tests are often performed on bulkexcipient after all manufacturing processes are complete but prior to
packaging. "Where an in-process or bulkexcipient test result is traceable to the finished excipient material, such a test result
can be reported on the COA" (2). When a compendial or specification test isnot performed on the excipient batch, in-process,
bulk, or package, this should be indicated on the COA. Typical statements or information in lieu of data may include the
following:

• "Conforms"
• "If tested will meet compendia I requirements"
• Afootnote to indicate the last measurement or other suitable practice
Measurements reported on a COA can be derived from:
1. Testing a representative sample from the finished excipient batch
2. In-process testing of a representative sample where the attribute remains unaffected by further routine processing
3. Continuous monitoring of an attribute in combination with SPCs
Where number 2 or number 3 apply, the technique for how the test result was obtained should be described.
Some attributes [e.g., bovine spongiform encephalopathy (BSE)/transmissible spongiform encephalopathy (TSE)], Residual

Solvents (467), Elemental Impurities-Limits (232), and/or geneticallymodified organism (GMO)statements may not be reported
on the COA and may be provided separately.

7.3 Alternatives to Excipient Testing

Forexcipients used in drugs sold in the United States, ifan excipient attribute "has required criteria, there must be some
measurement or test of the material in each lot to ensure that the criteria are met. Thismay be a measurement from a surrogate
test, from in-process control data, or from testing or measurement of the finished material in each lot. Conversely, FDA
representatives believethat an approach, which allows for skiptesting based on a satisfactory product quality history alone is
not acceptable from a cGMP standpoint because such an approach does not adequately verify that each lot meets all of its
specifications" (2).

It is noted that ICH Q6Aallows for periodic/skip lot testing of the drug product and drug substance (4);
Results from in-processtesting can also be used to replacetesting on the finished excipient. "To ensure that a lot of excipient

materialcomplieswith its required properties, it isacceptable to relyon tests or measurements conducted on samples of material
taken at an in-process stage of production, provided that the in-process material will not be affected by subsequent processing
or holding with respect to the attributes being verified. Thereshould be justification that test resultsor measurements, or product
performance characteristics, do not change from the in-process stage to the finished product" (2). .

7.3.1 DOCUMENTATION

The supplier of an excipient should develop and maintain documentation that outlines the process control systems and
validationdata that justify the use of alternatives to finished excipient testing. This documentation should also include
procedures for handling the impact of significantchanges on the testing program (see SignificantChange Guide for Bulk
Pharmaceutical Excipients (1195».
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7.3.2 EXAMPLES

See Appendix 2: Alternatives to Excipient Testing-Examples.

8. USE OF ELECTRONICALLY GENERATED COAs

USP 43

COAs issuedfrom computer systemswithout a handwritten signature are commonplace and are acceptable, provided the
appropriate controls are in place. The following considerationsshould be met:

• Access to the computer systemfor CGA management; entering and editing of data should be limitedto authorized
personnel

• Authentication by username and password as well as the change of each individual password at an appropriate frequency
should be required

• Confirmationof the integrityand accuracy of the informationstored in the system and transferred to the printed record
should be completed during implementation and then periodically verified thereafter

• Data entered into a computer systemfrom which information isextracted for a CGA and changes made thereafter should
be accompanied by time- and date-stamped audit trails

With these criteria met, the issuanceof electronically generated CGAs is acceptable, provided the CGA includescontact
information.

9. DISTRIBUTOR INFORMATION

Distributors provide excipients and associated services such as:
• Makeexcipient available in the manufacturer's unopened original package (pass through)
• Repackage excipients from bulkquantities
• Purchase excipients for repackaging under a different label
Adistributor should not change the original title and data of the CGA or other quality documents. Whenever possible, the

original manufacturer's documentation should be used, or transcription of data should be verified.
It is expected that the distributor will have the appropriate level of GMP in place (see GoodManufacturing Practices for Bulk

Pharmaceutical Excipients (1078».

GLOSSARY
Acceptance criteria: Numerical limits, ranges, or other suitable measures of acceptance for test results.
Batch (lot): Aspecific quantity of material produced in a process or seriesof processesso that batch can be expected to

have uniform character and qualitywithin specified limits. In the case of continuous processes, a batch may correspond to a
defined fraction of the production. The batch size can be defined either by a fixed quantity or by the amount produced in a
fixed time interval.

Batch (lot) number: Aunique combination of numbers, letters, and/or symbols that identifies a batch and from which
the production and distribution history can be determined.

Batch process: A manufacturing process or processingstep that produces the excipient from a discrete supply of raw
material that ispresent before the completion of the reaction.

Certificate of analysis (COA): Adocument listing the test methods, specification, and resultsof testing a representative
sample from the batch to be delivered.

Chemical property: Aqualityattribute that is measured by chemical or physicochemical test methods.
Continuous process or processing: Aprocess that continuallyproduces the excipient from a continuing supply of raw

material.
Contract facility: Aninternal or external facility that provides services to the manufacturer or distributor of an excipient.

These can include, but are not limited to, the following: manufacturing facilities, laboratories, repackagingfacilities (including
labeling), and warehouses.

Date of manufacture: Adate indicating the completion of the final manufacturing process(as defined by the supplierfor
the particular excipient and process).

Date retested: The date when retesting isperformed byan excipientsupplierto extend the length oftime that the material
may.be used.

Distributor: All parties in the distribution/supplychain starting from the point at which an excipient is transferred outside
the control of the original manufacturer's material management system including parties involved in trade and distribution,
(re)processors, (re)packagers, transport and warehousing companies, forwarding agents, brokers, traders, and suppliersother
than the original manufacturer. .

Excipient: Substancesother than the drug substance that have been appropriately evaluatedfor safetyand are intentionally
included in a drug delivery system.

Expiry (expiration) date: The date designating the time during which the excipient is expected to remain within
specifications and after which it should not be used.

Impurity: Anycomponent of an excipient that is not the intended chemical entity but is present as a consequence of the
raw materials, excipient manufacturing process, or excipient degradation.

Original manufacturer or manufacturer: Person or company manufacturing a material to the stage at which it is
designated as a pharmaceutical. starting material.

Packaging: The container and its components that hold the excipient for storage and transport to the customer.
Physical property: Aqualityattribute that can be measured solelyby physical means.
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Process: The combination of operating steps (including synthesis, isolation, purification, packaging,etc.) that produce the
finished excipient.

Process capability index (Cp): Astatistical measurement that can be used to assess whether or not the process is
adequate to meet specifications. Astate of statistical control can be said to exist if the random variation in test results for a
processattribute issuch that the calculated processcapability is>1.33 (see Appendix 2: Alternatives to Excipient Testing­
Examples for further definition).

Process step: Adocumented instruction to the pharmaceutical excipientmanufacturing personnel directing that an
operation be done.

Processing: Operations to change product characteristics by mainly physical treatment through, e.g., milling, sieving,
distilling, filtration, blending.

Repackaging: The action of changing the packaging of the material.
Retest date: The date when a specific batch of material must be reexamined. to ensure that it is still suitablefor use.
Skip lot (periodic) testing: The performanceofspecified tests at release on preselected batches and/or at predetermined

intervals, rather than on a batch-to-batch basis, with the understanding that those batches not tested still must meet all the
acceptance criteria established for that product. This represents a less than full schedule of testing and therefore should be
justified, presented to, and approved bythe regulatoryauthoritybeforeimplementation.Whentested, anyfailure of the starting
material to meet the acceptance criteria establishedfor the skiplot (periodic) test should be handled by proper notification of
the appropriate regulatoryauthority or authorities. Ifthese data demonstrate a need to restore routine testing, then
batch-by-batch release testing should be reinstated.

Significant change: Any change that has the potential to alter an excipient's physical, chemical, or microbiological
propertyfrom the norm, and/or that may alter the excipient's performancein the dosage form.

Site: Adefined location ofthe equipment inwhich the excipientismanufactured. It maybe withina largerfacility. Achange
in site may be to a different part of the existing facility, but in a differentoperational area, or to a remote facility including a
contract manufacturer.

Specification: A listof tests; references to analytical procedures;and pre-established numerical limits, ranges, or other
criteria for the tests describedfor a material, that the material is required to meet.

Stable process: A process isconsidered stable when the output of the process, regardless of the nature of the processing
(batch or continuous), can be demonstrated by appropriate means to show a level of variability that consistently meets all
aspects of the stated specification (both USP specific and customer specific) and is thus acceptable for its intended use.

Stability: Continued conformanceof the excipient to its specifications.
Supplier: Person or company providing pharmaceuticalstarting materials on request. Suppliers may be distributors,

manufacturers, traders, etc.
Supply chain: All steps in the entire chain of distribution startingfromthe point at which an excipientistransferredoutside

the control of the original manufacturer's material, to a management systemdownstream, to the final userof the excipient.
User: A party who utilizes an excipient in the manufacture of a drug product or another excipient.

APPENDICES

Appendix 1: Model COA

The following sample COA is providedto illustrate the principles discussed in the guide and is not meant to be
prescriptive.

Certificate of Analysis (sample tests, limits, and statements are for demonstration purposes)

SupplierCompany Name

SupplierCompanyAddress

Manufacturing Location

Name of Manufacturer(ifdifferentfrom Supplier) Phone:xxx-xxx-xxxx

Manufacturing SiteAddress Fax: xxx-xxx-xxxx

Product:Trade Name and Descriptor or Common Name

Grade: Grade Designation CustomerCode:xxxxxx(ifapplicable)

BatchNumber: xxxxxx Date of Manufacture: dd/mmm/yyyy

Recommended RetestDate: <time fromdateof manufacture>

Compendial Name and Listing: USP-NF, Ph.Eur., JP, or JPE
(List multiplenames and designationsifnomenclature isdifferent in each compendium)

Test Results (sample tests & limits for demonstration purposes)

Test Test Method Specification Results

Appearance Visual examination Whitegranular powder Complies

Foreign matter Visual examination Freefrom visible contamination Complies

Identification-JPE TestsA-C Pass Complies

Clarity and color JPE Clearand colorless Complies
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Certificate of Analysis (sample tests, limits, and statements are for demonstration purposes) (continued)

USP 43

pH (x% solution) USP 5.0-7.0 #.#

Residue on ignition JPf NMT 1,.0% (450°-550°C) #.#%

Viscosity(x% solution) Ph. fur. 4.0-7.0 mPa-s (@20°C) #.# mPa-s

Water insoluble sub. USP NMT 0.1% #.#%

Losson drying (110°C) USP NMT 5.0% #.#%

Losson drying (105°C) JPf NMT6.0% #.#%

Particle size Supplier method # 99.5% <150 IJm ####

Additional Information (sample tests & limits for demonstration purposes)

Heavy metals JPf NMT 10 ppm (as Pb) NMT 10 ppm"

Arsenic JPf NMT 2 ppm NMT 2 ppm"

aThis test is performed in-process on each batch and the material has been shown not to change in the finished excipient sample.
bThis test is performed quarterly based on process validation.

The following sample COA is provided to illustrate the principles discussed in the guide and is not meant to be prescriptive.

Supplier Company Name

Supplier Company Address

Product: Trade Name and Descriptor or Common Name

Grade: Grade Designation

Batch Number: xxxxxxx

Certification and Compliance Statements

GMP compliance: This batch of <Trade Name> has been manufactured using excipient GMP.

Compendial standards: This batch of <Trade Name> complies with all of the current requirements listed in the UnitedStates Pharmacopeia (USP), the furopean
Pharmacopoeia (Ph.fur.), and the Japanese Pharmaceutical fxcipientsUPE).

Other certification statements: Any other type of certification e.g., Residual Solvents, GMO derived, or customer-specific information, should be listed here.
These may vary depending on regional regulatory requirements, specific GMP issues, and customer desired information, based on their use of the excipient.

Identity of authorized individual for approval: xxxxxxxxxxxxxxxxxxxxxxxx

Title

Date of approval: dd/mmm/yyyy

This COA was released from a controlled electronic document management system.

Appendix 2: Alternatives to Excipient Testing-Examples

Thefollowing are examples of situationswhere alternativesto finished excipient testing might be justified. Theseare not the
only situations where a sound technical basiscan be demonstrated, neither are they examples of situationswhere alternatives
to finished excipient testing will always be appropriate.

• An impurity, byproduct, or unreacted raw material could not be present in the product because the raw materialsand
chemical reactions used could not contain or generate it above the specified limits.

• The process capability index (Cp) for the relevant attribute is high and thus indicates a stable process. Statistical analysis
of the reduced frequency data should show that the property remains stable and within specifications. A process is
considered stable when the output of the process, regardless of the nature of the processing (batch or continuous), can
be demonstrated, by appropriate means, to show a level of variability that consistentlymeets all aspects of the stated
specification (both pharmacopeia and userspecific) and isthus acceptable for its intended use. Forcontinuous processing,
it isalso important to demonstrate that thematerial has been produced under conditionswhere the processhas achieveda
form of "steady state", i.e., minimal operator intervention and the in-processattributes have been stabilized.

• Fora continuous process, the in-process analyses show that the property that isdetermined at a reduced frequency is
stable and within specification. Repeating the test on each batch would be redundant. . ,

• Ananalysis of an attribute that isdetermined on everybatch in process has been shown to provideassurancethat the final
test requirement can be met. Such data can be used to support testing the finished excipient at reduced frequency.
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,(1084) GLYCOPROTEIN AND GLYCAN ANALYSIS-GENERAL
CONSIDERATIONS

OVERVIEW

Anumber of glycoprotein drugs have been developed as a result of advances in biotechnology, and many naturallyderived
protein drugs possess complex glycan structures. Glycosylation, a posttranslational modification of these proteins, can playan
important role in determining the function, pharmacokinetics, pharmacodynamics, stability, and immunogenicity of these
agents. The two main types of protein glycosylation are N-glycosylation and G-glycosylation. Unlike transcription and
translation,glycosylation isnot a template-driven process; therefore variability in the glycosylation pattern of a protein can arise,
caused by different sources or different manufacturing processes. Differences in this pattern are known to affect biological
activity. Glycosylation patterns may therefore be an important set of attributes that arise in characterizinga candidate
glycoprotein intended for therapeutic use and in ensuring its stabilityand quality.

The firstpart of this chapter provides a brief introduction to glycobiologyand describes the complexityof glycan structures.
The subsequent parts provide flow charts and a seriesof general analytical strategies that can be used to characterize
glycoprotein glycans by means of the following:

1. Directanalysis of glycoproteins; and
2. Analysis of released nonderivatized or derivatizedglycans by various methods of chromatographic and electrophoretic

separation and mass spectrometry (MS).
Different approaches to analyzing monosaccharides are described at the end of the chapter.
For selected analytical methods, this chapter cross-references other USP chapters, particularly those relating to

biotechnology-derived articles (see chapters Capillary Electrophoresis (1053), Biotechnology-Derived Articles-Isoelectric Focusing
(1054), Biotechnology-Derived Articles-Peptide Mapping (1 055), and Biotechnology-Derived Articles-Polyacrylamide Gel
Electrophoresis (1056»).

PROTEIN GLVCOSVLATION

Most proteins in eukaryotic cells undergo glycosylation and other posttranslational modifications before being trafficked to
Iysosomes, becoming membrane bound at the cellsurface,or being secreted. Glycosylation variessignificantly from cellto cell,
tissue to tissue, and species to species because of the varying expression of hundreds of glycosyltransferases and glycosidases
located throughout the Golgiapparatus and endoplasmic reticulum(ER). Fourmain types of enzymaticglycosylation are found
in proteins:

1. N-Glycosylation, which involves the initial transfer of oligosaccharidesto the nitrogen on the terminal amide group of
asparagine and their subsequent processing and modification to a series of glycan chains;

2. G-Glycosylation, which in general involves the initial transfer of monosaccharides to the hydroxyl groups of serine and
threonine and subsequent elongation and branching of the saccharide chain by the addition of monosaccharides;

3. Glycosylphosphatidylinositol (GPI) anchor, which isa glycolipid linked to the C-terminus of a protein; and
4. C-Glycosylation, which involves the formation of a carbon-carbon bond between the C2 carbon of the indole ring of

tryptophan and the C1 carbon of an a-mannopyranosyl residue.
Any given protein may contain multiple N-, G-, or C-glycosylations, but not more than one GPI anchor. A nonenzymatic

addition of saccharides, called glycation, can occur when proteins are mixed with reducing sugars via a complex series of
reactions.The two protein glycosylation types that are generallyof concern and that are analyzed in glycoprotein drug
substances are N- and G-glycosylation. Each of these isdiscussed below.

N-GIycosylation

The biosynthesis of N-glycans in glycoproteins can be described as a four-step process:
1. Lipid-linked glycan chain initiation and elongation;
2. Transfer of oligosaccharide to the protein or nascent polypeptide chain;
3. Processing of the N-glycan chain by removal of specific glucose and mannose residues; and
4. Modification of the N-glycan chain by the addition of residues to the nonreducing ends of the glycan chain.
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Theconsensus amino acid sequence for N-glycosylation isAsn-Xaa-Thr/Ser(where Xaaisany amino acid other than proline).
Overall, only about two-thirds of all potential sequences, termed sequons, are glycosylated, and currently there is no method
to predict which sequon will be glycosylated. The role of protein N-glycosylation is usually protein trafficking and secretion.

N-glycans can be categorized as high-mannose, hybrid, or complex, depending on the extent of processing (Figure. 7).
High-mannosestructures (Appendix 7) lackgalactose or N-acetylglucosamine (GIcNAc) residues in the antennae, branches at
the distal end of the chain. In hybrid structures, both substituted GIcNAc residues and terminal mannose residues are present
in the antennae, whereas complex structures have both a,1 ,6- and ul ,3-mannose residues substituted with GIcNAc moieties.
Hybrid and complex glycans can exist with two or more branches, frequently termed antennae; such glycans are therefore
often termed, for example, biantennary, triantennary, or tetraantennary. Both monoantennary and pentaantennary N-glycans
are also knownto exist. Incomplex glycans, antennae frequently carryterminal sialic acid (neuraminicacid) residues. Sialylation
has been shown to have a great effect on both the pharmacokinetics and the pharmacodynamics of many therapeutic
glycoproteins.

Common type of asparagine (Asn)linked glycans (N-glycans).
Fuc, fucose; Gal, qalactose; GIcNAc, N-acetylglucosaminei Man, mannose:
Neu5Ac, N-acetylneuniminic acid

High mannose type

(Manal,2)0_4

Hybrid type

1
Mana l ,6

"Manal,6,
Manal,3 "Man~l,4GIcNAc~l,4GlcNAc~l·Asn

Manal,3

{

ManCd ,6 .
(Manal,2)0_2 ' Manal,6

Manal,3" 'Man~1,4 GIcNAc~l,4GIcNAc~l-Asn
± Neu5Aca2,3/6 Gal~l,4 GIcNAc~1,2 Manal,3"

Complex types

Bi-antennary

±GIcNAc~l,4 ±Fucal,6

{

Gal~l,4 GlcNAc~1,2 Manal,6 I I
± (Neu5Aca2,3/6)0_2 : Man~l,4 GIcNAc~1,4 GlcNAc~l-Asn

~al~1,4 GlcNAc~1,2 Manal,3

Tri-antennary

{

Gal~l,4 GIcNAc~1,4, ±Fucal,6
Manal,6 I

± (Neu5Aca2,3/6)0_3 Gal~1,4 GIcNAc~l,/ : Man~1,4 GIcNAcPl,4GIcNAc~l-Asn
Gal~1,4 GIcNAcpl,2 Manal,3

Tetra-antennary Gal~1,4 GIcNAc~1,4
, Manal,6 ±Fucal,6

Galpl,4 GIcNAc~1,2" \ I
Man~1,4 GlcNAcPl,4 GlcNAcpl-Asn

± (Neu5Aca2,3/6)0_4 Galpl,4 GIcNAc~l,4 / .
, Manal,3

Gal~l,4 GIcNAc~1,2"

Figure 1. Common types of N-glycans. Forabbreviations, see Appendix 7.

O-GIycosylation

a-Glycan chains are built up sequentiallyvia an initial GalNAc residue linked to serine, threonine, and tyrosine, as well as to
the less common amino acids hydroxyproline and hydroxylysine. Multiple glycan core structures are known. The sequence and
isomeric linkageof monosaccharides show greater varietythan that in N-glycans, and at least eight different types have been
identified (Figure 2). Although no consensus amino acid sequence for O-glycosylation has been determined, glycosylation is
usually favored by the presence of prolineone residue before or three residues after the glycosylation site and the absence of
charged amino acid residues proximalto serine or threonine. The disaccharide unit N-acetyllactosamine, Gal~l ,4GIcNAc, isthe
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Core 1

most common chain extension. Additional modifications, includingterminal capping of Galwith sialic acid and fucosylation
along the chain, are alsofrequent.

O-Glycosylation can occur in cluster form, the mucin type, which usually forms part of the cell surface extracellular matrix
or secreted glycoproteins.Other O-glycosylation, such as O-GIcNAc, isfound on many nucleocytoplasmic proteins;and O-Man­
linked glycosylation isfound in some muscular and neural glycoproteinsand in yeast. O-Fuc- and O-GIc-linked glycosylation
types are found on many epidermal growth factor-like proteins that are associated with the Notch signaling pathway.

Gal~l,4 GIcNAc~1,6"

Gal~1,3 GIcNAc~1,3 Gal(H, 3 GalNAcal- Ser(Thr)
Gal~1,3 GlcNAc~1,3 /

Core 2

Core 3

Core 4

Core 5

Core 6

Core 7

Core 8

Gal~l,4 (GIcNAc~1,3 Gal~1,4)nGIcNAc[3l,6" .

/
GalNAcal- Ser(Thr)

Gal[3l,3

Gal~l,4 GlcNAc~1/6"

/Gal~l,4 GlcNAc[3l,3 GalNAcal- Ser(Thr)
Gal~l,4 GIcNAc~1,6

Gal~1,4 GlcNAc[3l,6"
. GalNAcal- Ser(Thr)

Gal~l,4 GlcNAc[3l,3/

GlcNAc[3l.6 GalNAcal- Ser(Thr)

GaINAc[3l,3 GalNAcal- Ser(Thr)

GalNAcal,6 GalNAcal- Ser(Thr)

Galal,3 GalNAcal- Ser(Thr)

Figure 2. Common core structures of O-glycans(bold and underlined). Sugar abbreviations as in Appendix 1.

Glycan Heterogeneity

Not only the type of glycosylation (N- or O-Iinked), site occupancy, and the site of glycosylation can varyfrom glycoprotein
to glycoprotein, but also the actual oligosaccharide structures (branching and linkages) can differ, even on the same site. This
structural variationarises because glycosylation isa process that isnot driven by a template. The glycosylation pattern at a given
site depends on many factors, including cell-specific and growth-dependent availability of glycosyltransferases and
exo-glycosidases found in the Golgi bodies and ER. Heterogeneity leads to different physical and biochemical properties and,
therefore, also to functional diversity.

Host-Cell Expression Systems and Glycosylation

BACTERIA

Although both 0- and N-glycosylation have been shown to occur in a varietyof prokaryotes, Escherichia coli, the bacterium
of choice for many therapeutic products, does not produce glycosylated proteins.

YEAST

Yeast produces both N-glycosylated and O-glycosylated proteins. Inyeast hyperrnannosylatlonwith the N-glycan chain that
contains more than 100 mannose residuescan occur, but sialylation does not occur unlessthe organism isgeneticallymodified.
The development of recombinant strains of Pichia pastoristhat contain inserted heterologous genes for various glycosylation
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enzymes has allowed the humanization of N-glycosylation pathways in this yeast. O-Glycosylation in yeast isalso significantly
differentfrom that in mammalian cells. Incontrast to mammaliancells, serineor threonine O-glycosylation islinked viamannose
and often consists of linearchains of as many as six mannose residues.

INSECT CELLS

N-glycan chains of insect cells usually are of the high-mannose, trimannose or paucimannose, and truncated complex types
(see Appendix 7for definitions). Insect cells also produce glycoproteins bearing the Fuca1,3 residue linked to the proximal
GIcNAc residue in the core chitobiose. This core fucose residue isa potent immunogen and allergen. O-Glycosylation in insect
cells has not been well-studied, and although O-Iinked GaINAc-Ser(Thr) residues have been found, veryfew are processed
further beyond the Gal~l ,3GaINAc-Ser(Thr) sequence. Sialic acid residueshave not been found on proteins produced in insect
cells.

PLANTS AND PLANT CELLS

Plant N-glycans contain mainly oligosaccharides of the oligomannose type, but also present are hybrid and truncated
complex types of structures, with or without Xyl~l ,2 attached to the ~-Iinked mannose residue of the trimannosyl core
and Fuca1 ,3 attached to the proximal GIcNAc residue of the core chitobiose. Both the Fucand Xyl residues are immunogenic
and have been shown to be part of the glyco-epitopes of several plant allergens. O-Glycosylation in plants has not been well
studied but isknown to consist predominantly of the addition of arabinogalactan chains attached to hydroxyproline, threonine,
and serine residuesthat are located in the plant cellwall or on the outer surface of the plasma cell membrane. These glycans
are immunogenic.

ANIMAL CELLS

The majorityofglycosylated therapeutic proteinsare produced incontinuous animalcelllines.Chinesehamster ovary(CHO),
baby hamster kidney(BHK), human embryonic kidney(HEK), and mouse myeloma(SP2/0or NSO) cells haveallbeen employed.
These animal cells generally produce proteins with humanlikeglycosylation. Although there are several differences in
glycosylation between rodent and human cells, such as the presence of N-glycolylneuraminic acid not found in humans, CHO
cells have become a workhorse of the biotechnology industry.

GLYCAN ANALYSIS FOR GLYCOSYLATED BIOLOGICAL DRUGS

Glycosylation of proteins may affect biological activity, either directlyor indirectly, and variability in glycosylation arises not
onlyfrom cellulardiversity but alsofrom the manufacturing process.The glycosylation pattern thus may be important as a part
of characterizationstudies in assuring process consistencyand may be also be important in ensuring the consistent quality of a
biological drug product after market access. Appropriately characterized reference materialsare needed in order to support
biological and physicochemical testing of production batches to ensure batch-to-batch consistency. Glycosylation analysis may
be appropriate for the following:

1. Characterizing the structure and stabilityof novel products and their stabilityto processingsteps and storage;
2. Batch release testing and in process control testing; and
3. Assessing comparability between products (e.g., when one or more process changes have been made).
An understanding of the relationship between qlycan structure and biological function underpins decisions about the

information required at each developmentstage. Forbiological/biotechnological drug substances, the characterizationcriteria
and specifications for batch releaseare generallyset forth in the guidelines ICH Q6B, Test Procedures and Acceptance Criteriafor
Biotechnological/Biological Products;1 and ICH Q5E, Comparability of Biotechnological/Biological Products Subject to Changes in
TheirManufacturing Process? Numerous approaches and methodologies are applied for glycan mapping. This variety is a
consequence of the diversity and complexityof glycan structures and the available technology and detection systems.

Because of the diversity and complexity of glycan structures and the increasing availability and improvement of various
detection systems and technology, analytical methods are wide ranging. Different methods that support step-by-step
procedures depend on the glycoproteins, the availability of equipment, the expertise of individual scientists and groups, and
the information required. The two most studied types of protein glycosylation that affect bioactivity are N- and O-glycosylation.

Glycan analysis can serve in differentapplications; the most important are general product characterization, process
validation, comparabilityevaluation, stability testing, monitoring manufacturing process consistency, and releasetesting. The
selection of the analytical techniques and their applications in product development and routine manufacturing depend on
many factors, such as the complexity of the glycoprotein, the understanding of the relationships between glycosylation and
safety and efficacy, and the overall design of the strategy for manufacturing process control. Forexample,even when the
biological relevanceof glycosylation is not certain, control of glycosylation could be considered as a measure of manufacturing
consistency.

The Figure 3Aflowchart assists inthe choice of applicationsfor glycananalysis, and Figure 38 providesan overview ofavailable
analytical techniques and equipment employed.

1 http://www.ich.org/products/guidelines/quality/article/quality-guidelines.html; accessed 12/15/2011.
2 http://www.ich.org/products/guidelines/quality/article/quality-guidelines.html; accessed 12/15/2011.
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Decide methods for analysis (e.g., protease
digestion and glycopeptides analysis)

'-....:..=~w mall protein, limited glycosylation
and simple structures

Glycananalysisto be considered for
monitoring process consistencyonly

No

Ismolecule amenable to
analysis without glycan

cleavage?

Isknowledge of site-specific
glycosylation required?

Largemolecule,complex branched glycans,
and/or multiple glycosylation sites.

ToB (Overview glycan analysis): Design methods for
analysis of cleaved ylycans (e.g., branch antennary

profile, identification of individualstructure)

Does the glycan structure modulate the
bioactivityof the molecule?

• Negative charge ratio determination
• Sialic acid and/or monosaccharides

identificationand quantification

Figure 3A. Flow diagram assisting in the choice of options for glycan analysis.

Overview of glycan analysis methods

Analysis at Intact -£
glycoproteinlevel t

MALOI- and ESI-Mass spectrometry
Isoelectric focusing for sialylation heterogeneity
Capillary electrophoresis for sialylation heterogeneity
Ionexchange chromatographyfor sialylation heterogeneity
Lectin arrayapproaches
Lectin ELISA approaches

] [

HPAEC-PAD chromatography

X FI h Lectin separationsuorop ore
I b II' Mass spectrometry(MS)
a e Ing Capillary electrophoresis

Exo-glycosidases Anion exchangechromatography
treatment JJ,

Normal phase HPLC g MALDI-MS
CoupledHPLC-ESI-MS-MS
CoupledCE-ESI-MS-MS
Gelelectrophoresis

? HPAEC-PAD chromatography
~ Polygraphite chromatography~ MALOI masss spectrometry

Alkalin~ borohydride -. ~

Analysis at f(O-Iinked Chai.ns) §
the level of ~

cleaved Hydrazine (0- and ~ ~

glycans N-Iinked chains) ~
E

Enzymatic methods ~ §
(N-Iinked chains) ~

~
HPLC~ MALOl-rnass spectrometry

Analysis at the CoupledHPLC-ESI-Mass spectrometry
glycopeptide MALDI-mass spectrometry

level Capillary electrophoresis for sialylation heterogeneity
CoupledCapillary electrophoresis-ESI-Mass spectrometry

Analysis at the i HPAEC-PAD chromatography
monosaccharide Fluorophore labelling~ Reverse phase HPLC

level Chemical staining

Glycoprotein
Therapeutics

Figure 36. Overview of glycan analysis techniques and equipment employed.
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CHOICE Of GLYCAN ANALYSIS FOR CHARACTERIZATION AND SPECIFICATION OF
GLYCOSYLATED BIOLOGICAL DRUGS

Analysis of Intact Glycoprotein

The most direct mode of analysis isdirect study of the intact molecule. This mode provides informationabout the
glycosylation profile of the glycoprotein. However, this approach provides limited informationwhen the moleculeis large and
contains multiple glycosylation sites. One of the most important glycosylation factors defining biological activity is the degree
of sialylation, which often determines the half-life ofglycoproteins incirculation. This makesionic-charge-based electrophoresis
and ion-exchange chromatography obvious choices of technique. Nearly all types of gel electrophoresis have been used to
probe protein glycosylation, including polyacrylamide gel electrophoresis (PAGE), (see Biotechnology-Derived Articles­
Polyacrylamide GelElectrophoresis (1056» and isoelectric focusing (IEF), (see Biotechnology-Derived Articles-IsoelectricFocusing
(1054». Similarly, capillary electrophoresis (CE), (see CapillaryElectrophoresis (1 053» has also been found suitable. Strong
anion-exchange chromatography has been used for the same purpose, but the resolutionisoften inferior to that of IEF and CEo
Directmass spectrometry (MS) isanother option for the analysis of posttranslational modification. Along with ongoing
improvements in the resolution of MS, more and more complex glycoproteinsbecome accessible for direct characterization by
this method.

Analysis of Glycopeptides

Analysis of glycopeptides provides information about site-specific glycosylation properties, the degree of occupancy, and
oligosaccharidestructures. Site-specific glycosylation can be affected by cell culture process conditions. Therefore, ifa known
glycosylation site iscritical, manufacturers must monitor site-specific glycanstructures. The typical approach isfirstto generate
glycopeptides by protease digestion and to separate them by,for example, RP (reversed-phase)HPLC (see Biotechnology-Derived
Articles-Peptide Mapping (1 055». Subsequentlythe separated qlycopeptldes can be further characterized individually by, e.g.,
direct analysis using MS, or deglycosylation and subsequent glycan profiling, as described below in the section Profiling of
Cleaved Oligosaccharides.

Directidentificationof the mixture of glycopeptides and nonglycosylated peptides by MS is limited by masking effects (ion
suppression) of peptide signals on glycopeptide signals. One approach to overcoming this effect is to separate peptides and
glycopeptides before analysis by MS, e.g., by offline coupling (matrix-assisted laserdesorption ionization [MALDI]) or online
coupling(electrosprayionization[ESID. MS analysis ofglycopeptides playsan important rolein the characterizationof O-glycans
because these glycansare not always releasedquantitativelyand because,as a resultof their smallersize,they are more amenable
to characterization by MS as glycopeptides.

The use of CE for high-resolution separation may also be appropriate, especially for the analysis of sialylation.

Profiling of Cleaved Oligosaccharides

Profiling of total glycanscleaved from glycoprotein isthe most common approach for the characterization of glycoproteins.
Itprovidesa way to obtain informationabout the various populations ofglycanspresent on the protein. The degree of sialylatlon
can also be addressed at this stage. Depending on the chosen' method, prior derivatization/labeling may be needed to allow
the detection of the glycans. Manyprotocolsare available, and most of the steps inthe analysis are wellestablished.The possible
drawback with such flexibility is the lack of consensus about which methods to choose under which circumstances; because of
the varietyof analytical techniques, comparison of results obtained by different platforms may not always be possible. Sofar,
the majorityof the work has been done on N-glycosylation, because of the following factors:

1. N-glycans usually are more clinically relevant in biologicals than O-glycans; or
2. The release of N-glycans, either by chemical means (hydrazine)or by enzymes (endoglycosidasesand peptide

N-glycosidase [PNGase] F), is more straightforward than is the releaseof O-glycans.

DEGLYCOSYLATION

The approach usedfor the releaseofglycansdepends on the glycoprotein under test. The cleavage agent ischosen according
to the type of cleavage needed and the level of information required. Enzymatic or chemical cleavage may be used. Table 7
givesa nonexhaustive listof enzymatic cleavage agents and their specificity. Digestion efficiency generallydepends on the
accessibility of the glycanson the protein, and hence the protein should be denatured to maximizeglycosylation site exposure
unlessanalystswant to distinguish between surface and.buried glycans. Chemical cleavage agents can also be used, e.g.,
hydrazine or alkaline borohydride for ~-elimination of O-Iinked glycans.

Table 1. Examples of Enzymatic Cleavage Agents
Agent Specificity

N-Iinkedglycan release

Hydrolysis of peptide-N4-(N-acetyl-~-glucosaminyl) asparagine residuein whichthe glucosa-
Peptide-N4-(N-acetyl-~-glucosaminyl) asparagineamidase (EC mine residue may be further glycosylated, to yielda (substituted) N-acetyl-~-D-glucosaminyl-

3.5.1.52) amine and a peptide containing an aspartate residue

Peptide N-glycosidase F(PNGaseF) Release of N-glycan chain but no releaseof N-glycan chain containing (ul ,3)-linked corefucose

Peptide N-glycosidase A(PNGase A) Release of N-glycan chain containing (a1,3)-linked core fucose
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Table 1. Examples of Enzymatic Cleavage Agents (continued)

Agent Specificity

N-Iinkedglycan release

Mannosyl-glycoprotein endo-~-N·acetylglucosaminidase (EC Endohydrolysis of the N,N'-diacetylchitobiosyl unit in high-mannose glycopeptides/glycopro-
3.2.1.96) teins containing the -,[Man(GIcNAch]Asn structure

Endo-~-N-acetylglucosaminidase F(endo F) Release of high-mannose, hybrid,and complex oligosaccharides

Endo-~-N-acetylglucosaminidase H(endo H) Release of high-mannose and hybrid oligosaccharides

a-linked glycan release

Glycopeptidea-N-acetylgalactosaminidase (EC 3.2.1.97)' Hydrolysis of terminal D-galactosyl-N-acetyl-a-D-galactosaminidic residues

*Thisenzyme has limitedusage because of its high substrate specificity.

Chemical or Enzymatic Release of N-Glycans-PNGase F(Flavobacterium meningosepticum) is the enzyme of choice for the
release of N-glycans for most glycoproteins except for some insect celland plant glycoproteins that may contain a Fuca,1,3
linked to the chitobiosyl core. N-Glycan chains having this structure can be cleavedfrom the glycopeptide only by the almond
enzyme, PNGase A. Chemical release by anhydrous hydrazine is much less common, mainly because of the limited availability
of the reagent, which is considered a hazardous chemical. In addition, hydrazinolysis produces de-N-acetylated N-glycans.
Chemical or Enzymatic Release of O-Glycans-Currently only one enzyme, O-glycanasefrom Diplococcus pneumoniae, is
available to release O-glycans, and this enzyme has a limited usage because of its high substrate specificity: it cleaves
only Gal~1,3GaINAca1-Ser/Thr. In addition, no ideal chemical procedure is available; but Ser-and Thr-Iinked O-Iinked glycan
can usually be released by the reductive alkali-catalyzed ~-elimination reaction (alkaline borohydride reaction), in which the
released glycansare reduced as soon as they are cleaved in order to prevent formation of degradation products due to peeling.
However, this reaction is not specific, and in the reaction, approximately 10%-20% of N-glycans are generally known to be
releasedaswell.The releasedglycans lacka reducing group usedfor the attachment offluorescent labelsby reductiveamination.
Fortunately, with advances in sensitiveMS, direct identification of reduced glycans is possible. Relatively good quality reducing
O-glycans can be obtained by alkali-catalyzed ~-eliminalion using primaryamines such as ethylamine and hydrazine. However,
both reagents have the potential to produce peeled degradation products. Furthermore, O-glycanreleaseby ethylamine isnot
quantitative. Hydrazine, although it may be better for use than ethylamine, requires strict control of reaction conditions and
handling and does not have a commercial source in Europe. .
Separation of Cleaved Glycans Without Fluorescent Labeling-N-Glycans can also be resolved by HPAEC high-pH
anion-exchange chromatography with pulsed amperometric detection (PAD; see Chromatography (621), which shows high
sensitivity, can also separate some isomers, and affordsthe abilityto directlydetect native glycans without labelsor tags.
However, LC/MS for this separation approach is challenging because this HPAEC system uses high-pH and high-salt mobile
phases that interferewith ionizationof glycans. Inaddition, absolute quantificationof the glycan isonly possibleifthe individual
PAD response factors for the different glycan structures are known, e.g., ifan appropriate oligosaccharide reference library is
available. Porousgraphitic carbon (PGC) chromatography can also be used to separate glycans, and this method adds an
orthogonal selectivity compared to other columns. A PGC-electrospray-ionization-MS approach also can be applied for direct
glycan analysis.

MALDI/ESI-MS isa powerful method for the analysis of glycan mixtures either in the native or derivatized form.
Permethylationof releasedglycans isa common method for direct analysis using MALDI/ESI-MS especially for sialylated glycans.

LABELING OF GlYCANS TO INCREASE DETECTION SENSITIVITY AND/OR TO MODIFY THEIR PHYSICOCHEMICAL
PROPERTIES

Chemicalderivatization is the most commonly used method for labeling glycans at their reducing end by reductive
amination. One fluorescent label can be attached to each mono- and oligosaccharide,which facilitates determination ofmolar
quantities. Table 2 illustrates the most common examples of fluorescent labelsand their most common uses.

Table 2. Examples of Fluorescent Labels

Name Acronym Structure AnalyticalTechnique

2-Aminobenzoic acid 2-AA HPLCce;I 0-
~

0
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Table 2. Examples of Fluorescent Labels (continued)

USP 43

Name Acronym Structure Analytical Technique

2-Aminobenzamide 2-AB HPLCMS

ce;I: NH2
°

2-Aminopyridine 2-AP

QNH2
HPLC

Trisodium 8-aminopyrene-l,3, APTS CE
6-trisulfonic salt Na03S

~
NHz

I

I
~~~

""",I ""'"
I~

Na03S
~

S03 Na

N-GLYCAN PROFILING

Released glycans can be analyzed or profiled by chromatographic, electrophoretic, or MS procedures and, in general, by a
combination of these. The choice of method can be grouped according to the nature of the glycansand level of information
required. Analysis of glycans provides informationabout the various populations of glycans present on the protein
(high-mannose, hybrid, complex).
Profiling of Glycans by HPLC and/or by Electrophoresis and MS-Profiling of fluorescent-tag-Iabeled glycans by HPLC has
become the most common approach. One label can be attached to everysingle mono- and oligosaccharide by reductive
amination at their reducing end, which facilitates determination of molar quantities. With the appropriate label, glycans can
be profiled with high sensitivity using reversed-phase, normal-phase, and anion-exchange HPLC (see Chromatography (621»).
Routinely, analysts use a combination of these methods in order to increase separation resolution and to better differentiate
glycan structures. The accuracy of the glycan identification can be validated by means of glycan standardsand/or by coupling
the HPLC system with MS. Thus, anion-exchange, normal-phase, and reversed-phase HPLC-ESI-MS-MS form powerful
combinations; and in-line analysis, if possible, may provide both relative quantitative profiling and informationon glycan
structure in a single run. Peakidentification through retention time isacceptable iftheir identitieshave been previously validated
by complementary methods and peak homogeneity can be assured.

The degree of sialylation of glycan chains can be a crucial factor for clinical efficacy, because sialylation often defines the
half-life of the moleculein vivo.Anion-exchange HPLC isthe simplestmethod for itsdetermination, and glycanstructures based
on charge can then be identified by MS. Desalting of each fraction is required before MS ifthe ionization interface isdesigned
for low-salt-containing sample flows only.

High-resolution separation systems such as CE have been used to identifyglycan structures without MS when well
characterizedstandards are used for comparison. The development of an online CE-MS system hasfurther increasedthe power
of glycan analysis using this approach.
Structural Identification by Micro-Enzyme Sequencing and Mass Spectrometry-Traditionally, when detailed structural
information is required, the analysis is usually performed using micro-enzyme sequencing. This procedure is highlydependent
on the specificity and quality of the enzymes used. Recently, tandem MS has been used more regularly to confirm, determine,
and sequence known and novel glycanstructures; this method isfeasible especially when glycansare releasedfrom well-known
glycoproteinsand production sources.

Monosaccharide Analysis

Different quantitative monosaccharide assays are carriedout for a number of purposes. Inthe glycoproteinfield, they provide
information about the relativeamounts of saccharide in a glycoprotein and about the degree of sialylation of a glycoprotein;
and by the measurement of monosaccharide composition, they provide some information about the structure of the glycan
chains present.

The simplest assays used are colorimetrictests to demonstrate that the product is glycosylated and to quantify the total
amount of saccharide present in the product. These have poor specificity between different types of sugar residues.
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Assays of monosaccharide composition are generally simpler to perform than is oligosaccharide profiling, but they provide
less information. The most widely used assay is quantification of sialic acid content, because lossof sialylation and exposure of
terminal Gal residues may lead to faster clearance of the glycoprotein from the circulation.

The assayscan be divided into two types: (1) those that provide compositional information about the intact sample without
prior degradation; and (2) others, principally chromatographic, that require hydrolysis of the saccharide chains before analysis
and generate quantitative information about several different monosaccharide species simultaneously. In general, the former
are colorimetric and the latter are chromatographic. The hydrolysis step is a significant source of assayvariability and may
require careful optimization for specificsamples.

The presence of certain monosaccharides is diagnostic of specific glycan structures. Forexample, observation of GalNAc is
usually a marker for the presence of O-Iinked glycan chains, and fucose denotes the presence of specific types of chains. As a
consequence of the limited diversityof monosaccharide residues present in glycoprotein glycans, accurate quantification of
Man, Gal, or GIcNAc residues is required in order to distinguish between large numbers of structurallydiverseglycans. The
monosaccharide N-glycolylneuraminic acid (Neu5Gc) is not produced in humans and is generally regarded as an unwelcome
and potentially immunogenic component of biopharmaceutical products.

SAMPLE PREPARATION

Glycoprotein samples for monosaccharide analysis should be free of salts, excipients, and other carrier materials (low
molecular weight sugars are often used as excipients for biopharmaceuticals). This can be achieved by a number of methods,
including the following:

1. Dialysis against water or a volatile buffer, using an appropriate membrane, and lyophilization;
2. HPLC on an appropriate gel-permeation column eluted with water or a volatile buffer, monitored by UV absorbance or

refractive index, and followed by lyophilization of the sample; or
3. Sample trapping on a conventional RP-SPE cartridge such as a C18 or C8 SPE system, followed by washing away of salts

and excipients and elution of the required sample.

QUANTIFICATION

The common method for quantification of neutral sugars in glycoproteinsdepends on the colorgenerated by heating glycans
or glycoproteins in the presence of aqueous phenol in concentrated sulfuric acid. In many cases, the heat required for this
reaction isgenerated by addition of concentrated sulfuric acid to the glycoprotein-phenol mixture in water. Rapid and efficient
mixingof the solutions iscriticalfor consistent results.Quantitative resultsare obtained by the simultaneousanalysis of standards
to generate a standard curve of absorbance against amount of saccharide and/or against a reference sample of the product
under analysis.

HYDROLYSIS PROCEDURES FOR POLYSACCHARIDES AND GLYCOPROTEIN GLYCAN CHAINS

Chromatographic methods for the identification and quantification of monosaccharide components require hydrolysis of
the sample before analysis. Appropriate sample preparation is required because excipients or process-related impurities may be
saccharides, and residual salts may interfere with the hydrolysis or the subsequent chromatographic separation or with
fluorophore labeling. Sialic acid residues can be-releasedeither by mildacid hydrolysis or by enzymatic treatment, which leaves
other sugar residues attached to the peptide backbone. Quantificationof the amount of saccharide present isbased on addition
of an internal standard before or after hydrolysis. The. most commonly used standard for sialic acid'analysis by HPAEC is
3-deoxY-D-glycero-D-galacto-2-nonulosonic acid (KDN), and 2-deoxyglucose iswidely used for neutral sugars. Both of these
sugars are acid labile and should be added after the hydrolysis step. Accurate quantification depends both on stoichiometric
hydrolysis and a lackof degradation of the monosaccharide products during hydrolysis.

DETERMINATION OF TOTAL SIALIC ACIDS

Sialic acidsoccur in bacterial polysaccharidesand glycoproteinsgenerallyas N-acetyland N-glycolyl derivatives of neuraminic
acid (Neu5Ac and Neu5Gc). The sialic acids can be determined together with other monosaccharides by a procedure that
includes acid hydrolysis to liberate constituent monosaccharides, followed by HPLC using an appropriate standard mixture.
Alternatively, total sialic acid content can be determined by colorimetricprocedures without the need for hydrolysis. One
method, commonly referred to as the Warren method, is based on the reaction of thiobarbituric acid with the product of
periodate oxidation of neuraminic acid released in situ from the glycoprotein. Alternatively, the color can be generated by the
reaction of resorcinolwith neuraminic acid. Foraccurate quantification, include a reference standard sample is included in each
measurement.
Selective Release of SialicAcids-Mild acid hydrolysis or enzymatic digestion can be used to selectively releasesialic acid from
glycoprotein glycan chains for quantification by chromatographic methods and for quantification of unwelcome forms such as
Neu5Gc. More aggressive acid conditions are required in order to release neutral and amino sugars beforechromatographic
analysis. The protocol must be optimized with respect to yield and saccharide degradation for each protein to be analyzed.
Neuraminidase Digestion for the Release of SialicAcid from Intact Glycoproteins-Several types of neuraminidases have
been isolated and studied; the enzyme derived from Clostridium perfringens is the one most commonly used for the enzymatic
release of sialic acids from glycoproteins. Recombinant enzyme is available from commercial suppliers. Other enzymes with
different specificities are availableand can be used to distinguish different types of linkages. Hydrolysis conditions should be
optimized for each product, because kineticparameters for different linkagesand for Neu5Acand Neu5Gcmay differ.Selective
removal of Neu5Aca2-lo,3-linked and Neu5Aca2--+-,6- from cleaved glycans is a convenient means of defining linkages. For
quantitative analyses, a known quantity of a suitable internal standard, often 2-deoxyglucose, is added after hydrolysis and
removal of the acid.
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SEPARATION AND QUANTITATION OF UNLABELED MONOSACCHARIDES
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Essentially the only method used for the simultaneous identification and quantification of unlabeled monosaccharide in
hydrolysates is HPAEC-PAD. HPAEC-PAD methods are alsoapplicableto oligosaccharide separations, and a single instrumental
approach can be used for both applications.

Forthe general principles and components of chromatography, see Chromatography (621). HPAEC-PAD facilitates analysis
of monosaccharides and all classes of oligosaccharides without derivatization. Carbohydrates, because they are polyhydric
compounds, are weak acids that have pKa valuesof 12-14, and at high pH even neutral carbohydrates are ionized and can be
separated as oxyanions by ion-exchange chromatography. Althoughseparations can be performed on alkali-stable porous
polystyrene-divinylbenzene anion exchangers, carbohydratestend to exhibit broad peaks as a resultof mass transfer problems.
In microbead pellicular anion-exchange column packings, smallfunctionalized latex beads «O.l-~m diameter) are attached to
larger «1 O-urn diameter) uniform nonporous beads. The carbohydrate analyte interacts with the functional groups at the
surface of the latex microbeads, eliminating diffusion into and out of pores and the associated peak broadening.

PAD is the method of choice for the detection of carbohydrates in HPAEC because it relies on the high-pH solutions that
HPAEC provides by default. Amperometricdetection measuresthe current, or charge, resultingfrom the oxidation or reduction
of analyte moleculesat the surface of a working electrode. Electrons are transferred from the electroactiveanalyte to the
electrode during oxidation reactions and in the opposite directionduring reduction reactions. Thisprocessallows sensitive and
highlyselectivedetection of analytes that can be oxidized or reduced, but interfering species that are not electroactive remain
undetected. Carbohydrates are easily oxidized at gold and platinum electrodes at high pH, and the current generated is
proportional to the carbohydrate concentration.

Atypical amperometric detection system contains a working electrode and a reference electrode. Gold electrodes are most
common for carbohydrate analysis, but oxidation products poison the electrode surface and inhibit further oxidation.
Maintaininga stable, activeelectrode surface isaccomplished by cyclical pulsing between high positive and negative potentials.
This timed series of different potentials is referred to as a waveform, and repeated application of a waveform is the basisof
pulsed amperometry. Different waveformsare used for differentHPAEC-PAD applications and for differentworking electrodes:
disposable gold electrodes require the use of fast, quadruple waveforms, but other gold electrodes allowa wider range of
waveforms to be used without damaging the electrode surface. Disposable electrodes and fast waveforms were introduced to
minimizethe influenceof electrode recess on the sensitivity and precision of quantitative monosaccharide applications.

FLUOROPHORE LABELING OF MONOSACCHARIDES BEFORE SEPARATION AND QUANTIFICATION

. Analternative approach to the identification and quantification of monosaccharides present in a hydrolysate isto modifythe
monosaccharides by reductive amination with an easily detected fluorophore label that allows high-sensitivity detection and
improvesthe chromatographic separation of monosaccharides. Essentially standard HPLC equipment can be used and, because
the same labeling approaches are applicable to cleavedoligosaccharides, a consistent analytical approach can be applied.
Fluorophore labeling has been much lesswidely used than HPAEC-PAD for monosaccharide identification and quantification.
Labeling of sialic acid derivatives is usually undertaken with 1,2-phenylenediamine (or DMB, the 4,5-methylenedioxy
derivatives), and the resulting products are separated on a C-18 column and using fluorescence detection.

CONCLUSION

Because of the complexity of glycoprotein glycanstructures and their inherent variation during production processes,
manufacturers are generally required by means of characterization studies to develop criteriafor the control of the glycosylation
pattern of a biological drug substance when glycosylation occurs, as well as to develop the level of informationrequired at each
stage of production and at batch release.Then analytical procedures can be derived in a manner that provides information
relevantto fulfilling quality requirements. Ingeneral, a combinationofapproaches and techniques isneeded, and more detailed
glycan structural analysis at early drug development stages is required. Validation considerations are central as method
development and product knowledge progress.

Fuc

Gal

GalNAc

Gic

GIcNAc

Man

Neu5Ac

Neu5Gc

Xyl

APPENDIX 1

Abbreviations
L-Fucose

o-Galactose

N-Acetyl-o-galactosamine

o-Glucose

N-Acetyl-o-glucosamine

o-Mannose

N-Acetylneuraminic acid

N-Glycolylneuraminic acid

o-Xylose
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High mannose-Glycan chains containing two core GlcNAc residues and between five and nine Man residues, and lacking
Gal, GIcNAc, or Neu5Ac residues in the antennae. Such chains are typically found in mammalian glycans.

Hypermannosylation-(i) Addition of Man residues to high mannose chains creating chains with large numbers of Man
residues, and (ii) O-Man linked glycan chains with multiple Man residues synthesized by yeast.

Paucimannose-Glycan chains containing two core GIcNAc residues between two and four Man residues.
Core-linked Fucal,3 and/or Fucal,6 residues may be present.

Oligomannose-Used here as a generic term to include high mannose, paucimannose, and N-Iinked hyper-mannosylated
chains.

Add the following: '

A(108.5> GUIDELINES ON THE EN,DotOXINS'TEST

INTRODUCTION
BACKGROUND: PYROGENS AND ENDOTOXINS
ENDOTbxlNS
PRELIMINARY TESTING

RSE: CSE Calibration
CSE. Calibration/PotencyDetermination Using the Gel:-Clot Method
CSECalibration/Potency Determination Usipg Quantitative Kinetic and Endpoint Assays
Activity Determination for aLiquidCSE ,
Screening and Qualification of Consumables: Compendial Requirement
Analyst Qualification
Equipment and Instrumentation Calibration and Qualification
LaboratorY Environmental,Conditions

METHOD SUITABILITY
Calculating Endotoxin Limits for Drug' and Biological Products
Relevarlce of Limits for Compounded Sterile Preparations
Calculating Endotoxin Limits for Active Substances and Excipients
Calculating Endotoxin Limits for Combination Products

, Calculating Endotoxin Limits for Medical Devices
Maximum,Valid, Dilution
Method Suitability Testing .
Qualifying Test Preparation Methods Other than Dilution

ROUTINE TESTING
Sampling
Pooling
Calculation of Endotoxin Content
Out-of-Specification Results and Retesting Considerations
Standard Curve Control

ALTERNATE TESTMETHODS
GLOSSARY
REFERENCES

INTRODUCTION

The first version of BacterialEndotoxins Test (8,5)appeared in USP 20-NF 15 (1980);Thechap~erwas subsequently har
'N.lth the Japanese and European Pharmacopeias" and the first harmonized chapter appe~red iii, USP 25~NF 20 (to '
first publication, the content has changed very little, outyears of experience; in'creasing,knowLedge, and more c
parenteral formulations suggest that the basic methodologies described herein could benefit from additional su
information. The purpose of this information chapter isto,provide additional background information and guidanc
perform,ance and proper application of the compendial bacterial endotoxinstests;

BACKGROUND:. PYRO'GENS AND"ENDOTOXINS

Pyrogeris, orfever-causing agents, are possible contaminants in.'parenteral products; Many substances can 'causefeverswhen'
injected, infused, implanted, or when they come in contact with the bloodstream or cerebrospinal fluid of mamrnals. Alth()lJgh
some biologics, vaccines, and cell and gene therapies may, by their nature, elicit pyrogenic responses in patients, the
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tand,"rTlost'potent'pyrbgenis contaminants in the manufacturing of parenteraldrugs and medical aevicesar~
o o' ,'.' 'c0rilponentsoJ the cell walls of Gram~negative bacteria (GNB). , ,,','

he~oi.JterceH membrane of GN.B. IfGNBcannotgrow, endotoxim cannot be generated. ",
in;activeJil c~ll.wallfragments after cells<;lie, S9 a materialrnay be ,sterile but IT,'laystill con,tain
actiVity. Bacterial endotoxins, when present in parenteral products'(includin ieal
cate that ,thegrowth of GN/3 occurred at some point during manufacture0 odutf:

"iht9' " rocess streamby pharmaceutical ingredientsincluding water, ra terticula'rly
eactiv,epharmaceuticalingredients (API), drug'product formulation excipien ima roduct

C; ", """,.Cl ,p()oenticimpraperly Cleaned or,storedmanufacturing equipment, and/()r ineffec lYe mi ial
,contamination c:ontrolpractices:

ENDOTOXINS

RSE: CSE Calibration

PREPARATORY REQUIREMENTS

The terms nbacteriare~'dot()xirisnand "endotoxins"referto a complexcomponent of the ()utercell membrane of GNB.
Alt' h still an a~tiveareapf fesearc.h, naturalcontaminants in sterile parenteraldrug products or medical devices are thoLJght
t eouter membrane vesicles (OMV), whichare mini-spheres of outer membrane material that are rele ' tively
p, . in~fc;:ellsas pan:()fthenorinal bacteri~1 growth'cycle (1-6) as well as outer membrane fragments rri
dis or deadGNBceHs.The biologically activelipopolysaccharide (LPS) isembedded in or associated
Gr gativeouter membrane components, including various prot~ins, phospholipids, and lipoproteins
hy ,bie .. 'portionofthe~PS molecule isembedded Inthe membrane and the hydrophilic po
, . nvironm r'rounding the cells. Some current research suggests thatit isdo

rmal gro' c1e of GNB .(3).
" ox' ' Sta~dard (RSE) and commercially prepared control st"ndardendotoxins (CSE) are

he GNBcell '," ,generally by the Westphal hot phenol method, and are purified t ' ,
membrane components (7,8). Additionally, these purified preparationsare often further f
, 8)~I\ssuch, ~PSprepared.usingWestphal, or other extraction methods,cannot c .

hey do not exist inthis form in nature,. Endotoxin standards, attributed to differe
1<;L"react differently from nativesources ofendoto>dns" (9). It is possible that st

her denaturif!gmethbds and then formulated may not always be representatl
ndotox.ins in,some.JJharmaceutical, biopharma, or medical deviceextracti

,metnodsin thecompendial chapters numbered below(1000) are conside
ontraet te . g laboratories,'must demonstrate that the chosen BET methodo ifie

woduct or, ,ed accord to.Bacterial Endotoxins Test (85); Gel-Clot Technique,' Preparatory ring
Factors or Photome ric Quantitative echniques, Preparatory Testing, Test for InterferingFactors (also know
enhancement testing). This sUitability testing will require the follOWing prerequisites:

• Calculation orassignm,ent ofanendotoxinsspecification or limitfor the material under test, and a the
maximum valid dilution,(MVD). See the following sections:Method SUitability, Calculat[ng EndotOXin i , rug and
BIological Products, CalculatingEndotoxin Limitsfor MedicalDevices, Calculating Endotoxin Limitsfor Combination Products,
ancf Cqlculating Endotoxin ,Limits forActive Substances and Excipients below.

• Demon' 'tion that thepositive product control (PPC) can be recovered 'at a dilution of material that exceed.the
eeBdcterial Endotoxins Test (85),. Gel-Clot Technique, Preparatory Testing, Test for Interfering Factors 0 otometric

Quantitative Technlques,: Pre,paratofy Testing, Test for InterferingFactors.
,Once assaysuitabilify has been demonstrated, the laboratorymay perform routine testing accordingto the caICLJlat'iolls ahd

samplepreparation condition,s thatwere described in the suitabilitystlldy. Changes to those,conditions(e.g.,·the lysate
and/orendotoxins source,product componerit(s); formulation, or changes in manufacturing) are subject to change.control
and "may require that the laboratory repeat the suitability study.

urifledLPS from ,different genera/species/strains of GNB, when experimentally administered to rabbits
ucesignificantly differentpyrogenic reactions(12,13). How,v . se
g their ability to elicit a fever in the rabbit (Pyrogen Test (15

e structural variability of LPS molecules can benormaliz, J
adivi .,0 es applyhere:

• OneUSP EUiseq'oivalentfci'one,lnte'rijational Unit(IU) as indicated in' (85).
• t:ysate reagents currentlydescribed in (85) are licensed in the United States by the FDA and have a sElnsitlvityassodateq

withthem; l1owever, the FDA does not license CSE preparations.
The,RSE is the purified Lps pstan , .that isformulated from a common bulk prep(,lration of E. cQli 0113iH10:KLP$

that isshar among the Worllth Or9 ation (WHO),European Pharmacopoeia (PhEiJr.), Japanese P poeiaUP),
acopela(U RSEwas originally d~velopedby the FDA in the 1970s to calibrate lysate .

facturers, a, ainsthe primary standardfor lysate' calibration,calibrationof seconda
the generation 0 arameters such as standard curvesand PPC assay controls.

www.webofpharma.com

https://nhathuocngocanh.com/



USP 43 General Information / (1085) 7667

Although RSE isavailable from USP for routlne use, most BET assaysare performed Lising aeSE,-whichis aseco-ndary
calibration analyte that may be included intALtest kits purchasedf~omreagentmal1ufactur~rs. rv1any CSEs are pro,videdas
lyophilized preparations of.a purifiedLPS that wasfilled and packaged by weight, not by actlvitY~The~purpose of the
standardizationstudy is to determine the specific activity, or potency, of the CSE in EU/unit ofw~ight of the materlaJ against
the RSE primarystandard.

All the reagents used in BET assays are biological in nature and, therefore, can'exhibit som'e variability'in sensitivity and
potency, makingcalibration against the RSE an important task.Calibration against RSEis necessary foreach unique combination'
of lysate lot and CSE lot. Ifa kit is purchased from a reagent vendor, the vendor will, conduct the k>t-specific stcuidardization
and providea ,lot-specific certificate of analysis (CoA) in the kit, which should be retained for reference in the laboratory.
However, there may be circumstanceswhen a laboratorymight choose to purchase CSE from a third party or to.calibratea
liqUid endotoxin preparation, which requires that the laboratoryconduct its own calibr'!tion study.

CSE Calibration/Potency Determination' Using the Gel-Clot Method

CSE potency determination in the gel-clottest is'accomplished by comparing the geometric mean, (GM) endpoints of
separate dilutionseriesof RSE andCSE made in Waterfor BET [see Bacterial Endotoxins Test(85), Reagents andTest Solutions,
Water (or Bacterial Endotoxins Test (BET)] and tested inquadruplicate.The endpoint isdefinedas the lasttube inatwo~fold series
of RSE or CSEdilutions showing a positive reaction (gel).To have an endpoint, the last positive tube must be followed in the
series by at least one negative dilution. The GM iscalculated as follows:

II:log endpoints l
Geometricmean =antilog numb~~of replicates

The RSEis labeledin unitsofactivity (EU/vial), and the unitsfor the GM endpoint for the RSE are expressedas EU/mL: Because
the CSE isfilled by weight, the units for the GM endpoint for the CSE are expressed as ng/mL., The potency of the CSE hi
EU/ng iscalculatedas follows:

Potenc of the CSE (EU/n ) = GM endpo!nt of the RSE ser~es~n EU/mL
y g, GM endpOint of the CSE senes In ng/mL

Forexample, to calibratea new lot ofCSE for use with a gel-clot lysatelot With, a labeledsensitivi
the RSE in EU/mL to bracket the labelclaimof the lysate reagent. Forthis example, the GM of the RS
of 0.125 EU/mL. Dilute the CSE in ng/ml so that an endpoint will be,reached. For.this example,the endpoi
is0.00625 ng/mL. The potency of theCSE for the particular lysate lot is calculatedas follows:

GM of the RSE = 0.125 EU/mL = 20 EU/n of CSE
GM of the CSE 0.00625 ng/mL . g

Forthis lot of lysate, the potency ofthe new ~SE lot is20 EU/ng. Ifthe lab wants touse this CSE lot With a differenflysate
lot, the calibration study must be repeated because potency determination references onlya specific combination of lysaterot
and CSE lot.

CSE Calibration/Potency Determination Using Quantitative Kinetic and En'dpointAssays

Determining the potency of CSE in a quantitative assay is performed much like a standard assayfor an unknown; set!
reaction times from dilutions of the CSE diluted in ng/mLare interpolatedfrom an RSE standard curveto yieldthe a ityof
the CSE dilution in EU/mL Sincethe concentrations in ng/ml of these dilutions are known, calculation of EU/ng is pie
mathematicalfunction. Forany given concentration of CSE, .calculate as follows:

EU/ng =(EU/mL) + (ng/mL)

Forexample, to calibratea new CSE lottor use with a chromogenic assay, the first step isto prepare a standar
RSE in Water for BET. The standard curve range is leftto the discretion of the analyst, but appropriate choices w
the same range as is routinely used in the laboratoryor the maximum rangesuggesteet by the reagent manufactur
analystdilutes the CSE to a known concentration in ng/ml and tests the dilutions as unknowns(see Table 1). Poin
consider:

1. Because of linearity requirementsfora standard curve, data used in the cakulation of potencyrriaynot be extrapolated
beyond the range of the curve, but rather must fall within the range of the referenced standard curve

2. Standard curvesshould notexceed the maximum' rangesthat are suggested'by the reagent maDufacturer
3. ForCSE calibration, it is recommended that replicate determinationsfor any given dilution be considered individu~lIy

(not averaged) when calculating the correlation coefficient to assess variability when calibrating the CSE .
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Table·l~.lExampleofCalibrationola (SE AnalyteAgainst·RSIE.in a Quantitative Assay

USP 43

~xarTlpl~
concentr~ti.oh Resul~ Result

(ng/ml) (EU/rill) (EU/l1g)

1 15 15

0.5 6 12

0.25 3 12

O.f25 1.8 14

- --. Average: 13.25

lri thiscasej the potency of.thenew, CSE lotwith kinetic chromogenicreagent.isthe mean ofthe fourseparate determinations;
Thatcakulationis13.25 EU/ng which isproperlyrounded downto 13 EU/ng. If the labwants to usethisCSE lotwith a different
lotof lysate-be it kinetic, end or gel clot-the calibration must be r,epeated because potency determination references a
specific combination of lysate I . d CSE lot. '.

Activity Determination for a liquid CSE

Aliquid tSEsuch as a nativeendotoxin preparationdoes nothave potency unless the actual weight of the source materi~1
is known (Endotoxin Indica.tors for Oepyrogenation (1228.5» .. Typically, liquidCSE are described in terms of a concentration of
activity expressed in EU/mL. The activity of a liqUid CSE in EU/mLis determined by GM endpoint determinationfor replicate
tubes in gel clot or by treating the solution as an unknown against an RSE standard curvefor quantitativeassays.

Screening and Qualification ofConsumables:CompendialRequirement

The harmonizedcompendial chapter on the BET requires that the laboratoryscreen consumable plastics for test
interferences., From (85)/ Apparatus:

Ifemploying plastic apparatus, such as microplates and pipet tips for automatic pipettes, use apparatus that isshown to
b ree of detectable endotoxins and does not interfere in the test. [NOTE-In this chapter, the term "tube" includes any
o receptaclesuch as amicrotiter welL]

~ PIas " 'e performance of the test are molded, meaning thatplasticpelletshave been heated to a very high
temperature t roduce molten plastic in preparationfor the molding process.This high temperature will destroy bacterial
endotoxins, so molded plastics are free of detectable endotoxinswhen they are released from the molds. However, depending
on the subsequent handling, recontamination is possible. Control measures should be in place to ensure appropriate storage
conditionsand avoidcontact with potentially contaminatingsubstances. However, unless depyrogenated plastics are stored
under damp con .. s or encounter substances during handling in which GNB ,could proliferate,the probability of
recol1tamination I ote~

. Ifa laboratory ts avendor CoA for the endotoxincontent ofa disposablecomponent, there shouldbe an understanding
of the methods usedto,determine the reported test result. Twoexamplesof CoAs are provided below:

• Ifa shipmef dilutiontubes is received frorn a vendorand is labeled "non-pyrogenic",what does this really mean? Was
the lot test r pyrogens using a rabbit pyrogen test or avalidated monocyte activation test? Was it tested usinga
st rd(8 ifso, at what level of endotoxin does the vendor consider the material to be "non-pyrogenic"? It is
i ant t e vendor how the material was prepared andtested.

• If ipment 0 tubes is received froina vendorwiththe.labelof "<0.5 EU/mL", whatdoes that mean? With what
vo e was t tracted (1, 5, or 10 mL)? A1-mL extraction'would mean <0.5 EU/tube, whereasa 5-mLextraction
would mean <25 EU/tubeand a 1. O-mLextraction would mean <5 EU/tube. The laboratoryshould askthe vendor about
the methqdof endotoxin extractionfrom the tube aswell asthe BETtE:!st conditionsthat were used togenerate the result.

Adefault method toconfirmthe CoA res41t is to treat the plasti~ disposableas if.it were a medical deviceand proceed
at to the thodology provided in MedicalDevices-Bacterial EndotoxinandPyrogen Tests (161). However, while (161)
d n limitfor medical devices as<20 EU/device,alaboratory may t to consider redefining the limits for
di he test to be lessthanthe valueof the most sensitive test used i e laboratory. Forexample, ifthe
la . . . .erile polystyrene tubes for sample dilutioh, and the most sensitive test isa kinetic chromogenic test with a
A; =0.05 EU/mL,thenconsider setting a li.mit low enough to prevent interferenceacross all test methods; .

Likewise, some materialscould contain extractable or leachable substances that could inhibitthe.LAL-bacterial. endotoxlris
assay. The PPC willirrdicatewhether the normal, routineuse of the plastic results in any leached inhibitory substance. Ifa
laboratoryisconsidering use of disposable plasticcontainers such as sterilepolystyrene for long-termstorage of materials that
ul Iy will betested,:itis suggested that they do testingto confirm that there are no inhibitory or enhancingfactors that
cou ect the accuracyof the test.

Analyst Qualification

G~merallaboratorytraining for analysts isgood .Iaboratory practice, aswell as a current good manufacturing practice(cGMP)
requirements (Microbiological Best Laboratory Practices (1117». Typically, training for performing any BET involves
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iinfor
. Note
ngeiri

dernonstratlonof acceptable proficiency for both sample preparation and assaymethodes). It is suggested that training be
divided into two parts:

1. Classroomtrainingdelivered by asubject m'atterexpert{SME)developsan understanding ofthe principles' andlimltation~
ofthe test methods as wellas the 'effects of the analyst'stechnique on the test result. Differencesbetweenarlalys~$ ip the
accuracyand precision ofexecuting basiclaboratory taskssuchas pipetting,weighingrawmaterials, a ' . " . tions
may introduce bias.Due to the inherent vadability of the reagents (lysate and CSE) routinely used in t , r
or inconsistenttechniques maysignificantly affecUheaccuracy of testresults. Analysts'must be,retraine e,st
method is introduced into the laboratory(e.g., a change in laboratoryproceduresfrom gel~c1ot to a kineti say)!

2. Training effectiveness should be confirmedby the demonstration of analystcompetency in performing the ,t~st.
. Competency or proficiency training may be divided into two parts:

A. Forcompendial assays where confirmation of assaysensitivity is required,it is recommendedone part of
performance training followthe provision in Bacterial Endotoxins Test (85); Ge/~Clot Technique,
or Photometric Quantitative Techniques, Preparatory Testing. Forthe gel-clotmethod, this.is the te
of labeled lysatesensitivity, and for quantitativetests, this requires the constructionof a linears
trainingon quantitative tests, it isrecommended that replicate determinationsforany givendilution be
individually (not averaged) when calculating the correlation coefficient to assess theva' ..
study. Bothof these proficiency assessments require analysts to prepare and dilute RSE
laboratoryuses a cartridge systemwith an on-board archived standard curve, it is reco
laboratorydevise another method of ensuringthat the analyst's technique in sample prep
sound. Thisproficiency training should be described, justified, and included inthe firm's s
procedures to ensure consistency acrossall analysts: Although there are many ways to deterniine
possibili~ is to ask the analystto prepare a sample with a known and confirmed level, of endotoxin ac
ultimately compare the resultto the known value. Ifthe calculatedvalues are incorrect, this may raisea
about the analyst's technique.

B. The second part of the proficiency training should be an lion the jobll 'training where analysts are reqUired to
demonstrate their abili~ to calculateendotoxin limits, prepare samplesaccording to the results of sUitabili~
testing, and appropriately execute positive and negative controls in accordance with produCt-:-spe!=ific
instructions and (85).

The following should be stressed during training:
• Appropriatelaboratoryaseptictechnique isimportantsothe arialystdoesnot contaminate samples,diluentS, er Cl~ce~sorie~

used to perform the test.
• Use ota vortex mixerorandther validated method (e.g., sonication.for sample preparation) is imp

distribution of endotoxins in samples and the aggregation state of the purified standards,in the'stan
the formulations of the CSEsprovided in LAL test kits are proprietary, it is highlyrecommended that anal
manufacturers' instructionsfor vortexingtime, both for reconstitution of the vial of LPS and in between diluti
vortexing of lysate is not recommended as it may result inbubbles in the reagent.

• If reagents are saved, ensure that the "open" date and "expiration"date are clearly markedon the primary containersand
that any holding of unused reagents follows manufacturers' instructions.

• Do not store RSE or CSE dilutionswithout a validation study thatinciLides vessel type and materials of manufacture,
concentrations of RSE or CSE that are to be held, hold temperature, and volume of the dilutionsto be held.

• When reading gel-c1otresu!ts, picktubes up one at a time and invert 180°. Picking up more than onetube could jostle
the contents. Once a gel is broken, it will not re~form, and the result may be a false~negative.

• When inoculating a microplate, tube, or cartridge Care should be taken to avoid the formation of bubbles, because.th~Y
will impact the accuracyof the test resl!lt.

• When using heating equipment (e.g., bead baths, water baths, plate readers), be certain thatthe equi'p!TIel1tis'qu"lifieCf.
• Ifusing a water bath for gel-clot incubation, change the water frequently. The recommended frequencyisat least

once a week.
• Ensure that all mechanical pipettors are calibrated, and use them onlywithin the calibrated range.
• Whe'n possible, use larger volumes(milliliters) for dilution rather than smaller volumes(microliters), as smallervolumes

increase,variability.
• Standard curvesfor photometric tests are constructed based on the 10glo of the,measured onset or reaction s a

function of 10910 of the endotoxin concentration.'Pay attention to the onset times of the standa~ds to ensure ,,',' " yare
consistent from run to run, analyst to analyst, and day to day for any given combination of CSElotand,Iys"te lot. ~ee .
Routine Testing, Standard Curve Control.

• Ifusing a monoc;yte activationtest, be.sure to include at least one non-endotoxin control.
An analyst requiresadditional training ifanyof the following is noted by.asupervisor:
• Failure to meet the requirements of the initial performance training. '
• Frequent inability to meet system suitability parameters, yielding invalid test results (e.g., confirmation oflab'

gel c1ot,demon$tration of Iineari~ for quantitativeassays, inability to ensure that negativecontrolsare !1onre~,

that the inability to recover the PPC within the required range maysignal an issuewith analysttechnique,or a
theprodud's manufacturing orformulation that changesthe produCt's interferenceprofile;

• Erratic resultsfor slope and y~intercept for quantitativeassays. See Routine Testing, Standard CurveContro/;
• Adverse trends for out-of-specification (005) or out-of-trend'(OOT) test results.
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Equipment and Instrumentation Calibration and' Qualification

Iification(OQ),
ith IQ/OQ/PQ

mentation and equipment used,in the performance of an LALtest, including (but noflimitedto) m
, heat blocks; and incubating plate readers, should be qualified using proper scienti .

protocolsand'mC)intenance schedules. Where appropriate,user requirement sp .
proocols and reports, should bewriften and ultimately approved bythe qualit .

radditional gUidance. All equipment used in performing the BET should
encies that,are in accordancevvith the equipment manufacturer's recommeridatlo '. ' ET
turesare. critical, equipment such as incubating plate readers, heat blocks, and water baths sholjld

c
• be

rmityof heat distribution.
. ube reade(s shouldreference a URS, an Installation ), ah operational

lification(pQ). Veryoften the vendors:ofthesei . ovidethelaborato
s-on assistan.ce that are very useful for e exec . 0 , . .

. tion dry heat oven is used to yrogen lassware or otherheat-stC)ble item d in the
BET assays, it ,must be validate o ensure appropriate time/temperatureexposur dloadpattern
ion(1228.1) foradditional guidance).

are mu~t be compliant with all federal regulations and standards (21,tFR part 11 in the United States); It
idual user passwords and audit trails~ Quality control should understand how the vendors ofthe BET software
their <:alculations. For example, if the instrument reports out an averaged result for the assay of three
tested in duplicate, did the software programaverage.the onset times to get the result~ordid itaverage the

laboratory Environmental' Conditions

ETcan b~ performed in most modern laboratories under controlled cohditions. Appropriate aseptic technique is
nt 'Nhen preparing and diluting standards and handling ·samples. Gowning practice outside of normal laboratory

. equipment (PPE) requirements is not a concern unless the product und ' . ic analyst
s due to toxicity or infectiousness. Gloves should be talc-free, as thetal tlevels'of
aders, water baths, and dry heat blocks used for sample incubation sh chaway
tion, ,and air conditioning (HVAC) d ' . nificant vibratio ora e

ld times and conditions should be ined and subseq cu
It be generated In.the qualifi,.For example, if the laborat

must itbe refrigerated or can main at m temperature, an
the primary samplecontainer(s) be adequately ed before removing

ent dilution.

METHOD SUITABILITY

Calculating ,Endotoxin limits for Drug and Biological Products

K

M

An endotoxin limitspecification for a compendial ,article is the allowable amount of endotoxin activity that can be safely
contained in arenteral product, according to current understanding and experimental evidence (5). The en in limit

. rug product is dependenton three variables: 1)the route of administr . ,whic rg I the
otoxin limit formula, 2) the dose 'of the product per kilogram of body . ht, an Ion (time)
s information can be found in the package insert for an approved rug productor ca. tained from
ent group for a product that is either still, in development orin Iyclinicaltrials.

Imltspecification is calculated for each drug product formulation an set of administration'co-"cHtions as

K
M

== threshold pyrogenic dose of.5 EU/kg for 1J10st routes of administration or 0.2 EU/kg for intrathecally administered
drugs (see Table2)

=~maximum recommended dose of product per kilogram .ofbody weight of the patient. This doser
concentrati,on of active ingredient (potency of the active ingredient) in the finished product
productis infused or injected into a patient at frequentintelV91~pver an extended time" th
maximum total dose administeredina 1-h?ur period. If the p~diatric d()se per kilogram pe
the adult dose; the pediatricdosemust be usedforthe calculation.

lculati'1g the endotoxinlimifspecification, body weight is definedac;cordingto 'the intende
w ifferin terms of geographical regions or p . nt populations. For example, the average adu
is a 0 weigh 70 kg, whereas the average adul apan is assumed to weigh 60 kg (74).Pediat
30 kg or below.T~e ayerage weights for children can, e ound on the Centers for Disease Control
growth.charts page (see www.cdc:gov/growthchartslclinical_charts.htm). The body weight factor s
other special category patients should consider the worst case, Le., lowest body weigntin targeted patient
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can receive the greatest recommended qose. There isalsoa special considerationWithrespectt6 bod)f"weights for veterinary
products.Veterinary drug products may be administered to a variety ofdifferent speciesor subspecies.Generally, the smaIL~s!
animal, will have the greatest dose per kilogram; Reference to the productpackage insertis highly r,ecommended'\'Yhe!1
establishing veterinary endotoxin limitspecifications. .' . . ", '. ' . "

Different routes of administration or types qf product, e.g.1radiopharmaceuticals oron~ology products'aqrntnistered
square meter of body sUrface, havedefinedvalues for Kinthe endotoxin limitcalculationasdescribedin (8S).anda
the product package insertdescribesmultiple patient populations, indications, and,routes ofadministration, it issug
the laboratory calculates the limitspecification foreach administration andchooses the most conservative one as the en
limit specification for the product. Asummary isshown in Table 2. '

Table 2.' Defined Values. for·k in Terms 'of Route of Administration

Route of Administration K M.
Intravenous (IV) forpClrenteral produCts stU/kg ofbody weight Maximum doseperki!o9rah]a(jmjillsteredi~Jh'

IV for radiopharmaceuticals 175ElJ Volume,ofthemaximum recornlT!endeddose

Intrathecal (IT) for parenteral products 0.2 ELJ/kgofbody weight Maxirnurndoseperkiiogra'rn'iIolT!fnisteredin1f)

IT forradiopharmaceuticals 14 EU Volume ofJhe maximulJ1recommeQg~ddose

Parenterals administered per square meter of body
Maximum dose per square rneterper hOllrsurface 100 EU/m2

Injectibns other than IV (intramuscular, subcutane-
ous, etc.) 5 EU/kg of bodyweight Maximum dose per kilogranladmrdistE!r~(fiijlh

Intraocular fluids 0.2 EU/mL(15) -
Anterior segment soliddevices 0.2 EU/device (15) -
Ophthalmic irrigation products o.s EU/ml( (771» ,...-

Injected or implantedophthalmicdrug product 2 EU/dose «771» -

Some USP productmonographs haveendotoxinspecifications defiriedat a targeted concentrationfor administeredproduct.
However,endotoxin limitspecifications should be calculated for all indications in the product's package inse
indications and administrationsfor the product may be differentfrom the data used to calculateth ..
limit. If a firm's most stringentlimitis lowerthan theUSP limit, the firm should use.its Ibwercalcul -n

ltis important that the endotoxin limitspecification,.as a critical qualityattribute for a new prod
development and monitored throughout development and early-stage clinical trials. Ifa ,dose has no e
limitshould be calculated based on the worst case (highest)dose that is anticipated for the produc;:t with res
patient population and the route of administration. Early phase endotoxin limits may change bas.edondosin
formulation changes prior to commercialization.

Calculating Endotoxin Limits for Active Substances and Excipients

Relevance of Limits for Compounded Sterile Preparations

When sterile compounding pharmacies prepare therapiesfor injection or,infusion, care must be taken to avoidthe addition
of endotoxins to the preparations. The compounding pharmacyshould use only product contact materials ave
depyrogenated in house or that they have received as sterile and free of detectable endotoxins (see Sere . '1cbtion
of Consumables: Compendial Requirement earlier in the chapter). When dilu'ents or intravenous (IV) solut r
preparing a product intended forlV, IM,intrG\ocular, or,intrathecal (IT),administration, the diluentss . r
obtained and should meetthe compendiallimits, which mostcommonly are 0.5 EU/mL. Ifthe requi 'd"
monograph article, it should be maqufactured to meet the compendiallimit of 0.5 EU/mL. Ifthe reguired .' uen IS .
for IT administration, it is essential that the laboratory ensure that the diluent plusdrug product does notexceedthe more
stringent IT endotoxin limit.

The control of the levels of eridotoxins inexcipients and activesubstances can minimize the riskof ffnished dr 'I
contamination. Suppliers and drug manufacturers should perform,risk assessments of these substancesbased on
origins, production methods, representativesamplingand testing,and storage conditions. Forexample~ material
originsuch as sugars, heparins, and enzymes may contain significant levels of endotoxins and/or glucans. Suppli
materials shouldbe audited or closelyevaluated to ensure control of bioburden and endotoxins in their manufacturing
operations. If these suppliers prOVide a CoA regardingthe endotoxins or.glucan content for individual lots ofm . ,tne,
evaluation should also include an assessment9f the validity of test methods and theaccuracyof testresults an esting
history.

Consideration should be given to usinga glucanblockerforproducts ormaterialsthG\tmaycoritafnglucans
endotoxiris. Glucan blockers are used to,ensure that all ~ests are specificto endotoxins, preventing aJalse-p ..
the test to glucans. Because products do not haveglucanspecifications, glucan-blocking reagents are specific 0 ass , . '.~

and lysate formulations and are generallyoffered by lysate reagent manufacturers:.Because glucan::-blocking reagents are~u~ecf
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ht'vyays,jt.is recgmrnendeq thatlaboratorie'sfol.low the reagent manufacturers', instrLictionsfor;the~se offbese

ateria/sor articles,aretested and releasedin-house,endotoxin limits should be~as'signed ugh:
.·oft , .,potential contribution' to the formulation. Working backwards from the calculateddrug pro

, <;>reridotoxil'ls,lj,mits can be assignedtoeach individual component in theformulation vviththea~s

duct IimitwoiJldnotbe e',(ceeded ifeach componentwere at its limit. ,lUhesame component is use,
u a Ions; the lowest Iimit'shquld be used for the testing and relec;lseof that component.

Cald,dating Endotoxin limits for Combination Products

. 'derinedas-a product comprisedof two or more regulated components (Le. drug/d
g/deviCe/biologit) that are physically, chemically, orotherwise combined or mixed

efinedas tWo or-more separate products packaged together ina singlepackage or a
f drug an "evl~e products, device and biologic~1 products; or biological and drug products 16 ,1

two or more regula'ted components presented as a single-entity product (e.g., pre sy
I"tedprocfuctsare packagedfor use together as a.single-entity product (e.g., a I, ,i1iZ,:E!
arid asyringe):,Although a manufacturercan propose and justify unique limits for review in

, ,ome general points to consider:
, ph:>ductis a drug/device combination such as a prefilled syring~, theprefilled syringen1

he endotoxin limit for the drug product prevails. Any endotoxinscontributed by the contai
eluted with the drug product during sample preparation and, therefore~areaccounted fo

" " ble encl0toxins.
• Ifthe combination productis two drugs to be administered simultaneously [IVorintramuscular(IM)]; then the endotoxin

content of the combined dose may not exceed the endotoxin limitfor drugs of 5 EU/kg/h for IV or 1M administrations or
0~2 EU/kg/li for ITadministration.

• Ifthe:c 'ination product isa kitcontaining multiplecomponents that are administeredas asingleentity (e.g., a
lyoJ:>hili product/diluent/syringe) the endotoxin content of the combined dose may not exceed the endotoxinlimitfor
drugs of EU/kg/hfor IVorlM administrations or 0.2 EU/kg/h for IT adl11inistration.

Calculating Endotoxin Limits for Medical Devices

Chapter(161J assigns the~ndotoxin limitfor mediCal devicesas20 EU/device except for those medic
" 'twith the cerebrospinal fluid, whichhas an assignedlimitof 2.15 EU/device. Devices thafcontact , te

ould not exceed alimitof0;2 EU/mL or 0.2 EU/device, as appropriate. Endotoxins in oroo solid ma
t measured directly, but ratherthe device is rinsed, soaked, or extracted in an appropriate vo

and the extract~' are tested; in some cases extractsfrom several devices are pooled for t .
,endotoxin it for adevice extract Is 'expressed in EU/mL, which can later be converted mathematically "
endotoxin limitfor an extract is inversely proportional to the volume of solvent used for the extraction.The relations

E d 'L' it Kx Nn otoxin rrm ==-v-

K =where endotoxin liOlitperdevice(20 EU unless otherwise defined and justified; 2.15 EU/devlCeforlT devi~es)
N mberof devices represented in the p~ol

V tal volume ofsolvent used to extractthe devices

Forexarnple, if the laboratorytests 10 IT devices,eachwith an extractionvolumeof50mL, the endotoxin limitspedficClti~n
for the pooleq'~xtract is:

Edt"' .... ',L' It - K xN _ (2.15 EU/device) x (10 devices) = 004 Ell/, ,Ln otoxm rrru - V -SOOmL . ,m

. [NOTE-,-Althoughprimary packaging components such as vials or stoppers may be tested usingtlie techniques descrl
(161,tbey are:not consigeredtobe medical devices. The laboratoryshould assign endotoxin limits to th 'se com
are er than. .. . for standard medical device, but appropric;lte for the.drug formulation a
som .aldevices (e.g., dialysisfluid) ora solid (e.g., an enzyme). Forthese, products, the <;:::HUV\.,",

.cal~u a,e rassigned an es ed as if, the devicewere a drug.]

Maximum Valid Dilution

As product-assodated interferences are diluted/so will any endotoxins inthe sample be diluted.Therefor
th' . 'induded in thecompendial chapterto definethe up'perbound ofallowable product dilution. T
o 'in'limit for the product, the starting concentration of the product (generally the concentrati
i tnesensltivity oftnetest method.The MVD isdefined as:

MVO = (Endotoxin limit) x (P~oduct Concentration)
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where
e The endotoxinlimitis the calculated limitfortheproduCt or device.· )
• The product cOnc~ntration equalsthe concentration of the active ingredient inur:'its perniillmter~ Fo(those products

administered on a milliliter per kilogram basis or for medical deviceextracts,the product concentration equals 1..
• A. = the confirmed labeldaim' sensitivity for gel-clotmethodor the lowest point on the reference'd standard ('urvefor the

quantitative tests , ..'
Additional information on the MVD includesthe following: ~t .
• The endotoxin Iimi(is constant for any givenformulation/dose/adr2inistration.
• The MVO isdirectly related to the starting concentration of active i~redielit, and the higher the starting concentration,

the higher the MVD. i'.~

• The MVDis inversely related to the numerical valuegivento the te~method'sensrtivity. The more sensitive the t
the denominator in theMVD formula gets lower),the highertheM~D. Changing the testsensitivity to a lower
(more sensiti~e test) will.assist in providingadditional dilution roomlor iQterfering products~

• The units in the formula cancel out. The resulting calculated value isadilutionfactor with no units. Forexample,'an MVD
of 100 means that maximum dilutionfor the product concentratiOl\kart be diluted no further than 1:100 to have a
." . . q

valid test. .' . . '}.... '. '.'
• The MYD does not.limit the 'nec,essary product dilution when dete ' ning the true amount of produ

sample that fails to meet the endotoxin limit. When a product fail the MVD, it does not meet th'
requirement. In this case, it is recommended thCit the laboratory rminethe total bacterial endot
product by dilution to extinction (a negative test for gel clotand 'dreading on the quant!~ative 5
actual level of endotoxin contamination in the product may prov helpful for trending purposes
the root cause of the contamination during the OOS ir:'vestigation.

Method Suitability ie.sting

INTERFERENCE SCREENING FOR DRUG PRODUCTS, ~1f\JCLUDING .BIOLOq1c: DRUGS

The principles, and practicefor performing inhibition/enhancemen
Preparatory Testing, Test for Interfering Factors or (85), PhotometricQuanti
Factors; Although historically suitability tests utilizin three 'Consecutive I
suitability, it is re,commended that an appropriate b f lotsof pro
to enable·a valid assessmentfor the potential of 10 10 riabilit in
biological products or products where product development and
variability. Productswith greater variability in their starting material, an.
than three lotsfor suitability testing, whereas for products withlittleor no.process or product variability, t. ay sLJffice.
The number of lots tested for suitability should be supported by a risk assessment including info 'ononthe life cyCle stage
of the product (clinical/commercial),. known sourcesof variability,and material testing historyt uld support an increased
or decreased number of lots chosen for suitability testing. All materials that-are being tested usi ethods described.in (85)
including excipients and raw materials, should have a suitability study to assure that any interferences and variability are
identified, mitigated (ifnecessary) and taken into account in the testing procedures.

COMMON TEST INTERFERENCES

Mostpharmaceutical products have been found to interfere to some extent with BET performance(78). Because of the high
assaysensitivity, these product-specific interferences can usually be. overcome by dilution in Waterfor'BET [see Bacterial
Endotoxins Test (85), Reagents and Test Solutions, .Waterfor Bacterial Endotoxins. Test (BET)], .not to exceed the product~s ec'fi~

MVD. Interferences mayaffecteither th~ enzyme cascadeof the LAL reaCti9n itself or the analyte used asthe PPC (e:g., ied
LPS), standard, or both. Table 3 isa listing of common interferences and mitigationstnat maybe consideredand irnplem ted
beyond mere dilution (79). Where buffers or solventsother than Waterfor BET are used for dilutionthey should be free of
detectable endotoxins.

Table 3. Common Interferences and Mitigations

Mitigation

Dilution in Waterfor
Adjust pHof the ro
dium hydroxid
sate + sample
by the lysate

Dilution in Waterfor BET-is usually sufficient.

Interferes With

LAL cascade

LAL cascade

Interference

Osmolarity

pH

Chelating agents
LAL cascade
LPS aggregation

Dilution inWat.erforBET
Adda magnesiumion~contalning Duffer.

Glucan LAL cascade
Usea glucari blockersup~pliecl by the reageritcnarh
ufacturer.
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Table.3.Common Interferences and Mitigations (continued)
1l1.terference Interferes With Mitigation

Nonspecific protein interferente(e.g., serinepro- Dilution in Waterfor BET
teases) tALcascade Dffution in WaterforBfT combinedwith heat

Dilution inWaterfor Bl:T or diluentscontaining
tAL cascade 1mM chelatingagent ethylenediaminetetraacetic

Heavy metals LPS .aggregatiori acid (EDTA)

!.Al. cascade Dilution in Waterfor BET ornormal saline
Proteins LPS aggregation Dilution inWaterfor BET combined with heat

l.Al.cascade
HighdE!tergent LPS aggregation DilutioninWaterfor BET is LJsually sufficient.

Caldum·cation
Dilution inWaterfor BETor diluentscontaining

tAL cascade 1·mM<;:helating.agent fDTA

Amajorityof testinterferences are overcomebysimple dilution. Dilution can be inWaterfor BET, bUffers (e.g., trisor HEPES),
buff 0 taining glucan-blocking agents, and buffers containing divalentcations or chelating agents as reqUired. Dispersing
a be added todiluentsto further mitigate interference, and their value as an additive is typically considered during

. teworthy that glucan inte . a common interference in some biological products. Where
. fa glucan block onsidered during assay suitability test method development.

dcommon buff . . bove should be checkedto assurethat they not interfere
meileutralizing agen e~g.,.proteinase K) may not be manufacturedwit propriate

co .. ntamlnation with GNB. Ifthese reagents are used, they shouldbe checked to assure they do not
contain endotoxinsat levels that may contribute to the.levels ultimately reported for the product. All BET assaysmust be
conducted atneutral pH. NeutralpHfor BET assays isgenerally defined as 6.0-8.0, but becausealllysates are differentin their
formulations, .the laboratoryshouldconfirm the proper rangeasdescribed in the lysatemanufacturer's package insert.However,
the ent itself may providebufferingcapacitysethe mixtureof lysate and product dilution should be tested for pH during
the SUI ability study. pH may be adjusted to neutrality by theuse ()f buffers as diluentsor endotoxin-free hydrochloride (HCI)
o . d' aOH).Ifadjustment of ., equired usingacid or base, it issuggested that the pHbe measuredduring

ssess lot-t variatio product.
manufac prietaryformulations, and allare calibrated for sensitivity against the

alldetect LPS inwater. However, LPS 'vity may not be recovered equallyin
different compe thods..Ifthereissignifi t product-specific interferencethat cannot

. . Ithin the MVD or b n itigation methodologies(Table 3), the laboratoryshouldconsidera
different Iysa mulation or test method b~fore cone ing'that the LAL-bacterial endotoxinstest iseither invalid or
unacceptable (20).

Qualifying Test Preparation Methods Other than Dilution

For sample preparation that requires manipulation other than simpledilution, e.g., heating or ultrafiltration, (85) instructs
the analystto proceed as follows:

"1terference-may be overcome by suitable treatment such as filtrationr neutralization, dialysis, or heating. Teestablish
that the chosentreatment effectively eliminates interference without loss of endotoxins, performthe assaydescribed
above using the preparation to be examined to whichStandard Endotoxin has been added and which has then been
submitted to the chosen treatment.

ROUTINE TESTING

Sampling -

All materials used to sample matertals for el1dotc>xin content (scoops, pipettes, bottles)must be inert, withrespect to the
inaterial(s) being sampled, and they must be sterileand free of detectable endotoxins, Even though samples are often taken in
th 'eld without the aid ofa laminarflow hood, samplers musttake precautions that a) they do not contaminate the sample
it b) in taking the5ample, they do not contaminate the rest of the material in itsoriginal container.

e . . scheme forfinished drug products isto.take at least 3 units representingthe beginning, middle,
ve . standardrun of a small-volume parenteral, biological therapy, or la~ge-volume parenteral,

sen sample and may identifyonlythose lots that are uniformly and highly contaminated,
o be ied and should be basedonthe known variability of the process, the.unit operations of the

owlecjge e process, and materials used in manufacture. .. ..
o' erallynot homogeneously distributed in any product or material, liqUid or powder. Care

must be .. a en to flus rculating water loop beforesamplingand use the same equipment for samplingthat isused
for manufacture t9 ass . sentativesample; For example, ifa hose isattached toa portfor the purpose of transferring
water fr()m a circulating.Ioopto an>ot,her.a formulation ve~sel, the water sample must be takenfrom the same hose with the
same flush. times as used.by manufacturing. So, whilethe water within the a prop-erly constructed and controlled loop may
theoretically be homogeneous, differences in the portsalong the distribution loop mayadd endotoxins to samples,
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Forhighlyviscous materials,. a suitable inert rod free of detectable endotoxinsmay be used to mix.the materl riqdo
sampling.Sterile, pyrogen-freespatulas and scoopsare usedforpowdered and~granular solids. Because of th~.lac ~sura'~c:e
of homogeneity, the number of samples from viscous materials and powders should be determinedrelative to t' umb~r;Qf
units initially received using appropriate statistici31 proc~dures;. ,."', "

Particularly forsamples of viscous and poWdered materials, samplersshould have training on how to spotsigns of
non-uniformity. Such indicatorsmay includedifferences inshape, size, or color or evidenceof moisturein poWd
For viscous materials, samplers should be trained to look for stratification of the material, 'clifferencesin viscosity
pa'rticulate contamination. Samplesof raw materials that could exhibitv'ariability in endotoxin content should
(see Pooling).

Inthe case of a new vendor of a raw material, the methodologyand calculations u~ed in the 'determination
content of the material should bereviewed. Ifth~ material isdesignated as critical for manufacturing, a sit
may be in order. Inaddition, it is highlysuggested that an in-house confirmationofthe accuracyof th
on the CoA be performed. Forcritical materials, .the quality agreement should require that manufac
inform the pharmaceuticalmanufacturerofchanges inprocesses, controls,orrawmaterials so that t
at change control and the need for re-confirmationofmaterials can be determined. Once the CoAs
confirmedfor a predetermined number of shipmentsjustified in the sampling plan by history, and depeh In
of the manufactlJring process,the laboratorycan .consider accepting the CoA with periodictesting of the incomi
as long as the manufacture of the materials has not changed.

Pooling

The term "pooling" refers to creating a compositesalllplepreparation that includesthe total contents
unitsor equal aliquotsfrom the unitstaken from the same lot or batch. Pooling isoften done forbate
isan acceptable option for laboratoriesperforming anyofthe BET assays on drug products (9). Howe
of drawbacks; the most obvious,is that it will dilute endotoxinsthat may be in any one of the units, potentially
variability in endotoxin content and distribution among the units that were pooled. Sampling plans,including in
pool samples, should be'scientifically justified.

Ifunitsare pooled, the MVD must be adjusted to accountfor the possibilityof endotoxins in ju
adjusted MVD iscalculated by dividing the originally calculated MVD by the number of units
example~ ifthe M fora small volume parenteralis240 and a manufacturerchooses to poolt
MVD is 240/3, is 80. This reduction in MVD effectively reduces the endotoxin limitfor
to compensate f . oling;While poolingmayresultinan incremental savingsin reagent usageand,therefo
there are a number of points to ~onsider when pooling:

• Pooling maY'obscu're any ncin-unifor'mity in endotoxin content between the individual samplel.Jni .
variability may be valuable in troubleshooting or investigations. Forexample, random contaminatio pIe
filling needles may cause some vials to contain endotoxinsand others not

• Taking aliquotsof samples for pooling should always be performed using aseptic technique and with i
vigorously mixed prior to removing the aliquots. The original containerswith remaining product s
investigationin the event of an,OOStest result Removing .the aliquot through the disinfected rub
pyrogen-free syringeisadvisable to maintainthe integrity of the unit container during subsequent st e
testing.

• Theconcept ofadjusted MVD does not applyto medical devices, as they are, by convention,commonlypooledfor testing.
• Any samplingscheme for drug products must representthe beginning, middle, and end ofthe batch. Additiona,l samples

may be taken if interventions in manufacturing raise concernsabout possibleendotoxin contamination.
• If testing at the adjusted MVD causesan unacceptable increase in product-specific interference, ,samples should. bef~step

individually.
• Productswith'low calculated MVDs, or suspensions Where there is no assuranceof homogeneity inthe.removed aliquotS,

may not be good candidates for pooling. '
• Pooling is'not appropriate for in~process samples, particularly those representing differentstages ofmanufad.ur,in'g.'

Cakulation of Endotoxin Content

AU BET results are provided in EU/mL. Ifthe product being tested-has a limitexpressed in EU per unit of wei
(e.g., EU/mg), a calculation must be made to convert EU/mL to EU(mg. Forexample, the endotoxin content
With a starting concentration of 10 nig/mL, after adjustmentfor the dilutionfactor, isdetermin.ed by geldot
The endotoxin content expressed in EU/mg is:

(5 EU/mL) + (10 mg/mL)=.0.5.EU/mg

Out-ot:·Specification Results and Retesting' Cons_id~rations

An endotoxins test result that does not meet product specificationsnecessitates an investigation (27). The suspeCt resultJ~
consideredvalid unless a comprehensive investigation clearly demonstrates otherwise"., , ,_ , .

Invalid tests,'however, are n.ot o.OS results. Invalid tests are those where system suitability parameters such as negative
controls,PPCs, confirmation of labelclaim in gel clot, or generationota linearstandard curvedo not fun~tion as,expecteaand
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therefore may affect the accuracyof the test results.~Althoughinvalid tesksholJlqbe tracked afldtrendedtolookJor patterns
and trends that might require a corre~tive adion, a true.OOS.testfailure .onlyexists when a valid ass~lY has been performed
and generates results that'e.xceed the.spedficationl

Afinding of a nonconforming testresultrequir~s a laboratory assessnientto.assuret ~'racyofthe data'. The
guidance for iodustry'termsthisa Phas~1 irwestigatipn.(21): Despite the fact thata fail ssay is rare, thei
should be done.in a timely manner to ascertain if there was anything atypical abou . pr . .
or;performance of the testthat may affect the a cy.of the test resylt. Phase ,I sh . includ riti
ofsampling methods and techniques; sample h nditions, sample preparationitestmeth . ra rs~:
qocumentation, indudingreal-time notations oftestirig errors by analysts and a reviewto find any e'rrors in c
()rganizing tool,suchas a fault tree analysis (FTA) or Ishikawa(fishbone) diagram,Jnay help theteam members
their thoughts and, complete the investigiltion ina timelyand compliant manner:

The-use of a checklistapproachwillpr()motecompleteness.and consistency across allassessmemts; . . ..
The purpose of the Phase I laboratory investigation .is to confirm ·the accuracy of the original test result. A Phase I checklist

should include the follOWing, ata minimum: .
• The testing history of the material undertest: Has-a specifiC assay problem or repeated failures for the 'same product been

previously observed?
• Sampling procedures, sample container.integrity, and sample preparation: Were samples:takerl, transported, and stored

correctly, following approved methods?
• Reagent preparation, storage; and use.
• Calibration and maintenance stat!,Js of dispensing, in<:ubatioh~and reading instrumentation;
• Appropriateness of sample contact equipment and disposables.
• The test procedure: Is it consistent with the suitaoilitydata,and was it precisely follow~d?

• Were alfcontrols and other system'sUitabilitYiridh;:atorswithin normal limits? Ifnot, then the testis hot 005 and is invalid.
• Wereall calculations (product endotoxinlimits, MVD, andehdotoxincontamination levels)performed correctly? Were all

transcriptions performed accurately?
• Was the analyst adequately trained? What is the analyst's 005 history?
An approved BET stan.dard operating procedure (SOP) shouldincludetwpimportantdirections to analysts:
1. Ifana st realizes and documen at a mista sbade dur testin' . .

sampl paraih..ition, or t uldaff
be sto an reason for t . st mented

2. Analystsshouldnot:-distard the'original sample,anycof the~aiTlplepreparatio
the results of the assay are known and ated again product specifica
assay may be' an. important part ofthe ~atory in . ion.

Ifthere is no analytical failure or documen oundj the result is considered valid and the product is OOS. On the
other hand, ifthe analysiswasconducted inco ente error(s) are the, root cause of the failure, the Initialassay
is invalid and the product may.be tested a . ols.

Investigation of production pr ces, 0 nvestigati
activities that could have impade e.en . in c nt ofthe failed product s
by across-functional team indudingoperation$, facilities, and engineering, wit istance from a micro
potential sources of contamination relating to contamination control requirements during m

The PhaseI' investigation is actually a reassessm'ent Iidated process control, particular
failure for the product A product manufactured un of control should not . nd
investigation should focus on anything that may have e Ifferent about the lot i estion.
. At any point in the investigation, testing can be performed to challenge hypothes egarding the reason

the material. to meet its limit. However, itis important to note thatthese investigational tes not consi
and should not be used to release material. Rather,: they are,used'to ntify conditi., ha
inaccuracy in the testing of the product. A laboratory SOPor policy s ould also be .n
procedure(s) that must be followed for the purposes of.investigational testing. Such a pan.
regarding the appropriateness of investigational testing, retesting, or resampling;the plan sh
quality unit.

Investigational testing should bewell-defined and justified,pre-approved an
test of the original sample preparation firlds t. e product meets the s
was made in some aspectof the execution of . . 'ust as
case, any hypotheses should be proposed and t c ed.to confir
the investigational tests on the sample is.not to the original 005 .'
potential failure so that a more effective effort c;anbe·made to pinpoint the problem
and' preventive actions.

The statement in (85) thatreads"ln-theevent ofdoubt or dispute~ thefinaldecisi
testl!nless otnerwise indicated in the monograph for t oduc~ being tested" .delymisinterpre
onlyto the specific case of a conflicting result between .gulatoryagencyusi ot method ,fo
and a testing laboratory using a different LAL-bacterial endotoxinstest platform; It is not intended to allo
gel~dot result that provides passing results when the Ictboratory's customary assay method for the produ
result. .

In the event of a product failure,the total levelof endotoxins activity in the failed sample(s)should be de
assays, this may involve testing of dilutions beyond the MVD. until an endpoint is reached for gel clot or a v
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obtained for quantitative tests. These values may providea clue as to the source of potential or aCtual product contaminaHon,
or a case of mishandling of a positive control, or a tube mix-up:

Standard Curve Control

Standard curvesare created for 'endpoint chromogenic assayby evaluating the direct relationship between colorintensity
and standard concentration, The resulting curve has a positive slope, and (85) indicatesthatthe correlation coefficient of the
curve mustbe2:0.980. ",' ",'

The standard curve isCreated by plotting the 10glo of the onset or reactiontime requiredforeachstanqar .
predetermined optical densityfor kinetic turbidimetricassays or color intensity for kinetic chro' ni ri
the 10glo of the standard concentration. This transformation of the data results in a standard curv it nd
the correlation coefficient must be ~ -0.980. Therefore, it. tan be stated that the linearity requirement for all
quantitativeBET assays is I~ 2:0.980. The requirement isexpressedto three significant figures becausethe I
it is inappropriateto havea standard curvewith I~ =0.979 and round up. However, in a well-controlled la
coefficients should routinely be greater than 0.980~

All standard curves have a corresponding linearequation y =mx + b wherein is the slope of the standard
lineand b is the y-intercept Because the y-intercept is the point where x =0, and because in akinetic assayt
the y-intercept is really at the 1 EU standard. Because of the transformation of data to 10glo, standard curvesfbi q
assays can be verysensitive to-small changes in onset times. . . '

Accuracy of test results depen'dson the accuracyof the standard curve.Therefore, .theonset timesf
unique combinationsof lysate lot and CSE lot from run to run, instrumentto instrument and anal st
monitored: Forexample, an analyst can makea twofold or tenfold dilution error in the dilutio
produce a linearstandard curve that meets the requirement I~ 2: 0.980. The dilution error woul. n
the correlation coefficientalone, but would be evident in the onset tinies of the st~ndards. An over I

would run more slowly (longer onset/reaction times) than a properlydiluted standard series, and an
standards would run more quickly (shorter onset/reaction times) than aproperly diluted standard ser
would also be reflected in the valuesgenerated for the y-intercept Changes in slope can also affect t u
data. It issuggested that part of an analyst'straining inquantitativeassay performanceisto understand the imp
on the accuracy of the test result (22,23).

ALTERNATE TEST METHODS

The methods listed in (85) for the detection of bacterial endotoxins (gel-dot limits test, gel-clotassay; kinetic c
endpoint chromogenic, kinetic turbidimetric) are ~onsidered to be validated. However, a laboratorymaycho
methodology that isnot listed in (85). Ifsuch a choice ismade, the alternate test for the detection of bacteria en
be fully validatedto ensure that decisions made using the alternate methodology are eqUivalent to or bett
made usingthe validated USP methods and ultimately approved by the appropriate regulatoryauthority. AI
testing isnot specifically cited, guidance on how to think about the validation ofalternate methods can be found J.,
ofAlternative Microbiological Methods (1223) and Validation ofCompendial Procedures (1225).

GLOSSARY
Bacterial endotoxins: AGNB outer membrane macromolecular complexof polysaccharide, lipid, andprotein'. Extracted,

purified, and highlyconcentrated (protein free) endotoxin isgenerally referredto as lipopolysaccharide or LPS to distingUish it
from the more natural complexed cell membrane associatedform (24).

Bacterial endotoxins test (BET): Compendial bacterialendotoxins test
Control standard endotoxin (CSE): Apreparation with a stable endotoxin concentrationcalibrated a

are generally prepared by vendors or by laboratories, and although called"standards," are not certified for e.i
actiVity by a third party. CSEs are best described as calibration analytes. CSEs may be purified or they may b
nativeendotoxins. Ifa CSE isa preparation not alreadyadequately characterized, its evaluation should.inclu
parameters such as activity, uniformity, and stability, which would demonstrate the suitability of the material to serve.m .he
calibration of a BET. Detailed procedures for its preparation and use to ensure consistencyin performanceshould alsobe
included.

Intrathecal:. A parenteral injection that results in the product coming in contact with the cerebrospinal fluid
Lysate or limulus amebocyte lysate (LAL): The reagent used in the performance of the BET. , '
Parenteral: .Drugsor medicaldevices that are injected, infused, or implanted or that mayotherwisecome in.contactwi~11

the bloodstreamor cerebrospinal fluid
USP Endotoxin Reference Standard (RSE): Primary endotoxin standard; RSE isan extractedt,purified, andformulated

preparation of E. coli 0113:H1 0:1< LPS.
Suitability: Demonstrationthat the chosen assay. is appropriate fo(its defined purpose intestingthe material
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A. (U5P1-Dec-2019)

(1086) IMPURITIES IN DRUG SUBSTANCES AND DRUG PRODUCTS

INTRODUCTION

Thisgeneral information chapter is intended to provide common terminologyfor impurities and degradation products that
may be present in compendial drug substances and drug products. Impurities or degradation products in drug substances can
arise during the manufacturing process or during storage of the drug substance. The degradation products in drug products
can arise from drug substances or reaction products of the drug substance with the environment, with an excipient, or an
immediate container-closure system. Biological and biotechnological products, fermentation products and semisynthetic
products derived therefrom, and radiopharmaceutical products are not covered in this chapter.

Communications about impurities and degradation products in compendial articles may be improved by including in this
Pharmacopeia the definitions of terms and the contexts in which these terms are used. (See Glossary below.) There has been
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much activity and discussion in recent years about the definition of terms. Certain industry-wide concerns about terminology
and context deserve widespread publication and ready retrievability and are included here. See General Notices, 5.60 Impurities
and Foreign Substances, as well as the general chapter OrdinaryImpurities (466). Some other general chapters added over the
years have also addressed topics of purity or impurityas these have come into focus or as analytical methodology has become
available. Analytical aspects are enlarged upon in the chapter Validation of Compendial Procedures (1 225).

Purity or impurity measurements for drug products present a challenge to Pharmacopeial standards-setting. Where
degradation of a drug product over time is at issue, the same analytical methods that are stability-indicating are also
purity-indicating. Resolution of the active ingredient(s)from the excipientls necessaryto the preparation presents the same
qualitative problem. Thus, many monographs for Pharmacopeial preparajlons feature chromatographic assays. Where more
significant impurities are known, some monographs set forth specific limittests. In general, however, this Pharmacopeia does
not repeat impurity tests in subsequent preparations where these appear in the monographs of drug substances and where
these impurities are not expected to increase. It is presumed that adequate retention specimens are in storage for the exact
batch of drug substances used in any specific lot of a drug product. Whenever analysis of an official article raises a question of
the official attributes of any of the drug substances used, subsequent analysis of retention specimens is in order.

DRUG SUBSTANCE

Classification of Impurities

Impurities can be classified into the following categories:
1. Organic impurities(process- and drug-related)
2. Inorganic impurities
3. Residual solvents
Organic impuritiescan arise during the manufacturing processand/or storage of the drug substance. Theycan be identified

or unidentified, volatile or nonvolatile, and include the following:
1. Starting materials
2. Byproducts
3. Intermediates
4. Degradation products
5. Reagents, ligands, and catalysts
6. Geometric and stereoisomers
Inorganic impurities can result from the manufacturing process. They are normally known and identified and include the

following:
1. Reagents, ligands, and catalysts
2. Heavy metals or other residual metals
3. Inorganicsalts
4. Other materials (e.g. filter aids, charcoal)
Residual solventsare organic llquidsused as vehicles for the preparation of solutionsor suspensionsin the synthesisof a drug

substance. Because these are generally of known toxicity, the selection of appropriate controls is easily accomplished (see
Residual Solvents (467»).

Concepts for setting impurity or degradation product limits in drug substances are based on chemistryand safety concerns.
As such, limits for organic and inorganic impurities and residual solvents should be established for drug substances. The basic
tenet for setting limits is that levels of impurities or degradation products in a drug substance must be controlled throughout
its development to ensure its safety and qualityfor use in a drug product.

Documented evidence that the analytical procedure used to evaluate impuritiesor degradation products is validated and
suitable for the detection and quantification of impurities or degradation products should be established.

DRUG PRODUCT

The specification for a drug product should include a listof degradation products expected to occur during manufacture of
the commercial product and under recommended storage conditions. Stability studies, knowledge of degradation pathways,
product development studies, and laboratory studies should be used to characterize the degradation profile. The selection of
degradation products in the drug product specification should be based on the degradation products found in batches
manufactured by the proposed commercial process.

Thisrationaleshould include a discussion of the degradation profiles observed in the safetyand clinical development batches
and in stability studies, together with a consideration of the degradation profile of batches manufactured by the proposed
commercial process. Fordegradation products known to be unusually potent or to produce toxic or unexpected
pharmacological effects, the quantitation/detection limitof the analytical procedures should be commensurate with the level
at which the degradation products should be controlled.

Fordrug products the concept for setting degradation product limits is based on sound scientific judgment as applied to
available data on the safety and stabilityof the drug product, data that may include the degradation pathways of the drug
substance, the manufacturing process, known excipient interactions, any safetyassessment studies, stability studies conducted
under the recommended storage conditions, and ancillary studies that may provide additional informationon the stability
profile of the drug product. Impurities that are not degradation products (e.g., process impurities from the drug substance) are
often not controlled in the drug product, as they are typically controlled inthe drug substance and these impuritiesare not
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expected to increaseover time. Additional guidancefor setting limits can be found invarious ICH and FDA guidance documents,
as well as in the USP monograph submission guidelines.

Documented evidence that the analytical procedure used to evaluate impurities or degradation products isvalidated and
suitablefor the detection and quantification of impurities or degradation products should be established.

Drug products should contain levels of residual solventsno higher than can be supported bysafetydata (see Residual Solvents
(467». .

GLOSSARY
Concomitant components: Concomitantcomponents are characteristicof manydrug substances and are not considered

to be impurities in the Pharmacopeialsense. Limits on contents, or specified ranges, or defined mixtures are set forth for
concomitant components in this Pharmacopeia. Examplesof concomitant components are geometric and optical isomers(or
racemates) and antibiotics that are mixtures. Any component that can be considered a toxic impurity because of significant
undesirable biological effect is not considered to be a concomitant component.

Degradation product: An impurity resulting from a chemical change in the drug substance brought about during
manufacture and/or storage of the drug product by the effect of, for example, light, temperature, pH, water, or by reaction
with an excipient and/or the immediate container-closure system.

Foreign substances (extraneous contaminants): An impurity that arises from any source extraneous to the
manufacturing process and that is introduced by contamination or adulteration. These impurities cannot be anticipated when
monograph tests and assays are selected. The presence of objectionable foreign substances not revealed by monograph tests
and assays constitutes a variance from the official standard. Examples of foreign substances include ephedrine in Ipecac or a
pesticidein an oral liquidanalgesic.Allowance ismade in this Pharmacopeiafor the detection offoreign substances by unofficial
methods. (See General Notices, 5.60 Impurities and Foreign Substances.)

Identified impurities and identified degradation products: Impurities or degradation products for which structural
characterizations have been achieved.

Impurity: Anycomponent of a drug substance that isnot the chemicalentity definedas the drug substance and inaddition,
for a drug product, any component that is not a formulation ingredient.

Inorganic impurities: Inorganic impurities can resultfrom the manufacturing process (e.g., residual metals, inorganic
salts,filter aids, etc.). Inorganic impurities are typically controlled by tests such as Residue on Ignition (281). Information found
in Plasma Spectrochemistry (730) and Ion Chromatography (l 065) may also be of value.

Intermediate: A material that is produced during steps of the synthesisof a drug substance and that undergoes further
chemical transformation before it becomes a drug substance. The intermediate is often isolated during the process.

Ordinary Impurities: Some monographs make reference to ordinary impurities. For more details see Ordinary Impurities
(466).

Other impurities: See section 5. Monograph Components under General Notices and Requirements.
Polymorphs: Different crystalline forms of the same drug substance. These can includesolvation or hydration products

(also knows as pseudopolymorphs) and amorphous forms. Although polymorphs are not impurities by definition, an
understanding of the crystalline forms, hydration or solvation states, or amorphous nature iscritical to the overall
characterization of the drug substance.

Process contaminants: Process contaminants are identifiedor unidentified substances (excluding related substances and
water), including reagents, catalysts, other inorganic impurities (e.g., heavy metals, chloride, or sulfate); and may also include
foreign substances (extraneous contaminants). These contaminants may be introduced during manufacturing or handling
procedures.

Reagent: Asubstance other than a starting material, intermediate, or solvent that is used in the manufacture of a drug
substance.

Related substances: Related substancesarestructurally related to a drug substance.Thesesubstances may be (a) identified
or unidentified impurities arising from the synthesis manufacturing process, such as starting materials, intermediates, or
by-products, and do not increase on storage, or (b) identified or unidentified degradation products that result from drug
substance or drug product manufacturing processes or arise during storage of a material.

Residual solvents: An organic liquid used as a vehiclefor the preparation of solutions or suspensions in the synthesisof a
drug substance (see Residual Solvents (467».

Specified impurities and specified degradation products: Previously referred to as Signal Impurities, specified
impurities or specifieddegradation products are impurities or degradation products that are individually listedand limitedwith
specific acceptance criteria in individual monographs as applicable. Specified impurities or specified degradation products can
be identified or unidentified.

Starting material: A material that is used in the synthesisof a drug substance and is incorporated as an element into the
structure of an intermediate and/or of the drug substance. Starting materials are often commercially available and have
well-defined chemical and physical properties and structure.

Stereomeric impurity: Acompound with the same 2-dimensionalchemicalstructure as the drug substance but differs in
the 3-dimensionalorientation of substituents at chiral centers within that structure. In those cases where all chiral centers are
inthe opposite orientation, the impurityisan enantiomer (enantiomeric impurity). Determinationsof impurities in this category
often require special chiral chromatographic approaches. Diastereomeric or epimeric impurities occur when only some of the
chiral centers are present in the opposite orientation.

Toxic impurities: Toxicimpurities havesignificant undesirable biological activity, even as minor components, and require
individual identificationand quantification by specific tests. These impurities may ariseout of the synthesis, preparation, or
degradation of compendia Iarticles. Based on validation data, individualized tests and specifications are selected. Thesefeature
comparison to a Reference Standard of the impurity, ifavailable. It isincumbent on the manufacturer to providedata that would
support the classification of such impurities as toxic impurities.
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Unidentified impurities and unidentified degradation products: Impurities or degradation products for which
structural characterizations have not been achieved and that are identifiedsolely by qualitative analytical properties (e.g.,
chromatographic retention times).

Unspecified impurities and unspecified degradation products: Impurities or degradation products that are limited
by general acceptance criteria but not individually listed with their own specific acceptance criteria in individual monographs.

(1087) APPARENT INTRINSIC DISSOLUTION-DISSOLUTION TESTING
PROCEDURES FOR ROTATING DISK AND STATIONARY DISK

This general informationchapter ApparentIntrinsicDissolution-Dissolution Testing Procedures for Rotating Disk and Stationary
Disk (1 087) discusses the determination of dissolution ratesfrom nondisintegrating compacts exposing a fixed surfacearea to a
given solvent medium. Compact, as used here, is a nondisintegrating mass resulting from compression of the material under
test using appropriate pressure conditions. Asingle surface having specified physical dimensions is presented for dissolution.
Determination of the rate of dissolution can be important during the course of development of new chemicalentities because
it sometimes permits prediction of potential bioavailability problems and may also be useful for characterizingcompendial
articlessuch as excipients or drug substances. Intrinsic dissolution studies are characterization studies and are not referenced
in individual monographs. Information provided in this general information chapter is intended to be adapted via a specific
protocol appropriate to a specified material.

Dissolution rate generally is expressed as the mass of solute appearing in the dissolution medium per unit time (e.g.,
masssec"), but dissolution fluxisexpressed as the rate per unitarea (e.g., masscrrr- sec:'). Reporting dissolution fluxispreferred
because it isnormalizedfor surfacearea and, for a pure drug substance, iscommonly called intrinsic dissolution rate. Dissolution
rate is influencedby intrinsic solid-state properties such as crystalline state, including polymorphs and solvates, as well as degree
of noncrystallinity. Numerous investigational approaches are available for modifyingthe physicochemical propertiesof chemical
entities so that their solubility and dissolution properties tire enhanced. Among these approaches are the use of coprecipitates
and the use of amorphous solid dispersions.The effect of impurities associated with a material can also significantly alter its
dissolution properties. Dissolution properties are also influenced by extrinsicfactors such as surface area, hydrodynamics, and
dissolution medium properties, including solvent (typically water), presence of surfactants, temperature, fluid viscosity, pH,
buffer type, and bufferstrength.

Rotating disk and stationary disk dissolution procedures are sufficiently versatileto allowstudy of the characteristics of
compounds of pharmaceutical interest under a varietyof test conditions. Characteristics common to both apparatuses include
the followinq:

1. They are adaptable to use with standard dissolution testing stations, and both use a tablet die to hold the
nondisintegrating compact during the dissolution test.

2. They relyon compression of the test compound into a compact that does not flakeor fall free during the dissolution test.
3. Asingle surface of known geometry and physical dimension is presented for dissolution.
4. The die is located at a fixed position in the vessel, which decreases the variation of hydrodynamic conditions.
Adifference between the two procedures is the source of fluid flow over the dissolving surface. In the case of the rotating

diskprocedure, fluid flow isgenerated by the rotation of the die in a quiescent fluid, but fluid flow isgenerated by a paddle or
other stirring device for the stationary disk procedure.

EXPERIMENTAt PROCEDURE

The procedure for carryingout dissolution studies with the two types of apparatus consistsof preparing a nondisintegrating
compact of material using a suitable compaction device, placing the compact and surrounding die assembly in a suitable
dissolution medium, subjecting the compact to the desired hydrodynamics near the compact surface, and measuring the
amount of dissolved solute as a function of time.

Compacts are typically prepared using an apparatus that consistsof a die, an upper punch, and a lowersurface plate
fabricated out of hardened steel or other material that allows the compression of material into a nondisintegrating compact.
Analternative compaction apparatus consistsof a die and two punches. Other configurations that achievea nondisintegrating
compact of constant surface area also may be used. The nondisintegrating compact typically has a diameter of 0.2-1.5 cm.

Compact Preparation

Attachthe smooth lowersurface plate to the undersideofthe die, or alternatively, insert the lowerpunch usingan appropriate
clamping system. Accurately weigh a quantity of material necessary to achieve an acceptable compact, and transfer to the die
cavity. Place the upper punch into the die cavity, and compress the powder on a hydraulic press at a compression pressure
required to forma nondisintegrating compact that will remain in the die assembly for the length of the test. Compressionfor
1 minute at 15 MPa usually is sufficient for many organic crystalline compounds, but alternative compression conditions that
avoid the formation of capillaries should be evaluated. For a given substance, the compact preparation, once optimized is
standardized to facilitate comparison of different samples of the substance.

Changes incrystalline form may occur during compression; therefore, confirmation of a solidstate form should be performed
by powder X-ray diffraction or other techniques. Remove the surface plate or lower punch. Remove loose powder from the
surface of the compact and die by blowinq compressed air or nitrogen over the surface.
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Dissolution Medium

The choice of dissolution medium isan important consideration.Whenever possible, testing should be performed under sink
conditions to avoid artificially retarding the dissolution rate due to approach of solute saturation of the medium. Dissolution
measurements are typically made in aqueous media. To approximate in vivo conditions, measurements may be run in the
physiological pHrange at 37°.The procedure when possible iscarried out under the same conditions that are used to determine
the intrinsic solubility of the solid state form being tested. Dissolution media should be deaerated immediately before use to
avoid air bubbles forming on the compact or die surface.'

The medium temperature and pH must be controlled, especially when dealing with ionizable compounds and salts. In the
latter cases, the dissolution rate may depend strongly on the pH, buffer species, and bufferconcentration. A simplifying
assumption in constant surface area dissolution testing isthat the pH at the surface of the dissolving compact is the same as
the pH of the bulkdissolution medium. For nonionizable compounds, this is relatively simple because no significant pH
dependence on dissolution rate is expected. Foracids and bases, the solute can alter the pH at and near the surface of the
compact as it dissolves. Under these conditions, the pH at the surface of the compact may be quite differentfrom the bulkpH
due to the self-buffering capacity of the solute. To assess intrinsic solubility, experimental conditions should be chosen to
eliminate the effect of solute buffering, alteration of solution pH, and precipitation of other solid state forms at the surface of
the compact. Forweak acids, the pHof the dissolution medium should be 1-2 pH units belowthe pKa of the dissolving species.
Forweak bases, the pH of the dissolution medium should be 1-2 pH units above-the pKa of the dissolving species. .

Apparatus

ROTATING DISK

A typical apparatus (Figure 1) consistsof a punch and die fabricated out of hardened steel. The base of the die has three
threaded holesfor the attachment of a surface plate made of polished steel, providinga mirror-smoothbase for the compacted
pellet. The die has a cavity into which is placed a measured amount of the material whose intrinsic dissolution rate is to be
determined. The punch is then inserted in the die cavityand the test material is compressed with a hydraulic press. [NoTE-A
hole through the head of the punch allows insertion ofa metal rod to facilitateremovalfrom the die after the test.] Acompacted
pellet of the material isformed in the cavitywith a singleface of defined area exposed on the bottom of the die.

Holder 6t shaft
assembly

Die underside

Surface plate

'/0-' ) 10-', ),_.... ,_ ....

Die
Note-#316 type
stainless steel.

Punch
Note-Hardened and
polished steel.

,I I

I t II I
I ,
I ,

Neoprene gasket

~L,

____---' Surface plate
I Note-Hardened and

_________----J polished steel.

Figure 1

, One method of deaeration is the following: Heat the medium, whilestirringgently, to about 41°, immediatelyfilterunder vacuum using a filterof
0,45-l.lm or lesspore size,with vigorous stirring,and continue stirring under vacuum for about 5 minutes. Other deaeration techniques for removal of
dissolved gases may be used.
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The apparatus (Figure 3) consistsof a steel punch, die, and a base plate. The die base has three holes for the attachment of
the base plate. The three fixed screws on the base plate are inserted through the three holes on the die and then fastened with
three washers and nuts. The test material isplaced into the die cavity. Thepunch isthen inserted into the cavityand compressed,
with the aid of a bench top press.The base plate isthen disconnected from the die to expose a smooth compact pelletsurface.A
gasket is placed around the threaded shoulder of the die and a polypropylenecap isthen screwed onto the threaded shoulder
of the die. .

The die assemblyisthen positioned at the bottom of a specially designed dissolution vessel with a flatbottom (Figure 4). The
stirring unit (e.g., paddle) is positioned at an appropriate distance (typically 2.54 cm) from the compact surface. The die
assembly and stirring unit should be aligned to ensure consistent hydrodynamics, and air bubbles should not be present on
the compact surface during testing. Alternative configurations may be utilized ifadequate characterization and control of the
hydrodynamics can be established.

Figure 3

Figure 2

A rotating disk speed of 300 rpm is recommended. Typical rotation speeds may range from 60-500 rpm. The dissolution
rate depends on the rotation speed used. Thisparameter should be selected in order to admit at least five sample points during
the test, but excessive stirring speeds may create shear patterns on the surface of the dissolving material that could cause
aberrant results(i.e., nonlinearity). Typically, the concentration of the test specimen is measured as a function of time, and the
amount dissolved isthen calculated.The sampling interval will be determined by the speed of the dissolution process. Ifsamples
are removed from the dissolution medium, the cumulative amount dissolved at each time point should be corrected for losses
due to sampling.

Die /Plunger

~
\ Drugcompact

The die assembly is then attached to a shaft constructed of an appropriate material (typically steel). The shaft holding the
die assemblyispositioned so that when the die assembly is lowered into the dissolution medium (Figure 2), the exposed surface
of the compact will be not less than 1.0 cm from the bottom of the vessel and nominallyin a horizontal position.The die
assemblyshould be aligned to minimizewobble, and air bubbles should not be allowed to form on the compact or die surface.

I
Surfaceplate

Die
I+--+- assembly

and shaft

LJL
I I
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Figure 4

The dissolutionrate depends on the rotation speed and precisehydrodynamicsthat exist.Typically, the concentration of the
test specimen is measured as a function of time, and the amount dissolved is then calculated. The sampling interval will be
determined by the speed of the dissolution process (see RotatingDisk). Ifsamples are removed from the dissolution medium,
the cumulative amount dissolved at each time point should be corrected for losses due to sampling.

DATAANALYSIS AND INTERPRETATION

The dissolution rate is determined by plotting the cumulativeamount of solute dissolved against time. Linear regression
analysis is performed on data points in the initial linearregion of the dissolution curve.The slope corresponds to the dissolution
rate (mass sec-1) . (More precise estimates of slope can be obtained using a generalized linear model that takes into account
correlations among the measurements of the cumulativeamounts dissolved at the various sampling times.)

The amount versus time profiles may show curvature. When this occurs, only the initial linear portion of the profile is used
to determine the dissolution rate. Upwardcurvature(positive second derivative) ofthe concentration versus time data istypically
indicative of a systematic experimental problem. Possible problems include physical degradation of the compact by cracking,
delaminating, or disintegration. Downward (negative second derivative) curvature of the dissolution profile isoften indicative
ofa transformation of the solidform of the compact at the surfaceor when saturation of the dissolution medium isinadvertently
being approached. This often occurs when aless thermodynamically stable crystalline form converts to a more stable form.
Examples include conversionfrom an amorphous form to a crystalline form or from an anhydrous form to a hydrate form, or
the formation ofa saltor a salt converting to the correspondingfree acidor free base. If such curvature isobserved, the crystalline
form of the compact may be assessed by removing itfrom the medium and examining it by powder X-ray diffraction or another
similar technique to determine if the exposed surface area is changing.

The constant surface area dissolution rate is reported in units of masssec:', and the dissolution flux is reported in units of
mass crrr- sec". The dissolution flux iscalculated by dividing the dissolution rate by the surface area of the compact. Test
conditions, typically a description of the apparatus, rotation speed, temperature, bufferspecies and strength, pH, and ionic
strength should also be reported with the analyses.

(1088) IN VITRO AND IN VIVO EVALUATION OF DOSAGE FORMS

PURPOSE

This chapter providesan overviewof the methodology for characterizing the physicochemical propertiesof a drug substance
as well as its associated drug product and discusses the relationship of these methods and properties to the pharmacokinetic
and pharmacodynamic properties of the drug product. Results of in vitro methods are linked with information from in vivo
evaluations through an in vitro-in vivo correlation (IVIVC).

SCOPE

The ultimate goal of these characterizationstudies isan understanding of the relationship between the physicochemical and
pharmacological properties of the drug substance to the pharmacokinetic properties and in vitro performance of the drug
product. Thischapter outlines the in vitro and in vivo testing that goes into the development of the body of data that informs
decision making relating to the formulation, manufacturing, and related regulatory activities necessary for the development,
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regulatory approval, and marketing of any drug product. The chapter complements the information in general chapters,
Assessment of Drug Product Performance-Bioavailability, Bioequivalence, and Dissolution (1090) and The Dissolution Procedure:
Development and Validation (1092) by detailing the essential in vitro and in vivo data elements underlying an understanding of
bioequivalence and bioavailability. The chapter text recognizes that regulatory guidances and a wealth of text books are
available to elaborate on the content provided, and it is not the purpose to provide an exhaustive disquisition on the subjects
presented but rather to provide a guide and listing of the issues of interest.

BACKG~OUND INFORMATION

Establishing a meaningful relationship between dissolution behavior and in vivo drug performance (i.e., IVIVC)has long been
sought from the perspectives of both bioavailability (BA) and bioequivalence (BE)and quality control considerations. In setting
dissolution acceptance criteria for a product monograph, USP's policy has been to give predominant consideration to valid BA
or BE studies, when available..

The earliest achievable in vitro characteristic thought to predict an acceptable in vivo performance was tablet and capsule
disintegration. A test for disintegration was adopted in USP XIV(1950). At that time, no quantitative work was done to attempt
to demonstrate such a relationship, especially with regard to in vivo product performance. Advances in instrumental methods
and analytical precision ultimately opened up prospects for this work. The USP-NF Joint Panel on Physiologic Availability
recognized that the disintegration test was insufficiently sensitive and in 1968 directed the identification of candidate articles
for the first 12 official dissolution tests that used Apparatus 1.

USP requires drug release testing via the USP performance test in the majority of monographs for non-solution oral,
sublingual, and transdermal dosage forms. In the current state of science, in vivo testing is necessaryduring the development
and evaluation of both immediate-release and modified-release dosage forms. In some cases, depending on the
Biopharmaceutics Classification System (BCS) classification of the drug, and depending on regulatory policy, in vivo testing
may not be necessary.The special sensitivity of the dissolution test to changes in composition or method of manufacturing that
do not result in significant changes in performance in vivo is well recognized. An understanding of the full complement of
information given by in vitro and in vivo evaluation of the drug substance and product is the starting point in the development
of a meaningful in vitro performance test.

IN VITRO EVALUATION

Physicochemical Properties-Drug Substance

Physicochemical information typically includes polymorphism, stability, particle size distribution, solubility, dissolution rate,
Iipophilicity, permeability, and other release-controlling variables of the drug substance under conditions that may mimic the
extremes of the physiologic environment experienced by the dosage form.

Physicochemical Properties-Drug Product

The variables tested to characterize the physicochemical properties of the drug product should be the same asthose that
are tested to characterize the drug substance. Dissolution profiles over a relevant pH range, usually from pH 1-6.8, should be
obtained with particular attention to formulation effects. Characterization of formulations that are insoluble in aqueous systems
may require the addition of sodium lauryl sulfate or another surfactant. The BCS classification of the drug substance should be
determined, especially for immediate-release dosage forms.

Dissolution Testing

Dissolution testing is required for all non-solution oral, including sublingual, Pharmacopeial dosage forms in which absorption
of the drug is necessaryfor the product to exert the desired therapeutic effect. Exceptions include tablets that meet a
requirement for completeness of solution, products that contain radiolabeled drugs, or products that contain a soluble drug
and demonstrate rapid (10-15 min) disintegration. Dissolution testing should be conducted on equipment that conforms to
the requirements in Dissolution (711) and on which a performance verification test has been conducted when one is available.
On its website, USP provides a guidance for optimizing dissolution instrument performance by mechanical calibration and
performance verification testing (https://www.usp.org/sites/default/files/usp/document/our-work/chemical-medicines/
dissolution-toolkit-version2.pdf).

In vitro dissolution testing generally should attempt to mimic in vivo dissolution, but such in vitro conditions cannot be
selected reliably a priori. A range of in vitro dissolution test conditions (e.g., media of varying pH, surfactant, and apparatus
rotational speed) should be evaluated. Knowledge of drug substance properties, product formulation, gastrointestinal
physiology, in vitro dissolution, and in vivo pharmacokinetics will aid in the selection of in vitro dissolution test conditions and
specifications. '

For products that contain more than a single active ingredient, dissolution typically should be determined for each active
ingredient. When a dissolution test is added to an existing monograph, the disintegration test is deleted, but in the caseof
sublingual preparations and orally disintegrating tablets, disintegration may be a critical quality attribute in addition to
dissolution. In such cases one or both tests can be included in the monograph.

When a single set of specifications cannot be established for multisource products described in monographs, multiple
dissolution tests are allowed, and labeling is required to indicate the appropriate dissolution test for the specific product.
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Detailed informationabout method development and validation can be found in The Dissolution Procedure: Development and
Validation (1092).

IMMEDIATE-RELEASE DOSAGE FORMS

Forimmediate-release dosage forms the in vitro dissolution process typically requires no more than 60 min, and in most
cases a single time-point specification is adequate for Pharmacopeial purposes. To allowfor typical disintegration times, test
times of lessthan 30 min should be based on demonstrated need.

EXTENDED-RELEASE DOSAGE FORMS

Forextended-release products in vivo dissolution generally is rate limiting, which results in protracted drug absorption and
thus facilitates the identificationof in vitro test conditions that may be predictive of in vivo dissolution. Multiple sampling time
points, therefore, are necessaryto define a dissolution profile for a modified-release dosage form.

The choice of apparatus should be based on knowledgeof the formulation and actual dosage form performance in the in
vitro test system. Apparatus 7 (basket) or Apparatus 2 (paddle) may be more useful at higher rotation rates (e.g., the paddle at
100 rpm). Apparatus 3 (reciprocating cylinder) has been especially useful for bead-type modified-release dosage forms.
Apparatus 4 (flowcell)may offeradvantages for modified-release dosage forms that contain active ingredientsthat have limited
solubility. Apparatus 7 (reciprocating disk) is applicable to nondisintegrating oral modified-release dosage forms, as wellas to
transdermal dosage forms. Apparatus 5 (paddle over disk) and Apparatus 6 (cylinder) also are useful for evaluatingand testing
transdermal dosage forms.

At least three timepoints are chosen to characterize the in vitro drug release profile of an extended-release dosage form for
Pharmacopeial purposes. Additional sampling times may be required for drug approval purposes. An earlytime point, usually
1-2 h, ischosen to show that dose dumping is not probable. An intermediate time point ischosen to define the in vitro release
profile of the dosage form, and a final time point ischosen to show essentially complete releaseof the drug.

IN VIVO EVALUATION OF DOSAGE FORMS

In evaluating a drug product's performance, analysts fundamentally must ask what type of study should be performed to
give reasonable assurance of BE of a marketed product to the clinical trial product that demonstrated safetyand efficacy.
Although they provide important informationconcerning the releasecharacteristicsof the drug from the dosage form, in vitro
dissolution studies at present are used primarily for setting or supporting specifications for drug products (e.g., shelf life) and
manufacturing process control (e.g., scale-upor postapprovalchanges). Normally BE isbest demonstrated by invivo evaluation
but can sometimes be replaced by in vitro studies.' BE assessment of modified-release dosage forms is best achieved by
observingin vivodrug pharmacokineticand/or pharmacodynamicbehaviorby means ofwell-designedclinical studies. Multiple
guidances for the conduct of such studies are provided by regulatory agencies. Moreover, when a well-defined, predictive
relationship exists between plasma concentrations of a drug or its active metabolites and the clinical response (therapeutic and
adverse), it is possible to use plasma drug concentration data alone as a basisfor the approval of a modified-release dosage
form that is designed to replace an immediate-release dosage form.

Although human pharmacokinetic studies often are used to assess BE of immediate-releasesolid oral dosage forms, in some
cases in vitrostudies can be used to assess BE. The principal advantage of in vitro studies isthat they reduce development costs.
Forexample, an in vitro test is preferablewhen one istesting BCS Class Idrugs with rapid dissolution. Some regulatoryagencies
permit this type of testing in lieu of in vivo testing,

The following discussions are intended to provide guidance for drug substance evaluation and the design, conduct, and
evaluationof studies involving dosage forms. Althoughthese guidelinesfocus on oral drug delivery systems,the principles may
be applicable to other routes of drug administration (e.g., transdermal, subcutaneous, intramuscular, etc.),

CHARACTERIZATION OF DRUG SUBSTANCE

The Biopharmaceutics Classification System (BCS)

FDA has issued a guidance titled ~'Waiver of In Vivo Bioavailability and Bioequivalence Studiesfor Immediate-release Solid
Oral Dosage Forms Based on a Biopharmaceutics Classification System" (www.fda.qov/downloads/Druqs/
GuidanceComplianceRegulatorylnformation/Guidances/UCM070246.pdf). A keyassumption in the approach is that drug
releaseand dissolution issufficiently rapid so that an in vitro-in vivo correlation is not possibleand/or useful. When applicable,
the BCS allows dissolution rate data in lieuof BA or BE studies for product approval.

Pharmacokinetic Properties

Analysts should thoroughly characterize the input absorption profile of the active drug entity from a formulation that shows
rapid BA (an intravenous solution, oral solution, or a well-characterized immediate-release drug product). In turn, this
formulation serves as a reference to evaluate the input profile of the modified-release dosage form. This information, together
with the pharmacokineticsof the activedrug entity, can characterizedrug absorption and can predict changes in drug BA when
input is modifiedas in modified-release dosage forms. For example, ifthe active drug entity exhibitssaturablefirst-pass hepatic
metabolism, a reduction in systemicavailability could result after oral administration if the input rate isdecreased.

121 CFR 320.22 Criteria for waiver of evidence of in vivo bioavailability or bioequivalence.
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Indesigningan oral modified-release dosage form, analysts mayfind it useful to determine the absorption of the activedrug
entity in various segments of the gastrointestinal tract, particularly in the lowergastrointestinal tract (colon)for delayed-release
dosage forms that releasedrug in this region. Foodeffects also may be important and should be investigated.

Drug Disposition

The information required to characterizedrug disposition may includethe following.
1. Disposition parameters-clearance, area under the time-plasma concentration curve (AUC), maximum plasma

concentration ((max), time to maximum plasmaconcentration (Tmax) , volumeof distribution, half-life, mean residence
time, or model-dependent parameters.

2. Linearity or characterization of nonlinearity over the dose or concentration range that could be encountered.
3. Drug/metabolite accumulation.
4. Metabolic profile and excretory pathway,with special attentlonto the activemetabolitesand active enantiomers of

racemic mixtures.
5. Enterohepatic circulation.
6. Protein-binding parameters and effectof dialysis.
7. The effects of age, gender, race, and relevantdiseasestates.
8. Plasma: blood ratios.
9. Anarrow therapeutic index or a clinical response that varies significantly as a function of the time of day

(chronopharmacokinetics).

Pharmacodynamic Properties

Before developinga dosage form, analysts shouldobtain concentration-response relationships over a dose range sufficiently
wide to encompass important therapeutic and adverse responses. lnaddltlon, the equillbration-tlrne! characteristics between
plasmaconcentration and effectshould be evaluated. Formodified-release products that typically have largerdrug doses in the
dosage form, these concentration-response relationships should be sufficiently characterized so that a reasonablepredictionof
the safetymargin can be made ifdose dumping should occur. If there isa well-defined relationship between the plasma
concentration of the activedrug substance or activemetabolitesand the clinical response(therapeuticand adverse), the clinical
performanceof a new modified-release dosage form could be characterized by plasmaconcentration-time data. If such data
are not available, clinical trials of the modified-release dosage form should be carriedout with concurrent pharmacokinetic and
pharmacodynamicmeasurements.

CHARACTERIZATION OF THE DOSAGE FORM

Pharmacokinetic Properties: Immediate-Release Products

The types of pharmacokinetic studies that should be conducted are based on how much is known about the active drug ,
substance, itsclinical pharmacokinetics, and its BCS Class. Forexample,a new chemical entity requires greater pharmacokinetic
characterization than does an FDA-approved formulatiqn that is undergoing scale-upand postapprovalchanges (SUPAC)
evaluation.

The latter is seen when an FDA-approved drug product undergoes changes in the manufacturingof the product after the
product has been approved. Such changes are common and can be caused by expansion in the sizeof the lots manufactured,
new manufacturing locations, or the introductionof new technology. Necessary invitrodissolution tests and/or in vivo BE tests
are described in the FDA "Guidance for Industry: Immediate-release Solid Oral Dosage Forms: Scale-up and Postapproval
Changes: Chemistry, Manufacturing, and Controls, In Vitro Dissolution Testing, and InVivo Bioequivalence Documentation"
(www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatorylnformation/Guidances/UCM070636.pdf).

Similar requirements apply to a generic equivalentof an approved immediate-release dosage form that must be BE to the
innovator drug, known as the reference listed drug. The two most frequently used methods for meeting bioequivalence
requirements are in vivo pharmacokinetic studies and BCS-based in vitrostudies.

Pharmacokinetic Properties: Modified-Release Products

Like the approaches for immediate-release products, the types of pharmacokinetic studies that should be conducted for
modified-release products are based on how much isknownabout the drug substance, itspharmacokinetics, biopharmaceutics,
and whether pharmacokinetic studies are intended to be the sole basis for product approval. At a minimum, two studies are
required to characterize the product when no reference modified-release product exists: (1) a single-dose crossover study for
each strength of a modified-release dosage form and (2) a multiple-dose, steady-state study using the highest strength of a
modified-release dosage form. Afood effects study to evaluate the potential for dose dumping from extended-release dosage
formsalsoisrequiredasa separate study or isincludedasan arm ofa crossover study. Inthe demonstration of interchangeability,

2 Equilibration time is a measure of the time-dependent discontinuity between measured plasma concentrations and measured effects. The discontinuity
is more often characterized by the degree of hysteresis observed when the effect-concentration plot for increasing concentrations is compared with that
for decreasing concentrations. Where the equilibration time is very short (l.e., rapid equilibration with no active metabolites generated), there will be
little or no hysteresis. That is, the same effect will be observed for a given concentration independent of the interval between the time of dosing and the
time that measurements are made.
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a single-dose,fasting crossoverstudy vs.the referenceproduct usually will suffice. Insome cases,a food-effects study isrequired
ifthe reference product has demonstrated a food effecton BA. Some appropriate single-dose crossoverand multiple-dose
steady-state studies are described below.

Formodified-release products, intravenoussolutions,oral solutions, or well-characterized immediate-release drug products
are possible reference products to evaluate a modified-release formulation. Forexample, ifthe active drug entity exhibits
saturable first-pass hepatic metabolism from the small intestine, a reduction in systemicavailability could result after oral
administration if the input rate is decreased. An increase in systemicavailability could be observed ifa drug isabsorbed from
the colon from a delayed-release dosage form that targets the colon, thus avoiding a first-pass effect.

Insome modified-release capsule dosage forms, the strengths differfrom each other only in the amount of identical beaded
material contained in each capsule. In this case, single-doseand multiple-dosesteady-state studies at the highest dosage
strength are sufficient. Other strengths can be characterized on the basisof comparative in vitro dissolution data.

The pharmacokinetic studies described below are needed for most modified-release dosage forms.These studies may be the
basisfor characterization of the dosage form. Ifregulatoryapproval is sought without conducting clinical trials, manufacturers
should consult with the regulatory authorities to ensure that an adequate database exists for-the approval. The types of
pharmacokineticstudies generally conducted can be categorized as follows.

CASE A

CaseAapplies to an original modified-release oral dosage form for a drug already marketed in an immediate-releasedosage
form and for which extensive pharmacokinetic/pharmacodynamic data exist.
Single-dose crossover study: A single-dosecrossoverstudy should include the following treatments: the modified-release
dosaqeforrn administered under fasting conditions; a dosage form that is rapidlyavailable administered under fasting
conditions;and the modified-release dosage form administered immediatelyafter a high-fatstandardized meal.Thefood effects
study should control the ambient-temperature fluid intake (e.g., 6-8 oz.) at the time of drug administration.The dosage form
should be administered within 5 minaftercompletion of the meal. Ideally allsubjectsshould consume the meal in approximately
15 min. Ifthere are no significantdifferences in the rate or extent of bioavailability (AUC, (max, and Tmax) as a function of the
meal, then additional food effectstudiesare not necessary. Ifsign.ificant differences in bioavailability are found, researchersmust
define how food affects the modified-release dosage form," as well as how the food-drug effect relates to time.

Use the following guidelines in evaluatingfood effects.
1. Ifno well-controlled studies have previously defined the effectsof a concurrent high-fat meal on an immediate-release

dosage form, studies should be performed to determine whether a food effect isa result of problems with the dosage
form. Does the dosage form show food-related changes in release, or are there food effects that are unrelated to the
dosage form, e.g., changes in the drug's absorption from the gastrointestinal tract or changes in the drug's disposition
that are independent of absorption? The cause of the food effectshould be determined by a single-dosecrossoverstudy
comparing the solution (or immediate-releasedosage form) under fed and fasting conditions. Ifthere is no food effect,
then one concludes that there are problems with the dosage form. Ifthere is a food effect, then one concludes that the
effect is unrelated to the dosage form.

2. The influenceof timing on the food effectshould be tested by a four-waycrossoverstudy, in which the modified-release
dosage form is administered under the following treatment conditions: fasting, taken with a high-fat meal, 1 h before a
high-fat meal, and 2 h after a high-fat meal.

3. If the food effect on an immediate-releasedosage form isdetermined to resultfrom changes in the dissolved drug's
absorption from the gastrointestinal tract or from changes in drug disposition, studies should define the appropriate
relationship between drug dosing and meals.

4. Alternative appropriate studies can be conducted ifthe applicant labelsthe drug for administration with a meal that is
not fat loaded. In this case, an alternative meal composition should be considered.

5. Analysts should monitor the entire single-dose, modified-release absorption profile. Where appropriate (e.g., in a
multiple-dosestudy) for specific drugs and drug delivery systems, blood samples should be taken following breakfaston
the second day, before the second dose isadministered. Thissampling schedule is particularly important for once-a-day
products.

6. Fordelayed-release (enteric-coated) dosage forms, analystsshould perform BA studies to characterizefood effect and to
support the dosing claimsstated in the labeling.

The purpose of these studies is twofold: first, to determine whether a need exists for labeling instructionsdescribing special
conditions for administration with respect to meals; and second, to provide information concerning the pattern of absorption
of the modified-release dosage form compared to that of the immediate-releasedosage form. Drug input function should be
definedfor modified-release dosage forms.This will aid inthe development of an appropriate invitrodissolution test. Fordosage
forms that exhibit high variability, a replicate study design is recommended.
Multiple-dose, steady-state studies

StudyI-When data demonstrating linearpharmacokinetics existfor an immediate-releasedosage form, a steady-state study
should be conducted with the modified-release dosage form at one dose rate (preferably at the high end of the usual dosage
regimen) using a comparable total dailydose of an immediate-release dosage form as a control. At least threettough plasma
drug concentration «(min) determinations at the same time of day should be made to demonstrate that steady-state conditions
have been achieved. Plasmadrug concentration determinations, overat leastone dosing interval of the modified-release dosage
form, should be made in each phase of the crossover study. It may be preferable (as in the case of rhythmic variation in
absorption or disposition of the drug) to measure concentrations over an entire day in each phase. The presence orabsence of
circadianvariation should be verified. The modified-release dosage form should produce an AUC that is equivalentto that of
the immediate-release dosage form ifthe extent of absorption from the modified-release dosage form is comparable to the

3 Wagner-Nelson, Loo-Riegelman, and other deconvolution methods are found in textbooks on biopharmaceutics.
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immediate-release dose. The degree of fluctuation for the modified-release product should be the same as, or lessthan, that
for the immediate-releasedosage form given by the approved regimen. Appropriate concentration measurements should
include unchanged drug and major active metabolites. For racemicdrug entities, analystsshould consider measurement of the
active enantiomers.

StudyII-When comparisons of the pharmacokinetic properties of an immediate-release dosage form at different doses are
not available, or when the data demonstrate nonlinearity, steady-statecrossover studies comparing effectsof the
modified-release dosage form and those of the immediate-release dosage form should be conducted at two differentdose rates:
one at the low end of the recommended dosing range and the second at the high end of the dosing range. In each case, the
modified-release dosage form must meet the criteria described in StudyI with respect to AUC and fluctuations in plasma drug
concentrations. Ifthere are significantdifferences between the modified-release dosage form and the immediate-releasedosage
form at either the low or the high dosing rate, these data alone are not adequate to characterize the product. Data can be
misleadingwhen obtained from subjects with atypical drug disposition or physiologic characteristics relative to the target
population. Therefore, subject selection should be from an appropriate target population with randomized assignment to
dosage form population. Ifthe modified-release dosage form isfor use in a specific subpopulation (e.g., for children), it should
be tested in that population. Whether a drug exhibits linearor nonlinear pharmacokinetics, the basisfor characterization is
equivalence of AUC and of the relative degree of fluctuation of concentrations of the modified-release and immediate-release
dosage forms.

Steady-state studies in selected patient populations or drug interaction studies may also be necessary, depending on the
therapeutic use of the drug and the types of individuals for whom the modified-release dosage form will be recommended. For
drugs that have narrowtherapeutic indices, it may be necessary to perform more extensiveplasmaconcentration measurements
to determine the potential for unusual drug-release patterns in certain subpopulations. In such studies, researchers should
perform more than one AUC measurement per patient to assessvariability with both the modified-release and the
immediate-release dosage forms.

CASE B

Case Bapplies to a non-oral, modified-release dosage form of an already marketed active drug entity for which extensive
pharmacokinetic and pharmacodynamic data exist.

Case A studies (omitting the food effectsstudies) are appropriate for the evaluation of a modified-release dosage form
designed for a non-oral route of administration ifthe pattern of biotransformation to active metabolites is identicalfor the two
routes. Ifthe biotransformation patterns are different, then clinical efficacy studies should be performed with the
modified-release dosage form. In addition, specialstudies may be necessaryto assessspecific risk factors related to the dosage
form (e.g., irritation and/or sensitizationat the site of application of a transdermal drug delivery system).

CASE C

Case C applies to a generic equivalent of an approved modified-release dosage form, which should be BE to the reference
drug in its rate and extent of drug exposure (i.e., AUC, Cmax, Cmlnl and degree of fluctuation) in crossoversingle-dose studies.
Foran oral modified-release dosage form, the food studies described under Case A also should be performed.

CASE D

Case D applies to an FDA-approved product that has undergone SUPAC. Necessary in vitro dissolution tests and/or in vivo
bioequivalence tests are described in the FDA guidance, SUPAC-MR: ModifiedRelease Solid Oral Dosage Forms; Scale-Up and
Postapproval Changes: Chemistry, Manufacturing, and Controls, In Vitro Dissolution Testing, and In Vivo Bioequivalence
Documentation (www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatorylnformation/Guidances/UCM070640.pdf).

Statistical Analysis of In Vivo Bioequivalence

An appropriate statistical method should be selected. (See Assessment ofDrug Product Performance-Bioavailability,
Bioequivalence, and Dissolution (1090».

IN VITRO-IN VIVO CORRELATIONS

The term IVIVC firstappeared in the pharmaceutical literatureas a resultof the awareness of the importance of bioavailability
concepts and in vitro dissolution rate determinations. IVIVC refers to the establishment of a rational relationship between a
biological property, or a parameter derived from drug plasma concentrations produced by a dosage form, and a
physicochemical property or characteristicof the same dosage form. The biological properties most commonly used are one
or more pharmacokinetic parameters such as Cmax or AUC, obtained followinq the administration of the dosage form. The
physicochemical property most commonly used isa dosage form's in vitro dissolution behavior (e.g., percent of drug released
under a given set of conditions). The quantitative relationship between the two properties, biological and physicochemical, is
an IVIVC. The most important use of an IVIVC isfor predictability. In many cases the actual drug plasma concentration profile
can be predicted from invitro dissolution data.

Historically, IVIVC analysis has been more successful for extended-release products than for immediate-releaseproducts. This
differenceprobably reflects the application of specific data analysis techniques and interpretations that require dissolution rate­
limited drug absorption. Howeversome correlationswith immediate-releaseproducts have been demonstrated using methods
that relyon the current, broad availability of computers and nonlinear regression software,along with new correlation methods.
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With the proliferation of modified-release products, it becomes necessary to examine IVIVC in greater detail. Unlike
immediate-release dosage forms, modified-release products, particularly extended-release dosage forms, cannot be
characterized using a single time point dissolution test. These products are designed to deliverdrug so that a patient has a
specific plasma level profile over aprolonged period, usually 12-24 h. Analysts require an in vitro means of ensuring that each
batch ofthe product will perform identically invivo. An IVIVC satisfies this requirement. Initially, it was thought that developinga
meaningfulcorrelationfor immediate-releasedosage forms would be an easier task than for extended-release products.
However, because of the nature of the principles on whicheach type is based, analystsnow believethat an IVIVC ismore readily
achievedfor modified-release dosage forms.

One expects all extended-release products to be dissolution rate limited. For these products, the formulation significantly
contributes to the prolongation of drug releasefrom the dosage form. Becauseof the impact of formulation on BA from an
extended-release product, numerous attempts have been made to correlate one or more pharmacokineticparameters
determined from in vivo studies with the amount released in a given time during an in vitro dissolution test. Single-point
correlationscan indicate that increasing or decreasing the in vitro dissolution rate of the modified-release dosage form would
result in a corresponding directional change in the product's performance. However, such single-pointcorrelationsreveal little
about the overall plasma level curve, which is a majorfactor for drug performance in the patient. Rather, correlation methods
that utilize all plasma drug concentration data and all in vitro dissolution data are preferred. Three correlation procedures are
available that use all dissolution and plasma data, along with statistical moment analysis. Each procedure displays important
differences in the quality of the correlation. These methods are discussed in terms of the advantages of each along with its
potential utility as a predictive tool for pharmaceutical scientists.

Correlation levels

Three correlation levels have been defined and categorized in descending order of quality. The concept of correlation level
is based on the ability of the correlation to reflectthe entire plasma drug concentration-time curve that resultsfrom
administration of the given dosage form. The relationship of the entire in vitro dissolution curve to the entire plasma
concentration-time profile defines the strength of the correlation and, therefore, the predictability.

LEVEL A

This level is the highest category of correlation. It represents a point-to-point relationship between in vitro dissolution and
the in vivo input rate (absorption rate of the drug from the dosage form). Fora Level A correlation,a product's invitrodissolution
curve iscompared to its in vivo input curve, i.e., the curve produced by deconvolution of the plasma profile. Deconvolution
can be accomplished using mass balance model-dependent methods, such as the Wagner-Nelson or Loo-Riegelman methods,
or by model-independent, mathematical deconvolution. In an ideal correlation, the in vitro dissolution and in vivo absorption
rate curvesare superimposable or can be made superimposed by the use of a constant offsetvalue of the time scale. The
equations describing each curve are the same. This procedure often isfound with modified-release dosage systems that
demonstrate an in vitro release rate that isessentially independent of the dissolution media and stirringspeeds used in a
dissolution apparatus. Superimpositionisnot an absolute requirement for a Level A correlation. Ifthe dissolution and absorption
curvesare differentand a mathematical relationship can be developed to relate the two, the plasmalevel profile still ispredictable
from the in vitrodissolution data. Thisrelationship must be true not only at that single input rate but alsoover the entire quality
control dissolution range for the product. Furthermore, when the dissolution rate depends on mixing speed, the two curves
can be made to superimpose by either increasingor decreasing the in vitro mixing speed or some other alteration of the
dissolution method.

The advantages of a Level A correlation are as follows.
1. It develops a point-to-point correlation.Thisis not found with any other correlation level. It isdeveloped using every

plasma level and dissolutionpoint collected at differenttime intervals, so it reflects the complete plasma level curve.As a
result, in the case of a Level A correlationan in vitrodissolution curve can serve as a surrogate for in vivo performance. A
change in manufacturing site, method of manufacture, raw materialsupplies, minorformulation modifications, and even
product strength using the same formulation can be justified without the need for additional BA-BE studles.t->

2. Atruly meaningful quality control procedure that indicates in vivo performance and is predictive of a dosage form's
performance isdefined for the dosage form.

3. The extremes of the in vitro quality control standards can be justified either by convolution (simulating the plasma level
profile from the dissolution curve) or by deconvolution (using the upper and lowerconfidence interval limits).

LEVEL B

This correlation uses the principles of statistical moment analysis. The mean in vitro dissolution time is compared to either
the mean residence time or the mean in vivo dissolution time. As with a Level A correlation, Level B uses allof the in vitro and
in vivo data but isnot considered a point-to-point correlation. Itdoes not correlate the actual in vivo plasma profiles but rather a
parameter that resultsfrom statistical moment analysis of a plasma profile component such as mean residence time. Because a

4 FDA GuidanceSUPAC-MR: Modified Release Solid OralDosageForms-Scale-Up and PostapprovalChanges:Chemistry, Manufacturing, and Controls;
InVitro Dissolution Testing, and InVivo Bioequivalence Documentation(1997).
5 FDA Guidance Extended-Release Solid Oral Dosage Form-Development, Evaluation, and Application of InVitro/In Vivo Correlations, "Ifan IVIVC is
developed with the highest strength, waivers for changes made on the highest strength and any lower strengths may be granted ifthese strengths are
compositionally proportional or qualitatively the same, the in vitrodissolution profiles of all the strengths are similar, and allstrengths have the same
release mechanism."
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number of different plasma profiles can produce similar mean residence time values, one cannot rely on a Level Bcorrelation
alone to predict a plasma profile from in vitro dissolution data. In addition, in vitro data from such a correlation cannot be used
to justify values at the extremes of quality control standards.

LEVEL C

This category relates one dissolution time point (tSO%' t90%, etc.) to one pharmacokinetic parameter such asAUC, (max, or
Tmax• It represents a single-point correlation and does not reflect the complete shape of the plasma profile, which best defines
the performance of modified-release products. Because this type of correlation is not predictive of actual in vivo product
performance, generally it is useful only asa guide in formulation development or as a production quality control procedure.
Because of its obvious limitations, a Level C correlation has limited usefulness in predicting in vivo drug performance and is
subject to the same caveats as a Level Bcorrelation in its ability to support product and site changes as well as justification of
the extreme values in quality control standards. The FDAGuidance "Extended-ReleaseSolid Oral Dosage Forms-Development,
Evaluation, and Application of In Vitro/In Vivo Correlations" (www.fda.gov/downloads/Drugs/
GuidanceComplianceRegulatorylnformation/Guidances/UCM070239,pdf) states that manufacturers can obtain biowaivers
based on multiple Level C correlations. The guidance shows how manufacturers can achieve this correlation. The FDA also
indicates that if such a correlation is achievable, it is likely that the development of a Level A correlation is also feasible.

DEVELOPING A CORRELATION

This chapter does not define the only procedures for developing an IVIVC, and any well-designed and scientifically valid
approach is acceptable. To assist the pharmaceutical scientist, one possible procedure for developing a Level A correlation is
described below:

1. In order to perform deconvolution properly, analysts should be familiar with the pharmacokinetics of the drug itself as
well aswhen it is incorporated into a modified-release dosage form. For example, if a drug is known to be fully absorbed
but demonstrates saturable first-pass kinetics, it is best to assume 100% bioavailability for purposes of absorption rate
calculation. This is based upon the fact that the drug is fully absorbed, but because of liver metabolism, one sees less
than if the drug were administered as an immediate-release bolus. If one utilizes the extent of absorption relative to an
immediate-release or solution dosage form, the input profiles will not superimpose with that calculated assuming 100%
absorption. However, point-to-point correlations most likely will be possible.

2. Different dissolution profiles of a formulation should be obtained as illustrated in Figure 1. The formulation should be
modified only sufficiently to produce different dissolution profiles so that the formulation has the same excipients in all
the lots that will be tested. The formulation modifications used in these batches should be based on factors that would
be expected to influence the product's modified-release rate and could occur during normal product manufacture. In
vltrodruq release is performed on the batches that will be used in the bioavailability study, and the effect of varying the
dissolution conditions is investigated. Some of the variables that should be studied are the apparatus (it is preferable to
use official dissolution equipment), mixing intensity, and dissolution medium (i.e., pH value, enzymes, surfactants,
osmotic pressure, ionic strength, etc.). The dissolution behavior of the dosage form need not be studied under all of the
conditions indicated. The number of conditions investigated depends largely on whether a correlation can be developed
with the in vitro results obtained under the more commonly investigated conditions such asapparatus, agitation intensity,
or dissolution medium and pH value. Each formulation and every drug represents an individual challenge. The resulting
dissolution profiles from the use of different dissolution media are illustrated in Figures 1 and 2 in which the same
formulations were tested in water and an acid buffer.
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Figure 1. Mean dissolution profiles of three modifications of a new modified-release formulation (USP Apparatus 2,
50 rpm, 0.9 L water, 37°).
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Figure2. Mean dissolution profiles ofa new modified-release formulation (USP Apparatus2, 50 rpm, 0.9 L, pH4.5 buffer,
. 3r).

3. The plasma level or urinaryexcretion data obtained in the definitive bioavailability study of the modified-release dosage
form are treated by a deconvolution procedure. The resulting data may represent the drug input rate of the dosage form.
They also represent in vivodissolution when the rate-controlling step of the dosage form is itsdissolution rate (i.e., drug
absorption after dissolution is considered to be instantaneous). Any deconvolution procedure (e.g., mass balance or
mathematical deconvolution) will produce acceptable results. Figure 3 illustrates the results of numerical deconvolution
of the plasma profiles obtained for the batches in Figures 7 and 2.
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Figure 3. Mean absorption profiles from numerical deconvolution of plasma concentration-time plots.
4. The in vitro dissolution curve is then compared to the drug absorption rate curve. Thiscan be performed by various

methods. Simply positioning one curve on the other often can indicate the existence of a correlation. This may then be
quantified by defining the equation for each curve and comparing the corresponding constants. The simplest way to
demonstrate a correlation is to plot the fraction absorbed in vivo vs. the fraction released in vitro, as illustrated in Figures
4 and 5. With a Level A correlation, this relationship isoften linearwith a slope approaching 1. As illustrated in Figures 4
and 5, a correlation may be curvilinear. The intercept mayor may not be zero depending upon whether there is a lag
time before the system begins to releasedrug invivo, or the absorption rate isnot instantaneous, resulting in the presence
of some finite quantity of dissolved but unabsorbed drug. In either case, it is a point-to-point or a Level A correlation
when the least-squares fit of the line approaches a coefficient of determination, R2, of 1. Forthe correlations illustrated
in Figures 4 and 5, the IVIVC using the acid bufferdissolution profiles was superior to that obtained from water.
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5. If from the studies indicated in the in vitro dissolution evaluation, given above, the modified-release dosage form exhibits

dissolution behavior that is independent of the variables studied and a Level A correlation is demonstrated when the in
vitro dissolution curve is compared to the drug input rate curve, then it is likely that the correlation is general and can
be extrapolated within a reasonable range for that formulation of the active drug substance. If the dosage form exhibits
dissolution behavior that varies with the in vitro conditions, analysts must determine which set of dissolution conditions
best correlates with in vivo performance. One can then establish whether the correlation is real or an artifact. This is
achieved by preparing at least two formulations that have significantly different in vitro behavior. One should
demonstrate a more rapid releaseand the other a slower release than the clinical bioavailability lot (biobatch). A pilot
BA-BE study should be performed with these formulations, and the previously established correlation should be
demonstrated for both. The formulation modifications of these batches should be based upon formulation factors that
would be expected to influence the product's modified-release mechanism, and modification of these formulation factors
are expected to influence the dosage form's release rate.

6. Alternatively, the in vivo performance of the biobatch formulation can be simulated based on the correlation developed
with these formulations that were used in the BA-BE study. Analysts then can compare the predicted and experimentally
determined values, the prediction error. The exercise illustrated in Figures 6 and 7 serves as an internal validation of the
Level A correlation. An external validation would involve simulating data for a formulation batch that was not included
in the Level A correlation calculations. Such a validation was performed using the in vivo data from the medium lot of
the formulation, and the results are illustrated in Figure 8.
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Figure 8. Observed and predicted mean plasma profiles: medium formulation.
7. Once a Level A correlation isestablished, in vitro testing can be used to establishdissolutionspecifications, biowaivers to

facilitate SUPAC, and changes in dosage form strength for the same formulation. It is questionable whether such an
extrapolation with Level Band C correlations is possible.

Establishment of Dissolution Specification Ranges

It is relatively easy to establish a multipoint dissolution specification for a modified-release dosage form. The dissolution
behavior of the biobatch can be used to define the amount that will be released at each time point. The difficulty arises in the
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variation that will be allowed around each time point. In the case of a Level A correlation, this can be done in two ways, both
of which use IVIVC: convolution and deconvolution.

CONVOLUTION

Reasonable upper and lower dissolution valuesare selected for each,time point established from the biobatch. Historically,
dissolution specifications have been selected by using the average dissolution of the development batches, with a range of
±2.5-3 standard deviations. It is now expected that the average dissolution values be approximately the same as those of the
biobatch. The dissolution curves defined by the upper and lower extremes are convoluted to project the anticipated plasma
level curvesthat would result from administration of these formulations to the same patients to whom the biobatch was
administered. Ifthe resulting plasma level data fall within the 95% confidence intervals obtained in the definitive BA-BE study,
these ranges can be considered acceptable. An alternative acceptance approach that can be used after the therapeutic window
for a drug has been defined, is to establish whether the upper and lower limits of the convolution resultsfall within the
therapeutic window, even ifthey fall outside the confidence interval. Ifthey fall outside the window, a more limited range must
be established. This procedure should be continued until the predicted values meet the desired ranges.

DECONVOLUTION

Anacceptable set of plasma-level data isestablished both for a batch of materialdemonstrating a more rapid releaseand for
one demonstrating a slower release than that of the biobatch. These can be selected by using the extremes of the 95%
confidence intervalsor ±1 standard deviationof the mean plasma level. These curves are then deconvoluted, and the resulting
input rate curve is used to establish the upper and lowerdissolution specifications at each time point. Inthe case of Level Band
Ccorrelations, batches of product must be made at the proposed upper and lower limits of the dissolution range, and it must
be demonstrated that these batches are acceptable by a BA-BE study.

Immediate-Release Dosage Forms

GENERAL CONSIDERATIONS

Because the mechanisms for drug release from modified-release dosage forms are more complex and variablethan those
associatedwith immediate-release dosage forms, one would anticipate that an IVIVC would be easier to develop with the latter
formulations. Unfortunately, most of the correlation efforts to date with immediate-releasedosage forms have been based on
the correlation Level C approach, although there also have been effortsemploying statistical moment theory (Level B).Although
it isconceivable that the same Level A correlationapproach can be used with immediate-releasedosage forms, until data have
been gathered to support this concept, Level Band Level C are the best approaches that can be recommended with these dosage
forms.
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Biowaiver Based on Dosage Form Proportionality
Biowaiver Based on the BCS

APPENDIX

BACKGROUND

BIOAVAILABllITY, BIOEQUIVALENCE, AND DISSOLUTION

This chapter provides recommendations for the in vivo and in vitro assessment of~solid'oral",(uSP1-MaY~2019) drug product
performance. The chapter is intended as a guide for scientists and clinicians seeking to evaluate drug product performance by
surrogate procedures correlativeand/or antecedent to clinical trials in humans. USP-NF provides qualitystandards for drug
substances, excipients, and finished preparations. A USP-NF monograph for an official substance or preparation includesthe
article'sdefinition; packaging, storage, and other requirements; and a specification. The specification consists of a seriesof
universal tests (description, identification, impurities, and assay) and specific tests-one or more analytical proceduresfor each
test-and acceptance criteria. Qualitystandards are important attributes that must be built into the drug product. Meeting
USP-NF standards is accepted globallyas assurance of highquality and is part of the requirements necessary for approval of a
bioequivalent...... (USP l-MaY~2019), interchangeable ...... (USP1-May-2019) drug product. ,...... 'cusP 1.MaY.201!}, Drug products must meet certain
invivo and/or in vitro performance standards to be considered therapeuticallyequivalent (TE) and interchan eable.
.i.. ... (USP1:fv1,ay-2019) Drug product performance may be defined as the rel~~~e of the"'d from the drug
product dosa e form, ... rmally... (USP 1:May-2019) leading tosystemic"'exposure or les . of the
, .201;) necessaryfor achieving a desired therapeutic response....Bi:of

SP J-May-2019) Thischapter discusses in vivo and in vitro approaches to determining drug product
performance. The focus of the chapter is primarily on the performance of solid oral drug products.
' .....This... (USP1-May-2019) chapter references "'two.. (USP 1.May.2019) F()od arld Drug Adrn.inistration (Fq~) i..gui_dances:Guidan~e (or
Industry: Bioavailability and Bioequivalence Studies Submitted in NpAsor INDs-General Considerations (draft u· '. a(ch
2014) and G~idance for Industry:Bioequivalence St~dies with Pharmaco Endpoints rugsSub . A (draft
gUidan mber 2013) (search by document title; http://www.f .' . I);,aEM' . idance:

. . vestigation of Bioequiva/(mce(201 0) (search by document title; I
19) and a WorldHealthOrganization(WHO) document, Annex 7: Multisource (Generic) Pharmaceutical Products:

Guidelines on Registration Requirements to Establish Interchangeability,"'W r
oductsi'f:ortieth Report. World HealthOrganizati()n: 'G~ , Series,

(201S) ... (USP 1:May.2019) (search by document title; http://who.int/en/). FDA guidances are used in the United
States, and WHO, FDA,"'EMA,A (USP1.MaY:2019) and national/regionalquldelinesmay be used by national/regionaldrug regulatory
authorities "'outside the U.S.... (USP ;.MaY.2019) Following approval, control of the qualityof a drug product can be achieved in part
by using the private and/or public specification, which can include a performance test. USP provides the general chapters
Disintegration (701), Dissolution (711), DrugRelease (724), In Vitroand In Vivo Evaluation of Dosage Forms (1088), ...... (USP 1~MaY-2()19j
The Dissolution Procedure: Development and Validation (1092), and Capsules-Dissolution Testing and Related QualityAttributes
(1094), which describe these tests and procedures.

This chapter providesgeneral informationabout the conduct of bioequivalence(BE) studies as a surrogate measureof in vivo
drug product performanceand dissolutionprofile comparisons as a measure of in vitro drug product performance .·fas stated
in the guidelines cited in this chapter .... (USP1.May.2019) The chapter also discusses conditions when an in vivo BE requirement may
be waived(biowaiver) for certain drug products and shows how the Biopharmaceutics Classification System (BCS) can be used
as a predictor of a drug product's performance. An Appendix to this chapter defines keyscientific terminologyand providesa
comparison between FDA,"'EMA, ... (USP 1.May-2019) and WHO in terms of drug product performance assessment. "'Other BE
'gUidance may exist outSideof that given inthis chapter .... (USP 1.May.2019)

ye to read:

BA studies focus on determining the processand time frame by which a drug :...su 019 is releasedfrom the
oral dosage form and moves to the site of action [see "'Guidance for Indpstry:Bioaya/ ' ubmltted
in NDAsor INDs~General Considerations (FDA draft gUidance March 2014) and'Guidance s
"Yith Pharmacokinetic Endpoints forDrugsSubmitted Underan ANDA (FDA draft guidarlce Dec ent
'title; tittp:j/wwwJda.gov!] .... (USP 1.May.l019) BA is an indirect or surrogate measure of the rate and extent to which the. g
substanceA(USP1~May-2019) or active moiety isabsorbed from a drug product and becomes available CIt its tar et sites of action.
.B,~ .data provide an estimate of systemicdrug exposure, includingfractlcn of.drugabsorbe~t "'Th lahilit)'
,of drug substance from drugprodudsthat are not intended to be absorbed into thebto'odstrea of this
chapter._~ (USP 1-May.2019) Drug products are considered bioequivalent if a test"'(7) ... (USP 1-May-2019) drug product does not show a
significant difference in rate and extent of absorption by comparison with a designated reference "'(R) drug
produCt~(usP 1.MaY~i019) when administered at the same .... (USP 1~MaY72019) dose ....... (USP1 7MaY-2019) under similar experimental
conditions in either a single dose or in multipledoses.

BA and BE generally can be obtained by serially measuring drug i..substance. (tJsp 1~Ma~.201;) and/or metabolite concentrations
in the systemiccirculation over a prescribed period. BE studies can use other approaches when systemicdrug concentrations
cannot be measured or are not appropriate. Forthese cases, more indirect approaches to BE determination include acute
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pharmacodynarnk endpoints, clinical endpoints, and in vitrostudies that typicallyin;,olve com arisons of the dissolution
profiles of.(7).... (USP1-May:2619)and A(Rrtt.'(usPl~Ma~-201'9) drug products.Aln·{heab'· " IVIVG)
or'considerGltionsbasecl on:th~BC;:S,in vitrq performancestudies,aref;lot lIseqi, .a .'.', ' ' .19)

BA and BE information are important in regulatory submissions~ BAinform~tion broadlyaddresses the absorption,
distribution, metabolism, and excretion of the Adrug substanc~"A~ (USP Hyiay~2019) Foran innovatorproduct, BE studies establish
the performance of the product intended for marketing by comparing the BA of the product as developed for marketing
approvalto the clinical trialmaterial,the drug product used insafety/efficacy trials. Forthe development~nd regulatory approval
of a generic drug product, the '~T... (USP1-MilY~2019) must be"'biqe.etuivaJent. (USP J-MaY~2Q19) to the~R.~·(u~n~M~;-2ot~) (usually the
brand or innovator drug product that isdesignated by the applicable regulatoryauthority).

The ICH guideline document titled Specifications: Test Procedures and Acceptance Criteria for New Drug Substances and New
Drug Products: Chemical Substances Q6A (2000) (search by document title; http://www.fda.gov/) provides approaches for
setting acceptance criteria for drug product performance. Theseapproaches relyon dissolution or disintegration based on
clinically acceptable batches, as does FDA's aPRro.ach. BE stu9iesfocus on the performanceof the drug product and usually
involve comparisonsof two drug products: ~Tand 8.i(l)sp 1~tv1aY-2(n9jThe required studies and the determination of BE are the
provinceof regulatoryagencies. In the ,United States,R istermed the RLD and isso notedin FDA's Approved Drug Products with
Therapeutic Equivalence Evaluations,A 37th Edition. (USP+May~2019) [OrangeBook ( ...20.17. (UsPJ~.May~i019» (http://
www.accessdata.fda.gov/scripts/cder/ob/)]. To assist countriesand regionswhere the R product may not always be readily
identifiable, WHO has prepared a document titled Annex 11:Guidance on the Selection of Comparator Pharmaceutical Products
for Equivalence Assessment of Interchangeable Multisource (Generic) Products (2002) (search by document title; http://
www.who.int/en/). In the WHO document, R is termed the "comparator pharmaceutical product" (CPP). When a country or
region has a clearly defined set ofCPPs, the task becomes one of requiring that a manufacturerdemonstrate, to the.satisfa~tion
of its regulatoryauthority, that its\~'(U~Pl~MaY-2019) product ispharmaceutically equivalent(PE) and ~bigeql:JiviiJ~n~~(~SPJ-M~i?oi§)
to the corresponding CPP.

Change to read:

BIOEQUIVALENCE

'j
eR
~(t1S~S::M~~2011';9» same

product. Several methods

Immediate-Release Drug Products

An interchangeable .A;drug~ (USP1-Ma;-2019) product must be PE. The lJ'MAand ... ·(usP l-tv1~~.2.oi9) WHO documents allow
pharmaceuticalalternatives to be considered"'T~"'(USP1~MaY~2019) and interchangeable if they are
Further, generic products must be shown to be bioequivalent to be considered
product"'~ (LJsPl~May-2019). Forthe product to be considered PE, it must have the sa
strength, same dosage form, same route ofadministration, and same labeling as the
exist to assess and document BE. These includethe fcllowinq:

1. Comparative pharmacokinetic studies in humans. In these studies, the"'drug substante.(USP~{M~~;201;)and/or its
metabolite(s)are measured as a function of time inaccessible biological fluid such as blood, plasma, serum, or urine to
obtain pharmacokinetic measuressuch as area under the plasma drug concentration versus time cUrve (,L\UC) and
maximum concentration (Cmax) that are reflective of systemic exposure. '~Other ph~rrnacokineticparilJlj~eters.slichas

time to peak concentration (Tmax)'may be'informative for saf~ty andeffi menf.... (uSP1~Ma;-2019)
BE studies are designed to,compare the in vivo performance of ..~1) enerlcproduct with an R product
"'or 2) a new formulationofan R product with the,originallyappr l-MaY~2019) Generally the design isa
two-period, two-sequence, single-dose, crossoverrandomized"'st_ , he number of subjectsshould be
statistically justifiedand NLT 12.•The necessary statistical power of.. .' "eterminet'l1e,-f!u!ilber of~~l)j~ets
>12.".... (USP l-May~2(19) During the study, blood samplesare collected at sufficient intervals for assessing Cmax, AUC, and
other parameters. Blood samples are analyzed using appropriately validated bioanalytical methodology with standard
pharmacokinetic measuresand statistical approaches.Thestatistical method for testing pharmacokinetic BE isbased on
the determination of the 90% confidenceinterval around the geometric mean ratioof the log-transformed population
means (''''T.~(USP1_~May-2019>!R)for AUC and Cmax by carrying out two one-sided tests at the 5% level of significance.

2. Otheroptions. Inaddition, comparativepharmacodynamic studies in humans and comparative clinical trials can be used
to document or supplement BE assessment. ~A'(U,SPt-M~y-2019) Invivo documentation ofequivalence isespecially important
for the following: drugs with a narrowtherapeutic range; documented evidence of BE problems; modified-release
pharmaceutical products designed to.act by systemic absorption; and fixed-dose combination products with systemic
action when at least one of the·drugsu_bstan~es ... (USP 1~M~y~2019) requires an in vivo study.

Single-dose, crossover BE studies are carriedout at the highestdose comparing rand Rproducts under fastingconditions.A
parallel study design can be used for drugs that havea verylong elimination half-life (ty2) . Sampling truncation at 72 h may be
allowable by re ulato a encies. Lower strength(s) of the dosage form can be given a biowaiver based on ~fir!e~i
p . " 9) dosage form proportionality, and dissolution rofile similarity. Food-effect studiesare re

tapproval anges-ifJ1'"
cept'Wher ,T
'and highl ,ab,

on~n ~rhptysto: ~ch;,or.
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food effect on absorptionoradminis~ration[see"FDA Guidance forlndustry:Food-Effeet BioavailbbilitycmiJ FegBioequivalence
Studies(2002); (s~arch by document title;.http://www.fda.mwlni.: (USP l-May-2019)'

Modified-Release Drug Products

BE studies for ~modinedA(us~ 1:M~-2(19)-release dosage forms are carried out as single-dose, crossoverstudies under fasting
and fed conditions at the highest dose to compare T and R products. Asingle-dose study is more sensitivethan multiple-dose,
steady-state studies in assessing in vivo drug product performance, particularly withregard to the phenomenon of dose
dumping, i.e., the rapid and unintended premature releaseof the 4drug substance4(USP1.May-2019) from an extended-release
product into the ,AgasttointestinaJ tract.A(USP1-May-2019) Lower strengths of an extended-release dosage form may not require an
in vivostud based on use of the same drug-releasin mechanism,dosage form proportionalit and similardissolution profile.
4 PAC- 'fie 'el eSolidOral Dosage For. -U " ,

'ngandIn VivO iv
BE studies an

e. ". Inistered modifie -re ease product
flee Studies (2002)]'4'(USP l-May:2019)

Orally Administered Drug Products, Not for Systemic Effect

Some oral drug products are intended for local activity. Mesalamine and cholestyramine are examples of drugs that are
intended for local activity. Forthese types of drugs, systemicabsorption from the gastrointestinal tract is minimal; thus a
comparative clinical trial is required whilea systemicdrug exposure profile also may be required. Insome cases, in vitro studies
may be appropriate, such as studies including comparison of cholestyramine binding to bilesalts.

Bioequivalence Studies

Objedi\fe:Th.eobjective of a BE study is to measure and compare formulation performance between two or more
.... (US~ 1~May~2019) drug products. Drug availability from T and R products should not be statistically different when the drug is
administered to patients or subjects at the same molar dose under similar experimental conditions. ',>"',

Design: Thedesisnof a BE study depe~dson ,the obj~ctives oft~estudy, the abilityto analyze the drug ~s,ubst~li'~~
(aQdlqr4(USP1"May-2Qlf) metabolites~w~ereappr()priate)4(USP1-May~2019) in biological fluids, the pharmacodynamics of the drug
substance, the route of drug administration, and the nature of the drug and drug product. Pharmacokinetic parameters,
pharmacodynamic parameters, clinical observations, and/or in vitro studies may be used to determine drug BA from a drug
product.

Some possible BE study designs include the following:
1. Single-dose, two-way crossoverstudy under fasted conditions
2. Single-dose, two-way crossoverstudy under fed conditions
3. Single-dose, parallel study under fasted conditions
4. Single-dose, replicate design
5. Single-dose, partial replicate design
6. Multiple-dose, two-way crossoverstudy, fasted conditions
7. Pharmacodynamicor clinical endpoint study
8. In vitro dissolution profile comparisons

Thestarldard BEstudy isa crossoverdesign (e.g~1 Latin square crossoverdesign) in which each subject receives the
t}T;"(U~~r.MaY-2019j drug product and the ",Rdrug~'(USP1-MaYc2019) product on separate occasions.Studiesare usually evaluated
by a single-d()se! t\IVo-p~riod, two-treatment, two~sequence, open-label, randomized crossoverdesign comparing equal
doses of the~7E..(usp H'!1ay-2019) and"R.,.(usp lcMaYc2019) products in fasted or fedadulthealthy subjects. Amultiple-dosestudy
may be required for some extended-release drug products. Awashout .... (llSP1.iv!ay.2019) is scheduled between the two
periods to allo\!'{ thesubjectsto completely eliminate the drug absorbed from the first dose before administration of the
second dose~Qf(:frug J2ro~lJct.",(L1sPc l-May~2019) Ifthe predose concentration is S5% of the (max value in that subject, the
subject's data without any adjustments can be included in all pharmacokinetic measurements and calculations. Samples
of an accessible biologicfluid such as blood are used to characterize the drug concentration versus time profile. During
the fasting study, subjects are fasted at least 10 h. Apredose (0 time) blood sample is taken. The ~rug pr()duc~is gi'{en
with 240 mL(8 fluidounces) of water. No foodis allowedfor at least4 hpost dose."TheT~fldRdragfl?ro(:fuctsare
~dmi~isteredatthesame time of da,y to avoid diI.Jrflal'effeds:1.~usf'1-MaY'2oi9) Blood sampling isperformed periodically after
~j,' (USP l-May~201,9) administration"ofdrug product.. (USP l-May.2019) according to protocol. Afood intervention or food effect
study is conducted with standard meal conditions that are expected to provide the greatest effects on gastrointestinal
physiology so that systemicdrug availability is maximally affected. In addition, the high lipid content of the meal may
affect the rate of drug releasefrom the product, in situ. A high-fat (approximately 50% of total caloric content of the
meal) and high-calorie (approximately 800-1000 calories) meal is recommended as a test meal for food-effect BA and
fed BE studies. Thistest meal should derive approximately150, 250, and 500-600 calories from protein, carbohydrate,
and fat, respectively. The drug product isgiver:' with 240 mL(8fluidounces) 0f.vy~ter,afteripgesti()n~f7t~~s!~ndardmeal.
Subjectsshouldconsume identical meals~\lVithinthesameintervalbefore.administrationottme7'iQrRdrug
prciducts~ ... (USP1-May-:zo19)
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Analysis of samples: Samples, usually plasma, are analyzed for the and, on occasion, active
metabolite concentrations by a validated bioanalytical method.

Pharmacokinetic parameters: Pharmacokinetic parameters are obtained from the resulting concentration-time curves.Two
majorpharmacokinetic the rate and extent of systemicdrug absorption.AUC reflects the extent
of drug reflects the rate of drug absorption. Other pharmacokinetic parameters may
includethe rate constant (k), elimination half-life (tMl), lag time (T'ag), and others.

Statistical Analysis

Pharmacokinetic parameters are analyzed statistically to determine whether the T and R products yield comparable values.
Because BE studies may use small sample sizes,log transformation of the data allows the frequency distribution of the data to
be more normalized so that parametric statistical analyses may be performed (see FDA's Guidance for Industry: Statistical
Approaches to Establishing Bioequivalence (2001); search by document title; http://www.fda.gov/).

Parametric (normal-theory) general linearmodel procedures are recommended for the analysis of pharmacokinetic data
derivedfrom in vivo BE studies. An analysis of variance (ANOVA) should be performed on the pharmacokinetic parameters
AUC and (max using appropriate statistical programsand models. Forexample, for a conventionaltwo-treatment, two-period,
two-sequence (2 x 2) randomized crossover study design, the statistical model often includesfactors accounting for the
following sources of variation:

- Sequence (sometimes called Group or Order)
- Subjects, nested in sequences
- Period (or Phase)
- Treatment (sometimes called Drug or Formulation)

Thesequence effectshould be tested usingthe [subject(sequence)]mean square from the ANOVA as an errorterm. All other
main effects should be tested against the residual error (error mean square) from the ANOVA. The least-squares means
(LSMEANS) statement should be used to calculateLSMEANS for treatments. Estimates should be obtained for the adjusted
differences between treatment means and the standard error associated with these differences.

The statistical assumptions underlying the ANOVA are as follows:
- Randomization of samples
- Homogeneity of variances
- Additivity (linearity) of the statistical model
-Independence and normality of residuals

In BE studies, these assumptionscan be interpreted as follows:
- The subjects chosen for the study should be randomlyassigned to the sequences of the study.
- The variances associatedwith the two treatments, as well as between the sequence groups, should be equal or at least
comparable.
- The main effectsof the statistical model, such as subject, sequence, period, and treatment effectfor a standard 2 x 2
crossover study, should be additive. There should be no interactions between these effects.
- The residuals of the model should be independentlyand normally distributed.

If these assumptions are not met, additionalsteps should be taken prior to the ANOVA, including data transformation to
improve the fit of the assumptionsor use of a nonparametricstatistical test in place of ANOVA. However, the normality and
constant varianceassumptions in the ANOVA model are knownto be relatively robust (i.e., a small or moderate departure from
one or both of these assumptionswill not have a significant effecton the final result). The rationale for log transformation is
provided in FDA's Guidance for I'?g;~;~g;;~i~~~~!~~!cal Approaches to Establishing Bioequivalence (2001) [search by document title;
see FDA http://www.fda.gov/]. ~;~~U$P.l+fvl~;~?gT!?)
The two one-sided tests procedure: Atesting procedure termed the two one-sided tests procedure isused t~ determine the
comp~rability ofgeometric mean values for pharmacokinetic parametersmeasured afteradministration ofthe ~iZ;;~(Q$P"1:tMclY;7Q19)

and~R4(lJSPihMaY-2019) products.' The t~8~~f1~~~!ged tests rocedure determin~~~~~~~~~ri~<~~!i~.P8,:!~~!lyl~~~t~~n7~;~'~~'
~~~tb~r,~i~ not importantlyless than T. 4,QllLt~~i§i .!~~Q}iJi!~!i9IJLPfl;\~S'ini~~HYim~l;\lJingf~Jglff~[tm<::~
riJClYP~~~~q~"'(QSPJ"'May.2Qm Mostoften, 20% defines); ..;;,. .f(l:I$~il+MaYFgOl~)difference. Thestatistical procedure
involves the calculation ofa confidenceinterval forthe ratio(ordifference) between Tand Rpharmacokinetic variable averages.
The limits of the observedconfidenceinterval mustfall withina predetermined range for the ratio(ordifference) of the product
averages. Point estimate mean ratios (T/R) derivedfrom the log-transformed AUC and (max data must be between 80% and
125%. Because data are log transformed, T/R=80/100 =80% and R/T =100/8q,;==.1}?~;, In addition, the 90% confidence
intervals for the geometric mean ratios(T/R) for AUC and (max must be between ~§Q;!QQ~""i(O$liJ'li;,JjlfclY~4Q19) and
~J;~~.;Q,~~k ...(qSPJ,M~)f+2Q)?i) The regulatoryrequirementsfor the range of 90% confidence intervals for (max

different in countries outside of the United States.
Bio-inequivalence: The failure to demonstrate BE may be due to a performance failure of the T or to an inadequate

study design.Thefailure to demonstrate BE becauseofan inadequate study design can be due to Irnr..rt'lln~r inwhich:
1) the sampling time for (max was not obtained, or 2) the number of samples taken did the

concentration versus time with variable % coefficient of variation

, Schuirmann DJ. Acomparison of the two one-sided tests procedure and the power approach for assessingthe equivalenceof average bioavailablllty.
J Pharmacokinet Biopharm. 1987;15(6):657-680.

www.webofpharma.com

https://nhathuocngocanh.com/



7700 (1090) / General Information USP 43

Presentation of data: The drug concentration in biological fluid at each sampling time point should be furnished
untransformed for all the subjects who participated in the study. The derived pharmacokinetic parameters also should be
furnished untransformed.The mean, the standard deviation,and the CV for each variableshould be computed and tabulated
in the final report.

To facilitate BE comparisons, pharmacokinetic parameters for each individual should be displayed in parallel for the
formulations tested. In particular,for AUC andCmax' the difference (T - R), the ratio (T/R), and the log of ratio (log T/R
or In T/R)between the Tand Rvaluesshould be tabulated side-by-side for allthe subjects. Foreach subject, the summary
tables should indicate in which sequence (TthenR, or R then 7) the subject received the product. Histograms showing
the frequency distribution of the differenceand In ratio (or log ratio)for the major pharrnacokilleticpararneters(f\UC~nd
Cmax) .ar,eusefulin .the..su~mi.ssion ... :Af'.Jr\lFrgP%·q~the;t()t~I'AUC (zeroto-jnfi11 ity)-sfjould .be,obtainecibya-n.,e~trap~9Iateg

~errt1inal-~rifl1j l1ilt iQIl•.to{Usp 1~May~2019)
Inaddition to the arithmetic mean for the Tand Rproducts, the geometric means (antilog of the means of the logs),means

of the logs, and standard deviations of the logs should be calculated for AUC and Cmax' All means, including arithmetic
mean, geometric mean, and means of the logs, as wellas standard deviations and CVs, should be included in the report.

DISSOLUTION AND IN VITRO PRODUCT PERFORMANCE

As noted for an official preparation, USP monographs providea publicspecification that includesa listof tests, referencesto
analytical procedures, and acceptance criteria. Most solidoral dosage forms, including oral suspensions, require a dissolution
or drug release test. Drug dissolution and drug releasetesting are described in (711) and (724). These publicspecifications are
used for quality control tests and for market approval. The USP dissolution test in the monograph is related to BA and BE only
when closely allied with a sound regulatorydetermination. Withoutthis association, the USP dissolution test should be regarded
solelyas a quality control test for batch release. FDA guidances are: 1) Guidance for Industry: Dissolution Testing of Immediate
Release Solid Oral Dosage Forms.t:(i 997).t: (US~·l.MaY-2019) (http://wWw.fda.gov/; search by document title); A.t: (I.JSP J-MaY-2~1~) 2)
Guidance for Industry: Extended Release Oral Dosage Forms: Development, Evaluation, and Applicationof In Vitro/In Vivo
Correlations"(1997);. and 3) Guidance for Industry:Dissolution Testing and Specification Criteria for Imme' Release SolidOral
Dgsage Forms Containing Biopharmaceutics ClassificationSystem Class 1 and 3 Drugs (~raft July 2015).t:.(u ay-2019) (search by
document title; http://www.fda.gov/).

Dissolution and In Vitro BA

Drug dissolution and release tests are very useful during drug product development for identifying critical manufacturing
attributes such'as the impact of ingredient properties and the impact of the manufacturing process on drug product
performance. During product development, optimum dissolution conditions need to be developed to discriminateamong drug
product formulationsand changes in manufacturing processes.After the finisheddosage form isapproved for marketing,drug
dissolutionand release tests.t:rna)lbe.t:(USP1-MaY~2019) useful in predicting possiblechanges in performance due to .t:sc"le-::l.lJ? and
postapproval changes..t:(uSP l-May.i019) See the-following FDA guidances:

Guidance for Industry: Immediate Release SolidOral Dosage Forms, Scale-Up and Postapproval Changes: Chemistry,
Manufacturing, and Controls, In VitroDissolution Testing, and In Vivo Bioequivalence Documentation (1995) (search by
document title; http://www.fda.gov/) and
Guidance for Industry: SUPAC-MR: ModifiedRelease Solid Oral Dosage Forms, Scale-Up and Postapproval Changes:Shen"1istry,
Manufacturing, and Controls; In VitroDissolution Testing and In Vivo Bioequivalence Documentation (~1997).t:(UsPl~MaY~Z019)

(search by document title; http://www.fda.gov/).
Forsome oral drug products, in vitro drug dissolution can be related to in vivo performance, such as.t:BA.t:{uSP1-May-i()19~ and/

or systemicdrug exposure. Chapter (1088) describes various approaches to IVIVC.

Dissolution and In Vitro Equivalence

.t:An apprppriate~(usp l-May-2019) dissolution test isa powerful in vitro physiochemical test that measures drug product quality
and performance for a variety of dosage forms, such as solid oral dosage forms, transdermal dosage forms, suspensions, and
certain semisolid dosage forms. The USP tests for finished dosage forms can be divided into two types: 1) drug product quality
tests, and 2) drug product performance tests. Product qualitytests are intended to assess attributes such as assayand content
uniformity; product performance tests are designed to assess product performance, and in many cases relate to dissolution. For
details regarding the performance of a dissolution.t:jdrug-release.t: ~USP 1~May.2019) test, see (711), (724), (1 088), ~ j.-(USP~-M;Y"2d19)

(1092),.t:and SefTIisolidDrug Produds-:-Performanc~ Tests (] 724)..t: (USP l-May-2019)
The invitro dissolution test was initially developed as a qualitycontrol tool to ensure drug product qualityand batch-to-batch

consistency.The test procedures for conducting dissolution.t:/9fu9 releaseJ.(USP1.MaY~2019) tests are described in (711) and
(724). The development of the BCS brings new understandinQ and power to the dissolution test. The B<::S c1assifie~s. the drug
substance according to .t:its aqu~ous:.\ (USP1~May-2019) solubility, .t:aswellas its .t:(USP l-May-2019) permeability.t: 9) through a
biomembrane, such as the intestinal mucosal cells. The dissolution rate of the drug .t:substanC€4 (USP 1.M - 9) from the dosage
form is important in substantiating biowaivers based on the BCS.
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Dissolution Profile Comparisons

In vitrodrug dissolution and releasetesting can be related to in vivo drug performance, such as BA. The comparisons of
dissolution profiles are gaining importance as a means of documenting comparative BA studies-that is, BE. Abiowaiver isthe
replacement or waiver AA (USP1~May.2(19) of in vivo BE studies by an in vitro test.

Amodel independent mathematical approach is used to comparethe ~i~soluti?n profiles of two products: 1) to compare
the dissolution profile between the TA .... (USP1~MaY:2019) product and R,.I. ... (USP.l:MaY~2019) product in biowaiver considerations; 2) to
compare the dissolution profile between the two strengths of products from a given manufacturer;' and 3) for SUPAC after the
product is approved. Forcomparing the dissolution profile, the similarity factor f2 should be computed usingthe equation:

where R, and T, are the cumulative percentage of the drug dissolved at each of the selected n time points of the
..R...·(usp 1-May.;Z019) and ....T .... (USP i.MaY:2019) product,respectively. An f2 valueof 50 or greater (50-100) ensuresdissolution profile
similarity'".... (USP1-May-2019) and thus "'equivalence of... (USP':May.2019) the performanceof the twoproducts..... --'. -ance
recommends that, at. (USP1.May.2019) a minimum three points, NMT 1 point exceeding 85% ;·o{tbe lab .. .
dissolyed,. (USP'-May-2019) should be used for similarity profile comparison. Forproducts that di~solve\t'eryrapidly (~85%

dissolutionin 15 min), a profile comparison is not necessary.....Differ· .slightlx<:Jiff~rent~oflsirte,ration$irdh~
applicationof dissolution profile comparisonsthat are given in TClble

Add the following:

J.INTERCHANGEABILITY OF ·DRUGPROD.''''~TS

The interchangeability of drug products isa majorconcern for physicia
or purchase them.' Interchangeability of drug.productsis a regulato ec
equivalence. The FDA determinestherapeutic equival~nce of prod
manufacture of the.drug product can affect its BA and stability, th ", ufac
is bioequivalent'and TE to the R.Thefactors that can affectthe drug product pe .
the finished drug product include:

• Solid form and particle sizeof the drug substance
• Differences in exdpients in the formulation
• Differences in the manufacturing precesss (USP1.May-2019)

Add the following:

·SOLID FORM AND,PARTIClE.SIZE

Add the following:

As a resultof the synthetic route and method of purification~·the dru s
orsolid form.Different solidforms, crystalline or amorphous, ca .'
absorption and SAof these substances from the same dosage fo
structuresare more thermodynamically stablethanamorphousf
polymorph"hydrate~ or saltsof the drug substance may alsohave
of the drug mayhave differentaqueous solubilities or may dissolv
the drug mayalso affectthe rate of dissolution. Adrug substance
fine particles may dissolve faster and lead to systemicabsorption tha
larger particles..... 'cusP 1~May:2019)

ApharmaceuticaldosagefonT1 typidlilyconsists ofexcipients asw
other than the drug substance(s)" intentionaJly added to th r
pharmacodyn9micactivity, playa critical role in manufact ,
complywith compendial standards that addressquality. However,
the performar\c:e of a finished dosage form at least as much as the,p
substance..... (USP 1.May~2019)
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VariatiQnin the manufacturing process can have a dramatic~ffect on drug product performance. Bleiidlng, sieving,
compression force, precompression or granulation, and coating are all manufacturing ope anim act product
performance. Interchangeabilitycan be affected by the manufClcturing ,operationthat isas cons ation as the
control of the drug substance form and the properties of the excipients u$edin the formulatio

Change to read: '

BIOWAIVER

The term "biowaiver" isapplied to a regulatory approval process when the application (dossier) isapproved on the basisof
evidence of equivalence other than an in vivo BE test. Forsolid oral dosage forms, the evidence of equiv~lence isdetermined
onthebasis ofan in vitro dissolution profile comparison between theATA(tJSP1~MaY-20195 and thefR"'(LlSP1-May,2019) product.

J6.. A(USP.J~May-2019)

Biowaiver Based on Dosage Form Proportionality

When a slnqle-dose fasting BE study is conducted on the designated (usually highest) strength of the drug product, the
requirement for the conduct of additional invivoBE studies on the lowerstrengths of the same product can be waived, provided
that the lower strength: 1) is in the same dosage form; 2) is proportionallysimilar in its active and inactive ingredients; 3) has
the same drug release mechanism (for extended-release products); 4) meets an appropriate in vitro dissolution profile
comparison criterion (Ae.g.,A (USP l-May-2019)f2 2:50); and 5) both lowerand higher strengths are within the linearpharmacokinetic
range.

Biowaiver Based on the BCS

ides a regulat,Ory platformfor replacing certain BE studies with in Yitrodissolutiontests.1. (USP 1-May;2019) The BCS
19) takes into account three major factors that govern the rate and extent of drug absorption from

immediate-releasedosage forms. J.These are aqueous solubility and intestinal permeabilft.Y ofthe drug sub . ipn
withthe dissolution of the pharmaceutical do~age form.These properties are assessedandcat~gorJzed as be ". Igh
for the purpose of c1assifiCation.J.'(USP 1-May-2019), On the basisof the solubility and permeabilityof the dosage form, the drug
substance is J.categorized in differentJ. (USP 1-May-2019) classes:

• Class 1: high solubility, high permeability
• Class 2: low solubility, high permeability
• Class 3: high solubility, low permeability
• Class 4: low solubility, low permeability
loS lubility c1assifkationofa drug substance as ,low or highdepends onthe dose of the'drug product.FDA'defi

s s eing highlysoluble "when the highest dose strength is soluble in 250 ml or lessof aque' .
" e FDA Guidance for Industry: Waiver of InVivoBioavailabilityand' ivalence .

sedon aBiopharmaceutics Classification System (Decemb ear
Ausesthe highest singledose a .. ed, andWHO ighest
. fined by the labelingf . ovatorproduct.

perm . . as high or low I, ers among th
Iewhere th~ . t of absorption is90% or more

ability I as rointestinal tract. HOconsiders a drug substance (A ,
85% or more of an administered dose.EMAfinds complete absorption to be e
tion is2:85%and goes on to say that COmPlete absorption isgenerallyrelated to

'ass balance or comparison to an intravenous reference dose (EMA:absolute~A)in suppo
tion.

A requirements for BCS-based biowaiverapply to immediate-release drug products when thed
d the Rand Tproducts are rapidlydissolving (NlT 85% in NMT 30min) 'or BCS 9ass

85% in MT 15 rrin) and contain the same excipients.'T and
I T biowaiver'excludes immediate-releaseproduc '

oral cavity. The EMA requirements for
nsidered not to have a narrow therapeutic i .

d Rmust have the identicaldrug SUbstance, but differ
s " Classl drug substances, rn vitrodissolution is eitherve '."' 5%

(Ley 8 , 0 in, <3Q'min and similar dissolution, profiles). ForBCS Class 3 drug substances, a biowaiver
invitro dissolutionfor bothTand R. Excipients that might affect BA are the same and otherexcipients ar
and in'similaramounts.
, The WHO requirements for BCS-based blowalverapply to BCS Class 1 and 3drug substances. ,For BCS Class 1

substances, both T and R products should be rapidlydissolving and demonstrate similardissolution profiles., ForBCS.Class
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3 dru£Jsut>stancesl,~dissol(Jtionshould~b_e}Ieryrclf,>id in. vitr~.' The .§~meexfiR~erltcorJ1P9S1!t()QJ9Lb_()fh~r~nq-,{dr~~i prq9~f~
i~required'A (USP1~tviay.2019) - - . . . - .

Use of the BCS has become a means of documenting BE without the conduct of an in vivo study; see the FDA guidance
Guidance for Industry: Waiver of In Vivo Bioavailability andBioequivalenceStudie~:for Immediate-Release Solid Oral Dosage Forms
Based on a Biopharmaceutics Classification SystemA(December 2017).6.(USP1~May.2019) (search by document title; http://
www.fda.gov/).

The in vitro dissolution studies are ge,!erall}'carried out bybasket rn..ethod at 109 n:>m orl?y_paddl~ rn~thod at 50 r
guidance cited immediately above Aand_EMAguidance, Guidel ' sti' . . l"
or 75 rpm;A[WHO . an ultisource (G.eneric) Pb '.' od
Establishln,terchan ·Iit. COmmittee ' " edfications for .,' rm •
qeQeva;2006::Annex~_W,}:ReportSeries • 93!),'TRS:992]A(USP1_MilY: ,(search by'documenttitle; http://
www.who.int/en/) in 900 mL of medium at pH 1.2,4.5, and 6.8. On thebasis of dissolution rate, the pharmaceutical dosage
forms are dassified as: 1) very rapidly ,A(FDA, EMA and Wffb) A(USP1.tv!ay-2019) dissolving, if 85% or more of the -
content..t.(USP1.!viay.2019) disso,lv~s in 1,5min or less, or 2) rapidly dissolving, if 85% or more of the ,AlabelecfcCJ.':l
dissolves in 30 min. A:A (USpi.MilY~2019) '" '

For biowaiver, the dissolution tests should be carried out for both ATA(US~ 1~ ) an__ "(l,iSP:l~Ma;~;~'l~j product under the
same test conditions. For the generic product to be eligible for biowaiver, the RA(USP H~I - 19) product should belong to the
same BCS class and should meet dissolution profile comparison criteria. On the basis of the BCS classification and dissolution
profile comparison, a biowaiver canbe ~onsidered by regulatory authorities, provided the dissolution profile similarity criteria
AA (LJSP 1.Mily-2019) are met ATableA.. l).Ji.,(iJSP1-May.2019)

DISSOLUTION AS A QUALITY CONTROL TEST AND :AVERSUS'ASAN'lt{VITROEQ",VIViALE:Nc

There is a dear difference between dissolution as a quality control test and dissolution as an in vitro equivalence
:6.i(Usiq-MaY~2019) test. For immediate-release dosage forms, the quality control test involves asingle-P!?i~tdissolution test in only
one medium (generally a compendial test). On the other hand, the in vitro equivalence test fA(USP I-M~yL2(19) involves dissolution
profile comparison in pH 1.2, 4.5, and 6.8 between the t product and the R product.

Change-tol'ead.

APPENDIX

Comparisons Among FDA, EMA, and WHO

FDA EMA WHO,

Onlyone measurementshouldbe con- Aminimumof 3 time points(0 exdud­
sidered after85% dissolution of both ed) andNMT1 mean valueof >85%
the products dlssolvedforany of the foq;,ulations

~nd-R 'arev~rY rapidly
,miJflrlyrapidly dissolv:::

Basket
Padaie

BCS Class ldni salid eitherveryrapId
Clissoh.iti id. Exci:
pients th are quaIl,-
tativelya
BCS Class. rug
solutionand exd
fe'ctBAarequ'!lita .
tivelY'the same; and oto
ar~ qualitatively thesarne and quan­
titatively very similar;

>85%of the labele
in15'min (Osln9 t .
ing toth.eguideline)

~85% of the labele
within30 min (sim
the method according
line)

Basket
paCldle

NLT 85% in15 niiri(usingthe method
ac<:ordil)g to the guid~line)

BC$ Class f~rugproduct (7"and R) is
rapidlydissolving, and Tdoes.not
co excipientsthat wouldaf-
fec d extenfofabsorption of
th" . CSCI~ss 3:. drug product
(Tand R)s.very rapidlydissolvihg,
and Tisqualitatlvelyve,ysimilar in
compositionto It

~85% ofthelaoeled amoun,t dissolves
in 30 min (usingthe method atcord~

ing t() the gUideline)

USPApparatus1
USP ,APRaS1;ltus 2

Conditionsfor f2 calculation

Requirements

Rapidly dissolving

very rapidly dissolving

Biowa!ver

~pparatus
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fDA EMA WHO

0.1 N hydrochloride or sirriu.lated
gastricfJuJd(withouten;zymes)
Buffer pH 405'
Buffer pH6.8 or simulated intestinal
fluid (without enzymes)

pH1.~'(0:l N hydrochloiide or SCF)
Buffer pH4.5
Buffer pH6.8 or SIF

BUffer'pH1.2
BufferpH 4:5-(acetate'buffer)
B,ufter pH,6.8

Diss~Jution media

temperature

500 mLor less

31± 0.5~

with gelatin
ricand intestl~ Absolutely no addition'ofslIrfactants.

mes) caD Useofen;zymes isallowedfor gelatill
capsules:

900 mLor less

af pharri1a~opoeia bu.fterS
re~

90(5mLor:le,ss

~-ample number

Apparatus 1:100. rpm
Apparatus 2: 50 rpm (or75rpm when Basket: 100 rpm
apPfoprlatelyjustified) Paddle:50 rpm

12 12

'Baske
Paddl

elrpm
rpm

12

,Sampling time
Sufficient numberof intervals, e.g., 10,
15, 20, 30 min 10, 15, 20, 30; 45 min

10, 15,.20,30; 45,,60 min.
(usp) .May.2019)

4,Table'A;;'2.4(USP1'MaY:201~) Comparison of FDA, 4EMA;:' (USP 1.MaY.2(119) and WHO Definitions

Term FDA .lEMA.(USP1:May.2019) WHO

Pharmaceutical equivalents

Pharmaceutical alternatives

Drugproductsareconsideredpharma­
ceutical equivalents if they contain
the same activeingredient(s), are of
the samedosage form, havethe same
route of administration, and are iden­
tical in strength or concentration.
Pharmaceutically equivalentdrug
productsare formulated to contain
the sameamount of activeingredient
in the same dosage form and to meet
the same or compendialor other ap­
plicable standards (strength, quality,
purity, and identity); but they may
differ in characteristics such as shape,
scoringconfiguration, releasemecha­
nisms, packaging, excipients, expira­
tion time, and, withincertain limits,
labeling.

Drugproductsare consideredpharma­
ceuticalalternatives if they contain
the same therapeutic moiety but are
different salts,esters, or complexesof
that moietyor are differentdosage
formsor strengths.

·Medlcinal products are pharmaceut­
icall, equivalentifthey contain the
sa nt .ofthe same activesub..;
stance(s)in the same dosage forms
that meet thes
stand
lence
equivalenceascliffe
pients and/o man. turing
processcan I 0 faster or slower
dis~olution.and or absorption....
(USP 1:MoY-2019)

·Medicinal productsthat contain dif~

feren esters, ethers, isomers,
mixtu lexesor

derivatives. .. '.iety,qr
whichdifferin dosag.e form or
sirengthA (USP1.May.2019)

Productsare pharmaceutical equiva­
lents ifthey contain the same molar
amount of the same '~API(s) ...;
(USP 1.MaY:20i9) inthe same'dos-'
age form·; ... (USP1. they meet
comparablestandards
(USP1.,...,aY;2019)and ifthey are intended
to be administered bythe same route.
Pharmaceutical equivalence does not
necessarily implyTE' j
differences in the ;;L
properties,the. i exci-
pients and/orthe manufact~ring

processand '.... (U~~ i.MaY.20,;j other
variables can lead to differences in
product performance.

Productsare pharmaceutical alterna­
tive(s) ifthey contain the same ;LA

(USPI-M~Y.2019) activepharmaceutical
moietyor moieties but differ in dos­
age form(e.q., tabletsvs. capsules)~,

strength,"'(USP1,.M~y,2019) and/or chem­
icalform(e.g., differentsalts,different
esters). Pharmaceutical alternatives
deliverthe same activemoietyby the
same route of administration but are
otherwisenot pharmaceutically
equivalent. Theymayor may not be
bioequivalent orTE to the comparator
product.
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phar­
maceutical product with which the
multisource product isintended to be
interchangeablein clinical practice.
Thecomparatorproduct normally will
be the innovatorproduct for which
efficacy, safety,and qualityhavebeen
established. Theselectionof the com­
parator product usually ismade at the
nationallevel by the drug regulatory
authority.

WHO

Twopharmaceutical products are con­
sidered to be TE ifthey are pharma­
ceutically equivalentor pharmaceuti­
cal alternatives and after administra­
tion in the same molardose, their ef­
fects,with respect to both efficacy
and safety, are essentially the same
when administeredto patients bythe
same route under the conditions
~pecified in ~~e!~~,~ling.

and WHO Definitions (continued)

FDA

Drug products are consideredto be
therapeutic equivalents only ifthey
are pharmaceutical equivalents and if
they can be expected to have the
same clinical effectand safetyprofile
when administeredto patients under
the conditionsspecified in the label­
ing.

Thisterm means the'rate and extent to
which the active ingredientor active
moiety isabsorbed from a drug prod­
uct and becomes available at the site
of action.

Thisterm describespharmaceutical
equivalentor pharmaceutical alterna­
tive products that display comparable
BA when studied under similar exper­
imentalconditions.

An RLD [21 CFR 314.94(a)(3)]means
the listeddrug identified by FDA as
the drug product upon whichan
applicant relies in seeking approvalof
itsANDA.

"'~D"",:t~;;"1\1i'" Comparison of FDA,

Term

BA (bioavailability)

Therapeutic equivalents

Bioequivalent drug products
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WHO

and WHO Definitions (continued)

FDA

Ageneric product isa product that is
therapeutically equivalentto the RLD
and isintended to be interchangeable
with the innovator product.

"P,C....'c7fllIU\ Comparison of FDA,

Term

Multisource pharmaceuticalproducts

Pharmaceutically equivalentor phar­
maceutically alternative productsthat
mayor may not be therapeutically
equivalent. Multisource pharmaceut­
icalproducts that are therapeutically
equivalentare interchangeable.

lnterchanqeablepharmaceutical prod­
uct

An interchangeabl: p'~~~~~~~~~i.~.~.!
product isone ~~hic::/1.(l).sBE~a§"~Qf~)
istherapeutically equivalentto a com­
parator product and can be inter­
changed with the comparator in clin­
ical practice.

(1091) LABELING OF INACTIVE INGREDIENTS

This informational chapter providesguidelines for labeling of inactive ingredients present in dosage forms.
Within the past fewyears a number of trade associations representing pharmaceuticalmanufacturers have adopted voluntary

guidelinesfor the disclosure and labeling of inactive ingredients. This is helpful to individuals who are sensitiveto particular
substances and who wish to identifythe presence or confirmthe absence of such substances in drug products. Because of the
actions of these associations, the labelingof therapeutically inactive ingredients currently isdeemed to constitute good
pharmaceutical practice.

Although the manufacturers represented by these associations produce most of the products sold in this country, not all
manufacturers, repackagers, or labelershere or abroad are members of these associations. Further, there are some differences
in associationquidelines, The guidelines presented here are designed to help promote consistency in labeling.

In accordance with good pharmaceutical practice, all dosage forms [NoTE-for requirements on parenteral and topical
preparations, see the General Notices, 5.20.20 Added Substances (Excipients and Ingredients) in OfficialProducts] should be labeled
to state the identity of alladded substances (therapeuticallyinactive ingredients) present therein, including colors, except that
flavors and fragrances may be listed by the general term "flavor" or "fragrance." Such listing should be in alphabetical order
by name and be distinguished from the identification statement of the active ingredient(s).

The name of an inactive ingredient should be taken from the current edition of one of the following reference works (in the
following order of precedence): (1) the UnitedStates Pharmacopeia or the National Formulary; (2) USAN and the USP Dictionary
of Drug Names; (3) CTFA Cosmetic Ingredient Dictionary; (4) Food Chemicals Codex. An ingredient not listed in any of the
aforementioned reference worksshould be identified by its common or usual name (the name generally recognized by
consumers or health-care professionals) or, if no common or usual name isavailable, by its chemical or other technical name.

An ingredient that may be, but not always is, present in a product should be qualified by words such as "or" or "may also
contain."

The name of an ingredient whose identity isa trade secret may be omitted from the list ifthe liststates "and other
ingredients." Forthe purposes of this guideline, an ingredient is considered to be a trade secret only if its presence confers a
significantcompetitive advantage upon itsmanufacturerand ifits identitycannot be ascertained bythe use of modern analytical
technology.

An incidental trace ingredient having no functional or technical effect on the product need not be listed unless it has been
demonstrated to cause sensitivity reactions or allergic responses.

Inactive ingredients should be listed on the label of a container of a product intended for sale without prescription, except
that in the case of a container that istoo small, such information may be contained in other labeling on or within the package.
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(1092) THE DISSOLUTION PROCEDURE: DEVELOPMENT AND
VALIDATION

INTRODUCTION

Purpose

The Dissolution Procedure: Development and Validation (1092) provides a comprehensive approach covering items to consider
for developing and validating dissolution procedures and the accompanying analytical procedures. It addresses the use of
automation throughout the test and provides guidance and criteria for validation. It also addressesthe treatment of the data
generated and the interpretation of acceptance criteria for immediate- and modified-release solid oral dosage forms.

Scope

Chapter (1092) addressesthe development and validation of dissolution procedures, with a focus on solid oral dosage forms.
Many of the concepts presented, however, may be applicable to other dosage forms and routes of administration. General
recommendations are given with the understanding that modifications of the apparatus and procedures asgiven in USP general
chapters need to be justified.

The organization of (1092) follows the sequence of actions often performed in the development and validation of a dissolution
test. The sections appear in the following sequence.

1. PRELIMINARY ASSESSMENT (FOR EARLY STAGES OF PRODUCTDEVELOPMENT/DISSOLUTION METHOD
DEVELOPMENT)

1.1 Performing Filter Compatibility
1.2 Determining Solubility and Stability of DIug Substance in Various Media
1.3 Choosing a Medium and Volume
1.4 Choosing an Apparatus

2. METHOD DEVELOPMENT
2.1 Deaeration
2.2 Sinkers
2.3 Agitation
2.4 Study Design

2.4.1 Time Points
2.4.2 Observations
2.4.3 Sampling
2.4.4 Cleaning

2.5 Data Handling
2.6 Dissolution Procedure Assessment

3. ANALYTICAL FINISH
3.1 Sample Processing
3.2 Filters
3.3 Centrifugation
3.4 Analytical Procedure
3.5 Spectrophotometric Analysis
3.6 HPLC

4. AUTOMATION
4.1 Medium Preparation
4.2 Sample Introduction and Timing
4.3 Sampling and Filtration
4.4 Cleaning
4.5 Operating Software and Computation of Results
4.6 Common Deviations from the Compendia Procedures That May Require Validation

5. VALIDATION
5.1 Specificity/Placebo Interference
5.2 Linearity and Range
5.3 Accuracy/Recovery
5.4 Precision

5.4.1 Repeatability of Analysis
5.4.2 Intermediate Precision/Ruggedness
5.4.3 Reproducibility
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5.5 Robustness
5.6 Stability of Standard and Sample Solutions
5.7 Considerations for Automation

6. ACCEPTANCE CRITERIA
6.1 Immediate-Release Dosage Forms
6.2 Delayed-Release Dosage Forms
6.3 Extended-Release Dosage Forms
6.4 Multiple Dissolution Tests
6.5 Interpretation of Dissolution Results

6.5.1 Immediate-Release Dosage Forms
6.5.2 Delayed-Release Dosage Forms
6.5.3 Extended-Release Dosage Forms

7. REFERENCES

USP 43

1. PRELIMINARY ASSESSMENT (FOR EARLY STAGES OF PRODUCT DEVELOPMENT/
DISSOLUTION METHOD DEVELOPMENT)

Before method development can begin, it is important to characterize the molecule so that the filter, medium, volume of
medium, and apparatus can be chosen properly in order to evaluate the performance of the dosage form.

1.1 Periorming Filter Compatibility

Filtration isa keysample-preparation step in achieving accurate test results.The purpose offiltration isto remove undissolved
drug and excipients from the withdrawn solution. Ifnot removed from the sample solution, particlesof the drug will continue
to dissolve and can bias the results.Therefore, filtering the dissolution samples is usually necessaryand should be done
immediately if the filter is not positioned on the cannula.

Filtration also removes insolubleexcipients that may otherwise interfere with the analytical finish. Selectionof the proper
filtermaterial isimportant and should be accomplished, and experimentallyjustified, earlyinthe development of the dissolution
procedure. Important characteristics to consider when choosing a filter material are type, filtersize, and pore size. The filter
that isselected based on evaluation during the earlystages of dissolution procedure development may need to be reconsidered
at a later time point. Requalification has to be considered after a change in composition of the drug product or changes in the
quality of the ingredients (e.g. particle size of microcrystalline cellulose).

Examples of filters used in dissolution testing can be cannula filters, filter disks or frits, filter tips, or syringe filters. The filter
material has to be compatible with the media and the drug. Common pore sizes range from 0.20 to 70 IJm, however, filters of
other pore sizes can be used as needed. If the drug substance particle size is very small (e.g., micronized or nanoparticles), it
can be challenging to find a filter pore size that excludes these small particles.

Adsorption of the drug(s) by the filter may occur and needs to be evaluated. Filter materialswill interact with dissolution
media to affect the recoveryof the individual solutes and must be considered on a case-by-case basis. Different filter materials
exhibit different drug-binding properties. Percentage of drug lossfrom the filtrate due to binding may be dependent on the
drug concentration. Therefore the adsorptive interference should be evaluated on sample solutions at different concentrations
bracketing the expected concentration range. Where the drug adsorption is saturable, discarding an initial volume of filtrate
may allowthe collectionof a subsequent solutionthat approaches the originalsolution concentration. Alternative filtermaterials
that minimizeadsorptive interference can usually be found. Prewetting of the filter with the medium may be necessary. In
addition, it is important that leachables from the filterdo not interfere with the analytical procedure. Thiscan be evaluated by
analyzing the filtered dissolution medium and comparing it with the unfiltered medium.

Thefiltersizeshould be based on the volume to be withdrawn and the amount of particlesto be separated. Useof the correct
filterdimensions will improve throughput and recovery, and also reduce clogging. Useof a largefilterfor small-volumefiltration
can lead to loss of sample through hold-up volume, whereas filtration through small filter sizesneeds higher pressures and
longer times, and the filters can clog quickly.

Filters used for USP Apparatus 4 need specialattention because they are integrated in the flow-through process. Undissolved
particles may deposit on the filters, creating resistance to the flow. .

Inthe case of automated systems, selection of the filterwith regard to material and pore sizecan be done in a similarmanner
to manual filtration. Flow rate through the filterand clogging may be critical forfilters used in automated systems. Experimental
verification that a filter is appropriate may be accomplished by comparing the responses for filtered and unfiltered standard
and sample solutions. This isdone by first preparing a suitable standard solution and a sample solution. Forexample, prepare a
typical dissolution sample in a beaker and stir vigorously with a magnetic stirrer to dissolve the drug load completely. For
standard solutions, compare the resultsfor filtered solutions(after discarding the appropriate volume) to those for the unfiltered
solutions. Forsample solutions, compare the resultsfor filtered solutions (after discarding the appropriate volume) to those for
centrifuged, unfiltered solutions.

1.2 Determining Solubility and Stability of Drug Substance in Various Media

Physical and chemical characteristicsof the drug substance need to be determined as part of the process of selecting the
proper dissolution medium. When deciding the composition of the medium for dissolution testing, it is important to evaluate
the influence of buffers, pH, and if needed, different surfactants on the solubility and stabilityof the drug substance. Solubility
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of the drug substance is usually evaluated by determining the saturation concentration of the drug in different media at 37°
using the shake-flask solubility method (equilibrium solubility). To level out potential ion effects between the drug and the
buffersused in the media, mixtures of hydrochloric acid and sodium hydroxide are used to perform solubility investigations;
this is in addition to the typical buffer solutions. In certain cases, it may be necessaryto evaluate the solubility of the drug at
temperatures other than 37° (i.e., 2SO). The pH of the clear supernatant should be checked to determine whether the pH
changes during the solubility test. Alternative approaches for solubility determination may also be used.

Typical media for dissolution may include the following (not listed in order of preference): diluted hydrochloric acid, buffers
(phosphate or acetate) in the physiologic pH range of 1.2-7.5, simulated gastric or intestinal fluid (with or without enzymes),
and water. Forsome drugs, incompatibility of the drug with certain buffers or saltsmay influencethe choice of buffer.The
molarityof the buffersand acids used can influencethe solubilizing effect, and this factor may be evaluated.

Aqueoussolutions (acidicor buffersolutions) may contain a percentage of a surfactant [e.g., sodium dodecyl sulfate (50S),
polysorbate, or lauryldimethylamine oxide] to enhance the solubility of the drug. The surfactants selected for the solubility
investigations should cover all common surfactant types, Le., anionic, nonionic, and cationic. When a suitable surfactant has
been identified, different concentrations of that surfactant should be investigated to identifythe lowest concentration needed
to achieve sinkconditions. Typically, the surfactant concentration isabove its critical micellar concentration (CMC). Table 1
shows a listof some of the surfactants used in dissolution media. ApproximateCMCvalues are provided with referenceswhen
available. The list is not comprehensive and is not intended to exclude surfactants that are not listed. Other substances, such
as hydroxypropyl ~-cyclodextrin, have been used as dissolution media additives to enhance dissolution of poorlysoluble
compounds. The U.S. Foodand Orug Administration (FOA) maintainsa database of dissolutionmethods, includinginformation
on dissolution media that have been used (7). Typically, the amount of surfactant added issufficient to achievesinkconditions
in the desired volume of dissolution medium.

It is important to control the grade and purity of surfactants because use of different grades could affect the solubility of the
drug. Forexample, 50S isavailable in both a technical grade and a high-puritygrade. Obtaining polysorbate 80 from different
sources can affect its suitability when performing high-performance liquid chromatography (HPLC) analysis.

There may be effectsof counter-ions or pH on the solubility or solution stabilityof the surfactant solutions. Forexample, a
precipitate forms when the potassium salt for the phosphate buffer is used at a concentration of 0.5 M in combination with
50S. This can be avoided by using the sodium phosphate salt when preparing media with 50S.

Table 1. Commonly Used Surfactants with Critical Micelle Concentrations
CMC

Surfactant (% wt/volume) Reference

Sodium dodecyl sulfate (SDS), Sodium lauryl sulfate (SLS) 0.18%-0.23% (2-4)

Taurocholic acid sodium salt 0.2% (3)

Cholic acid sodium salt 0.16% (3)

Anionic Desoxycholic acid sodium salt 0.12% (3)

Cetyltrimethyl ammonium bromide (CTAB, 0.033%-0.036%
Hexadecyltrimethylammonium bromide) (0.92-1.0 mM) (5,6)

Cationic Benzethonium chloride (Hyarnine 1622) 0.18%(4 mM) (2)

Polysorbate 20 (Polyoxyethylene (20) sorbitan
monolaurate, Tween 20) 0.070/0-0.09% (3,1)

Polysorbate 80 (Polyoxyethylene (20) sorbitan
monooleate, Tween 80) 0.02%-0.08% (3,1)

Caprylocaproyl polyoxyl-8 glycerides (Labrasol) 0.01% (4)

Polyoxyl 35 castor oil (Cremophor EL) 0.02% (8)

Polyoxyethylene 23 lauryl ether (Brij 35) 0.013% (9)

Nonionic Octoxinol (Triton X-100) 0.01%-0.03% (3,10)

Zwitterion Lauryldimethylamine N-oxide (LDAO) 0.023% (11)

Routinely, the dissolution medium is buffered; however, the use of purified water as the dissolution medium issuitable for
products with a dissolution behavior independent of the pH of the medium. There are several reasons why purified water may
not be preferred. The water quality can vary depending on its source, and the pH of the water is not as strictly controlled as
the pH of buffersolutions. Additionally, the pH can varyfrom day to day and can also change during the run, depending on
the drug substance and excipients.Useofan aqueous-organic solventmixtureas a dissolutionmedium isdiscouraged; however,
with proper justification this type of medium may be acceptable.

Investigations of the stabilityof the drug substance should be carried out, when needed, in the selected dissolution medium
with excipientspresent, at 37°.Thiselevated temperature has the potential to decrease solution stability(degradation). Stability
should allowfor sufficient time to complete or repeat the analytical procedure. Physical stability may be of concern when
precipitation occurs because of lower solubility at room or refrigerated temperature.

1.3 Choosing a Medium and Volume

When developing a dissolution procedure, one goal is to have sinkconditions, which are defined as having a volume of
medium at least three times the volume required to form a saturated solution of drug substance. When sinkconditions are
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present, it is more likely that dissolution resultswill reflectthe properties of the dosage form. A medium that fails to provide
sinkconditions may be acceptable ifit isappropriately justified. The composition and volumeof dissolution medium are guided
by the solubility investigations. Forexample, the choice and concentration ofa surfactant need to be justified from the solubility
data and the dissolution profiles.

The use of enzymes in the dissolution medium is permitted, in accordance with Dissolution (711), when dissolution failures
occur as a result of cross-linking with gelatin capsules or gelatin-coated products. Adiscussion of the phenomenon of
cross-linking and method development usingenzymescan be found in Capsules-Dissolution Testing andRelated QualityAttributes
(1094). Validation should be performed with the method using enzymes according to section 5. Validation.

Another option is to use media that follow more closely the composition of fluids in the stomach and intestinal tract. These
media may contain physiological surface-active ingredients, such as taurocholates. The media also may contain emulsifiers
(lecithin)and components such as salinesolution that increaseosmolality. Also, the ionicstrength or molarity of the buffer
solutions may be manipulated. The media are designed to represent the fed and fasted state in the stomach and smallintestine.
These media may be very useful in modeling in vivo dissolution behavior of immediate-release(IR) dosage forms, in particular
those containing lipophilic drug substances, and may help in understanding the dissolution kinetics of the product related to
the physiological make-up of the digestivefluids. Results of successful modeling of dissolution kinetics have been published,
mainlyfor IR products. In the case of extended-release dosage forms with reduced effect of the drug substance on dissolution
behavior, the use of such media needs to be evaluated differently. In vitro performance testing does not necessarily require
media modeling the fasted and postprandial states (72,13).

Anacid stage is part of the testing ofdelayed-release products by MethodA or MethodBin(711). Fordrugs with acid solubility
lessthan 10% of the label claim or drugs that degrade in acid the usefulness of the acid stage in detecting a coating failure is
compromised. Thiswould be handled on a case-by-casebasis. Possible resolutionsinclude the addition of surfactant to the acid
stage, or adjustment of the specifications.

During selection of the dissolution medium, care should be taken to ensure that the drug substance is suitablystable
throughout the analysis. In some cases, antioxidants such as ascorbic acid may be used in the dissolution medium to stabilize
the drug. There are occasions where such actions are not sufficient. Forcompounds that rapidlydegrade to form a stable
degradant, monitoring the degradant alone or in combination with a drug substance may be more suitablethan analyzingonly
the drug substance. Insitu spectroscopic techniques tend to be lessaffected bydegradation when compared with HPLC analysis
(including UHPLC and other liquid chromatographic approaches).

Forcompendial Apparatus 1 (basket) and Apparatus2 (paddle), the volume of the dissolution medium can varyfrom 500 to
1000 mL. Usually, the volume needed for the dissolution test can be determined in order to maintain sinkconditions. Insome
cases, the volume can be increased to between 2 and 4 L, using larger vessels and depending on the concentration and sink
conditions of the drug; justification for this approach isexpected. In practice, the volume of the dissolution medium is usually
maintained within the compendial range given above. Alternatively, it may be preferable to switch to other compendial
apparatus, such as a reciprocating cylinder(Apparatus 3), reciprocating holder (Apparatus 7), or flow-through cell (Apparatus
4). Certain applications may require low volumes of dissolution media (e.g., 100-200 mL) when the use of a paddle or basket
is preferred. In these cases, an alternative, noncompendial apparatus (e.g., small-volume apparatus) may be used.

1.4 Choosing an Apparatus

The choice of apparatus is based on knowledge of the formulation design and the practicalaspects of dosage form
performance in the in vitro test system. Ingeneral, a compendiaIapparatus should be selected.

Forsolid oral dosage forms, Apparatus 1 and Apparatus2 are used most frequently. When Apparatus 1 or Apparatus 2 is not
appropriate, another official apparatus may be used. Apparatus 3 (reciprocating cylinder) has been found especially useful for
chewable tablets, soft gelatin capsules, delayed-release dosage forms, and nondisintegrating-type products, such as coated
beads. Apparatus 4 (flow-through cell)may offeradvantages for modified-release dosage forms and immediate-releasedosage
forms that contain active ingredients with limitedsolubility. Inaddition, Apparatus4 may have utility for multipledosage form
types such as soft gelatin capsules, beaded products, suppositories, or depot dosage forms, as well as suspension-type '
extended-release dosage forms. Apparatus 5 (paddle over disk) and Apparatus 6 (rotating cylinder) are useful for evaluating
and testing transdermal dosage forms. Apparatus 7 (reciprocating holder) has application to non-disintegrating, oral
modified-release dosage forms, stents, and implants, as well as transdermal dosage forms. Forsemisolid dosage forms, the
generally used apparatus include the vertical diffusion cell, immersioncell, and flow-through cellapparatus with the insert for
topical dosage forms (see Semisolid Drug Products-Performance Tests (1724).

Some changes can be made to the compendial apparatus; for example, a basket mesh size other than the typical 40-mesh
basket (e.g., 10-,20-, or 80-mesh) may be used when the need isclearlydocumented by supporting data. Care must be taken
that baskets are uniform and meet the dimensional requirements specified in (711). ,

Anoncompendial apparatus may have some utility with proper justification, qualification, and documentation of superiority
over the standard equipment. Forexample, a small-volume apparatus with mini paddles and baskets may be considered for
low-dosage strength products. A rotating bottle or dialysis tubes may have utility for microspheresand implants, peak vessels,
and modified flow-through cellsfor specialdosage forms including powders and stents.

2. METHOD DEVELOPMENT

A properly designed test should yield data that are not highlyvariable, and should be free of significant stability problems.
Highvariability in the resultscan make it difficult to identify trends or effectsof formulation changes. Samplesizecan affectthe
observed variability. One guidance defines dissolution resultsas highlyvariable ifthe relative standard deviation (RSD) is more
than 20% at time points of 10 min or lessand more than 10% at later time points for a sample sizeof 12 (74). However, during
method development, smallersample sizes may be used, and the analyst will need to make a judgment accordingly. Most
dissolution results, however, exhibit less variability. In the development of a dissolution procedure the source of the variability
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should be investigated, and attempts should be made to reduce variability whenever possible. The two most likely causes are
the formulation itself (e.g., drug substance, excipients,or manufacturing process)or artifactsassociatedwith the test procedure
(e.g., coning, tablets stickingto the vessel wallor basket screen). Visual observations are often helpful for understanding the
source of the variability and whether the dissolution test itself is contributing to the variability. Any time the dosage contents
do not disperse freely throughout the vessel in a uniformfashion, aberrant resultscan occur. Depending on the problem, the
usual remedies include changing any of the following factors: the apparatus type, speed of agitation, level of deaeration, sinker
type, or composition of the medium.

Manycausesofvariability can be found in the formulationand manufacturing process.Forexample, poor content uniformity,
process inconsistencies, excipient interactions or interference,film coating, capsule shell aging, and hardening or softening of
the dosage form on stability may be sources of variability and interferences.

2.1 Deaeration

The significance of deaeration of the dissolution medium should be determined because air bubbles can act as a barrier to
the dissolution process if present on the dosage unit or basket mesh and can adversely affect the reliability of the test results.
Furthermore, bubbles can cause particles to cling to the apparatus and vessel walls. Bubbles on the dosage unit may increase
buoyancy, leading to an increase in the dissolution rate, or may decrease the available surface area, leading to a decrease in
the dissolution rate. Poorly soluble drugs are most sensitive to interferencefrom air bubbles; therefore, deaeration may be
needed when testing these types of products. Adeaeration method is described as a footnote in the Procedure section of
(711). Typical steps include heating the medium, filtering, and drawing a vacuum for a short period of time. Other methods
of deaeration are available and are in routine use throughout the industry. Once a suitable deaeration process is identified, it
should be documented as part of the dissolution procedure. The extent of deaeration can be evaluated by measuring the total
dissolved gas pressure or by measuring the concentration of dissolved oxygen in water. Forexample, an oxygen concentration
below 6 mg/L has been found effective as a markerfor adequate deaeration of water for the PerformanceVerification Test with
USP PrednisoneTablets RS.

Media containing surfactants usually are not deaerated because the process results in excessive foaming, and usually the
effect of dissolved air on the dissolution process is mitigated by the reduced surface tension of the medium. Sometimes,
deaerating the medium before adding surfactants can be effective.

To determine whether deaeration of the medium isnecessary, compare resultsfrom dissolution samplesrun in non-deaerated
medium and medium deaerated using a compendial technique, as described above. Ifno effect of deaeration isdetected, this
experiment could serve as justification that deaeration is not required in the future. Ifthere is an effect, however, then it is
necessary to carefully control this parameter, and it is prudent to characterize the robustness of the deaeration process. The
dissolved gas content of deaerated media under atmospheric pressure isunstable and will tend toward saturation. Manipulations
of the deaerated medium such as stirring or pouring can increase the rate at which atmospheric gases are redissolved.

2.2 Sinkers

Sinkers are often used to adjust the buoyancy of dosage forms that would otherwise float during testing with Apparatus 2.
When sinkers are used, a detailed description of the sinkermust be provided in the written procedure. It may be useful to
evaluate differentsinkertypes, recognizing that sinkers can significantly influencethe dissolution profile of a dosage unit. When
transferring the procedure, the same sinkers should be used, or ifa different design is used, it should be shown to produce
equivalent results. There are several types of commercially available sinkers. In (711), a harmonized sinkerisdescribed in Figure
2a.

Astandard sinkercan be made by using the appropriate length of wire and coiling it around a cylinder. Formaterials, use
316 stainless steel wire, typically 0.032 inch/20 gauge, or other inert materialand wind the wire around cylinders of appropriate
diameter (e.g., cork borers) for an appropriate number of turns to fit the capsule shell type. Sizes are shown in Table 2. The
ends of the coil can be curved to retain the capsule within the sinkerwhen they are immersed. Because the ends of the wire
may be rough, they may need to be filed. Ifthe sinkerishandmade, the sinkermaterialand construction procedure instructions
should be documented (e.g., dimension, design, number of coils); ifa commercialsinkerisused, the vendor part number should
be reported ifavailable.

Table 2. Wire Sinkers Used With Common Capsule Shell Sizes

Length of Wire Diameter Size
Capsule Shell Size (em) (em) Cork Bore Number

#0, elongated 12 0.8 4

#1 and #2 10 0.7 3

#3 and #4 8 0.55 2

Although sinkers are typically used to keep the dosage form at the bottom of the vessel, they can also be used to keep dosage
forms from sticking to the vessel (e.g., film-coated tablets). The sinkershould be appropriate to the dosage form; therefore, the
same sinkersize may not be suitable for all dosage-form sizes. The sinkershould not be too tight around the dosage form
because this may restrict interaction with the medium. Conversely, ifwrapped too loosely, the dosage form may escape soon
after the test begins. The sinkershould be smallenough that the capsule does not change itsorientation within the sinker. Care
should be taken when testing capsules that havesome cross-linking present, to keep the sticky shellfrom attaching to the vessel
bottom. In this case, the harmonized sinkerdesign provided in Figure 2a of (711) will be advantageous.
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Forimmediate-releasecapsule or tablet formulations, Apparatus 1 (baskets)at 50-100 rpm or Apparatus2 (paddles) at 50 or
75 rpm are used commonly. Other agitation speeds are acceptable with appropriate justification. Rates outside 25-150 rpm
for both the paddle and the basket are usually not appropriate because of mixing inconsistencies that can be generated by
stirring too slow or too fast. Agitation rates between 25 and 50 rpm are generally acceptable for suspensions.

Fordosage forms that exhibit coning (mounding) under the paddle at 50 rpm, the coning can be reduced by increasingthe
paddle speed to 75 rpm, thus reducing the artifact and improving the data. Ifjustified, 100 rpm may be used with Apparatus
2, especially for extended-release products. Decreasing or increasingthe apparatus rotation speed may be justified ifto achieve
an in-vitro-in-vivo correlation (IVIVC) the resulting profiles better reflect in vivo performance, or ifthe method results in better
discrimination without adverselyaffecting method variability.

Apparatus 3 (reciprocating cylinder) can be used at dip rates ranging from 5 to 30 dips/min. The hydrodynamicsare
influencedby the cylinder's reciprocatingmotion and the resulting movement of the sample in the medium. The reciprocating
motion of the cylinder and screen may cause foaming ifthe medium contains surfactants. Addition of an anti-foaming agent
such as simethicone or n-octanol may be useful for avoidingfoaming from surfactants.

Apparatus4 (flow-through cell) isdescribed in (711) with standard flow rates of 4, 8, and 16 ml/min. Other flow rates for
Apparatus4 can be used ifjustified and ifwithinthe capacityof the pump to conform with the requirements in (711). Agitation
in Apparatus4 is not only related to the pump speed but can also be affected by celldiameter. At a set flow rate, as measured
by volume, the 12-mm cellwill develop a greater linearfluid velocitythan isachieved in the 22.6-mm cell.Apparatus 4 can be
configured with the addition of glass beads in the entry cone of the flow-through cell (packed column) or without glass beads
(open column).

The flow characteristicsof the flow-through cell are discussed in the scientific literature (75). The placement of the sample
in the flow-through cellwill influencethe flow patterns that occur and thus should be a consideration in the attempt to reduce
variability of the results.

2.4 Study Design

Selection of the agitation rate and other study design elements for the dosage form, whether immediate releaseor modified
release,should conform to the requirements and specifications (Le., apparatus, procedures, and interpretation) given in (711).

2.4.1 TIME POINTS

Forimmediate-releasedosage forms, the duration of the dissolution procedure istypically 30-60 min; in most cases, a single
time point specification is adequate for pharmacopeial purposes. Formethod development, however, a sufficientnumber of
time points should be selected to adequately characterize the ascending and plateau phases of the dissolution curve. Industrial
and regulatory concepts of product comparability and performance may require additional time points, which may also be
required for product registration or approval. According to the Biopharmaceutics Classification System referred to in several
FDA Guidances, highlysoluble, highlypermeable drugs formulated into very rapidlydissolving products need not be subjected
to a profile comparison ifthey can be shown to release85% or more of the drug substance within 15 min. Forthese types of
products, a one-point test or disintegrationwill suffice. However, most products do not fall into this category. Dissolution profiles
of immediate-release products typically show a gradual increase reaching 850/0-100% at about 30-45 min. Thus, sufficient
dissolution time points are chosen to characterize the performance for most immediate-release products. Forsome products,

. includingsuspensions, useful information may be obtained from earlier points, e.g., 5-10 min. Forslower-dissolving products,
time points later than 60 min may be useful. Dissolution test times for compendial tests are usually established on the basisof
an evaluation of the dissolution profile data. .

The f 2 similarity factor may not be useful when more than 85% isdissolved at 15 min. Ifthe f 2 similarity factor isto be used,
multiple time points for the dissolution test are required, with at least two time points with mean percent dissolved (typically
for n =12) below 85% dissolved and only one point above 85% for both products (76). Therefore, the addition of early time
points may be useful.

Fortesting an extended-release dosage form, at least three time points are chosen, to guard against dose dumping, to define
the in vitro release profile, and to show that essentially complete release (>80%) of the drug is achieved. Additional sampling
times may be useful. Certain IVIVC criteria, such as level Bcorrelation (according to In Vitroand In Vivo Evaluation of Dosage
Forms (1088»), require the experimental determination of the time to dissolve 100% of the label claim. Selection of the final
time points isreflective of the data fromthe drug releaseprofile that are generated during development. Forproducts containing
more than a single active ingredient, determine the drug releasefor each active ingredient.

Delayed-release dosage forms usually require specifications for at least two time points; therefore, it is important during
development to evaluate the entire dissolution profile. In the case of enteric-coated dosage forms, the functionalityof the
coating is usually proven by challenge in an acid medium, followed by a demonstration of dissolution in a higher-pH medium.
Chapter (711) gives a standard buffermedium for that stage of testing but other media may be used if justified. The timing of
the acid stage is typically 2 h, and releasein the bufferissimilar to the timing for immediate-releaseforms. Fordelayed-release
dosage forms that are not enteric coated, setting of specifications isdifferent. Unlike delayed release, the onset of release is not
determined by the experimental design, which isthe pHchange; multivariate specifications, therefore, may be needed to define
time ranges and corresponding percentage ranges.

So-called infinity points can be useful during development studies. To obtain an infinity point, the paddle or basket speed is
increased at the end of the run (after the last time point) for a sustained period (typically, 15-60 min), after which time an
additional sample is taken. Although there is no requirement for 100% dissolution in the profile, the infinity point can be
compared to content uniformity data and may provide useful information about formulation characteristics during initial
development or about method bias.
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Visual observations and recordings of product dissolution and disintegration behavior are useful because dissolution and
disintegration patterns can be indicativeofvariables in the formulationor manufacturing process. Forvisual observation, proper
lighting (withappropriate consideration of photo-degradation) ofthe vessel contents and clearvisibility inthe bath are essential.
Documenting observations by drawing sketches and taking photographs or videos can be instructiveand helpful for those who
are not able to observe the real-time dissolution test. Observations are especially useful during method development and
formulation optimization. It is important to record observationsof allsixvessels to determine ifthe observation isseen in allsix
vessels, or just a few. If the test is performed to assistwith formulation development, provide any unique observations to the
formulator. Examples of typical observations include, but are not limited to, the following:

1. Unevendistributionof particlesthroughout the vessel. This can occur when particlesclingto the sidesof the vessel, when
there is coning or mounding directlyunder the apparatus (e.g., below the basket or paddle), when particlesfloat at the
surface of the medium, when film-coated tablets stickto the vessel, and/or when off-center mounds are formed.

2. Air bubbles on the inside of the vessel or on the apparatus or dosage unit. Sheen on the apparatus is also a sign of air
bubbles. Thisobservation would typically be made when assessing the need to deaerate the medium.

3. Dancing or spinning ofthe dosage unit, or the dosage unit being hit by the paddle.
4. Adhesion of particles to the paddle or-the insideof the basket,which may be observed upon removalof the stirringdevice

at the end of the run.
5. Pellicles or analogous formations, such as transparent sacsor rubbery, swollen masses, surrounding the capsule contents.
6. Presence of large floating particlesor chunks of the dosage unit, especially at the surface of the media.
7. Observation of the disintegration rate (e.g., percentage reduction in size of the dosage unit within a certain time frame).
8. Complex disintegration of the coating of modified or enteric-coated products, [e.g., the partial opening and splitting

apart (similar to a clamshell) or incomplete opening of the shell], accompanied by the release of air bubbles and
excipients.

9. Whether the dosage form lands in the vessel center or off-center, and ifoff-center, whether it sticks there.
10. Time required for the complete dissolution of the capsuleshell or for tablet disintegration.
Observationsalso help to document that the proper procedure has been followed, or more importantly, that a deviation has

occurred. Examples include the confirmation that a dosage form isactually in the vessel during the test or that more than one
dosage form are inadvertently in the same vessel, or that a filterfrom the autosampler has dropped into the vessel.

2.4.3 SAMPLING

Manual: Formanual sampling, use chemically inert devices (e.g., polymericor glass syringes, and polymeric or stainless steel
cannula), a filter, and/or a filterholder. The sampling site must conform to specificationsin (711). When the agitation conditions
are very slow, e.g., a 50-rpm basket, care should be taken to sample consistently in the same location in the vessel because
there may be a concentration gradient; avoid sampling veryclose to the shaft or vessel wall. During method development, a
decision should be made regarding whether to replace the media after each time point. Replacement is not preferred because
the dosage unit may be disturbed during delivery of the media. However, replacement may be necessary if maintaining sink
conditions isa challenge. With replacement, the,volume used in the calculations remains the same throughout the time points,
but there is some drug substance withdrawn with each sample that will need to be accounted for in the calculations.

Metal surfaces may interact with the sample. Forexample, adsorption onto metal surfaces may occur, or the metal surfaces
may release metal ions into aqueous media. The ions tan then catalyze degradation reactions, leading to artifactsduring the ­
analytical procedures. The surfaces of stirring elements and metal locks of syringes may be sources of interference to accurate
sampling.
Autosampling: Autosampling is discussed in section 4. Automation.

2.4.4 CLEANING

Importance is placed on evaluation of the cleaning process between tests. Changes of dissolution medium and/or product
necessitate the need for cleaning. Residues on the vessels can affect the results (e.g., adsorbed residues may dissolve and alter
subsequent media properties or interfere with the sample analysis), and effective cleaning will return them to a suitable state.
Automated systems are discussed in section 4.4 Cleaning.

Dissolution rates are calculated from the change in drug concentration in the dissolution medium. Forprocedures in which
the volume of medium isfixed, such as for Apparatus 1 and Apparatus 2 testing of immediate-release dosage forms with only
one sampling time, the concentration of the sample ismultiplied by the medium volume to arriveat the mass of drug dissolved
usually expressed as percentage of labelclaim.When multipletime points are taken, the total amount ofdrug removed at earlier
time points should be assessed and may be part of the calculation of the amount dissolved, ifconsidered important. Similarly,
if the medium volume is not fixed, for example when the sample volume is not replaced in testing extended-release products,
the change in medium volume must be part of the calculation for successive sampling points. Dissolution tests performed with
Apparatus 4 in the closed-loop configuration with in situ detection provide a convenient control of the medium volume. For
testing with Apparatus 4 in the open configuration, the test time and flow rate will determine the volume of medium used in
the dissolution calculations.
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Dissolution results can be evaluated as either cumulativerates or fractional rates. Cumulative rates represent the sum of all
drug dissolution that occurs during an interval (Figure 1). Fractional rates are assessedat a specific time point or during a portion
of the total test time (Figure 2). Typically, the rate of releasewill be expressed as either mass or percentage of label claim per
unit time. Formost compendial dissolution testing, the dissolution rate isexpressed as a percentage of the labelclaimdissolved
at the indicated test time.

Figure 1. Anexample of a plot of dissolution as a cumulativeprocess. Concentration, C, isthe amount of drug released per
volume of medium, and t represents time. This type of plot is readily observed in constant-volume dissolution systems, such as

Apparatus 1, or Apparatus 2, or Apparatus 4 in closed-loop configuration.

c

Figure 2. Anexample of a plot of the observed concentration of the sample taken for an interval that is negligibly small in
relation to the time of the overall dissolution process. This concentration is propostional to the instantaneous or fractional
dissolution rate (dc/dt). This type of plot is readily observed in continuous-flowdissolution systems, such as Apparatus 4 in

open-loop configuration.

Cumulative dissolution profiles represent the total amount of drug dissolved from the formulation over time. When
cumulative dissolution is measured in a constant-volume system, no correction for the amount lost in sampling needs to be
made. Ifsample is removed from the system, the amount consumed in analysis must be accounted for in the calculation.
Recirculated sampling with Apparatus 1 or Apparatus2, or with Apparatus 4 in the closed-loopconfiguration (Figure 3), are all
examples of systems that will produce cumulativedissolution rates. With Apparatus 4 in the open configuration (Figure 4),
cumulative rates accounting for the total amount of drug dissolved across the testing interval are obtained by collecting and
analyzing the entire outflow from each individual flow-through cell. WithApparatus 3 (Figure 5), the medium in each tube is
sampled at the end of the programmed interval, and the analyzed concentration represents the cumulativedissolution rate
during that interval.

Flow
Cell

Figure 3. Apparatus4 in the closed-loop configuration.
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Figure 4. Apparatus 4 in the open-loop configuration. The sample can be collected in fractions, as shown at the top. The
medium can be changed by using successive reservoirs.

Time

Figure 5. The progression that is possiblefor one reciprocating cylinderfrom Apparatus 3. The reciprocating cylindercan
move from vessel to vessel. Thisfeature facilitates changing the dissolution medium and testing for different intervals in

successive tubes.

Fractional dissolution rates are typically measured for a discrete interval. Aseries of such rates will produce a step function
as the dissolution profile. At any time, the cumulative dissolution rate from this type of profile is the sum of the preceding
intervals. This type of profile is represented by Apparatus 3 using multiple tubes or Apparatus4 in the open-loop configuration
where the total outflow iscollected and analyzedfor successive intervals. '

A number of algebraic and numerical methods exist for transforming cumulative and fractional dissolution results. The
difference in amount released for successive time points can be calculated, and the average release rate is determined by the
formula: '

Result = (M 2 - M 1)/(t 2 - t 1)

M =mass or percentage of label claim
t= time

As the difference of t 2 from t 1 is reduced, the average rate can be considered to approach an instantaneous rate. Sampling
considerations and physical constraints on measurement of the masstransfer at the medium interfaceof the dosage form make
the measurement of true instantaneous dissolution impractical for routine determination in the laboratory. Fractional dissolution
is measured for intervals where the differencebetween t 2 and t 1 issmall, relative to the total test time. The design of Apparatus
4 in the open configuration permits a direct measurement of the fractional dissolution over small time intervals. Forexample,
if a 4-mLfraction of outflow for Apparatus 4 running 16 mL/min issampled, either by in situ detection or offline, the amount
of drug detected represents the dissolution occurring in a 15-s interval.

Pooleddissolution has been used in a number of monographs. The pooled dissolution procedure produces an average release
rate for the units tested by combining equal volumesfrom each vessel or celland performing analysis of only the one resulting
solution. Because this approach uses only the average release rate for comparison with the acceptance table, the pooled
dissolution procedure has been viewed as reducinq the amount of data available from the dissolution test and, thus, reducing
its value. However, it should be noted that the pooling of equal sample volumes is equivalent, from a calculation standpoint,
to determining the arithmetic mean of the individual sample results. ,'>'><7CcYJ>:»>'J/';':>','>','"

l~.:. ~s:,~f::~~>t,~",.sirTl iI.~~i~~f~ct~~..,in..th:,<:o.';leari.~on~!.d i~~~,I~ti~~ .... ~~~fil:: ,.is ,~is<:~~.~:~i~~''1~~~~.,!,~~!,~.~~~(l<t2~fCJ.lil)l±~g
:R'EQgt{cJ>flerffgQJ1C1r'!gegnd'lntercQqAggaqility;B]gqvgflcibi/ity/;Qilgeql.l!Yea}en('¢;1C1.QCJ.@ls~gll.ltiqmK~q~gJi~i(~~t~M~~~g~i~j·
, Forthe purpose ofcorrelation With in vivo data, parameters of mathematical models are obtained by fitting to dissolution

data to establish a continuous functional relationship called IVIVC (see (1088»).
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The dissolution procedure requires an apparatus, a dissolution medium,.and test conditionsthat together providea method
that issensitive to changes in critical quality attributes, yet sufficiently rugged and reproducible for day-to-day operation. The
method should be able to be transferred between laboratories.

The ideal dissolution procedure will not contribute an unacceptable degree of variability and will provide a profile with
adequate points below 85% dissolved. If 85% dissolved occurs before 15 min, then f 2 comparisons may not be appropriate.

Thereare manywaysto challengethe sensitivity of the method. One option isto compare dissolution profiles offormulations
that are intentionally manufactured with meaningful variations for the most relevantc;ritical manufacturing variable, for
example,±100/0-20% change to the ranges of these variables. Similarly, samples that have been stressedmay be used to
demonstrate sensitivity to changes on stability. This concept may be usedto establish the factors that are most significant in
their influence on the dissolution rate. Thesestudiescanfocuson either the dissolution parameters(e.g., mediaconcentration,
agitation rate, and deaeration) or the product attributes(e.g., excipient ratios, particlesize, compression). The ultimategoal is
to understand the release mechanismsand determinewhether the dissolution procedure can showchange inthe critical quality
attributes of a drug product.

3. ANALYTICAL FINISH

The dissolution step has been described as an involved sample preparation. The sample handling and analytical procedure
that are used to determine the amount ofdrug substancedissolved during the dissolution procedureare termed the "analytical
finish." Althoughspectrophotometric determinations and HPLC are used most commonly and are discussed in this chapter,
any suitableanalytical technology may be used. Section 5. Validation describescriteria for the methods.

3.1 Sample Processing

After the samplesare withdrawnfromthe dissolution medium,they may requireadditional processing to makethem suitable
for the analytical methodology used to determine the amount released. Forexample, filtration may be usedto remove
undissolved particulate matter, or samplesmay need to be protected from exposure to light or may need refrigerated storage.
In addition, samples may have to be diluted to a level that is within the linear range of the method. With analysis by HPLC,
dilution of the sample with mobile phase may be necessary to reduce the effect on the separation of injecting dissolution
medium. Other types of treatment may be necessary depending on the product formulation, such as the inactivation or
elimination of interference caused by components of the formulation by the addition of appropriate reagents. However,
separation may not be possible or needed in allcases. In some cases, insitu measurementsobtained with methods such asfiber
optics or electrochemical determination may be useful.

3.2 Filters

The topic of filtration isdiscussed in section 1.1 Performing Filter Compatibility.

3.3 Centrifugation

Centrifugation ofsamplesisnot preferred, forseveral reasons: dissolution can continue to occur until the solids are removed,a
concentration gradient mayform in the supernatant, and energy imparted may lead to increased dissolution of the drug
substance particles. Possible exceptions, when centrifugation could be preferred, might include the use with compounds that
adsorb onto allcommon filters, or situationswhen the potentialfilter leachablesand extractablesmight interfere in the
quantitativestep ofthe dissolution test (e.g., when fluorescence proceduresare used inquantitation).Centrifugation may prove
useful during method development for evaluating the suitability of the filter material.

3.4 Analytical Procedure

The usual assayfor a dissolution sample employs eithera spectrophotometric procedure or a liquid chromatographic
procedure. Spectrophotometric determination may be direct or may provide the detection for HPLC. Spectrophotometric
determination is used often because results can be obtained faster, the analysis issimpler, it iseasierto automate, and fewer
solvents are needed. The use of direct spectrophotometricdetermination typically requires confirmation of specificity. HPLC is
preferred for a number of reasonssuch as providing a widedynamic range that reducesthe need to dilute some sampleswhile
also providing sensitivity in the analysis of dilute samples, and greater selectivity when excipients or multiple drugs in the
formulation present a significant interference. Modern HPLC systemsemploy autosamplersthat provide speed and simplicity
advantages comparable to spectrophotometric analysis.

3.5 Spectrophotometric Analysis

Direct spectrophotometric analysis may be performed on samplesthat are manually introducedto the cuvette. Alternatively,
samples may be automatically introduced into the spectrophotometer using autosippers and flowcells. Routine performance
checks, cleaning,and maintenance, as describedin the standard operating proceduresor metrologydocuments, help to ensure
reliable operation of these instruments. Cells with path lengths ranging from 0.02 cm to 1 cm are typically used, and longer
path-length cuvettes can be used to increase the range for quantification of dilute samples. Cell alignment and air bubbles
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could be sourcesof error.The shorter path-length cells are used to avoiddiluting the sample; in all cases, however, acceptable
linearity and standard error need to be demonstrated.

The choice of wavelength for the determinationshould be based on the spectrum of the drug in solution. Insome cases,
where the drug substance can degrade in the dissolution medium (e.g., dosage forms containing aspirin), it is useful to carry
out the measurements at the isosbestic point. Excipients can also have effects, but performinganalysis at multiple wavelengths
can minimize their effects. The contributionof the absorbance from an excipientat the analytical wavelength can sometimes
be determined by ratio from its absorbance at a wavelength where the absorbance of the drug substance is minimal.

Using a validated analytical finish, standard solutions are typically prepared in dissolution media and analyzed at just one
concentration, either at 100% of the dosage strength or the selected Q value because linearity of the analytical finish has been
established. Prior to validation, dissolution profile analysis, or analysis of products of various strengths, requires using multiple
standard solutionscoveringthe expected rangeof concentration.Atypical mediablank, standard, and sample maybe analyzed
in a sequence that brackets the sample with standards and blanks, especially at the beginning and end of the analysis. The
standard and sample solutions should both be prepared in the dissolution medium in the linearconcentration range and
measured at the same wavelength. However, small amounts of an organic solventmay be used in the preparation of the
standard, provided that the accuracycriteria can be met during validation.

The absorptivity iscalculated by dividing the mean standard absorbance by the concentration, in mg/mL, divided by the
cell path length in cm. Arearrangement of the Beer-Lambert expression gives the absorptivity, 0, as:

0= A/be

A =absorbance
b = path length (cm)
c =concentration (mg/mL)

Typical unitsfor absorptivity that are used for dissolution testing are in terms of AU . mL/mg, where AU isabsorbance unit.
Historical data may be used to providean acceptableabsorptivity range for the analyte(usingthe appropriate path-length cell).
This value may be useful in troubleshootingaberrant data. .

Fiber optics as a sampling and determinative method, with proper validation, are an option.

3.6 HPLC

ForHPLC analysis, the effect on the chromatogram of peaks resulting from injection of dissolution media require
enumeration. A large solvent disturbance may affectaccuracyand precision of response if it is poorlyresolved from the peak
of interest. This is even more important iflarge injectorvolumes(>100 ~L) are needed. System suitability tests mayevaluate
peak shape; separation of the main peakfrom solvent disturbance and from closely eluting peaks; and injection precision. At
a minimum, the precision iscritical. '

Ideally, the standard solutions should be diluted·with the dissolution media at a concentration within the linearrange of the
method, e.g., 100%, or the selected Q valueof the dosage strength. However, organic solvent may be used in the preparation
of the standard, provided that the accuracy criteria can be met during validation. Insome cases, the sample may be diluted
with mobile phase to improvethe peak shape. The standard and sample solutions should both be prepared in the linear
concentration range and measured at the same wavelength.

4. AUTOMATION

Automated dissolution systemsmay be configured in various waysand degrees. The elements of test preparation, initiation,
samplingand timing, and cleaningall can be automated. Fully automated systems are available, as are systemswhere individual
steps, such as media preparation or sampling, are automated. This section will discuss operationalsteps that can be automated.
The level of complexityfor automation depends on whether the instrument configuration isopen or closed loop and also
whether the analytical device iscoupled onlineor offline. Onlineanalysis returns the sample aliquot to the test system, as in
the case of spectrophotometry with flow-through cuvettes. Offline analysis removes the sample aliquotfrom the dissolution
mediumfor subsequent analysis, typically by HPLC, where the analysis consumesthe sample. Thedecision on the configuration
usually depends on the number of samplesto be processed and the time required for their analysis.

Automation may require deviations from the pharmacopeial specifications of the instruments, such as incorporation of an
integrated outlet on the bottom of the vessel for cleaning and replacement of medium.

Operationalsteps that are not part ofthe compendialprocedureshould be validated. Deviations fromthe standard procedure
described in (711), such as use of sampling probes or fiber-optic probes, should be validated against the standard procedure.

4.1 Medium Preparation

Automated media preparation generally isaccomplished by diluting concentrates. Automated media preparation systems
typically dispense the volume of medium into the vessel by monitoring either the weight or volume. Chemical and physical
stability of the concentrates as well as homogeneity of the dilutions over the intended period of use are important issues and
should be understood. Concentrates of buffer solutions and surfactants may havestability issues, such as chemical
degradation and pHchange. Physical instability may manifestas precipitation, re-crystallization, or phase separationand should
be prevented. .

If deaeration of the medium is required, the level of deaeration should be specified.
The concentration of the dissolved oxygencan be used to evaluate the efficiency of deaeration procedures discussed in

section 2.1 Deaeration.
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4.2 Sample Introduction and Timing
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Samplesshould be inserted in the vessel in a reproducibleway. Automated sample introduction and aliquot withdrawal
providean advantage over mariualsampling because the automated techniques can reduce the variability inthe vessel-to-vessel
timing of the test intervals. However, automated sample handling may impose timing limitations that need to be considered.
The pharmacopeiaI tolerance of ±2% of the specifieddissolution test time may be difficult to meet for earlytime points.

4.3 Sampling and Filtration

Autosampling is a useful alternative to manual sampling, especially ifthe test includes several time points. The transfer and
filtration of sample solutionsfrom the dissolution instrument to the analytical unit may be undertaken viatube connections or
via robotic devices operated in a stepwise procedure. Samplevolumes may be removed from the dissolution medium and not
returned (consumptive sampling), or the sample volume may be returned to the dissolution medium (recirculated sampling).

There are many brands of autosamplers, including semi-automated and fully automated systems. Routine performance
checks,cleaning, and maintenance, as described in the pertinent standard operating procedures or metrologydocuments, help
to ensure reliableoperation of these devices.

Sampling probes mayor may not remain in the vessel throughout the entire run. Sampling probes or fiber-optic probes can
disturb the hydrodynamics of the vessel; therefore, adequate validation should be performed to ensure that the probes are not
causing a significantchange in the dissolution rate. Iffilters are used that are different from those used for manual sampling,
then these differentfilters should also be evaluated separately.The positionof the pharmacopeiaIsamplingzone for Apparatus
1 and Apparatus 2 is midwayfrom the top of the stirringelement to the medium surface anddepends on the medium volume.
Samplingprobes should pullthe sample from the samplingzone. Instrumentsfor which the samplingoccursthrough the hollow
shaft should be designed with a means to adjust the depth of the inlet aperture to allowconformance with this requirement.
The programmed sampling volume depends on the dead volume of the tubing, cuvettes, and other devices and has to be
adjusted accordingly.

Arecirculated sampling alignment can be operated either by discharging the tubing contents into the vessel after each
sampling or by allowingthe tubing to remain filled with solution in the intervals between sampling points. In the latter case,
the dead volume and carryovereffects are important considerations.

The need for sample volume replacement should be considered. In consumptive sampling with multiplesampling time
points, the withdrawn volume may be replaced with an equal volume of fresh medium. The sampling volume may be critical
if, in total, it exceeds 1% of the stated volume of dissolution medium required by the procedure. Ifit can be shown that
replacement of the medium is not necessary, the volume change must be part of the calculationof results. Seesection 2.5 Data
Handling.

Carryovermay occur when subsequent samples are affected by residuesor conditions of previous samples; the effect of the
first sample or condition "carriesover" to the second. In liqUid handling, residues of liquids previously in the sample solution
may contaminate subsequent sample solutions. Dissolution media containing surfactantsor lipids may present problems.
Carryovermay occur for successive samples taken over a multipletime-point test, as wellas at the beginning of a new test due
to the cleaning solution. Thistopic is discussed in section 4.4 Cleaning.

Interaction of dissolved drug substance with the sampling and transfer devices is an important consideration. When
adsorption of the dissolved drug substance occurs, it most often involves surfacesof the dissolution apparatus or sampling filters
and tubing. Adsorption may be pH dependent in the case of charged, dissolved drug substance. Adsorption of the dissolved
drug to the parts of the sampling deviceshould be assessedusinga typicalsample solution (dissolution samplefrom the product
or drug substance with formulation matrix)with known concentration. The typicaldesign isa cross-validation with aliquots of
the same sample solution passing and bypassing the sampling device (including the sampling probe, filter, tubing, valves, and
pump). There is no general recommendation that may give preference to any kindof materialor equipment construction (e.g.,
glass or specific polymers).See section 5.7 Considerations for Automationfor more information.

Inaddition to the information in section 2.4.3 Sampling, connections of pumps and tubing may be sourcesof contamination
in automated systems. Interferences with the spectroscopic analytical procedures, which are commonly used for dissolution
testing, are less of a concern. However, interferences must be evaluated if the product under investigation contains low-dose
metal salts, as do some dietary supplements.

Liquid transfer usually is undertaken via polymerictubing. Inert materialssuch as polytetrafluoroethylene (PTFE) sometimes
cannot be used because of their mechanical properties. Where flexible tubes are required, for example inperistaltic pumps or
for coilingina smallradius, polypropylene (PP) or high-densitypolyethylene(HOPE) may be the preferredmaterials. Depending
on the type of polymer and its crystallinity and density, leachingof constituents, mainlyplasticizers, mayoccur. Leachables can
interferewith the analytical procedure. The concentration leached to the sample solution'usually depends on the surface, the
temperature, the exposure time, the hydrodynamic conditions, and the composition of the media.

4.4 Cleaning

In addition to the information in section 2.4.4 Cleaning, automated systems have specific cleaning issues. Forexample,
evaluation of the effectiveness of purging and rinsing between sampling times and within-run condition of the tubing is
recommended. Also it is important to evaluate the cleaning process between tests.

4.5 Operating Software and Computation of Results

The software systemsfor data evaluation and instrument operation must be validated as per 21 CFR 11 (17).
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4.6 Common Deviations from the Compendial Procedures That May Require Validation

Some common areas of deviation from compendial procedures include the following:
• Sample introduction relative to start of spindle rotation
• Residence time and positioning of sampling probes
• Recirculated versus consumptive sampling
• Sample volume replacement in consumptive sampling.

5. VALIDATION

The validation topics described in this section are typical butnot all-inclusive and can be viewed in the context of Validation
of Compendial Procedures (1225), as well as the InternationalConference on Harmonization (ICH) document, Validation of
AnalyticalProcedures (18). Validation for both parts of the dissolution procedure, the analytical finish and the dissolution step,
will be discussed in this section. The dissolution step is the releaseof the drug in the dissolution medium and sampling.The
analytical finish is defined in section 3. AnalyticalFinish. Validation of the analytical finish will evaluate the attributes, linearity
and range, precision, specificity, accuracy/recovery, robustness, and stabilityof the sample and standard solutions. Validation
of the dissolution step will include evaluation of precision and robustness of the dissolutionsample preparation. Validation of
the analytical finish is performed either using a standard solution or spiked placebo or by the method of standard addition
(spiked drug product as described in Accuracy in (1225)), as specified in the sections below. Validation of the dissolution step
requires the use of a well-characterizeddosage form (e.g., having tight content uniformity and uniform performance).
Depending on the parameter of interest, validation of the sample handling and analytical procedure can be performed in situ,
e.g., within the dissolution vessel. The validation parameters addressed and the extent of the validation may vary, depending
on the phase of development or the intended use for the data.

The acceptance criteriaare presented as guidelinesonly, and may differfor some products. Manufacturersshould document
the appropriate acceptance criteriafor their products in pertinent Standard Operating Procedures (SOPs) or in validation
protocols. Other considerations may be important for special dosage forms. Validation studies should be performed across the
range of profiletime points. For products containing more than a single active ingredient, the dissolution procedure needs to
be validated for each active ingredient. It is expected that investigations into filtersuitability and the potential for glass
adsorption will have been undertaken already(see 1.1Performing FilterCompatibility). Validation of these assessmentsmayoccur
during spiked recovery experiments.

5.1 Specificity/Placebo Interference

It is necessary to demonstrate that the resultsare not unduly affected by placebo constituents, other active drugs, or
degradants. The placebo consistsof all the excipients and coatings, with inks and capsule shellsincluded ifappropriate, without
the active ingredient. Placebo interference can be evaluated by using a spiked placebo that is prepared by weighing samples
of the placebo blend, dissolving or dispersingthem in dissolution medium at concentrations that would be encountered during
testing, and adding a known amount of the drug insolution. It may be preferableto perform this experiment at 3r, comparing
the solution to a standard solution at the concentration expected to be encountered during testing, by using the formula:

Result =(A piA 5) x C s x (V/L) x 100

A p =absorbance of the placebo
A 5 =absorbance of the standard
C 5 = concentration of the standard (mg/mL)
V=volume of the medium (mL)
L = label claim (mg)

The interference should not exceed 2%. Note that for extended-release products, a placebo version of the finished dosage
form may be more appropriate than blends because this placebo formulation will release the various excipients in a manner
more nearly reflecting the product than will a simple blend of the excipients. In this case, it may be appropriate to evaluate
potential interference at multiple sampling points in the release profile, with worst-case interference expected at the later
sampling points.

The blank isthe dissolution medium without dissolved sample, and it istreated in the same manner as the sample. Theeffect
of the absorbance of the blankat the analytical wavelength should be evaluated. Inmost cases, the absorbance of the dissolution
medium blank may not exceed 1% of the standard solution at the concentration used for analysis. Values>1% should be
evaluated on a case-by-case basis. ..

Ifthe placebo interference exceeds 2%, modification of the method may be necessary. Possible modifications include
choosing another wavelength, subtracting baseline using a longer wavelength, transforming absorbance values (e.g., first
derivative), and using an alternative analytical technique such as HPLC. Other means for minimizing the placebo interference
would be acceptable with appropriate justification. When other active drug substances or significant levels of degradants are
present, it is necessaryto show that these do not significantly affectthe results. One procedure for doing this is to measure the
matrix in the presence and absence of the other active drug substance or degradant: any interference should not exceed 2%.
Similar approaches may be used ifother techniques are used for the analytical finish.
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5.2 Linearity and Range
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Linearity is typically established by preparing solutionsof the drug substance, ranging in concentration from lessthan the
lowest expected concentration to more than the highest concentration during release.The solutions may be prepared either
using either a standard solution or spiked solution or by the method of standard addition. A minimum of five concentrations
isnormally used (see (1225»). Typically, solutionsare made from a common stock ifpossible. The concentration range may not
exceed the linearity limits of the method, including the instrumentation. Organic solvents may be used to enhance drug
solubility for the preparation of the linearity standard solutions. However, no more than 5% (v/v) of organic solvent should be
present in the final solution unlessvalidated. Linearity is typically calculated by using an appropriate least-squares regression
program. Typically, a square of the correlation coefficient «(22: 0.98) demonstrates linearity. In addition, the y-intercept must
not be importantly different from zero.

The range of the procedure is the interval between the upper and lower concentrations of the drug substance (including
these levels) that has been demonstrated to have a suitable level of precision, accuracy, and linearity using the procedure as
written.

5.3 Accuracy/Recovery

Accuracy/recovery is typically established by preparing multiplesamples containing the drug substance and any other
constituents present in the dosage form (e.g., excipients, coating materials, capsule shell) ranging in concentration from less
than the lowest expected concentration to more than the highest concentration during release.Accuracy/recovery may be
done in conjunction with linearitydetermination. The method of standard addition can also be used. Before this activity, it is
expected that filter assessment will already have been performed, and adsorption of drug onto the glass has also been
investigated and ruled out.

Individual solutions may be directlyprepared in the dissolution medium. Alternatively, to enhance drug solubility it may be
appropriate to prepare a stock solution by dissolving the drug substance in a small amount of organic solvent (typically not
exceeding 5% organic solvent in the final dissolution media) and diluting to the final concentration with dissolution medium.
Anamount of stock solution equivalent to the targeted labelclaimmay be used instead of the drug substance powder. Similarly,
for very low strengths, it may be more appropriate to prepare a stock solution than to attempt to weigh verysmall amounts.

The measured recovery is typically 95%-105% of the amount added. Bracketing or matrixing of multiplestrengths may be
useful. Aspecial case for validation is the AcidStage procedure described in (711), Delayed-Release Dosage Forms. The limitof
NMT 10% needs to be validated. Recovery experiments for drugs that have low solubility in acidic media may be challenging
or impossible to performand may need to be addressed on a case-by-casebasis. Ifthe compound degrades inacid, the validation
experiment must address this fact.

5.4 Precision

5.4.1 REPEATABILITY OF ANALYSIS

Forthe analytical finish, repeatability isevaluated by obtaining replicate measurements of standard and/or spiked placebo/
standard addition solutions. It can be determined by calculating the RSD of the multiple injectionsor spectrophotometric
readingsfor each standard solution, or by using the accuracyor linearity data. ICH guidance, Validation ofAnalyticalProcedures:
Methodology, recommends that repeatabilityshould be assessed using a minimumof nine determinations coveringthe specified
range for the procedure (i.e., three concentrations and three replicatesof each concentration) or using a minimum of six
determinations at 100% of the test concentration. Atypical acceptance criterion is an RSD of <2%. The demonstration of the
repeatability for the dissolution step is conducted by performing the dissolution step on separate units of a well-characterized
dosage form or equivalent composite.

5.4.2 INTERMEDIATE PRECISION/RUGGEDNESS

Assuming that the major contributor to the variance isfrom the dissolution step, intermediate precision may be evaluated
to determine the effects of random events on the precision of the dissolution procedure. This evaluation is typically done later
in the development of the drug product and is requiredfor full method validation.Formany analytical procedures intermediate
precision is typically assessed by determination of contributions to variance and, possibly, by a comparison of means. The use
of an experimental matrix design isencouraged for evaluationof intermediate precision because interaction effects may be
observed more clearly relative to a single variable experiment. In dissolution testing, a ruggedness approach that compares
means alone isoften taken to investigatethe factors that contribute to intermediate precision. The ruggedness can be evaluated
across the range of product strengths. Typical variations to be studied include different days, analysts, and equipment. If
possible, ruggedness can be evaluated using a drug product lot ifwell characterized, for example, by having tight content
uniformity and uniform performance, but ifthis type of lot is not available, a premeasured placebo with active ingredients may
be used to investigate the intermediate precision. The use of such a spiked placebo would additionallysupport the assessment
of the contribution of the analytical finish to the observed variability of results.

The dissolution procedure on the same lot of well-characterized dosage form may be run by at least two different analysts
from the same laboratory, with each analyst preparing the standard solutionsand the medium and following the defined
extraction/quantification procedure. Typically, the analysts use different dissolution baths, spectrophotometers or HPLC
equipment (including columns), and autosamplers, and they perform the test on differentdays. Full profiles are assessedwhere
relevantto the product. Thisprocedure may not be necessary at each strength; instead, bracketing with high and lowstrengths
may be acceptable. .
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Acceptance criteriafor intermediate precision or for ruggedness are predetermined. Atypical acceptance criterionfor
ruggedness isthat the differencein the mean valuefor dissolution resultsbetween any two conditions, using the same strength,
does not exceed an absolute 10% at time points with <85% dissolved and does not exceed 5% for time points >85%.
Acceptance criteria may be product specific, and other statistical tests and limits may be used.

5.4.3 REPRODUCIBILITY

Reproducibility follows the general concepts of intermediate precision, but is performed by two different analystsat
different labs.

5.5 Robustness

Evaluation of robustness,which assessesthe effectof makingsmall, deliberate changes to the dissolution conditions, typically
is done later in development of the drug product and is a requirement for full method validation. It is performed using a
well-characterized lot of drug product, for example having tight content uniformity and uniform performance. The number of
replicates (typically 3 or 6) is dependent on the intermediate precision. All profile points should be evaluated.

Selection of parameters to be varied depends on the dissolution procedure and analysis type. The parameters may include
medium composition (e.g., buffer or surfactant concentration, pH, deaeration), volume, agitation rate, sampling time, and
temperature. Statistical analysis of the data generated will help determine the extent to which the parameters must be controlled
in the method. The robustness assessment iswell suited to Designof Experiments (DoE) methodologies to efficiently investigate
the impact of the individual parameters and/or their interaction.

Robustness of analytical finish is referenced in (1225). HPLC analysis parameters may include mobile phase composition
(percentage organic, bufferconcentration, pH),flowrate, wavelength, column temperature, and multiplecolumns (ofthe same
type). Forspectrophotometric analysis, the wavelength may be varied. .

5.6 Stability of Standard and Sample Solutions

The standard solution isstored under conditions that ensure stability. The stabilityof the standard solution isanalyzed over a
specified period of time (for at least the time of the entire dissolution procedure), using a freshly prepared standard solution at
each time intervalfor comparison. The acceptable range for standard solution stability is influenced by the concentration and
is typically between 98% and 102% at the expected final concentration.

The sample solution is typically stored at room temperature. The sample isanalyzed over a specified period of time, using
the originalsample solution responsefor comparison.The typicalacceptable range for sample solutionstabilitymay be between
98% and 102%, compared with the initial analysis of the sample solutions. Ifthe solution is not stable, aspects to consider
include temperature (refrigeration may be needed), light protection, and container material (plasticor glass).

The procedure maystate that the standards and.samples need to be analyzedwithin a time period demonstrating acceptable
standard and sample solution stability.

5.7 Considerations for Automation

Automated methods offer opportunities for increased precision and reproducibility; however, bias may be introduced. In
particular, the sampling probe and the sample lines warrant attention as placeswhere inaccuracies may occur. Deviations from
the procedure described in (711), such as resident sampling probes, sampling through the stirringelement shaft (hollow-shaft
sampling), or fiber-optic probes, should be validated. Other aspects of automation validation may include carryoverof residual
drug, effect of an in-residence probe, adsorption of drug, and cleaning and/or rinse cycles. Validation is performed using the
automated dissolution system including materials. Therefore, any change in materialswill require demonstration of suitability
based on the validation attributes that are impacted by the change.

Manual and automated procedures should be compared to evaluate the interchangeabilityof the procedures. This is done
by performing two automated runs at each dosage concentration, using all sampling points, compared to manuallysampled
runs of the same samples. The effect of the in-resident probe cannot be determined by sampling both ways from the same
vessel. Results should be consistent with the requirements for intermediate precision if the procedures are to be considered
interchangeable. The difference in the mean valuefor dissolution results between any two conditions using the same strength
should not exceed an absolute 10% at time points with <85% dissolved nor exceed 5% for time points >85%. Acceptance
criteria may be product specific, and other statistical tests and limits may be used.

Revalidation may be necessarywhen the 'automated system is used with differentformulations because of the interaction
with excipients. Dissolution media containing surfactants or lipids may require additional validation efforts.

6. ACCEPTANCE CRITERIA

The acceptance criteriashould be consistent with historical releaseor stability data. There isan expectation that acceptable
batches will have resultsthat fall within the acceptance criteriaand that allmanufactured batches should have similardissolution
behavior, thus highlighting the importance of having a method that is not highlyvariable. The acceptance criteria and time
point(s), therefore, should discriminate between an acceptable and an unacceptable batch. In addition, the dissolution test
results are viewed as a link to the pivotal clinical trial batches. When changes in dissolution rate have been shown to affect
bioavailability significantly, the dissolution test and acceptance criterion should distinguish batches with unacceptable
bioavailability (19). Likewise, when changes in the formulation and manufacturing process significantly affect dissolution and
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such changes are not controlled by another aspect of the specification, the dissolution test and criteria should distinguish these
changes.

6.1 Immediate-Release Dosage Forms

Although releaseand stabilitydata are collected during dosage form development, it is common to record the entire
dissolution profile or the amount of drug dissolved at specified intervals, such as 10, 20, 30, 40, 50, and 60 min or 15, 30, 45,
and 60 min. At registration, dissolution for an immediate-release tablet usually becomes a single-point test. The acceptance
criterion and test time are established by evaluating the dissolution profile data. The acceptance criterionfor a dissolution test
is a function of Q, which is expressed as a percentage of labelclaim of drug dissolved at a specified time. Typical Q valuesare
in the range of 750/0-80% dissolved. Q values in excessof 80% are not generally used because allowance needs to be made
for assayand content uniformity ranges.

6.2 Delayed-Release Dosage Forms

The discussion about dissolution of delayed-release dosage forms in (711) focuses on enteric-coated dosage forms, which is
the most common delayed-releasedosage form. Adissolution test for a delayed-releasetablet or capsule isa two-part test, and
each part has acceptance criteria. First, the dosage forms are exposed to an acid medium, followed by exposure to a buffer
medium. To ensure that the enteric coating performs properly, a "NMT" acceptance criterion is indicated in (711) for the acid
stage. The medium used for an acid stage is usually 0.1 N Hel, and the duration of this stage istypically 2 h. The dosage forms
are then exposed to a buffer medium, usually 0.05 M phosphate bufferat pH 6.8, but other buffers and pH targets may be
used ifjustified. The duration of the bufferstage is usually 45 min for compendial tests, but this duration may vary, depending
on the drug product. Aswith immediate-releasedosage forms, a Q value and time point are determined by evaluating the
entire dissolution profile.

6.3 Extended-Release Dosage Forms

Adissolution test for an extended-release dosage form isgenerallysimilarto that used for an immediate- or delayed-release
drug product, except that the duration of the test is longer, and at least three time points are specified for pharmacopeial
purposes (20). Additional sampling times may be required for drug approval purposes. An earlytime point, usually 1-2 h, is
chosen to show that dose dumping is not probable. An intermediate time point is chosen to define the in vitro release profile
of the dosage form, and a final time point is chosen to show essentially complete release of the drug (20). The time points for
the test should be determined by evaluatingthe dissolution profile acrossthe desired test duration. Often, additional time points
are obtained during dosage form development to aid with selecting the appropriate time points for the specification or
monograph.

As with an immediate-or delayed-releasedrug product, the acceptance criteriaand time points for an extended-release drug
product should discriminate between an acceptable and an unacceptable batch. The acceptance criteriafor the first stage of
testing (L1) should be established on the basis of available batch data (79,20). Ifhuman bioavailability data are available for
formulationsexhibitingdifferent release rates, then an in vitro/in vivo relationship may be used to establishacceptance criteria
(79,20). Acceptance criteriafor the second (lz) and third (L3) stages are derived from the L1 criteria using Acceptance Table 2
in (711).

6.4 Multiple Dissolution Tests

Typically, monographs for extended-release dosage forms contain multiple dissolution tests representing specific products.
In accordance with General Notices, 4.70.70 Applicability of Test Procedures, the appropriate test, if not Test 7, is indicated on
the product labeling. Forexample, the USP monograph for Oxycodone Hydrochloride Extended-Release Tablets (27) lists two
dissolution tests, each of which has either three or four time points. Ifthe Tablets are analyzed using Test 2 and the dissolution
resultscomply with the criteria provided in the monograph, the labelingfor Tablets can indicate that the Tablets meet USP
Dissolution Test 2. Multiple dissolution tests also can be found in monographs for immediate- and delayed-release dosage forms.
Forexample, the USP monographs for Levothyroxine Sodium Tablets and Pantoprazole Sodium Delayed-Release Tablets provide
four dissolution tests (22,23).

6.5 Interpretation of Dissolution Results

The Interpretationsection of (711) discusses immediate-,delayed-, and extended-release dosage forms. The discussion for
each of these releasepatterns is expanded here with examples to assistwith applying the criteriaduring the variousstages of
testing. Understanding how these criteriaare applied will assist in setting appropriate acceptance criteria.

6.5.1 IMMEDIATE-RELEASE DOSAGE FORMS

Once the Q value is established, the dissolutiontest is a staged test of-three levels. In the first level of testing called Sl' six
dosage forms are tested. Each dosage form must be Q + 5% (absolute percentage points) dissolved at a specified time. For
example, the time and tolerances in a monograph would be:

Time: 30 min
Tolerances: NLT 80% (Q) of the labeled amount of "drug substance" isdissolved.
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Ifthe Q value for a 200-mg labelclaim (LC) immediate-release tablet isspecifiedas 80% and the time point is 30 min, then
NLT 85% LC (1 70 mg) of the drug substance in each tablet must be dissolved at 30 min.

Ifthis criterion is not met, then 6 additional tablets are tested at level 2 (5z). To pass the 5z acceptance criteria, the average
of all 12 tablets must be equal to or greater than Q (80% LC; 160 mg in the above example), and no tablet has lessthan Q­
15% (65% LC; 130 mg in the above example).

If these criteria are not met, then level 3 or 53 testing must be performed by testing 12 additional tablets. To pass 53' the
average of all 24 tablets must be equal to or greater than Q (80% LC; 160 mg in the above example). Two additional criteria
must be met as well: 1) no more than 2 tablets are lessthan Q - 15% (65% LC; 130 mg in the above example), and 2) no
tablet is less than Q - 25% dissolved (55% LC; 110 mg in the above example.)

6.5.2 DELAYED-RELEA5E D05AGE FORM5

An aliquot of the acid medium from each vessel is analyzed at the end of the acid stage. Forthe acid stage, the acceptance
criteria have three levels. Level 1 (A,) testing is passed if no individual value exceeds 10% dissolved. Ifthe A, criteria are not
met, then the dissolution test is performed on 6 additional dosage forms for level 2 (Az) testing. Level Az criteria are passed if
the average of all 12 dosage forms in the acid stage is NMT 10% dissolved and if no individual dosage form is more than 25%
dissolved. Level 3 testing is performed ifthe Az criteria are not met. The A3criteria are passed if the average of all 24 dosage
forms in the acid stage is NMT 10% dissolved and if no individual tablet is more than 25% dissolved. Forthe special case in
which the solubility of the drug in an acidic medium because of conversionto the free acid istoo lowto support an acceptance
criterionof not more than 10% the drug product should be exposed to the acid stage for the defined duration and then exposed
to the buffered medium. Alternate acceptance criteriafor the acid stage based on drug solubility may be justified.

Fordelayed-releasedosage forms, the total percentage dissolved isdetermined by adding the measured amounts in the acid
and buffer phases for each individual dosage form. These calculated valuesare then compared to staged acceptance criteria
(B

"
Bz, and B3) that are based on a Q value. The B

"
Bz, and B3criteria are identical to those for the immediate release 5" 5z,

and 53 criteria. '

6.5.3 EXTENDED"RELEA5E D05AGE FORM5

In the following hypothetical example, which is used to describe the criteriafor an extended-release dosage form, the time
points are 1, 4, and 8 h. The acceptance range for each time point is as follows:

• Between 24% and 44% LC drug substance dissolved at 1 h
• Between 56% and 76% LC drug substance dissolved at 4 h
• NLT 85% LC drug substance dissolved at 8 h.
Acceptance ranges are often expressed in tabular form in the USP-NF (see Table 3):

Table 3. L, Criteria

Time
(h) Amount Dissolved

1 24%-44%

4 56%-76%

8 NLT 85%

Six tablets are analyzed at Levell (L,); acceptance criteria are met ifno individual value lies outside each of the stated ranges,
and no individual value isless than the percentage specifiedfor the final time point. Ifthe L, criteria are not met, then 6 additional
tablets are analyzed at level 2 (Lz). The Lz criteriaare met ifthese three conditions are met:

1. The average value of the 12 tablets lies within each of the stated ranges and is NLT the stated range of the final time
point.

2. None of the 12 tablets is>10% of the labeled content outside each of the stated ranges.
3. None of the 12 tablets is>10% of the labeled content below the stated amount at the final test time.
Forthe above example, the Lz acceptance criteria for the 12 tablets (see Table 4) are as follows:

Table 4. Lz Criteria

1 h 4h 8h

Average 24%-44% 560/0-76% NLT85%

Individual tablets 14%-54% 46%-86% NLT 75%

Ifthe Lz criteriaare not met, then 12 additional tablets are tested at level 3 (L3). The L3criteria are met ifthese five conditions
are met:

1. The average value of the 24 tablets lies within each of the stated ranges and is NLT the stated range of the final time
point.

2. NMT 2 of the 24 tablets are>10% of labeled content outside each of the stated ranges.
3. NMT 2 of the 24 tablets are>10% of the labeled content below the stated amount at the final test time.
4. None of the 24 tablets is>20% of the labeled content outside each of the stated ranges.
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5. None of the 24 tablets is >20% of the labeled content below the stated amount at the final test time.
The L3 acceptance criteria for the 24 tablets in the above example are summarized in Table 5:

Table 5. L3 Criteria

USP 43

1 h 4h 8h

Average 240/0-44% 56%-76% NLT85%

NMT 2 tablets are outside the range of NMT 2 tablets are outside the range of
14%-54%, and no individual tablet is 46%-86%, and no individual tablet is NMT 2 tablets release <75% and no

Individual Tablets outside the range of 4%-64% outside the range of 36%-96% individual tablet releases <65%
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(1094) CAPSULES-DISSOLUTION TESTING AND RELATED QUALITY
ATIRIBUTES

1. INTRODUCTION

Thisgeneral informationchapter providesapproaches for the development ofdissolution test proceduresfor capsules,which
are not provided by Dissolution (711), Drug Release (724), The Dissolution Procedure: Development and Validation (1092), and
Disintegration andDissolution ofDietarySupplements (2040).Thechapter alsodiscusses qualityattributes associatedwith capsules
that may affect the outcome ofthe dissolution testing.

1.1 Types of Capsules

Capsulescan be classified as two main types based on the physical characteristics of the shell:soft capsulesand hard capsules.
Forthe purpose of this chapter, soft-shell capsulesand hard-shell capsulesare referred to as softgelsand hardgels, respectively.
Softgelshave a thicker shell and typically exhibit a higher degree of elasticity because of the added plasticizer and have slightly
longer rupture time when compared with hardgels. By comparison, hardgel capsules have a thinner and more rigidshell than
do softgel capsules. Both softgels and hardgels are composed of a polymer, e.g., gelatin, starch, or a cellulose derivative such
as hypromellose(HPMC) or other polymers,a plasticizer, and water. Forhardgels,water acts as the plasticizer, whereas softgels
contain high-boiling-point polyols such as glycerol or sorbitol as plasticizer, and alsocontain water. Although many parameters
affect the physical and chemical properties of the shell, the ratio of polymer to plasticizer primarily determines the rigidity,
brittleness, and dissolution performance of the shell.

Capsulescan also be characterized by the chemical properties of the fill material (hydrophobic-based versus
hydrophilic-based fill materials) or by the physical properties of the .fill material (solution versusdispersionversussolid).
Hydrophobic solutions include neat oils, combinations of miscible oils, or active ingredients dissolved in oil vehicles.
Hydrophobic dispersions include active ingredients dispersed or suspended in oil or in oil-wax mixtures.The latter often are
termed semisolids. Hydrophilic solutions can be neat liquids, combinations of water-miscible liquids, or active ingredients
dissolved in water-misciblevehicles. Hydrophilic dispersions or suspensions include active ingredients dispersed or suspended
in hydrophilicvehicles such as polyethylene glycol. Solid fill materials consist of mixtures of excipients and active ingredients
whose properties like hydrophilicity/hydrophobicity, polymorphism, particle size, etc., drive the dissolution behavior.

1.2 Manufacturing and Packaging Issues That Can Affect Dissolution Testing

A number of issues affect the development of a dissolution procedure and the dissolution behaviorfor capsules, including:
• Propertiesof capsule shell material
• Propertiesof the fill material
• Interaction between capsule shell material and fill material
Gelatin is a hygroscopic material, and its moisture content affects the properties of hard and soft gelatin capsules. Since

certain excipients are known hygroscopic agents, it is particularly important to monitor the mechanical properties of gelatin
capsulesstored under variousconditions of temperature and relative humidity.Thefactors that can affectthe capsule properties
include: moisture exchange between the shelland the fill material, which potentiallycan create brittleness in the gelatin shell;
and chemical interactions between the fill material and gelatin, which can result in gelatin cross-linking.

The potential for aldehydic impuritiesand formation of degradants and degradation of the active ingredients or excipients
in the formulation should be investigated during product development by means of stabilitystudies (aldehydes contribute to
cross-linking; see section 2. Cross-Linking in Gelatin Capsules). Understanding the possible routes of aldehyde or ketone
formation, and possiblesources of aldehyde, helps to predict capsulebehavior. The rate of cooling and drying may modifythe
characteristicsof the active ingredient releasefrom the matrix.The possibility of migration of the active ingredient intothe
capsule shell, particularly when the softgel is made of gelatin, should be investigated for its impact on dissolution testing.

Capsule shellscan become reactive depending on the storage conditions. Product packaging and storage conditions are
chosen to prevent adverse effectson capsule quality.The ingressof moisture and/or oxygen into the packaging and through
the capsule shell, as well as the rate of ingress, can affect the final shelf life for the product. Insome cases, an increase in water
content of the capsule shell may produce a measurable reduction in the dissolution time because a moistened product may
facilitate polymer hydration.

Dueto the water content ofgelatin shell(usually between 13% and 16%), this type of capsule behavesas a moisture reservoir
which may affect the stabilityof humidity-sensitive active ingredients.

When a capsule is immersed.in an aqueous medium, the water permeates the walls, the polymer becomes hydrated, and
swells. When fully hydrated, the shellstarts to dissolve. The amount of time it takes for water to penetrate capsule shellsvaries,
depending on the nature of the capsules shell and other factors. This time has been reported to be approximately 40 s for
gelatin capsules and about 3 minfor HPMC capsules.This delay may be significantonly for dissolution testing of
immediate-release dosage forms,while it should have minor or no impact on dissolution testing of modified-release
formulations.
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2. CROSS-LINKING IN GELATIN CAPSULES

USP 43

Cross-linking involves the formation of chemical links stronger than the simple hydrogen and ionic bonding between gelatin
chains and affects the thermal reversibility of the sol-gel transition of gelatin in the shell. Cross-linking can be caused by agents
present in the capsule fill that react with gelatin molecules, resulting in the formation of a pellicle on the internal surface of the
shell. Less often, a pellicle may form on the external surface of the shell arising from reactive agents present in, or derived from
the intermediate of final packaging components.

A pellicle is a thin, water insoluble clear membrane of cross-linked protein on the inner or outer surface of the capsule that
prevents the capsule fill from being released. Cross-linking is evidenced by the observation of a thin membrane or a gelatinous
mass during dissolution testing because the pellicle itself may be difficult to observe.

Cross-linking can also be caused by agents or impurities present in the shell, thereby rendering the entire shell matrix insoluble
under conditions that normally would dissolve the gelatin shell. One of the strongest and most common types of cross-linking
involves the covalent bonding of the amine group of a lysine side chain of one gelatin molecule to a similar amine group on
another molecule. This reaction is typically caused by trace amounts of reactive aldehydes. Formaldehyde, glutaraldehyde,
glyoxal, and reducing sugars are the most common cross-linking agents. The covalent bonding produced with this type of
cross-linking is, for all practical purposes, irreversible, and dissolution of the shell must involve the breaking of other bonds such
as the enzyme-mediated breaking of the peptide bonds in the protein chains.

Gelatin that is chemically modified, e.g., by the addition of succinic acid groups to the lysine side chains, can prevent or at
least hinder aldehyde-mediated cross-linking. A weaker type of cross-linking involves complexation of free carboxylic acid groups
from two different gelatin molecules with trivalent metal ions such as Fe3+ and AP+. These cations can be found in some of the
dyes used as colorants or as low-level contaminants of excipients. For higher-Bloom gelatin (see section 6.1.1 Gelatin), which
typically is considered higher quality, cross-linking occurs more readily because fewer links are needed to join greater lengths
of gelatin chains. . .

It is extremely important to know and understand the product formulation to identify possible sources of cross-linking agents
and take measures to eliminate or minimize their role in promoting cross-linking. This knowledge can help in the case of
post-approval changes in the formulation and/or packaging material,

Common causes of cross-linking include the following:
• Aldehydes that are present in the active ingredient, excipients, or packaging materials (e.g., in residual solvents); or that

may be formed in-situ during storage
• High humidity (leading to higher oxygen permeability)
• Substances that facilitate a cross-linking reaction
• Substances that promote decomposition of stabilizer in corn starch (hexamethylenetetramine), resulting in the formation

of ammonia and formaldehyde, which cause the cross-linking reaction
• Rayon coilers that contain an aldehyde functional group (furfural)
• Polyethylene glycol may contain peroxides and aldehydes
• UV light, especially with high heat and humidity
• Aldehyde formation promoted by elevated temperatures
Dissolution testing of cross-linked capsules can result in slower release of the drug or no release at all. On rare occasions, if

there are defects in the liquid-filled capsule seam, the capsule can rupture at the seam even in the presence of cross-linking in
the gelatin, resulting in an early release of the capsule fill in the dissolution medium. The degree of cross-linking is not uniform
within one capsule or among different capsules. As consequence, there is a higher variability in the dissolution results if the
gelatin capsules are cross-linked. Enzymes can be added to the dissolution medium to overcome this problem (see Dissolution
(711 »). Enzymes should not be used in the absence of such evidence.

3. DISSOLUTION PROCEDURE DEVELOPMENT

Design of a procedure for dissolution testing of capsules depends on the product formulation. The composition of the fill,
the solubility of the active ingredient(s) in the fill, and the dispersion of the fill into the dissolution media all have an effect on
the dissolution behavior of a given fill formula. For example, a formulation that contains a lipid-soluble active ingredient with
hydrophobic excipients and a melting point in excessof 3r will likely not release the active ingredient into solution in aqueous
media in a timeframe that is consistent with the expectations for immediate-release dosage forms. By contrast, a freely
water-miscible active ingredient dissolved or dispersed in a water-soluble or water-dispersible fill formula at room temperature
will be released into solution very soon after the shell ruptures and the dosage form releases the fill material into the media.

The specific design of the formulation and the target release profile should be known when developing a dissolution method
for any given product. For lipid-based formulations that often are lessdense than aqueous media, the release of the fill from
the capsule may be driven by buoyancy. If the formulation has been designed to be self-emulsifying or self-microemulsifying,
the formulation will efficiently disperse into most aqueous media. Formulations such asthose that consist simply of a triglyceride
with no additional co-solvent or emulsifier will rapidly float to the dissolution medium surface in the vessel. In this situation the
quantitative results from a dissolution test provide the rate of drug partition from this floating layer. The apparatus selection is
perhaps the most critical step for these types of capsules because the efficiency with which the capsule contents mix with
dissolution media is highly influenced by the hydrodynamics of the agitation. Once the apparatus has been selected, other
variables to consider in developing a dissolution test are rotation speed, dip rate or flow rate, surfactant/solubility enhancer
type and concentration, and medium volume and pH (see (711), (1092), and (2040»).

To better guide the dosage form design it may be useful to consider other characteristics of the product such assolubility of
the active ingredient(s) in different media, intrinsic dissolution of the active ingredient(s) (see Apparent Intrinsic Dissolution-
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Dissolution Testing Procedures for Rotating Disk and Stationary Disk (1087», dispersibility, globule sizefor emulsions, micelle
formation, digestion, precipitation on dilution in media, phase behavior studies, and burst tests to detect gelatin cross-linking.

The rupture test may be a useful tool in the earlysteps of the development and evaluation of the formulation, especially if
the active ingredient belongs to Biopharmaceutics Classification System Class 1 (see FDA Guidance for Industry-Waiver of In
vivo Bioavailability and Bioequivalence Studies for Immediate-Release SolidOral Dosage Forms Based on a Biopharmaceutics
Classification System) and isformulated in a water-miscible fill. Forthis purpose, rupture isconsidered to occur when the capsule
shell is breached, exposing the fill. contents. Ifthe rupture of the capsule shell can be correlated with dissolution data, then
rupture can be explored as a possible alternative to the dissolution test.

3.1 Apparatus

As is the case with other oral solid dosage forms, USP Apparatus 7 (basket), USP Apparatus 2 (paddles), USP Apparatus 3
(reciprocatingcylinder), and USP Apparatus4 (flow-through cell) are most often chosen as the dissolution apparatus for capsules
(see (711) and (2040». However, several specific benefitsand drawbacks must be considered in selecting and using the
dissolution apparatus for capsules:

• Capsules may be filled with a material that has a specific gravity lessthan that of water. Therefore, the capsules may float
in an aqueous dissolution medium;

• Instead of dissolving completely during the dissolution test, the capsule shell may soften and dlslnteqrate into a stickyor
waxymassthat can adhere to any point in the dissolution vessel and in different areas in differentvessels, generating high
variability in the results. .

• The capsule fill material may form a film on the surface of the dissolution medium during the course of the test.
The capsuledissolutionprocess involves three stages: (1) rupture of the capsule shell, (2) releaseand dispersion of the capsule

fill material, and (3) dissolution of the active ingredient(s) in the medium. Each dissolutionapparatus referredto previously can
achieve these three stages, but they may cause different hydrodynamic effect upon capsules as on any other dosage form
as well. .

3.1.1 USP APPARATUS 1 (BASKET)

Thisapparatus has the advantage of enclosing the capsules, preventing them from floating freely in the medium. Forcertain
capsules, however, baskets may not be suitable. As the capsule ruptures, the material from the capsule shell may clog the
basket's mesh, and for hydrophobic fill materials the oil phase released from the capsule may not disperse into fine enough
droplets in the basket to efficiently pass through the mesh. A larger-size mesh may be needed to overcome these limitations.

3.1.2 USP APPARATUS 2 (PADDLES)

Thisapparatus does not have a mesh that can dog, but it does not prevent the capsules from floating. In these instances,
wire coils can be wound around the capsules, or commercially availablesinkers can be used to encase the capsules and hold
them on the bottom of the vessel, allowing the fill to become exposed to more of the medium (see Apparatus/Agitation, Sinkers
in (1092». Sinkers can also be used to prevent the capsulefrom sticking to the vessel wallsand to provide better contact with
the dissolution medium even ifthe capsule doesnot float and remains at the bottom of the vessel. The shape and size of the
sinkercan playan important role in the dissolution profile and should be selected carefully. The swelling, that occurs when the
capsule isplaced in contact with the dissolution medium, should be considered when definingthe sizeof the sinkerto be used.

3.1.3 USP APPARATUS 3 (RECIPROCATING CYLINDER)

Thisapparatus, like Apparatus 7, encloses the capsules. The mesh at the bottom of the cylinder, however, may become
clogged with undissolved shell. Changing the mesh size may alleviatethis problem. The different mechanism of agitation of
Apparatus 3 providesverydifferent hydrodynamicscompared with Apparatus 7and 2. Thischaracteristic mayassistindispersing
hydrophobic droplets, avoiding the formation of layers and some problems caused by the buoyancyof the capsule. In the case
of Apparatus 3, a change to different media during the course of the dissolution experiment is possible. Thisallows dissolution
profiles to be determined at different pH values, which is useful for targeted-action or modified-release dosage forms. Forcases
where the active ingredient has been dispersed but not dissolved, this apparatus may not be a good choice since significant
sample loss will occur when moving the cylinder from one tube to the other. However, USP Apparatus 3 has a tendency to
generate foam when surfactants are added to the media. In this situation, an appropriate antifoaming agent may be added to
the medium. .

Analternativeto Apparatus 3 is the disintegration apparatus described in Disintegration (701). The use of disks should be
avoided because of clogging. Ifthe discs are not used, the capsule will float and may not be uniformly wetted. Thisapparatus
offers more turbulent conditions that could be useful in the dispersion of hydrophobic filling, avoiding the formation of layers
and counteracting the buoyancy of the capsule.

3.1.4 USP APPARATUS 4 (FLOW-THROUGH CELL)

Thisapparatus also encloses the capsules and has a filter. Several types of cellsare available depending upon the application.
The use of the flow-through cell designed for lipid-filled softgels may be useful for certain types of formulations (see Figure 2 in
(2040». Use of Apparatus 4 also makes it possible to change to different media and to alter the flow during the course of the
dissolution experiment. In addition, this equipment can be set up for low or high volumes of media that can be used with
low-strength products and with poorly soluble active ingredient(s), respectively. . .
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Other apparatus may be considered with proper justification, with each candidate apparatus evaluated for variations in media
composition, media volume, agitation or flow rate, and other test parameters to determine what effect each has on the
dissolution performance of the product.

3.2 Medium

General recommendations for the selection of appropriate dissolution media can be found in chapters (1092) and (2040),
FDA Guidance for Industry-Dissolution Testing of Immediate-Release SolidOral Dosage Forms and FDA Guidance for Industry­
Extended Release Oral Dosage Forms: Development, Evaluation, and Applicationof In vitro/In vivo Correlations.

Characteristics of the dissolution medium that may affect the opening or rupture of the capsule shell, the release and
dispersion of the capsule fill material, and the dissolution of the active ingredient(s) are discussed in the following sections.

3.2.1 ACHIEVING SINK CONDITIONS

As in the development of any effective dissolution procedure, the medium preferably, but not necessarily, should provide
sink conditions for the active ingredient(s) in an environment that ensures suitable stability and, preferably, is physiologically
relevant for the product (see (1092».

If the fill iswater-soluble or, at least, readily dispersible in an aqueous medium, and if the active ingredient itself isalsosoluble,
sink conditions may be achieved in a manner comparable to that for any other solid oral dosage form. Liquid-filled capsules,
however, may contain either a matrix or active ingredient (or both) that are hydrophobic or water-insoluble. In this case, a
medium with surfactants may be needed (seebelow). The useof organic co-solvents to improve sink conditions is discouraged
and should be employed only asa last resort and at a minimum amount with appropriate justification. In practice, the presence
of organic solvents in the medium may inhibit the dissolution of the shell.

In addition to dispersing/dissolving the matrix and active ingredient(s), the medium must neither interfere with the activity
of any enzymes used nor negatively interact with the capsule shell or formulation. Developing a suitable medium for
hydrophobic systems therefore may require considerable experimentation. For example, using testing from (711), the addition
of enzymes is required when the gelatin capsule fails the test due to pellicle formation. When certain surfactants are used (e.g.,
sodium lauryl sulfate), the enzyme may be deactivated, depending on the type and concentration of surfactant used. In this
case, a pretreatment period with the proteolytic enzyme followed by a later addition of the surfactant to the medium may be
considered. The time-of this pre-treatment should be as short as possible. In most cases, it does not exceed 15 min. The
pre-treatment period is included in the total time of the dissolution testing.

To establish a suitable medium, severaldifferent dissolution media should be evaluated to identify the one that achieves
appropriate sink conditions with the lowest quantity of solubilizing/dispersing agent. The effect of pH, ionic strength, buffer
counter-ion and/or co-solvent on active ingredient solubility and enzyme activity, particularly for hydrophobic active
ingredients, in addition to the relative partitioning of the active ingredient between the matrix and medium, must also be
evaluated.

3.2.2 USE OF SURFACTANTS/DISPERSING AGENTS/SOLUBILITY ENHANCERS

Surfactants, dispersing agents, or solubility enhancers may be used in the dissolution medium when the capsulefill, the active
ingredient, or both, are hydrophobic or water-insoluble. They may also be used if the media described in (1092) and in the
FDA guidance are ineffective in dispersing the capsule fill or in achieving proper sink conditions for the active ingredient.

Surfactants, dispersing agents, and solubility enhancers include:
• Anionic:

o Sodium dodecyl sulfate (SDS, or sodium lauryl sulfate, or SLS)
o Bile salts (sodium deoxycholate, sodium cholate)

• Cationic:
o Cetyltrimethylammonium bromide (CTAB)
o Hexadecyltrimethylammonium bromide (HTAB)
o Methylbenzethonium chloride (Hyamine'")

• Nonionic:
o Polysorbates (TweenTM)
o Polyoxyethylene sorbitan esters
o Octoxynol (Triton X1OOTM)
o N,N-dimethyldodecylamide-N-oxide
o Brij 721
o Polyoxyl castor oil (Crernophor'")
o Nonylphenol ethoxylate (Terqitol''")
o Cyclodextrins
o Polyoxyl 10 lauryl ether

• Zwitterion
o Lauryl dimethyl amine oxide (dodecyldimethylamine oxide, DDAO)
o Lecithin .

Although useful assolubilizing agents, surfactants should be used cautiously because they can interact with the gelatin in
the capsule shell and can hinder disintegration or dissolution. They can also inhibit enzymes that may be used to hydrolyze the
gelatin shell and/or the fill.
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One of the most common anionicsurfactants usedfor dissolution testing of tablets, SLS, exhibitsboth of these adverseeffects,
particularly at lowerpH(e.g., insimulated gastricfluid). Inaddition, SLS forms insolubleprecipitates inthe presence of potassium
ions. SLS isone of the surfactants lesscompatible with enzymes. Onlya very high quality grade of SLS should be employed in
dissolution media because of the potential interferenceof its impurities in the quantitation step in dissolution testing. Therefore,
the use of SLS should be considered only in the absence of other alternatives.

Other anionic or cationic surfactants have also been shown to affect gelatin solubility, and the extent of these interactions
should be considered in the selection of the dissolution medium. Cationicsurfactants should be avoided in formulations that
contain fatty acids because the combination potentiallyforms insoluble precipitates.

3.2.3 USE OF ENZYMES

Proteolytic enzymes such as pepsin (at low pH) or pancreatin (at pH?::6.8) may be usedwhen the gelatin capsule shell does
not dissolve in ordinary aqueous media because of cross-linking, as previously discussed. Pancreatin has the advantage of also
possessing lipaseactivity, which makes it useful when the capsulefill material is a triglyceride. .

Tests should be carried out to ensure that the enzymes used in the dissolution testing do not adverselyinteract with the
formulation.Thedissolution medium should alsobe optimized(e.g., byadjusting the pH, ionicstrength, etc.) so that it preserves
enzymatic activity while maintaining sinkconditionsfor the activeingredient. Ifsurfactants are alsoused, their potential adverse
effect on enzyme activitymust be evaluated. '

3.2.4 pH

Inaddition to establishinga drug pH-solubility profile during the dissolution development, the following specific issues should
also be evaluated: .

• The effect of media pH on the swelling or dissolution of the capsule based on the type of gelatin used in the product:
either Type A(for which the medium pH typically is 7-9) or Type B(for which the medium pHtypically is 4.7~5.4)

• The need for enzymes may influence the selectionof a specific pH range in order to be adequate for the active ingredient
solubility and stabilityand to minimizeeffectson enzyme activity.

3.3 Cross-linking in Gelatin Capsules

As previously discussed, cross-linking results in the formation of pellicles on the internal or external surface of the shell.
Depending on the extent of the cross-linking and the structural integrity of the shell, this pellicle may delay or prevent the
releaseof the fill and the dissolution of active ingredient(s) during the test.

Pellicles often are difficult to dissolve and typically requirethe useof proteolyticenzymes inthe mediumto achievedissolution.
Gelatin also forms ionic cross-links (salt bridges), typically between carboxylate (anionic) and ammonium (cationic)side

chains of the amino acids comprising the polypeptide chain. Althoughthey can inhibit gelatin dissolution, ionic cross-links are
much weaker than covalent cross-links and may be disrupted by changing the ionicstrength or pH of the medium or by using
an enzyme.

3.3.1 FORCED CROSS-LINKING

During product and dissolution method development, forced formation of cross-linking in the gelatin capsule may be useful
to establish the type and amount of enzyme that will be used in the test, and to better understand the behavior of the
formulation in the dissolution medium. Thiscan be achieved by spiking excipients with known amounts of formaldehyde or
other cross-linking agents, or exposing the capsules to high humidity.

3.4 Sampling

Establishing the proper sampling technique and locationfor capsulesfollows the procedures described in chapters (711) and
(1092). In the case of hydrophobic liquidfilled capsules, the fill material typically forms a film on the surface of the dissolution
medium during the course of the test, sampling must be performed in such a way that the cannula penetrates the oily layer
without being clogged. In addition to standard validation and compatibilitystudies, care must be taken when a filter is used
to ensure that it does not become clogged with oil or undissolved capsule shell material when the sample is taken. Similar
considerations apply to automated sampling equipment because filters and transfer lines may become obstructed during
sampling. To address this issue, the use of surfactants and/or enzymes in dissolution media may be needed to better solubilize
the capsule shelland fill. Another point to be considered in the caseof automated sampling equipment isthe probe. Ifit remains
inside the medium during the test, it could perturb the oily layerand possibly influence the hydrodynamics and change the
dissolution profile. An alternative approach is to remove the probe and to introduce it just at the time of the sampling. The
sampling method should be validated for each product.

3.5 Quantitation

Like dissolutionsamples from other oral soliddosage forms, dissolution samples from capsules can be quantitated using
chromatographic, spectrophotometric, tandem chromatography:-mass spectrometry, and other techniques after adequate
method development and validation (see (1092) and where special considerations are described as follows under section 4.
Method Validation).
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Inaddition to the general method validation parameters discussed in (1092), the following performance characteristics may
be evaluated:

• Effect of pH and ionic strength on drug solubility and on enzyme activity, ifenzymes are used
• For hydrophobic active ingredient(s), the relative partitioning of the active ingredient(s) between the matrix and the

medium, as well as the potential for an adverse effecton release into the aqueous medium
• Forchromatographic procedures, the potential adverse effect of the surfactant, if used, on the chromatographic

separation; as part of the robustness study, evaluation of differentconcentrations of surfactant, differentsurfactant types,
interaction with buffer salts, etc.

• Forspectrophotometric procedures, absorbance from the potential contribution of the capsule shell should be evaluated
• Potential adverse effects of the surfactant or enzyme, if present, on the lifetime of the chromatographic column
• Qualification of the sampling procedure to prevent clogging of the cannula, transfer tubing, or filters
• Validation of the second tier dissolution test

o pre-soaking time
o compatibilityof any surfactants present with the enzymes
o verification that the conditions of the second tier test do not affect the dissolution profile when compared to the first

tier test

5. SUGGESTIONS FOR STARTING POINTS

Based on the considerations discussed above, possible starting points for establishinga dissolution test for capsules based
on the solubility characteristicsof the fill and the active ingredient(s) are the following:

Possible formulations:
1. Hydrophilic fill/active ingredient is soluble in aqueous media
2. Hydrophobic fill/active ingredient is poorlysoluble in aqueous media
3. Hydrophilic fill/active ingredient is poorlysoluble in aqueous media
4. Hydrophobic fill/active ingredient is soluble in aqueous media

5.1 Medium

Evaluate the solubility of the active ingredi~nt(s) in aqueous media within a pH range of 1.0 to 7.2-7.5.

5.2 Medium Additives

Enzymes such as pepsin (at pH <4.0) or pancreatin (at pH~6.8) may be used ifthe product shows evidence of cross-linking
inthe gelatin capsule. Ifthe product isa formulationsuch as 2 or 3 above, evaluate the useofsurfactantsand possibleinteraction
with enzymes.

5.3 Apparatus

USP Apparatus 1 or 2. Ifthe capsule isfilled with low-specific-gravity liquid and has a tendency to float, sinkers should be
used. Ifthe product is a formulation such as 2 or 4 above, consider Apparatus 3 as an option.

5.4 Agitation Speed

Agitation speed typically is 50-100 rpm for basketsand 50-75 rpm for paddles. Higherspeeds should be justified.

5.5 Time Points

Adissolutionprofile should be establishedduring the development phase to identifywhen the rate ofactive ingredient release
has leveledoff.

6. CRITICAL QUALITY ATTRIBUTES

6.1 Shell Composition

Knowledge of the composition of the shell (polymer, plasticizers, water content, etc.), as discussed at the beginning of this
chapter, is an important aspect and helps determine critical quality attributes. Other important aspects of understanding the
critical quality attributes are the composition and properties of the gel mass and finished shell. In its simplestform, the shell
of a capsule is prepared from a molten gel mass, which in the case of hardgels comprises gelatin or other polymersand water
and in the case of softgels the shell iscomprised ofgelatin and a plasticizer dissolved in an aqueous vehicle. The ratio of polymer
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to plasticizer varies depending on the desired performance traits of the shell, the size of the shell, and the composition of the
fill material. Other minor components added to the gel mass may include colorants, flavors, stabilizers, buffers, and opacifiers.
The physical characteristicsand quality of these minor components are central to the design of high-qualityand robust
formulations. The composition of hardgels usually does not vary with capsule size.

6.1.1 GELATIN

Gelatin capsule manufacturing process: Forhardgels, there are two separate manufacturing steps: (1) manufacturing the
empty shells and (2) the filling process. Capsuleshells are produced,'packaged, and shipped to the dosage form manufacturers.
Capsules are then filled and sealed. Most modern capsule-filling machines are designed to allowaccurate filling of powders,
granules, pellets, tablets, and combinations of these and many can be modified to allow hot or cold liquid to be filled into
hardgels.An essential part of a liquid-filling operation isthe ability to effectively seal the capsule. Thissealing process isa critical
process parameter, and detailed ,knowledgeof all the aspects of this process is important.

Forsoftgels, the formation of the capsule, the filling process (encapsulation process), and sealing of the capsulesoccur
simultaneously. During the encapsulation process, it is important to monitor the shell thickness, seam quality, capsule weight,
and the fill weight using statistical process controls.
Chemistry of gelatin: Understanding the chemical nature of gelatin isanother important component of the critical attributes
of the formulation. Gelatin isgraded primarily on the strength of the gel. Depending on the process and the tissuesource, .
noticeable differences in strength are apparent among suppliersand even between lotsfrom the same supplier.Consequently,
controlling the strength of the gelatin from batch to batch, measured as Bloom strength, is keyto obtaining a consistently
performing product. Bloom strength isa measure of the strength of the gel prepared at a set concentration of gelatin in water
under controlled conditions and isa function of the molecularweight of the gelatin, the concentration of the gelatin in the gel,
and the pH of the gel. It isa measure of the resultant gel's resistanceto compression and is reported in Bloom-grams or grams.
Bloom strength increaseswhen the gelatin concentration in the gel increases, when the average molecularweight of the gelatin
increases, and when the pH of the gel approaches neutrality (from either direction). In addition, as Bloom strength increases,
the cost of gelatin increasesand the rate of gel dissolution decreases. Bloom strength also has an effecton the clarity and color
of liquid-filled capsules. Forgelatin with higher Bloom strength, lessgelatin is needed to produce a suitable shell, which results
in a clearer shell and a reduced need for colorants and dyes in order to produce the desired hue. Although gelatin can be
purchased with Bloom strengths ranging from 50 to 300, most gelatins used in the manufacture of liquid-filled capsules have a
Bloom strength of about 150-200 for softgelsand 220-280 for hardgels. Gelatin manufacturers commonly blend different
sublots of gelatin to meet Bloom requirements. These important characteristics of gelatin must be taken into account when
characterizing the product under development..

6.1.2 CHEMISTRY OF OTHER POLYMERS

Suitableconsideration should be given to the other polymers used to manufacture capsule shells. Iota and kappa
carrageenans, modified corn, potato, and pea starches, and modifiedcelluloses, together with plasticizers are also used for the
preparation of capsule shells. Carrageenans are polysaccharides extracted from sea weeds. They possess the required gelling
characteristics similarto gelatin. However, kappa carrageenan produces a brittle gel, and iota carrageenan a soft and elastic
gel. Carrageenans are usually combined with modified starches and plasticizers to form the capsule shell. Modified celluloses,
such as hypromellose (HPMC), are also used for. the manufacturing of hardgels. Compared to gelatin shell, the shell prepared
using the polymers mentioned above will have some advantages, such as non-crosslinking, being able to handle wider pH
ranges, and tolerance of high fill temperature.

6.1.3 PROCESSING AIDS

Processing aids include gelatin ribbon lubricants in the softgel manufacturing process. Commonly used ribbon lubricants
include mineral oil and medium chain triglyceride. Since ribbon lubricantsare applied to both the inner and outer surfacesof
the capsule shell, the evaluation of their potential adverse effects isfocused on the capsule itself and primarily on gelatin
cross-linkage.

6.2 Stability and Storage Conditions

Knowledge of the stabilityand reactivity of gelatin or other polymersisessential to anticipate their influenceon final product
quality. At room temperature, the capsule shellsas supplied are relatively effective in protecting the fill from oxygen and its
effects, and when an opacifiersuch as titanium dioxide isadded to the shell, it can prevent photodegradation of the fill. In
addition, the lowwater activity of the shelldoes not promote microbial growth. Forbacteria,yeasts, and moldsto grow a higher
water activity of at least 80 aw is required; the water activity of capsule shellstypically is less than 0.40 aw.

Storage conditions of the final product range from refrigeration to standard room temperature. Products should be stored
according to the label directions. Brief excursionsoutside of these conditions should be evaluated to determine their influence
on the final product quality. Storage conditions and duration for the empty capsule shellsshould also be considered.

6.3 Formulation Development and Manufacturing for liquid-Filled Capsules

It is important to understand the properties of the active ingredient(s) during formulation development.
Formulations developed using liquid-filling technology may be applicablewhen the active ingredients (1) display poor

solubility in aqueous systems, (2) short half-life requiring frequent dosing, (3) low melting point, (4) low dose/high potency
where containment is important, (5) requirement for taste or odor masking and (6) critical chemical or physical stability as in
the case of highly hygroscopic active ingredients. Other factors to consider during formulation development include:
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• Compatibilityand stabilityof excipients and active ingredient(s) over time
• Temperature-dependent solubility of the active ingredient(s) in the lipid
• Aging/polymorphic characteristics of the lipid
• Adequate characterization of the saturation/supersaturation status of the active ingredient(s) in the lipid formulation in

order to avoid precipitation of the active ingredient(s). Optimally, saturation status should be determined when the
formulation is at equilibrium with the shell.

• Stability in solution under stress conditions
• Aldehydeformation and degradation of active ingredient(s)
• Influence, ifany, of the rate of cooling on the structure of certain excipients,which may modifythe releasecharacteristics

of the active ingredient(s)
Important factors to consider during a liquid-filling operation are temperature and viscosity of the fill material and, in the

case of a dispersion or suspension, the particlesize of the dispersed active ingredient(s). In principle, any excipientfound to be
compatible with the shell can be used, but in a manufacturing environment the viscosity of the fill material is important.
Excipients that are solid at room temperature but melt at temperatures up to 70° may be suitable (depending on the shell
polymer) for formulating active ingredient(s) provided those excipientsyield the desired in vivo performance.

Bothshelland fill excipientsshould be controlled for levels of known cross-linking agents such as formaldehyde and reducing
sugars.

Imperfections in the shell and/or in the seam may affect dissolution. They may also give riseto leaking of the capsules
contents.

The appropriate in-process controls should be in place to monitor and reduce the lot-to-lot variability.

(1097) BULK POWDER SAMPLING PROCEDURES

INTRODUCTION

The goals of this chapter are to provide guidance on bulk powder sampling procedures, identifyimportant bulk powder
sampling concepts, and collect a knowledge base of useful practices and considerations that can lead to the ideal physical
sampling of bulk powder materials. The terminology used here iswellestablished in the field of materialsampling (see Appendix
3, for instance reference 7). Sampling is undertaken as part of an estimation process.The parameter of primaryinterest here is
the mean level of some analyte in the bulk powder as a whole.

The purpose of a sampling plan is to obtain a representative sample of a population so that reliable inferencesabout the
population sampled can be drawn to a certain level or degree of confidence. Acquiring a representative sample from a lot is
critical because without a representativesample allfurther analysesand data interpretations about the lot are in doubt. Anideal
sampling process isa processinwhicheveryparticleor at leasteveryequal-sizeportion of the population has an equal probability
of being chosen in the sample. In addition, sampling procedures should be reproducible, i.e., if the sampling protocol were
repeated, a high probabilityshould existofobtaining similarresults. Also, the integrityof the sample should be preservedduring
and after sampling. The details of how to sample depend on a variety of factors. Forexample, criteriafor sampling to evaluate
particle segregation may differfrom criteriafor evaluating moisture content or identification.

Because of the propensity of a powder to segregate, heterogeneous powder systems can make it difficult to obtain an ideal
sample. Thus, to extract representativesamples requirescarefuldevelopment of a sampling plan that accounts for and mitigates
the segregation tendencies of a particularpowder system. Developinga general guidance for bulk powder sampling is
challenging because everysituation is different, and therefore different approaches must be used to deal with each situation.
Thus, the goal of this general informationchapter is to outline recommended steps for developing a sampling scheme or plan
for a particular system that isconsistent with good sampling practices.

The primary difficulty in acquiring a representative sample is that the sizeof the sample for measurement, typically a few
milligrams to grams, must be withdrawn from a large population on the order of hundreds to thousands of kilograms. Thefew
milligrams analyzed in a laboratory must be taken from a large population of particles in a warehouse in such a manner that
the measurement sample is representative of all the particles in the lot. Any bias or error in the sampling process will cause all
future inferences to be in error. Over the years methods have been developed and refined to attempt to ensure that the
measurement sample isrepresentativeof the whole population. Atypicalstrategy isshown in Figure 1. The strategy isto sample
in stages, starting with the initial gross or primary sample withdrawn directlyfrom the received containers. In the laboratory,
the gross sample must be reduced in sizeuntil it isthe appropriate sizefor measurement. Thisshould be done in a manner that
minimizes the introduction of sampling errors. The keyto reducing the sampling error is to ensure that every particle of the
population has an equal probability of being included in the sample. However, because of segregation or the nonrandom nature
of powders, many obstacles can cause biasand contribute to sampling errors. Following the flowchart in Figure 1 and the steps
outlined in subsequent discussions will help to minimizesampling errors.
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Startinglot: Scale 100's kg

~
Gross sample:Scale kg

~
Laboratory sample:Scale g

~
Measurementsample:Scale mg

Figure 1. Overall sampling strategy for reducing the sample size from the hundreds of kg scale to the mg scale.

To acquire a representative sample, a suitable sampling plan must be developed and implemented. Agood sampling plan
includes: (1) population determination and sample size selection, (2) a sample collection procedure and a method for sample
size reduction, and (3) summary calculations that demonstrate that the sampling plan will yield samples that accurately
characterize the population to within a stated level of acceptance. In addition, an infrastructure is needed to maintain the
integrity of the samples and sampled materials.

This chapter begins with a brief introduction to sampling theory and terminology. The technical content of the chapter
requires a basic scientific understanding of physical particle characteristics (e.g., mass, density, shape, and size) and statistics
(e.g., acceptance sampling and binomial distribution).

SAMPLING THEORY AND TERMINOLOGY

Fundamental Sample Size (Sample Mass)

Samplesize isconsidered from two perspectives: (1) the mass of the sample intended to represent the entire population,
sometimes termed the composite sample, and (2) the number ofsamplestaken with a masssufficient to independently evaluate,
compare, or provide confidence to ensure the reproducibility of the composite or the uniformity of the population. The keyto
obtaining an ideal sample is to understand and account for the degree of heterogeneity of the characteristic being evaluated
in the system under study. Forexample, heterogeneity of a particle system arisesfrom two sources: the intrinsic, constitutive,
or compositional heterogeneity and the spatial distribution heterogeneity. The intrinsic heterogeneity of the powder system
reflects the fundamental differences in the individual particles. Statistical heterogeneity (differences between individuals), or
variance, isexpected to maintain assumed properties. Fora normal population the general expressionfor a statistical sample
sizesuggests that the number of independent samples is proportional to the square of the normal quantile at the desired
confidence level (Z) and the population variance (a2) and is inversely proportional to the square of the minimum detectable
difference required (8), as shown in equation 1:

In order to apply the normal theory sample sizeequation to sample mass with a discrete number of particles, consideration
for material characteristics is needed. Fora heterogeneous bulk material, such as a bulk powder, the sample mass required to
ensure adequate representation of the intrinsic or fundamental population heterogeneity or variation isdetermined by the size,
shape, and density of the particles.The total sampling error (TSE) measures the difference between the analyte concentration
estimated in the sample (aSample) and the mean analyte concentration in the lot (alet) relative to the mean analyte concentration
in the lot (alat) , as shown in equation 2:

TSE =asample - a lot (2)
alOI

When ideal sampling is employed, the TSE is reduced to a fundamental sampling error, limited only by the intrinsic
heterogeneity of the material. The relativevarianceof the fundamental sampling error (Srs/) has been empirically estimated in
particlesizeapplications by characterizing the critical particle mass, heterogeneity, size(diameter), shape, density, and weights
of the material. Empirical estimates require a thorough and complete knowledge of the material and process. Established
material characterization and methods are critical aspects of avoiding unacceptable estimates. As shown in equation 3:
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where fShape is a measure of cubicityor shape factor of the analyte particles; gCF, the granulometric factor, is an empirical
correction factor of differences in particlesize; cmaxis the compositional maximum heterogeneity and iscalculated as ifthe
material consists of the analyte particles and everything else; I, the liberation factor, is an empirical factor representing the
proportion of critical content particlesseparated from the non-analytecontaining particlesof the lot;dmaxisthe particlediameter
[e.g., the maximum diameter or the diameter (cm) of the sizeof the opening of a screen retaining 5% by weight of the lot to
be sampled]; msample isthe massof the sample;and mlot isthe massof the lot being sampled. [NOTE-A liberationfactor isneeded
when the analyte does not appear as separate particles. Ahigh liberation value (1 .0) suggests heterogeneity of particles. Alow
liberationvalue (0.05) suggests veryhomogeneous particles. See Appendix 1for examples of potential applicationsof equation
3 in the estimation of the fundamental sample mass needed to account for constitutional heterogeneity of the powder
mixture.] Use of equation 3 requires prior estimates of fshape, gCF, cmax' I, and dmax' .

Segregation Error

Distribution heterogeneity isthe difference between samples or groups of particlesspatially or temporally. Forexample, small
particlesare located preferentially in the lower portion of a powder bed. This type of situation can arise as a result of powder
bed segregation and iscommon insome particlesystemswith a broad particlesizedistribution. Inother words, smallerparticles
may not be randomly distributed throughout the lot. Thisspatial heterogeneity introduces variation in the sample and isa
source of variation that contributes to the total variation.Together, fundamental and segregation error give riseto sampling
error, which dictates how variablethe samples will be, how large the sample sizeand numbers of samples should be (e.g., 10
containers, sampled at top and bottom, with sample sizes of 50 g each), and how hard it will be to obtain a representative
sample.

Minimizing the effects of segregation error during lot material characterizationwhile still ensuring a representative sample
mass requires collecting many smallsamples that average out the variation of the segregation error. Thisassumes one is
interested in estimating the overall average, not characterizinglot heterogeneity. Segregation error isdifficult to control because
segregation may be the result of changes in particlesize,shape, and density, as wellas inputs into the determination of sample
mass. Minimizing the effectsof segregation error when reducing the primarysample size requires adequate physical mixing or
randomization of the primarysamples before analysis, thus providing equal selection probability.

Total Sampling Method Error

Intrinsic or compositional heterogeneity isa function of the powder system and represents the true characteristics of the
material(e.g., equation 3).Thus, intrinsic heterogeneity isoften the minimal variancea systemcan have.The difference between
the true state of the system and what isactuallymeasured when ideal sampling is employed is called the fundamental error
(equation 2). The relative variance of TSE (S2Total) is represented in equation 4 as the sum of the relative variancesof all error
components:

S~otal =sindamental + S~egregatlon + S~xtraction + S~elimitation + S~reparation + S~rends, shifts + S~Ycles + S~nalYtical method (4)

The S2Total can be reduced by employing ideal sampling. Ideal sampling will limitor adjust for the effectsof error contributed
by particle segregation, extraction error created by the sampling device, delimitation error created by not considering the
three-dimensional nature of the bulk material, and sample handling errors such as product degradation. The total variation is
the sum of these sources of error, illustrated in equation 4 as independent, additivecomponents. To the end of reducing these
errors, an important goal of material characterization by sampling is the determination of the relevant errors within the bulk
sample. Knowing the source of the error helps determine how to best minimize these errors.

Fundamental error arisesfrom the intrinsic heterogeneity of particleswithin a sample of the material population. Reducing
fundamental error requireschanging the intrinsic characteristics of the material, such as reducing the particlesize by milling or
grinding. Segregation error is the spatial distributional differenceof particles across the population. Thistype of error can be
minimized by mixing or randomization of the particles being selected. Segregation error isaffected bythe characteristics of
fundamental error.Additionally, for the determination of both fundamental and segregation error, it isassumed that mechanical
sampling is carried out correctlyand is not invasive, i.e., that mechanical sampling does not alter the characteristics being
measured and provides a true representation. In instances where sampling of the bulk material does not provide unbiased
representation or isso invasive that it alters material characteristics, then, in order to obtain noninvasive, unbiased samples,
operators may need to change samplingfrom a bulkform to a stream form of processing,either upstream or downstream from
the sample point (see Appendix 2). The mechanicalsampler may need to mixthe sample sufficiently to facilitate random
sampling with equal probabilityof selection in order to obtain an adequate representation of the entire bulk lot. The process
may also require mixing or sampling from a location in the process that will provide a random sample from material that is
susceptible to segregation.

Extraction, delimitation,and handlingerrorsoccur asa resultofthe mechanical samplerand sample handling priorto analysis,
which also are affected by fundamental error. Trends, shifts, and cycles aretemporal sources of error that affect total error. The
analytical error of the method of analysis contributes to the overall error of the reported result. In addition to obtaining
representative subsamples from the bulkmaterial,the method must alsoobtain a representativesubsample from the particulate
laboratory sample before analysis,
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Atypical samplingstrategy consists oftwo basicsteps: (1) the primaryor grosssample,followed by (2) the secondarysample,
which reduces the primary sample to a size that is suitablefor laboratorymeasurement. Inshort, the goal is to selectfrom the
lot a quantity of material suitablefor measurement without significantly changing the attribute for which one is sampling. In
parallel with the sample size reduction, sample sizecalculations must be done in such a way that the samplingstrategy has
sufficient statistical power to determine whether the attributes of interest liewithin the specification ranges with a reasonable
degree of certainty. Each step must be done correctly, or the sampling strategy as a whole will not providea sample that is
representative of the original population. .

To successfully withdraw a sample from a bulkcontainer that is representativeof the population, one needs to have an idea
of the population's heterogeneity, i.e., how segregated or stratified the system is. Knowing what factors can accentuate
segregation and knowing the patterns of segregation that are likely'wlll help one to account for segregation in a powder bed
and to take better samples. Manyfactors can affectthe degree of powder bed segregation. Forsegregation to occur, sufficient
energy needsto be put intothe powder bed to inducemotion between particles. Whena sufficient amount ofenergy issupplied,
segregation can occur via three modes: percolation (in the powder bed), rolling (on the free surfaces-of a powder bed), and
free flight (when the powder bed isfluidized). These modes are illustrated in Figure 2.

Bed vibration

~ ~
Percolation Rolling Freeflight

Figure 2. Illustration of the three modes of particlesegregation: percolation, rolling, and free flight.

Within the powder bed, segregation can occur by means of percolation, also called sifting segregation, as well as through
the movementofcoarseparticles to the top via vibration. During sifting segregation, smallerparticles acting under the influence
of gravity can more easily migrate downward into the voidspaces between larger particles when the particle bed is perturbed.
The net effectof these movements isthat the smallerparticles percolate down into the powder bed, resulting in the top of the
powder bed havinga higher proportion of largerparticles. Acommon exampleof sifting segregation isunpopped corn kernels
that are found at the bottom of a bag of popped popcorn.

For freesurfaces, rolling segregation can occurany timethat particles can roll down a freesurface. Inother words,segregation
can occur on any non-level surfacethat allows the relative movement of particles. When particles roll down these free surfaces,
larger particles tend to tumble farther down the surfacethan the smallerparticles (see Figure 3). Forexample, ifa conicalheap
or pile isformed in the middleof a hopper during loading, largerparticles are more likely to roll farther down the heap, toward
the outer edge of the hopper. This creates a situation in which the smallerparticles tend to be in the center of the hopper, and
the largerparticles accumulate toward the outer wall of the hopper. The formation of these free surfaces can be a majorfactor
in segregation. .

Higher concentration h'?:!i:i!:~~~~~} Region of the powder bed
of fine particles~ F accessible scoop sampling

Higher concentration
of larger particles

Higher concentration
of smaller particles

Figure 3. Example of extensive powder segregation within a drum.

When powder beds are fluidized, a large amount of air is incorporated into the powder bed and, when this air is moving,
the air velocity may exceed the terminalvelocity of the smallerparticles. When this happens, the fine particles are suspended
in the air stream while the coarse particles settle out. The fine particles eventually settle on top of the powder bed, forming a
top layer that has a higher concentration of fine particles. This type of segregation, sometimescalled elutriation segregation,
can occur when a powder isdischarged from a hopper, or is poured into the top of a hopper, and a large volume of air is
displaced. .

Insummary, for a highly segregating system, the powder bed could have a particledistribution similar to that shown in
Figure 3, where, as a resultof elutriation segregation, a layerof fine particles on the top overlies larger particles deposited by
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percolationsegregation, and a radial distribution of larger particlesappears toward the outer wall as a result of rolling
segregation.

Ingeneral, the primaryfactors that affectsegregation are particle size and size distribution, density, and shape and shape
distribution. Of secondary importance are surface roughness, surface coefficientof friction, moisture content, and container
shape and design. Particle size is the most important singlefactor, and subtle differences in particlesizecan cause measurable
segregation. Ifthe attribute of interest isassociatedwith particlesize, then this attribute will segregate along with the different
particlesizes. Forexample, ifa manufacturer makesa granulation in which the larger particles contain more drug than the
smallerparticles,then drug content can be veryprone to segregation-Le., drug content will show segregation patterns similar
to those associated with particle size segregation.

Segregation can notably increasesamplingerror because it decreases the probabilitythat certain particletypes will be in the
sample. Inaddition, the powder bed may alreadybe segregated when material is received, and poor sample handling can also
cause segregation. To avoid further segregation during sample handling, the operator should avoid situations that promote
segregation, such as the folloWing: pouring where the powder forms a sloping surface, pouring into the core of a hopper,
vibrations, shaking, and stirring(unlessdone to promote mixing). Inaddition, the useof massflowhoppers reducessegregation.

Twobasicstrategies help promote idealsampling:(1) useofa sampling thief and (2) samplingfrom a moving powder stream.
Asampling thief isa long spearlikeprobe that can be inserted into the powder bed and, once inserted, can collect powder

samplesfrom points adjacent to the spear. With a sampling thief, particlesfrom almost any point in the powder bed can be
included in the sample. The second method relies on fundamental principlesof sampling, namely that (1) a powder should
always be sampled when in motion, and (2) the whole stream of powder should be sampled for many short periods rather than
sampling a part of the stream for a longer period.

Forexample, if the container to be sampled isemptied onto a conveyer belt, all the material will pass by a single point that
can be sampled. Thus, no matter how segregated the system is, the collection of the powder at random time points ensures
that every particle has an equal probabilityof being included in the sample. The second fundamental principleaccounts for
material segregation on the conveyer belt: bycollectingthe entire stream, one gets a crosssection of all the particles, no matter
how much segregation occurs on the conveyerbelt.

Many methods are available for obtaining a sample from a powder system. Unfortunately, many of these methods involve
setting the powder bed in motion or performing in-process samplinq. Because of concerns about cross-contamination and
containment of potentiallytoxic materials, most of these methods are impractical for the bulksampling requiredfor compliance
with current Good Manufacturing Practices (cGMPs). Hence,most of the sampling done in the pharmaceutical industry isstatic
sampling,done by either (1) scoop or grab samplingor (2) stratifiedsampling, typically employinga sampling thief.The choice
of method isdictated by the distribution of the attribute being sampled in the container, as discussed below.

GENERAL SAMPLE COLLECTION: CONSIDERATIONS AND TOOLS

Types of Systems and General Considerations

HOMOGENEOUS SYSTEMS

Forpowder systems where the attribute of interest is uniformly distributed throughout the container-so that any sample is
an unbiased representation of the entire container, lot, or population of interest-scoop sampling isadequate. Scoop sampling
isa straightforward procedure in which the operator, after selecting representative containersfor sampling, opens a container,
scoops out a sufficientamount of material from the top of the powder bed, and then sealsthe container. Ifa thin layerof
material on top of the powder bed issuspected of being differentfrom the bulk, samples should be taken from a point below
this top layer. Forexample, in cases of elutriationsegregation, a thin layerof fine particles may lieon top of the powder bed,
and the operator should dig down into the powder bed to avoid sampling from this layer. The scoop should be large enough
that no material is lost during handling, because lost material may result in sample bias. In other words, one should avoid the
use of a heaping scoop from which material can roll off the sides.The advantages of scoop sampling are convenience and cost,
and, for highly potent materials, low-costdisposable scoops that can be used to minimize cross-contamination.

HETEROGENEOUS SYSTEMS

If the attribute of interest isspatiallydistributed in a heterogeneous manner throughout the sample, then scoop sampling is
prone to potentially significanterrors. Scoop sampling isa non-probabilistic method because only the most accessible fraction
of the container is sampled. Obviously, only the material in the top layercan be reached with a scoop. Forexample, a sample
from the top outer edge of the drum shown in Figure 3 could be biased because, in this example, the larger particles are
preferentially distributed toward the top and outer edges of the drum. Hence the smallerparticles have a lower probabilityof
appearing in the sample. As a result, the smallerparticleswill be underrepresented in the sample, and any analysis of particle
sizewill not reflect the true particle sizedistribution of the original population.

Forheterogeneous systems, the initial primarysample is the most difficult to obtain. Use of a sampling thief, sometimes
calleda grain probe or sampling spear, is needed. The advantage of a sampling thief is that much more of the powder bed is
accessible because the sampling thief can sample from different points in the powder bed, thus helping to reduce sampling
bias. Manytypes of sampling thieves are available, including: (1) the concentric sleevewith slotted compartments, (2) the
concentric sleevewith grooves, sometimes calledthe open-handled probe, (3) the end sampler, and (4) the core sampler. Each
type has its own unique operating procedures, as described below. .

The concentric sleeve with slotted compartments is probably the most popular type of sampling thief used in the
pharmaceutical industry. Thistype consistsof two concentric tubes or cylinders in which the inner tube is divided into
compartments. Thisdesign makes it possible to detect differences in the attribute of interest acrossthe depth of the container.
Tocollecta sample, the operator closesthe compartments and insertsthe sampling thief into the powder bed with the collection
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zone openings facing upward.The handle is turned to open the sample zones, then the handle is moved up and down with
two quickshort strokesto help fill the compartments. The samplingthief is then closed and removedfrom the powder bed.
The operator should visually inspect the powder bed through itsdepth before emptying the samplingthief.The powder from
the individual compartments can be combined on a clean surface or in a collection container. Incertain situations the material
from each compartment may be analyzedseparately, that is, without mixing.

In the concentricsleevewith grooves (open-handled probe), the inner tube is not divided into compartments. The probe is
first inserted into the powder bed with the groove open, the outer sleeve is rotated to close, and the samplingthief isthen
withdrawn from the powder bed. The probe's contents are emptied from the handle end by holding the probe upright and
letting the sampleslideout fromthe handle, a method moreconvenientthan the one usingthe thiefwithslottedcompartments.
However, this type of thiefmakes it more difficult to performvisual inspectionto examinefor material inconsistencies according
to depth.

An end sampler probe, often used to sample slurries, has a singleentry zone at the bottom of the samplingthief. Frequently
the end samplingzone is largerthan the rest of the sampling thief. This feature isa disadvantage becausethe largerthe probe,
the more it perturbs the powder bed, possibly resulting in the introduction of sampling bias.

Coresamplershavea hollow outer cylinder with a tapered outer wall on the open end. This probe isinsertedinto the powder
bed, and the intrinsic cohesionof the particles keepsthem from flowing out when the probe iswithdrawn.The contents of the
cylinderare then emptied into a clear container.

GENERAL CONSIDERATIONS

The most reliable and reproducible results in powder sizemeasurements are obtained when the particle size ranges from
2 to 10 IJm; otherwise, the powder is too cohesive and does not flow properlyinto the samplingthief. In addition, particles
larger than about one-third the width of the slot give poor results. Samples should be taken from several sites throughout the
container. The probe should be long enough to penetrate at leastthree-quarters of the depth of the powder bed, ensuringthat
materialfrom alldepths can be captured in the sample. The choice of sitesshould be dictated by an understanding (often
subjective) of the powder bed's degree of heterogeneity, which may have been caused by handling or movement during
transport. Sampling planscan call for the insertion of the probe either at random locations and random angles or at
predetermined locations and angles. Forexample, the plan may call for the probe to be inserted at the center and at two
locationsnear the edges. Also, many operators recommend that probes always be inserted at a 10° angle from vertical, which
increasesthe range of locations sampled.

Some of the disadvantagesof sampling thieves includethe labor-intensive nature of the procedure. The probe must be
physically inserted into the powder bed, often multipletimes; the contents of the probe must be emptied; and then the probe
must be thoroughly cleaned. Forsettled powder beds, the sampling probe can be difficult to insert. In addition, the sampling
probe can introduce errorsas a resultof the following: fine particles can lodge between the innerand outer tubes; particles can
fracture; fine particles can compact and not flowwell into the samplingcompartments; segregation can occur duringflow into
the samplingzone; and the act of inserting the probe can disrupt the powder bed by dragging powder from the top layers of
the bed down through the bed. .

Representative Lot Sampling

Statistically-based sampling plans are based on statistical principles and depend on the population's spatialheterogeneity
and intrinsic variability. Statistically-based plans are efficient and allow the collection of a sufficient number of samplesto yield
the desired degree of certaintywithout collecting too many or too few samplesfor the test method, scale product variation,
risk requirements, and tolerancefor a stated product's qualitylevel or specification. The commonlyusedIN +1 sampling plan
given in Table 7 is not a statistically based sampling plan and may result in collection of too few samplesfor small populations
and too many samplesfor large populations.The use of statistically-based sampling plans isadvantageous because it facilitates
risk management. However, in caseswhere prior knowledge of the population to be sampled is insufficient, a nonstatistical
sampling plan such as that given in Table 7 can be considered.

Figure 4 illustrates the sample sizeselectionscheme paths. The first choice iswhether to use a statistical or nonstatistical
sampling plan. Statistical plansare preferredwhen a variable attribute like particle sizeor drug content is being determined.
General sampling approaches are outlined in USP general information chapter AnalyticalData-Interpretation and Treatment
(1010). Statistically-based lotacceptance samplingplansrequirea valid rationale with knownquality levels for the determination
of product lot characteristics. As noted, the applicationof statistical sampling plans, including lot acceptance sampling plans,
requiresspecific and thorough knowledgeof the material beingsampled. Reference statistical samplingplansstate the rationale
for sampling as part of the sampling scheme. Manufacturers who use a statistically-based lot acceptance sampling method
should referto an appropriate standard such as ANSI/ASQ Z1.9-2003for bulkmaterials or ANSI/ASQ Z1.4-2003for multiunit
or discrete populations.Thesestandards are readily available via sources such as the American Society for Quality (http://
www.asq.org/) or the American National Standards Institute(http://www.ansi.org/).
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Figure 4. Samplesizeselection scheme.

Ifone isdeveloping a nonstatisticalsampling plan for which the quality level is not known, Table 1 givessuggested sample
sizesfor the number of containers in the lot that should be sampled.

The Levell sampling plan is relevant to materialswhen heterogeneity does not affect the analysis and the customer seeks
to sample more than one container, when the sampling plancan be proportional to the square root of the number of containers
received, and when the material comes from a known and trusted source. In such cases, the sample can be withdrawn from
any point in the container. Foradequately homogenous systems, scoop sampling from the top of the container is suitable.

The Level 2 sampling plan involves a 50% increase in sample size when compared with Levelland is used when a larger
proportion of the number of containers is needed,' for example, when a material's heterogeneity is suspected of being
consequential and acceptance sampling quality levels are not defined, or when the material comes from a lesstrusted source.
Depending on the material's degree of heterogeneity, a sampling thief may be used. However, ifthe degree of heterogeneity
will not significantly affect the resultsfor the attribute being sampled, then scoop samplingfrom the top of the drum may still
be suitable.

Table 1 shows the number of containers, n, to be sampled for a lot segregated into N containers. Note that the value of n
from the formula is rounded at 0.5 up to the next higher integer. Forexample, if N = 6: for Levell, n = -{6+ 1 = 3.45 rounds
to n = 3; for Level 2, n = 1.5 x -{6= 3.67, which rounds to n == 4.

Table 1

n (Sample Size)

N (Number of Containers Comprising Lot) Level 1 Level 2

N:::;3 All All

N2:4 'J'N +1 1.5 x 'J'N

These initial decisions, as illustratedin Figure 4, are often difficult and sometimes must be made without sufficient information.
Ifthere is uncertainty about which method or level is appropriate, sometimes a quick, small-scale informal test of the system
may help determine the best way to proceed. In addition, for some systems and attributes, the Levelland Level 2 sampling
plans may result in oversampling. Forexample, when one issampling for identification from the same lot, the suggested levels
may result in collecting more samples than are statistically needed; in such cases, the statistically-based sampling plans
referenced in Figure 4 can be used.
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Sample Collection

Acquiring a representativesamplefrom a lot of bulkpowder isa difficult procedure that requires special consideration, and
the basic procedures for acquiring a representative sample are discussed below. Note that everysituation requires techniques
that are appropriate for the given population to be sampled. The methods presented here are applicableto the samplingof
static powders stored in midsize bulkcontainerssuch as I-ton super sacks, 50-kg drums, or 50-lb bags. Thesemethods are not
necessarily applicable to the samplingof liquids, largestorage containerssuch as train cars or silos, or in-process systemssuch
as blenders or moving conveyerbelts. In addition, the procedures described here are most applicableto particles in the size
range from approximately"l IJm to approximately -'000 IJm. Significantly smaller or largerparticles requirespecial procedures
that are not covered here.

PRIMARY SAMPLE COLLECTION

Lot acceptance samples are generally transferred or delivered in containers. To collect a representativeprimary or gross
sample (see Figure 1), the appropriate container or containers must first be selected from the population of N containers;
second, a representativesample must be withdrawnfrom each of the selected containers.

Container Selection

To avoid bias and other sampling errors, the containers to be sampled must be randomlyselected. To make a random
selection,first number all containers in the lot, then use a random number table (or computer-generated random numbers) to
choose from which container or containers to withdrawthe samples.

Forsystems in which containers are grouped together in such a manner that many of the individual containersare not
practically accessible (e.g., 50-lb bags stacked and bound in shrinkwrap on a pallet), the sampling plan may need to take into
account the largercontainer, inaddition to the smaller container, as a samplingunit, in order to ensure a representative sample.

Withdrawing Sample from a Container

CONTAINER TYPES

The three most popular container types are the bag, drum, and super sack. Because bags are generally closed and not
resealable, special sampling thieves, sometimes called bag triers, have been designed to puncture the bag. If the system to be
sampled is heterogeneous, the samplesshould be obtained from the bottom, center, and top of the bag; and, depending on
how the bags are stacked on the pallet, they should also be sampled from the front and the back. When samplingfrom bags,
particularattention should be paid to the corners, because they can disproportionately trap fine particles. If no bag trier is
available, use a knife to cut open the bag for sampling.When samplingfrom a bag, be sure to clean the externalsurface
sufficiently that the sample isnot contaminated and foreign material isnot introduced into the bulkmaterial. Once the sample
has been taken, place a compatible material over the hole in the bag, then fix this patch with an appropriate adhesive tape.
Depending on the heterogeneity of the drum, a scoop or a samplingthief is used. Super sacks are large sackcontainers that
usually haveafill-spout on the top and a dischargespout on the bottom. Foradequately homogeneous material, scoopsampling
isappropriate; but ifthere isany concern about the heterogeneityof the material, a thiefshould be used.The largesizeof super
sacks makes the use of a thief more important for representative sampling than in the case of a drum or bag, in order to limit
potential delimitation error.

Sample Handling

The samples collected can be either assayed individually or combined; then a subset of the grosssample can be assayed, as
depicted in Figure 1 and described below. Sample incrementsshould be combined on a clean, dry surfaceor in a suitable
container or bag. All containerswith which the sample comes into contact should be inert and should not chemically or
physically react with the sample. Inaddition, samples should be accurately labeled and good records kept. A portion should
be kept for possible future analysis.

PRIMARY SAMPLE SIZE REDUCTION

As mentioned above, the primary sample typically consists of multiple samplestaken from containers and mixedtogether.
To obtain an analysis or measurement sample (Figure 1), the grossor primary sample must be reduced to a sizeappropriate for
the analytical method. Gross or primary sample size reduction isan often overlooked aspect of a sampling plan, but it is an
important step. Thefactors that cause segregation in a container can alsocause segregation in the primary sample, and any
bias in the size reduction method for the primary sample will lead to erroneous results. The advantage of secondarysamples is
that the mass has been reduced to a point at which it is much easer to obtain a representativesample because every element
in the powder bed is readily accessible. Such accessibility makes it easierto adhere to sampling best practices. Generally
speaking, sample measurement takes place under either wet or dry conditions; the choice isdictated by the requirementsof
the analytical method. Forexample, the Coultercounter requires that samples be uniformly suspended in an electrolyte, but
other methods, like sieving, are typically performed with dry powders.

Before dividing an agglomerated sample, the agglomerates should be broken apart by a suitable technique such as sieving.
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Many laboratory devices are available for the reduction of the primarysample to an analytical sample. The three most
important methods used in the pharmaceutical industryare: (1) scoop sampling, (2) cone and quartering, and (3) the spinning
riffler or rotary sample divider (manual method of fractional shoveling); se~ Figure 5.

Figure 5. Two procedures for dividing samples. Top: spinning riffler, in which a circularholder rotates at a constant speed,
and the sample isloaded at a constant rate into the containersviaavibratorychute, which isfed bya mass-flow hopper. Bottom:

cone and quartering. (Cone, left, isflattened and quartered; quarters can be formed into cones and further subdivided.)

SCOOP SAMPLING

Scoop sampling is done as previously described, but generallywith a smallerscoop or spatula. Great care must be taken
when removing material from the primarysample, because this material could be highlysegregated as a result of handling.
Scoop sampling isappropriate for homogeneous or cohesive powders. However, if the powder is prone to segregation, scoop
sampling can introduce significanterrors. Moreover, scoop sampling has several serious disadvantages. First, the method
depends on the operator's deciding from which part of the primarysample to scoop the material and what quantity of the
sample to extract, which are features that can introduce operator bias. Second, in scoop sampling, operators have a natural
tendency to withdraw the sample from the free surface, which is highly prone to segregation and is not representative of the
bulk. Third, operators need to avoid creating a heap where rolling segregation can occur, because material could fall off the
edges of the spatula or scoop and bias the sample. Ideally, the operator should make some attempt to mixthe primarysample
before using the scoop, but this too can exacerbate segregation problems and should be done only with great caution.

CONE AND QUARTERING

Cone and quartering isdone by pouring the primarysample into a symmetriccone on aflatsurface.Thecone isthen flattened
by a flat surface such as a spatula, and isdivided into four identical quarters (Figure 5). One quarter istaken as the sample. This
procedure can be repeated (e.g., quarter-samples can be subdivided into quarters) until the desired sample size isobtained.
The theory of this method is that when a symmetric cone is created, all the segregation processes also occur symmetrically
around the cone, and hence symmetry is used to mitigate the effectof segregation. In practice, it is very difficult to actually
make a symmetric powder cone, and the method becomes very operator-dependent and often unreliable. Differences in how
operators form the heap and subdivide it can lead to a lackof precision and significanterrors. Inaddition, ifthe method isdone
more than once, errors can propagate each time the cone and quartering is performed. Some experts do not recommend this
method.

SPINNING RIFFLER

Aspinning riffler (Figure 5) includes a seriesof containers mounted on a circular holder. The circularholder rotates at a
constant speed, and the sample is loaded at a constant rate into the containers viaa vibratorychute, which isfed by a mass-flow
hopper. Once the material has been divided among the different holders, an individual holder can be removed for testing or
further sample division. The angular velocity of the circularholders and the amplitude of the vibratoryfeeder can be controlled
to accommodate powders with differentflow properties. The holder velocity and feed rate should be adjusted so that the
containers fill uniformly and so that a heap does not form on the vibratoryfeeder. Spinning rifflers are available in different
sizes, making possiblesubdivisions of powders ranging from a few milligrams to hundreds of grams. The onlydrawbacksof the
spinning riffler are the time required to process the sample and clean the device, and the capital expense. Despitethese minor
disadvantages, the spinning riffler is by far the best method for subdivision of free-flowing powders.

Fractional shoveling isthe manual version of the spinning riffler. In this method, scoop samples are taken from the original
sample and placed into a sufficient number of aliquots, and then subsequent scoops are taken from the original sample and
placed into one of the aliquots in sequential order. This process is repeated until the original samples are gone. Then one of
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the aliquots is randomlytaken as the reduced sample.As isthe case with allmanual methods, operator error and variability can
be significant factors.

Wet Analysis Methods

Wetanalysis methods requiredispersing the sample in a liquid suitablefor analysis, and then withdrawing an aliquot usinga
syringe or pipet. Effective secondarysamplingrequires making a stable homogenous suspension (l.e., the sample must be stable
from the time of formation of a suspension to the time when the analysis is complete). Some important factors in wet analysis
are sample solubility in the dispersion vehicle, aggregation of sample, the use of suspending agents, and deaggregation of
primary particles in the dispersion vehicle. Even though a uniform suspension iscreated, the sample should be homogenized,
typically by shaking, immediately before withdrawing the sample with a syringeor pipet. The diameter of the syringeor pipet
should be large enough so that particles are not excluded and clogging does not occur. The diameters of the largest particles
should not exceed 40% of the syringeor pipet tip diameter. If for practical reasonsthe amount of material from the primary
sample istoo large, the samplesizeshould be reduced beforea suspensionismade. To reducethe samplesize, usethe methods
describedabove in the DryAnalysis Methods section. As a precaution, collect and retain enough sample to repeat all tests a
minimum of five times.

APPENDICES

Appendix 1: Subsampling Examples

The examples provided below describe the importance of material particlecharacterization during the selectionof an
appropriate sample mass. Fourexamples are presented. In the first example, similarity in the fundamental or intrinsic material
characteristics is assumed. In the second example, the density of the heavy metal analyte being measured ischanged. In the
third example, the effect of changing the particle size isevaluated. In the fourth example, the adequacy of the fundamental
particle characteristics in a formulation needed for a given unit dose or mass isevaluated.

EXAMPLE 1. SAMPLE MASS DETERMINATION

Assuming the lot size is 1 kg, the maximum particle diameter is 1000 IJm, and the concentration of the analyte isexpected
to be 1%, what sample massof round, equal-sized and -shaped 1OOO-lJm particles with a densityof 1 g/cm3 would be needed
to estimate the average concentration of the analytewith a percent relative standard deviation (%RSD) of 5%?

Rearranging equation 3, one can estimate the sample mass as shown in equation 5:

m·::::: 1 (5)
sample S 2 1

fsa +_
fShapa 9CF Cmax Idmax

3
mla!

The compositional maximum heterogeneity.(cmax) can be estimated by considering the analyte and matrixdensity (I..a and
Am' respectively, and their average A) and analyteconcentration (aL) (equation 6):

(6)

For low analyte concentrations, the compositional maximum heterogeneity is simplified to equation 7:

For high analyte concentrations, the compositional maximum heterogeneity issimplified to equation 8:

The shape factor is approximated by equation 9:

f ~ Volume/ (9)
shape / d3

Whered is the nominal particle diameter for a sphere, and the shape factor is [(4/3)1t/8], or approximately0.5.
The granulometricfactor can be approximated by the typical minimum diameter noted as the 5th percentilesize, divided

by the typical maximum diameter noted as the 95th percentile size, as shown in equation 10:
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9 '" d5~Yo
CF '" d

95%
(10)

Because all particles are the same size, the granulometric factor, gCF, is 1.0. Because the analyte exists in a state liberated
from the matrix particles, the liberationfactor isalso 1.0. The sample massfor a 5% RSD (using equation 5) isthen:

msample =
1

0.OS2 1
-0.-S-x-1-x-1-0-0-x-0-.-;;""13 +-10-0-0

= 19.6 9

Asample mass of 19.6 g will provide a sampling error of approximately 5% RSD. Note that in this example the particle
characteristics are simplified to demonstrate that a lot mass of 1000 g contains 2x 106 particlesof 0.5 mg mass. The sample
mass of 19.6 g contains approximately 39,216 particles, yielding a 5% RSD, using the binomialdistributionwhere p is the
concentration of the analyte (aJ and n is the number of particles sampled, as shown in equation 11.

Binomial RSD = ~(1~p)/np =

~(1-0.01)/39,216 x 0.01 = 0.0498 ~ 0.05 (11)

(See Table2 for a summary of calculations.)

Table 2. Summary of Calculations for Example 1 Equal-Sized and -Shaped Particles,
mLot (g) I d (cm) I f sh• pe gCF I Cm..: I aL I l.(g/cm3) I I rn, (g)

1000 I 0.1 I 0.5 1 I 100.0 I 0.01 I 1 1 I 19.6

Binomial RSD

Mass per Particle Ps

p = a(J = 0.01
Particles in 19.6 9 n = 39,216

d3fshap)... m,!(P,!9CF) (Eq.11)

0.005 39,216 0.05

Indetermining the required sample mass, it isassumed that the sample is representative of the population. Moreover, when
using a single representative sample, it isassumed that the uniformity of the sample mass isconsistent with the remaining
population. Note that the gram.ilometric and liberationfactors allow proportional adjustment of the sample size, depending
on the nature of the particles. The inclusion of a liberationfactor in the equation allows for particlesto existwith a proportion
of the analyte residingwithin every particleor a proportion thereof. The granulometricfactor permits adjustment of the sample
mass by accounting for the relationship in size between the smallest and largest particles represented in the lot.

This approximation also can be applied to liquid suspensions in which each particle is considered discrete and the sample
can be characterized with respect to size, density, mass, and volume.

EXAMPLE 2. HEAVY METAL

Inthis example, it isassumed that the analyte isthe heavymetal lead, with a density of 11.34 q/crn", with a limit of not more
than 5 ppm, where the shapes of the particles are cubes (fshape = 1.0), the particlesare approximately 50 IJm, and a 5-g sample
istaken from screened material (gCF = 0.55). On the basisof equation 3, the %RSD is 17.7%. Using equation 5, one finds that a
sample mass of approximately 60 g is needed to achieve a 5% RSD, assuming that aL is equal to the limitallowedand that the
analyte cannot be assumed to be liberatedfrom the material (I = 1.0). (See Table 3 for a summary of calculations.)

If the sample were assumed to be homogeneous (I = 0.1) with respect to presence of the analyte with all particles, then a
sample mass of 6.2 g would be required. Moreover, ifthe shape of the particleswere between round and cubic (fshape = 0.8),
then a sample mass of 5 g would be required to complete the analysis.

EXAMPLE 3. SUBSAMPLING

Ideal sampling, as noted earlier, isfundamental to understanding the important role of subsampling. In many instances it is
desirable to reduce the sample size in a manner that results in a representative sample and lessens the need to test a large
sample mass. Insome cases the particle sizeand compositional heterogeneity can result in an unwieldysample mass.This may
occur with larger-sized particles.orwhen a composite sample of many containers is required. Sampleswith larger-sized particles
may need to be physically reduced.
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Forexample, using Example 2 above, ifthe maximum particlesizewere 1000 IJm or 1 mm, then a 997-g sample would be
suggested by equation 3. Reducing the particle sizeby grinding and subsamplingto achieve a predetermined sampling %RSD
may requiresubsampling more than once to achievethe desired particlesize. Forexample, the entire sample may be reduced
to 100 IJm to reduce the %RSD to approximately 3%; then, with idealsampling, a subsamplecould be selected and entirely
reduced to 50 IJm to achievea 5% RSD. Finally, a 5-g subsamplecould be correctly taken and tested. If certain particles havea
large sizewith high concentration of the analyte, then samplesshould be selected to ensure that at least 1, but preferably at
least 5-6, particles would be selected with 95% probability or chance of selection.

EXAMPLE 4. MINIMUM UNIT DOSAGE MASS

Aformulatorwould like to knowthe minimum massrequiredfor a dosage formto ensurewith 95% confidencea unit dosage
of 1% activedrug powder. The drug and the excipient have a similar round shape (fshape = 0.5) and a density of 0.33 q/crn".
The activedrug is milled to 1 IJm, but the sizeof excipients can be as large as 200 IJm. Thevaluefor gCF istaken from equation
10 using the expected range of the excipient that accounts for 95% of the formulation, as 10 IJm/200 IJm, or gCF =0.05. The
quantity Cmaxfrom equation 7 istaken as 0.33/0.01. The drug particles are completely liberated from the excipient. The batch
size is 100 kg.

A minimum sample mass of approximately 3 mg is needed to ensure with 95% confidence(2 RSDs) that the average drug
content is0.9%-1.1%. The proposed dosage form has an activeconcentration of 100 IJm/1 0 mg total unit mass.The unit
dosage form mass isadequate, but the formulation requires that the mixing process, unit dosage production, bulksampling
device, and lab sample preparation or subsamplingfrom bulksamples result in equal probability of selectionof drug particles.
Only ifthese conditionsfor mixing, production, sampling, and testing are met can it be reliably demonstrated that the unit
dosage and test determination acceptance criteria of 1% (0.01 IJg/mg)are met. Acceptable outcomes of such testing also
indicate that the particlesize, shape, and density must be controlled. Forexample, an increase in the sizes of particles to 500
IJm results in a need for a 42-mg sample mass and dose. Assuming a cubic, as opposed to a rounded, particle increases the
sample mass to 5 mg, whichfor a fixed dosage form mass may result in less room for the variation contributed by other
characteristics, or in lesser confidence. Ifthe acceptance criteria were changed to 0.95%-1.05%, requiringa 1% RSD, then the
minimumsample masswould increaseto approximately 70 mg. (See Table 4 for a summaryof calculations.)

Table 4. Summary of Calculations for Example4, Minimum Unit Dose Mass

0.33

Appendix 2: Material Characterization and Sampling

m, (g)

0.00264

Specific and thorough knowledgeof the material's synthesis, composition,and usage iscritical to developing a bulkmaterial
sampling plan. Material characterization is important because bulk material can exist in manyforms throughout the material
processflow. As illustrated in Figure 6, the type ofsamplingcan varyby processstep and ultimately affects the useof the material
in the drug product. Appropriate material characterization considers the material process step, the type of sampling, the
objectiveof the processstep, and ultimately the drug product.

Figure 6. Material process flow.

Forexample, material can be synthesized or mixed in a large container where sampling may be limited or ideal for the
characteristic needed. Ifthe characteristic is important but the sampling conditionsare not ideal, perhaps because of the
heterogeneity of a powder mixture, then samplingfor that characteristic may be more appropriately performed at a different
stage upstream or downstream to assess the heterogeneity of the contents and ensure ideal sampling. This is sometimes
performedto reduce the samplingdimension.Thesamplingdimensionisreducedwhen the 3 dimensional bulkcontainer space
issampled ina 1 or 2 dimensional stream sampledover time. Reducing the spatialsampling dimension may result in conditions
that will allow for more accurate measurement of the heterogeneity of material while limiting sampling error through ideal
sampling. . .

Acceptance attributes (see Table 5) depend on material characterization and process. Acceptance attributes may be
applicablethroughout the life of the bulkmaterial. Both the number and sizeof samples requirean understanding of the
material'svariation.

Material
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Table 5. Examples of Acceptance Attributes
AcceptanceAttributes

Physical Chemical Microbiological Packaging

Particle Purity Sterility Label
size pH Pyrogens accuracy

Viscosity Identity Microbial Integrity
Density Strength load
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(1102) IMMUNOLOGICAL TEST METHODS-GENERAL
CONSIDERATIONS

INTRODUCTION

USP 43

This general information chapter providesa high-level description of principles for immunological test methods (ITMs) that
can be used in specified monograph tests, along with information and approaches to analytical development and validation
for ITMs. The scope of this chapter is to provide general information that isapplicable to all ITMs. The chapter providesa
foundation for specific chapters about differenttypes of ITMs, e.g., Immunological Test Methods-Enzyme-Linked Immunosorbent
Assay (ELISA) (1103), ImmunologicalTest Methods-Immunoblot Analysis (1104) (proposed), and Immunological Test Methods­
Surface Plasmon Resonance (1105). Thissuite of general information chapters is related to the bioassay general information
chapters. Useof ITMs for process monitoring, diagnosis, and evaluation of clinical response, assessment of pharmacokinetics/
pharmacodynamics/absorption, distribution, metabolism, and excretion (PK/PD/ADME), and other product characterization
(nonrelease testing) is outside the scope of this chapter.

The basisof all ITMs used to measure a quality attribute of a biologicdrug substance or drug product is the highlyspecific
noncovalent binding interaction between an antibody and antigen. The antigen typically isan analyte of interest (e.g., protein,
carbohydrate, virus, or cell), and the binder is usually an antibody (e.g., monoclonal antibody or polyclonal antiserum). ITMs
are applicable to molecules that are either directlyantigenic (immunogens) or can be renderedIndlrectly antigenic (haptens).
The measurand in ITM is directly related to a quality attribute of the product under test.

ITMs are valuable because they exhibit high sensitivity and specificity for an analyte in complex matrices.They typically are
used for qualitative and quantitative assessment of both an antibody and antigen, but their application also extends to the
measurement of hapten, complement, antigen-antibody complexes, and other protein-protein interactions.These properties
of ITMs allowtheir use for assessing identity, potency (strenqth), purity, impurities, stability, and other quality attributes of
biological drug substances and drug products.

ITMs are useful for many applications because they can measure moleculesover a wide range of sizes and binding types. In
general, antibodies are stable during variouschemical modifications that do not have a significant adverse influence on
interactionswith an antigen. Antibody moleculestend to withstand moderate acidicand alkaline pH changes better than other
proteins do. Becauseof this characteristic, a varietyof ITMs with high degrees of sensitivity and specificity are possible. The
ability to accelerate contact between an antigen and antibody enables ITM formats that provide rapid or real-time results.

Generally, ITMs have higher precisionand shorter turn-around time than do traditional biologically-based (i.e., cell-based
and animal)assays.Although in some cases these advantages can support the replacement of a biological assaywith an
immunoassay, such changes should be approached systematically and with caution. Often it is challenging to prove the
equivalence, or comparability, of resultsfrom bioassays and immunoassays because the interaction between antigen and
antibody may not reflect the functional attributes observed in bioassays.

One major limitationof ITMs compared to physicochemical methods (such as liquid or gas chromatography) isthat the latter
generallyare more precise and can simultaneously identify a set of impurities or unexpected substance(s). Another major
limitation isthat generally ITMs operate at high molar dilutionsat which they are sensitiveto disturbances caused by
environmental factors in the sample matrix (i.e., matrixeffects). Matrix effects can depend on ITM format and are not fully
understood. Their specificity, a hallmarkof ITMs, issometimes compromised by structural or sequence similarities between the
analyte and a closely related molecular impurity (cross-reactivity).

Most ITMs reflectphysical interaction (binding) between an antigen and antibody and not the analyte's functional properties.
Therefore, analystsmust pay attention in the selectionand execution of ITM format. Cell-based ITMs that can providefunctional
information about the analyte are beyond the scope of this chapter.

GENERAL CHARACTERISTICS OF ITMS

ITMs are based on the principle of specific, noncovalent, and reversible interactions between an antigen and antibody. In
general, the primary antigen-antibody reaction is brought about by complementarity, which creates macromolecular
specificity. This noncovalent interaction determines the degree of intrinsic affinity. Intrinsic affinity contributes to functional
and/or relative .affinity that depends on factors like reaction phase and valency, which in turn determines the degree of
reversibility of an interaction. Abetter understanding of factors that affect antigen-antibody interactions providesthe rationale
for the development of a suitable ITM format (e.g., solid or liquid phase, competitive or noncompetitive binding, etc.).

Adefining characteristic of ITMs is that they employ an antigen (or hapten) and antibody. In addition, ITMs may contain
companion molecules such as complement components. The components of ITMs are defined as follows:

• Antigens-Comprise a wide range of molecules that are capable of binding to the antibody in a specific interaction.
Generally, part(s) of an antigen (the immunogenic epitope[s]) is/are capable of eliciting antibody response.

• Haptens-Small molecules that, by themselves, are not capable of eliciting an antibody response but are capable of
eliciting an immune response when attached to a large carriersuch as a protein. Antibodies produced to a hapten-carrier
adduct also may bind to the small-molecule hapten in a specific interaction.

• Complements-Companion molecules that, under certain conditions, aid in the functionality of antigen-antibody
complexes but are not required for antigen-antibody or hapten-antibody interaction.

• Antibodies-Proteins with regions that impart a high degree of specific binding to antigens (and haptens). The structural
elements of an immunoglobulin G (lgG) antibody are shown in Figure 7.
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Inaddition to these components, ITMs requiresome means to detect or monitor the binding reaction between the antigen
and antibody.

Antigen-binding sites
................"....". ................... . .

. ..-.... . .......,,4,:....... ...".,~.....

\ f
Hinge region

~ - Carbohydrates

~ - Disulfide bonds

Figure 1. The structure of IgG. The IgG moleculeischaracterized by a distinctive domain structure of heavy(H) and light (L)
chains, both of which are divided into variable and constant regions 01and C, respectively). Light chains consistof VL and CL

domains, and heavychainsconsistof a variable domain 01H) and three constant domains (CH1, CH2, and CH3). All domains are
stabilized by disulfide bonds, and CH2 domains contain carbohydrates.The flexible hinge region between the CH1 and CH2

domains allows the independent behaviorof two antigen-binding sitesformed byvariable domains.

TYPES OF ITMS

Measurement of antigen-antibody binding can be performed in a variety of assaytypes and formats: solid or liquid phase,
manual or automated, labeled or nonlabeled, competitiveor noncompetitive, qualitative or quantitative, homogeneous or
heterogeneous, or combinationsof some of these. The distinguishing characteristic of all these assays is the binding of an
antibody or antigen to the analyte(whichcan be an antigen or antibodyaswell), followed bydetection of the antigen-antibody
complex. Although many differentformats can be used for the binding reaction, along with differentmethods for detection,
quantification of the analyte in the test article isalways performedby comparisonof the measurement to a reference standard.
Thus a number of ITM technologiessupport investigations of product quality. Commonly used assay designs include
enzyme-linked immunosorbent assay (ELISA), Western blotting, flow cytometry, competitive enzyme-linked immunosorbent
assay, surfaceplasmon resonance (SPR), rate nephelometry, radioimmunoassay (RIA), radial immunodiffusion, precipitation,
and agglutination. These methods are described below.

Enzyme-Linked Immunosotbent Assay

An ELISA isa quantitative, solid-phase immunological method for the measurement of an analytefollowing binding to an
immunosorbent and its subsequent detection using enzymatic hydrolysis of a reporter substrate either directly(analyte has
enzymaticproperties)or indirectly (e.g., horseradish peroxidase-or alkaline phosphatase-linkedantibody subsequently bound
to the immunosorbed analyte).The analyte usually isquantitated by interpolation against a standard curve of a reference
material.General information chapter Immunological Test Methods-Enzyme-Linked Immunosorbent Assay (ELISA) (1103)
discusses ELISA in greater detail, including ELISA development for quantitative analysis.

Western Blotting

AWestern blot is a semiquantitative or qualitative method for measurement of a protein analytethat has been resolved by
polyacrylamide gel electrophoresis and subsequently transferred to a solid membrane (e.g., nitrocellulose, nylon, or
polyvinylidene difluoride). Detection can be achieveddirectly by reacting with a labeled primary antibody (antibody specific
to the analyte of interest) or indirectly by reacting labeledsecondaryantibody (antibody against the primaryantibody) to the
primaryantibody bound to the membrane-immobilized antigen. The label can be a radioisotope or an enzyme that uses the
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substrate to produce color, fluorescence, or luminescence. Thismethod issemiquantitative,especially when proteinsare present
in lowconcentration and inverycomplex mixtures. It iscommonly used in earlyprocessdevelopment (e.g., antibody screening,
protein expression, protein purification, etc.). Western blotting is a powerful method for analyzing and identifying proteins in
complex mixtures, particularly after separation using 2-dimensionalgel electrophoresis,which separates proteins based on size
and charge (pi).

Flow Cytometry

Flow cytometry is a laser-based semiquantitative technology that permits measurement of fluorophore-conjugated probes
as they interactwith their respective ligandson cells or particles. More details for flowcytometry can be found in Flow Cytometry
(1027).

Surface Plasmon Resonance

SPR isa quantitative method for measurement of an analyte in a sample where the antibody-antigen complex formation
can be measured in real time at the interfaceof a liquid and solid (e.g., gold surfacesor particles). The measurement taken is
the real-time change in refraction of a polarized light and occurs during the formation of the antibody-antigen complex,
resulting in changes to the plasmon resonance minima (Le., the sensorgram). The quantity of analyte isdetermined by
comparison to the measurement of a referencestandard curvedetermined in the same assay. Moredetailsfor SPR can be found
in general information chapter Immunological Test Methods-Surface Plasmon Resonance (11 05).

Rate Nephelometry

Rate nephelometry is a quantitative method for measurement of an analyte in a sample in solution by measuring the light
scatter introduced by small aggregates formed by the antigen-a.ntibody complex. The quantity of analyte isdetermined by
comparison to the measurement of a referencestandard curve determined in the same assay.

Radioimmunoassay

RIA, a sensitive ITM first developed in the 1950s, isa quantitative method for measurement of an analyte in a sample. RIA
usually uses a competitive antibody-antigen binding reaction, but it also can be used in sandwich immunoassayformat,
including immunoprecipitation. In competitive RIAs the analyte competes for binding with a radiolabeled (e.g., using 1251
or 3H) reference antigen that is identical to the analyte; therefore, the analyte and the antigen both compete for binding to a
fixed and limiting dilution of a specific (often polyclonal) antibody. The radiolabeled antigen is present in excess.The same
unlabeled antigen in the test sample competes in binding to the same site on the antibody, which ispresent in a fixedquantity.
Binding of the unlabeled antigen to the antibody leads to the displacement of the labeled antigen, resulting in a decrease in
the radioactivity of the antigen-antibody complex fraction. To separate the antigen-antibody complex from the excess
unbound antigen, the complex generally iseither precipitated with a secondary antibody (or protein G) immobilized on a solid
matrix(e.g., glassor resinbeads) or with an alreadyimmobilized primaryantibody. The quantity ofanalyte usually isdetermined
by interpolation against a standard curve of a reference material, where a fixed amount of antibody and radiolabeled antigen
is mixed with an increasing amount of unlabeled antigen. Hence, even a small quantity of unlabeled antigen will result in a
relative quantitative decrease in total bound radioactivity.

Single Radial Immunodiffusion

Single radial immunodiffusion (SRID or SRD) isa quantitative method for measurement ofan analyte ina sample bymeasuring
the diameter of the ring of precipitin formed by the antigen-antibody complex. Antigen is applied to a well in a gel infused
with a constant level of antibody. Solutions with higher concentrations of antigen diffuse farther before being saturated with
antibody and then precipitated. The quantity of analyte isdetermined by comparison to a referencestandard curve measured
by the same assay.

Precipitation

The underlying principlefor this method isthat the interaction of a multivalentantibody and antigen leads to the formation
of a complex. Insome cases a visible precipitate isformed. Other immunoprecipitation techniques involve the use of ProteinA
or ProteinG beads to capture the antigen-antibody complex and facilitate the separation of the antigen-antibody complexes
from the other antigens in the solution. Precipitation is not commonly used for quantitative analytical purposes because of the
time required (days to complete), lackof sensitivity, and requirement for large quantities of antigen and antibodies.

Agglutination

Agglutination and inhibitionof agglutination, respectively, provide qualitative and quantitative measures of certain antigens
and antibodies. Inhibition of agglutination isa modification of the agglutination reaction that provides higher sensitivity to
detect smallquantities of proteins, chemicals, viruses, and other analytes. The principleof agglutination is similar to that for
precipitationexcept that the interaction takes place between an antibody and a particulateantigen and leads to a visible clump
or agglutination. The most common example of this application isfor blood typing (Le., A, B, or 0 antigen).
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When choosing an ITM, analysts should consider sensitivity and specificity as well as the complexity of the sample. Table 1
provides an assaydeveloperwith a comparativeviewof the advantages.and disadvantagesof a variety of ITM formats. The
intended applicationof the ITM should govern the choice of the most suitableformat.

Table 1. ITMs Used in Biopharmaceutical Laboratories
Method Advantages Disadvantages TypicalIndustry Uses

ELISA · High sensitivity · Multistage processhighlydependent on · Potencyassessment

· Oftenwide dynamicrange proper execution of each stage · Specific proteinconcentration anal-

· Highthroughput · Washsteps add time and often biohaz- ysisin complexsamples

· Low cost ardous waste · Proteinidentification· Reagentlabelingrequired · Purity assessment

· Immunogenicity assessment

Western blot · Gives information about antigen size · Typically worksonlywith linearepitopes · Protein purityassessment
and/or charge · Laborintensive · Proteinstability assessment· Allows separation of variousantigens · Low throughput, output · Protein identitytest
(or degradation/aggregation prod- · Subjectto interpretationucts) bearing same epitope · Immobilization can alter binding· Can tolerate complex mixtures · Limited to proteins

Flow cytometry · Highthroughput · Uselimitedto cells, particles, and sam- · Potencyassessment

· Highly automated piesbound to beads · Cell identityincell-therapy products· Sensitive to aggregates and sample ma-
trix

SPR · Directdetection of binding · Immobilization can alter binding · Immunogenicity assessment

· Canmeasureaffinity precisely, includ- · Regeneration can alter binding · Potencyassessment
ing on and off rates · Low throughput, output · Specific protein concentration anal-

ysisin complexsamples

Ratenephelometry · Easily automated · Small detection range · Assay for individual vaccinecompo-

· Rapid · High backgroundfor turbid samples nents for checkof stabilityand purl-
ty

RIA · Binding occurs in nativeconforma- · Requires radioactive labelingfor detec- · Proteinidentification (e.g., hor-
tion tion mones)

· Low-concentration samplescan be · Shorterhalf-life ofsome radioisotopes reo · Specific protein concentration anal-
analyzed quiresperiodicpreparation of the tracer ysisin complexsamples

· High sensitivity antibody used at lim- · Hazardous waste
itingdilutionthat conservesreagent

· Can be plate-basedfor higher
throughput (e.g., scintillation prox-
imityassays)

SRD · Precise · Semiquantitative · Vaccine releasetest

· Simple setup · Low precision

· Low sensitivity

Precipitation · Low equipment cost · Subjectto interpretation · Vaccine identification

· Slow

· Poorsensitivity (I-Ig range)

Agglutination · Rapid · Subjectto interpretation · Vaccine identification

· Low equipment cost · Slow

· Low specificity becauseof interfering
substances

KEY CONSIDERATIONS IN ITM DEVELOPMENT

The goal during method development isto produce an accurate assaythat ispractically feasible and possesses an acceptable
degree of intra- and inter-assay precision. To minimize the overall imprecision, the sources of variability should be identified
and minimized.

Reagent Selection

lmrnunoassays are subject to several sources of interferencesuch as cross-reactivity, endogenous interfering substances,
buffer matrices, sample components, exposed versus masked epitopes, conformationchanges in the antigen of interest, and
other factors. Hence, during method development, analysts must identify possible sources of interference both to develop a
robust method and to aid future troubleshooting. .

Cross-reactivity isa majorobstacleduring immunoassaydevelopment.This arises when the specificity ofan antigen-antibody
reaction iscompromisedbythe cross-reactivity binding ofstructurally similar molecules with the reactionbinder.Somecommon
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examples are protein isoforms, degraded analyte entities, molecules of the same class, precursor proteins, metabolites, etc.
Cross-reactivity can be minimized by rigorous reagent characterizationand selection.

Reagentsused in ITM applications generallyfall into one of two categories: critical reagents and noncritical reagents. Critical
reagents are specific and unique to the particular ITM or reagents that are intolerant of verysmall changes in composition or
stability. Examples of critical reagents generallyincludeassay-specific antibodies and referenceor method calibration standards.
Equivalence in the assayformat must be established before replacement with a new lot. Noncritical reagents are those that can
varyto some degree incomposition without adversely affecting ITM performance. Reagentsare often assumed to be noncritical
(e.g., buffers, water quality, blocking buffer,or substrate) but later may be identifiedas critical components ifassayruggedness
fails and troubleshooting of ITM reagents begins. ITM-specific reagents, including vendor and catalog number, should be
defined in test procedure documents.

Antibodyselection is critical for development of a successful immunoassay because it definesthe assay's specificity and
sensitivity. Furthermore, during antibody generation, analystsshould ensure that the immunization protocolssupport the end
use of the antibodies. Forsome applications a more specific antibody can be generated by the selectionof a smalland specific
immunogen and affinity purification of the antibody, resulting in highlydefined epitope coverage. Inother applications it may
be critical to ensure broad coverage of the differentavailable epitopes on the molecules of interest, and a polyclonal antibody
(pAb) pool may be the best choice. Currently, monoclonalantibodies (mAb) are preferredforsome applications forthe detection
of single analytes because of their high specificity, lot-to-lotconsistency, and indefinitesupply. Compared to polyclonal
antibodies, mAbhave a higher initial cost to produce, but for these applications, the advantages generallyoutweigh the initial
cost. Other applications may require more comprehensive epitope selection to ensure that subtle changes in the molecule(s)
do not prevent recognition of the entire antigen, and thus a pool of monoclonal antibodies, or a pAbpool, would be the
preferred choice. The latter are widely used for detection in a complex mixture of analytes (e.g., host-cell proteins). Similarly,
immunoassays may use two distinct epitopes on an antigen-one for capture and the other for detection-which greatly
reduces cross-reactivity. Another approach to minimize cross-reactivity isto purifythe antigen beforeimmunoanalysis. Variations
in incubation temperature and time can affectthe reaction kinetics of antibody interactions with similar yet differentantigens.
Thus this property should be optimized to increasethe specificity of antigen-antibody interactions.

Development of Immunoassays

Development isan important stage in the establishment of a suitable ITM. During development of an ITM, analystsexplore
varioussettings of assay parameters and interactions between parameters to identifyconditions under which the assay will
consistently produce reliable results using minimal reagents, effort, and time. In Quality by Design terminology, the "possible
operating space" is the collection of settings of assay parameters explored, and the "design space" refers to the conditions
under which the assay performs well.The necessaryperformance properties of the ITM (precision, accuracy, specificity, etc.)
required depend on the intended use(s). During ITM development, analystsshould consider the following:

• Antigen-antibody ratio;
• In sandwich immunoassays, the ratio of capture antibody to detector antibody;
• Antigen-antibody reaction kinetics in the sample matrix (antigen-antibody binding generallyis not linear);
• Selectionof the standard (full-length antigen for the standard or justa small portion of the antigen containing the

antibody-binding epitope, among other considerations); and
• Matrixeffects.
The use of design of experiments (DOE) isstrongly recommended, and different DOE methods may be appropriate in each

stage of development. Early in development, screening designs are particularly useful (generallytwo-level geometric fractional
factorial designs). After screening (with a modest number of factors to study), full factorials or response surfacedesigns are
often appropriate. As development activities shift to qualification (ideally, if not typically, as the focus shifts to robustness),
robust response surface designs often are a good choice. During qualification or validation, analysts mayfind it practical to
simultaneouslystudy robustness to assayoperating conditions (using a small geometric fractional factorial) and validation
parameters such as precision (via nested or crossed designs for random factors associated with repeatability, intermediate
precision, and reproducibility).

Experiments that assess dilutional linearity and components of specificity, including matrix effects, usually involve
construction of spiked samples. Although spiking often is performed in a dilution matrix, spiking a collection of actual samples
or mixing actual samples is an important component of demonstrating robustness of dilutional linearity and components of
specificity to the sample and matrix components.

Reagent Considerations

Aprocedure for qualifying reagent sourcesand vendors (includingaudits), ordering, receiving, and disposingof commercial
reagents and consumables should be outlined in a standard operating procedure (SOP). The preparation of internal reagents
must be documented in a manner that allows reconstruction. Commercialand internallyprepared reagents must be labeled
with identity, concentration, lot number, expiration, and storage conditions. The stabilityand assignment of expiration dates
for internally prepared reagents often are based on available literature and scientific experience, but analysts may need to
confirm these empirically. An SOPfor extending expiration dating of critical reagents is recommended. Inaddition, analysts
should implement a mechanism for reagent tracking and linking lot numbers to analytical run numbers. Unacceptable reagent
performance isdetected by tracking QC samples. Shifts in QC samples should prompt a review of analytical runs and changes
in reagent lot numbers or reviewof possibledeterioration of critical reagents. To avoid such shifts, analysts can cross-validate
critical reagent lot changes.

The impact of collectionand storage containers on analytical performance often isoverlooked. When defining the stability
and expiration of in-house reagents, analystsshould record information about the storage container vendor, catalog, and lot
number. The importance of a suitable reference standard and its characterization cannot be overemphasized for ITMs for
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biological products. Because of their inherent complexity,referenceand calibration standards of macromolecularbiologics often
are lesswell characterized than are conventional small-molecule drug referencestandards. Ifthe calibrationstandard
represents a mixture ofdifferentantigens (e.g., host-cell proteins), it should be shown to be representativeof the antigen profile
in the samples being tested. Consistencyin ITM resultsdepends on the availability ofa suitable representative referencestandard
material.

VALIDATION

Analytical validation involves the systematicexecution of a defined protocol and prespecified analysis that includes
prespecifiedacceptance criteria.Avalidation demonstrates that an analytical method issuitable for one or more intended uses
[see Validation of Compendial Procedures (1225), Biological Assay Validation (1 033), and ICH Q2(R1 )]. Qualification may involve
similaror identicalexperiments and procedures as validation,but qualification does not require prespecified protocols, analyses,
or acceptance criteria. In certain situations (e.g., use of a commercial kit), assaydevelopment may not be required before
qualification. General information chapter (1225) discusses which assay performance characteristics must be examined during
validationfor four primary categories of intended uses. Forexample, analytical procedures that quantitate major bulkdrug
substances or active ingredients may not require validation of the detection and quantitation limits but do require validation
of accuracy, precision, specificity, linearity, and range.

System Suitability or Assay Acceptance Criteria

The purpose of system suitability or assayacceptance criteria is to ensure that the complete system-including the
instrumentation, software, reagents, and analyst-is qualified to perform the intended action for the intended purpose. All
processes should be controlled by well-defined SOPs that ensure consistency, reduce errors, and promote reproducibility of
laboratory processes. Trainingfiles for all personnel should be contemporaneous and should include some demonstration that
analysts are qualified to perform the method and the specific ITM.

Instrument and software qualification begins with a definition of the design qualifications, including a risk assessment and
gap analysis that identify potential threats to the collection, integrity, and permanent capture of ITM data. Qualification also
includes installation qualifications (IQ) and operational qualifications (OQ). Purchased commercial instrument validation
packages may require modification to meet the intended use at each facility. Instrumentation and software should be
continuously monitored for acceptable functionality by performance qualification (PQ) and software validationtest script
reviews. Routine instrument maintenance is performed according to the manufacturer's recommendations, and additional
maintenance may be required based on specific needs in the working environment. Acomplete history of routine and
nonroutine instrument maintenance should be archivedfor each instrument. Softwareupdates should be handled with change
control and typically require additional validation.Adherence to 21 CFR 11 should be maintained.

To ensure robustness, establish a defined process for implementing new ITMs in the laboratory. Control documents should
be in place, including method validation plans containing a priori method acceptance criteriaand validation reports for the
establishment of a new ITM. Well-written analyticaltest method documents are needed to ensure reconstruction of analytical
results and to minimize laboratory errors.

Analytical test methods should include acceptance criteriafor critical aspects of the assay, including the performance of the
calibration curve, quality controls, agreement between sample replicates, procedures for repeat sample analysis, and
identificationand treatment of outliers, when applicable. Furthermore, an SOP should be implemented for unexpected event
investigation and resolution. .

DATA REPORTING

Units of Measurement

Quantitative ITMs generate test sample data with an estimated concentration based on a calibration curve fit to reference
(or standard) samples using an appropriate mathematical model. When determining the amount of analytein a manufacturing
process, analysts often express the unit of measure in terms of mass of analyte per volume of solution (concentration) or mass
of analyte per mass of product (e.g., parts per million). Depending on the nature of the measured analyte, the degree of
measurement standardization, the geographic region, and the history of the method, analysts may express concentration in
terms ofweight per volume, mole per volume,or weight of analyte per weight of product. Insome circumstances,concentration
may be converted to an activityunit of measure in which the analyte mass isassumed to be 100% active. In certain
circumstances, qualitative analysis using a predetermined cut-offvalue may be an acceptable alternative to quantitative
methods.

Immunoassay Data Analysis

ITMs employ calibration curves prepared with reference standards of known (nominal) concentrations and are included in
every bioanalytical method. Thishelpscontrolvariationassociatedwith repeatability, intermediate precision, and reproducibility
and permits the estimation of results for unknown test samples. Common simple statistical analyses assume that the (possibly
transformed) data are normally distributed, have constant variance, are independent, and that an appropriate model has been
used. Formany assays, one or more of these assumptions may be inappropriate. Analysts should assessthese assumptions
using a substantial body of data (typically tens of assays). When these assumptions are not reasonable, the analysis becomes
more complex.
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Calibration curves generallyare characterized by a nonlinear relationship between the mean response and the analyte
concentration and typically are plotted ina log-linear manner withthe (possibly transformed and/or weighted) responsevariable
(ordinate) plotted against the nominal calibrator concentration (abscissa) in log scale. The resulting curve that encompasses
the assay's validated range is inherently nonlinear and often has a sigmoid shape with horizontalasymptotes at very low and
high concentrations of analyte. Competitive ITMs have a negative slope, and noncompetitive ITMs are characterized by a
positiveslope. The analyte concentration in a test sample is estimated by inverse regression against the calibration curve. The
final result often isobtained after multiplication of the estimated concentration in the assay by a dilutionfactor that is required
to yield a response within the ITM's quantification range. .

Under the guidance of a qualified biostatistician, analystscan implement outlier tests in controlled documents that permit
the exclusion of spurious sample results. Awell-defined procedure should be in place regarding how to identify, repeat, and
report outliers. Outlier tests and interpretation of resultsare described in Analytical Data-Interpretation and Treatment (1 010).
Test results that fall outside of their predefined specifications or acceptance criteriashould be evaluated by an
out-of-specification investigation to identifya root cause.

Trending

Aquality system includes monitoring of ITM performance by collection and reviewof ITM performance characteristics.
Trending may detect shifts in assay performance that may be related to events such as assay reagent lot changes, addition of
new analysts, shifts in environmental conditions, and others. SOPs, study protocols, analytical test methods, and decisionflow
charts are recommended to strictlydefine the handling, use, editing, rejection, acceptability, and interpretation of calibration
data and test sample resultsfor ITMs. It is not uncommon to have several raw data reviews, including peer, QC, and quality
assurance review. Analysts must be able to distinguish such analytical issues from true changes in the measured analyte caused
by changes or errors in the manufacturing process that have affectedthe product. Two of the most important outcomes of
proper trend monitoring are detecting potential problems before they occur and identifying areas for corrective and/or
preventive action. General information chapters Analytical Data-Interpretation and Treatment (1 010) and Biological Assay
Validation (1033), as well as the statistical literature, contain guidance for various trending methods. SeverallTM performance
characteristicscould be considered for monitoring. The most common trending value isevaluationof QCsamples. Ideally, one
or more QC sample is available for long-term trending in sufficient quantity and with demonstrated stability so that quality
aspects can be assayed in everyrun and across multiplemanufacturing lots.As the long-term QC sample isdepleted or expires,
crossovercomparison and establishment of a new long-term QC sample should be completed. Systematic review of QC data
acrossassays assists introubleshooting failed ITM runs, providing confidence in the evaluationofspuriousresults, and controlling
the introduction of replenished assay components that may not perform exactly like previous reagents.

Other ITM performance characteristicsthat may be monitored include calibration curve response variables, curve fit
parameters, assay background, and comparison of in-studyQC data with validation data.

Tracking

Regulatory agencies havestrict requirements about maintainingthe identity and integrity of both samplesand data. Aquality
process driven by SOPs must be implemented to ensure the correct identity and integrity of test and reserve samples. Ideally, a
bar code system should be used to track the collection, identity, location, chain of custody, number of sample freeze/thaw
cycles, storage temperature, and length of time that a sample isstored. This information should be captured and should be
auditable from the time of collection to disposal (or sample depletion). The ability to track the sample history permits
reconstruction of the events leading to generation of a data result. This information is used by regulatoryagencies to ensure
that the proper procedures were followed and by internal auditors to ensure that pre-analytical sample handling did not
compromise study data. Inaddition, sample tracking allows a mechanismfor ensuring that the analyte measurement occurred
within the demonstrated window of stability for that analyte.

Thefinal resultgenerated from a bioanalyticallaboratoryisa number that represents an analytemeasurement ina test sample.
The steps necessary to generate that data and preserve it in a report are numerous and are susceptible to error. Therefore,
qualitysystemsmust be in placeto minimize data errors, Errors maybe introduced by test sample misplacementor identification,
incorrect data reduction, miscalculations, transcription errors, omissions, and other factors. Ideally, validated software and
laboratory information management systems are used when possible to generate, transfer, and archivedata. Typically,
redundancy checks are built into automated processes by visual data reviewof at least 10% of the data-transfer processes. In
the absence of validated electronic transfer, alldata should be reviewed by at least one reviewer. As with sample tracking, data
generation, manipulation, and storage should be reconstructible. Inaddition, alldata should be backed up using a format that
is stable. Plans should be in place to update archived data so that, as technology changes, archived data can still be retrieved.
Regulatory agencies require that raw data be available for various lengths of time after the completion of a study or regulatory
filing. Finally, data must be secure from corruption, alteration, or access by unauthorized personnel.
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(1103) IMMUNOLOGICAL TEST MET,HODS-ENZYME-LINKED
IMMUNOSORBENT ASSAY (ELISA)

Immunological test methods (ITMs) utilize bindings between an antigen (Ag) and antibody (Ab). (SeeAppendix 7:
Abbreviations for a complete listof acronyms used in this chapter.) Enzyme-linked immunosorbent assay(ELISA) isone of the
most widely used ITMs for characterization, release, and stability testing of biotechnologyproducts to help ensure the quality
of biological drug substances and drug products.The term "ELISA" is used here in a broader sense and includes enzyme
immunoassays (EIAs), as well as alternative detection methods, e.g., chemiluminescence and fluorescence.

This chapter provides analysts with general information about principles, procedures, experimental configurations, assay
development, and validation for solid-phase ITMs like ELISA and can be used for the other immunoassay variations mentioned
above. The chapter also covers reference standards and controls used for immunoassays. The information can be adapted to '
the specific proceduresof a monograph. This chapter does not coverimmunoassays for the measurement of immune responses
to product in animals or humans (e.g., serological or cellular assays), non-immunoassays (e.g., receptor-ligand interactions), or
other related approaches.

The chapter ispart of a group of general information chapters for ITMs (Immunological Test Methods-General Considerations
(1102), Immunological Test Methods-Immunoblot Analysis (11 04), and Immunological Test Methods-Surface Plasmon Resonance
(1105»), and alsoisrelated to the general information chapters for bioassays (Design and Development of Biological Assays (1 032),
Biological Assay Validation (1033), and Analysis of Biological Assays (1034»).

Definition

ELISA can be defined as a qualitative or quantitative solid-phase immunological method to measure an analytefollowing its
binding to an immunosorbent surfaceand itssubsequent detection by the use of enzymatic hydrolysis of a reporter substrate,
either directly (as with an analyte that has enzymatic propertiesor isdirectly labeledwith an enzyme)or indirectly (by means
ofan enzyme-linked antibody that bindsto the immunosorbedanalyte).Qualitative results providea simplepositive or negative
resultfor a sample. Convertingquantitative to qualitative results based on a cutoffvaluethat separates positive and negative
results iscommon practice. Because the performance propertiesof the assaydepend heavily on the cutoffvalue, the process
used to determine the cutoff should be evidence-based and well documented. Quantitative assays determine the quantity of
the analyte based on the interpolationof a standard calibration curve with known analyteconcentration, run simultaneously
in the same assay. This standard should be an appropriate, preferably homologous, reference or calibration material that is
representativeof the analyte(s) of interest.The power of immunoassays has been demonstrated by the varietyof procedures
that have evolved, including alternativesolid surfaces such as beads of differentsorts, various plastics in plates of different
configurations, and alternativedetection methods, e.g., chemiluminescence and fluorescence. ELISA assays are widely used in
the biopharmaceutical industryfor various applications such as identity, purity, potency, detection or quantitation of antibody
or antigen, and other purposes.

Basic Principles

The essential steps of an ELISA can be broken down as follows (see Figure 7):
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Figure 1. Essential steps for performing an ELISA.'
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1. Binding of the capture reagent (generallyan antibody or antigen), which functions as an immunosorbent for capture
of the analyte, to a solid surface; .
2. Removal of unbound capture reagent followed by blockingof unoccupied binding siteswith a blocking protein
such as albumin, casein, or other suitable material;

(!,}:If''J+DleC''Z'D]!;!) 3a. Incubation of the analyte (in the test sample or reference standard) with the capture reagent to
the solid surface,·followed by the washing away of unbound material in the test sample and

analyte.
..... 'CUSI-',hDlec"ZD]!;!) Directdetection occurswhen the analyte has enzymaticactivity or has been linked to a detector molecule

or
of the analyte (in the test sample or referencestandard) with the capture reagent to bind the analyte onto

the solidsurface,followed by the washing away of unbound material in the test sample and subsequent detection of the
analyte (Figure 7, step 3a). Indirect detection occurs when the analyte isdetected by the addition of a secondary
enzyme-labeled reagent (Figure 7, step 3b); and
4. Quantification of the analyte by addition of a substrate suitable for the detector used [e.g., 3,3',
5,5'-tetramethylbenzidine (TMB)], followed by comparison of the test sample to the reference standard.

'~Rgliir.(~~~l'Yb~~Y1<iI~) general categories of ELISA are described in Table 7 and in the sections that follow. The assaydesigns
are flexible and, depending on specific needs, can be modifiedfrom these procedures. The choice of format depends primarily'
on the amounts and purity of reagents and equipment available. On some occasions the analyte being characterized actually
isan antibody, as in the case of a monoclonal antibody that is being developed as a drug. In this case, anti-idiotypic or other
antibodies specific for the antibody are used to develop the assays.

1 Capture reagent binding, blocking, analyte binding, detector antibody binding, and analysis are the fivebasicsteps in an ELISA. Capture reagent
binding,blocking, and analyte binding steps are each followed by a washing step to remove unbound reagents before the addition of the next reagent.
Before analysis an appropriate substrate is added, followed by measurement of the substrate by appropriate equipment for detection. Quantitation of
unknowns takes place by comparison with a standard curve. .
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ELISA Type Required Reagents Attributes Disadvantages

· Maymodifythe conformationof
the analyte

· Rapid because only one antibody · Sensitive to matrixand adjuvant

· Capture analytea is used components

· Labeled primary antibodyspecific · Uses lessreagent · Not commonlyused
Directdetection for antigen · Analyte is immobilized · Poorsensitivity

· Capture analyte" · Versatile because a varietyof pri-

· Primary antibodyspecific for anti- mary antibodiescan be used with
gen the same secondary detector

· Labeled secondarydetector anti- · Improvedsensitivity becauseof
body that bindsto the primary an- signalamplification · Longerbecause of more incuba-

Indirectdetection tibody · Analyte is immobilized tion and washingsteps

· Analytea can be used as a capture
reagent or can be labeledwith a · Good for assessing antigenicdetection label

· Antibody specific for analytecan cross-reactivity
be used for capture or labeledfor · Appropriatefor smallerproteins
detection with singleepitopes

· Labeled secondaryantibodiesto · Requires onlya singleantibody
bind to primaryantibody ifan in- · Analyte in solution'Competes for · Formatdifficult to troubleshoot

Competitive direct format is used binding to primaryantibody · Limited dynamicrange

· Primary capture antibodyspecific · Requires relatively large amounts
for analyte of pure or semipurespecific anti-· Samplesolutioncontainingana- ~ Improvedsensitivity body
Iytea · Good for quantitative assays for · Notsuitedforsmallerproteinsthat· Adifferentprimaryenzyme-anti- larger multi-epitopemolecules mayhaveonlyasingleepitopeor a

Sandwich body conjugatespecific foranalyte · Analyte measured in solution few closely spaced epitopes

aThisreagent can be either purifiedor partially purified. The terms "analyte"and "antigen" are used interchangeably when describing ELiSAs.

Direct ELISA

DIRECTLY LABELED ANTIBODY

In this assay an antigen is coated onto a solid surface and the remaining unbound reactive sites are blocked [Figure 2 (A)].
Then a solution containing a specific antibody labeled with a detector is added. After incubation, the unbound antibody is
washed away, followed by the addition of an appropriate substrate for the detector used.
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Figure 2. Schematic representations of direct, indirect, competitive, sandwich, and bridging ELlSAs.2 [Ab =antibody; Anti-Ig
= anti-immunoglobulin; Ag= antigen (or analyte); Conc = concentration; Preincub = preincubation]

DIRECTLY LABELED ANTIGEN

Thisassay issimilar to that using a directly labeled antibody, except that the antibody iscoated onto the solidsurface and a
labeled antigen is used as the detector.

Indirect ELISA

In this assay an antigen is coated onto a solidsurface and then, after blocking, a solution containing a specific antibody is
added [Figure 2 (B)]. After incubation, the unbound antibody iswashed away, followed by the addition of an
anti-immunoglobulin (anti-Ig) detector antibody. Anti-Ig detectors are available commercially for specific Ig classes and
subclassesfrom a varietyof species, which makes this assayformat useful for isotyping of antibodies. In addition, the use of a
labeled anti-Ig detector amplifies the signal compared to a Direct ELISA, thereby increasing assay sensitivity.

Competitive ELISA

DIRECT ANTIBODY COMPETITIVE ELISA

Thisassay is used to detect or quantitate soluble antigens [Figure 2 (C)]. It requires an antigen-specific antibody that has
been conjugated to an appropriate detector, e.g., horseradish peroxidase (HRP), alkaline phosphatase (AP), ruthenium, or
fluorescein. Italso requiresa purified or partially purified antigen for coating. The antigen iscoated onto a solidsurface,followed
by a blockingstep. The antibody-conjugate is incubated with the test solution containing soluble antigen. The mixture isthen

~ added to the immobilized antigen, incubated, and unbound antigen-antibody complex iswashed away. Substrate isadded,
and the inhibition of the reaction (e.g., colorimetric, electrochemiluminescence, fluorescence, or chemiluminescence) is
measured relative to the reaction when no competitor antigen isadded. The amount of inhibition is inversely proportional to
the amount of antigen in the test sample. Competitiveassays can also measure small molecules by coating an antibody to the
plate that is specific to the small molecule. The small molecule isoften biotinylated with a long linker that does not interfere
with binding between the capture antibody on the plate and the small molecule. Antigen (the small molecule) in the sample
then competes with the labeled small moleculefor binding to the capture antibody. Afterwashing, a detection reagent (e.g.,
streptavidin labeled with HRP) is added to detect the binding complex. .

2 The type of ELISA format depends on the availabilityof reagents, the intended purpose of the assay, and the physicochemical characteristics of the
analyte of interest. For a Bridging ELISA, the capture and detector antibodies recognize the same epitope, and therefore the target antigen must have at
least two epitopes available for binding.
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This assay issimilar to the DirectAntibodyCompetitive ELISA, except that it is used to detect solubleantibodies.The antigen
isconjugated to the detector and the antibody iscoated onto the solidsurface.

INDIRECT ANTIBODY COMPETITIVE ELISA

This assay issimilar to the DirectAntibodyCompetitive ELISA, except that instead of directlylabeling the antibody, the test
usesa labeled anti-Ig reagent for detection.

INDIRECT ANTIGEN COMPETITIVE ELISA

This assay issimilar to the DirectAntigen Competitive ELISA, except that instead of directly labeling the antigen, the test usesa
labeledsecondary antibody for detection.

Sandwich ELISA

DIRECT SANDWICH ELISA

Inthis assayan antibody is immobilized onto a solid surface and blocked, and then a solutioncontainingaspecific antigen
isadded [Figure 2 (D)]. After an incubationstep, the unbound material iswashed away, and a labeled detector antibody is
added. This assayformat requires two antibodies, each of which binds to differentepitopes on the surfaceof the large and
complex molecule. The two antibodies are specific for the antigen, and the antigen should be sufficiently large and complex
to accommodate the binding of two antibodies.

INDIRECT SANDWICH ELISA

Alternatively, instead of directly labeling the detector antibody, an anti-Igantibody detector can be used. Indirect sandwich
immunoassay formats can be considered only ifeach binding reagent isfrom a unique species(e.g., a sandwichassayusing
two mouse monoclonalantibodiesfor capture and detection could not be detected indirectly becausethe resulting signalmay
become independent of the antigen concentration).

BRIDGING ELISA

This subset of Sandwich ELISA assays often usesa singleantibodyfor both capture and detection [Figure 2 (E)]. If a monoclonal
antibody is used, it requires that the target antigen have at leasttwo identical epitopes that are adequately spaced to prevent
steric hindrance so that one epitope binds to the capture antibody and the other epitope binds to the detector antibody.
Alternatively, a polyclonal antibody can be used but still requires that the target antigen be largeenough to accommodate the
binding of two antibody molecules. With respect to specificity and sensitivity, bridging assays usually are suitablefor most large
molecules.

CI:I0ICE OF ASSAY

Deciding which ELISA procedureorformat to useoften depends on individual choiceand availability of reagents, instruments,
and other equipment. Forexample, sometimes a laboratory repeatedlyengineers a particularepitope into multiple fusion
proteins. Inthis case, the laboratorycan usecertain common qualified reagents (e.g., an antibody to a glutathione S-transferase
regionin multiplefusionproteins), facilitating rapidsandwichimmunoassay development. Small antigenswith a limited number
of epitopes available for antibody bindingrestrictELISA format choices. Ifthere isonlyone bindingepitope, then ELISA methods
that use the sandwich/two-site binding or other bridgingformats cannot be used because they requireat least two available
epitopes for antibody binding. In addition, small molecules are not usually used as a capture reagent on a plate because the
process may interfere with binding to the detection reagent. Examples of such small molecules are some peptides,
oligosaccharides, nucleotides, and antibacterials. Analysts usually adopt a competitive assayformat for such small analytes.

Different assays and formats may demonstrate differentpropertiesand characteristics, e.g., specificity, precision, accuracy,
sensitivity, dynamic range, dose-response ratio, sample throughput, sensitivity to interference, and simplicity or efficiency for
automation. Ease of validation also may varybetween different assay protocols and formats. Assay designs with replicates in
adjacent wells could be biased ifthere are location effects; hence, in this case, replicates should not be in adjacent wells. Assay
designs that are convenient to perform on 96-well plates, using relatively few single-channel pipet actions and more
multi-channel pipet actions, are usually easierto adapt to automation. Assays with steep dose-response curvesare generally
better able to deliver high precision estimates; however, some assays with steep dose-responsecurvesare imprecise in the ECso
and requirea wider dose range.
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Solid Phase

Solid phases are available in a varietyof forms (e.g., membrane, plate, or bead) and chemistries [e.g., nylon, nitrocellulose,
polyvinylidene fluoride (PVDF), polyvinyl, polystyrene, or a chemically derivatizedsurface].The selection of the solid phase
determines the most likely binding mechanism, i.e., hydrophobic, hydrophilic, or covalent interactions. In general, compared
to plates, beads offer higher capacity and are more commonly used in clinical assays whereas plates are more commonly used
to test biotechnology products. Additional information on plates is provided below.

COATING THE SOLID PHASE-IMMOBILIZATION OF CAPTURE REAGENT

Capture reagents are coated onto a solidphase by adding a solutioncontaining the capture reagent to the surface.The most
commonly used solid-phase materialsfor capture reagent immobilization are plastic96-well microtiter plates. Those with
flat-bottom wellsare recommended for spectrophotometric readings, and round-bottom well plates are useful for visual
assessment of a dye's color development. The degree of coating is influenced by the concentration of capture reagent,
temperature during coating, duration of capture reagent adsorption, the surface properties of the solid-phase material, and the
nature of the buffer of the capture reagent solution. Although the optimum coating concentration must be determined for
each capture reagent, concentrations of 1-10 IJg/mL are most commonly used. The volume of capture reagent added to each
wellusually corresponds to the sample volumethat will be analyzed,i.e., 50-100 IJL. Coating duration, temperature, and buffers
are discussed separately below. During the coating procedure analystsshould avoid introducing bubbles. Proteinsthat bind to
plasticcan be denatured, whichaltersantigenicity. Insuch cases,a capture antibody or an intermediaryprotein such as ProteinA
or Protein G can be used. In addition, streptavidin can be used ifthe reagent is biotinylated. The pH of the coating buffer
should be optimized based on the isoelectric point of the capture reagent and the surface properties of the assayplate chosen.

MICROTITER PLATES

The composition and commercialsource of the microtiter plate can influencebinding of the capture reagent during coating.
Several microtiter plates from different suppliers should be compared using a single coating procedure to select those that
provide high specificity for the capture reagent of interest and low nonspecific background. Comparisonsof differentgrades
of plates from a single supplier also may be needed. Clear plates typically are used for colorimetric ELISA, and opaque plates
often are used for chemiluminescent and fluorometric ELISA. Acidic capture reagents may require a lower pH solution to
neutralize repulsive forces between the protein and solid phase. Peptidesoften require optimization of bufferpH based on their
charge for optimal coating conditions during assaydevelopment. Polysaccharides, lipopolysaccharides, or glycoproteins may
be difficult to coat directly to the plate and may require a capture antibody or a buffer that contains lysine or glutaraldehyde.
Coating with an antibody can be enhanced by precoating the microtiter plate with ProteinAor ProteinG or a combination of
the two, which allows binding to the Fc region so that the Fab portion can bind to the analyte of interest. However, care must
be taken to ensure that subsequent secondary antibodies do not react with the Protein A- or ProteinG-coated wells. In this
case, for example, chicken IgY or another appropriate antibody class could be used. Microtiterplate formats other than the
96-wellvariety, such as half-volume 96-well or 384-well plates, can be used to increase throughput and/or conserve reagents.

COATING TIME

Coating time depends on binding kinetics, stability, concentration ofcapture reagent, and incubation temperature. Although
differentcombinations of coating times and temperatures often result in the same coating efficiency, the stabilityof the capture
reagent (which should be determined during method development) influenceswhich conditions to select. Analysts must assess
the impact of varying the coating time in order to determine the robustness of the assay procedure.

COATING TEMPERATURE

Coating temperature and time are closely related assayparameters.The coating temperature depends on the binding kinetics
and stabilityof the antigen. Highertemperatures can increasethe rate of adsorption and may shorten the coating time, but
they are likely to affect interaction sites and to reduce antigen-antibody affinity. Typical combinations of time and temperature
are 1-4 h at ambient temperature, 15 min to 2 h at 3r, or overnight at 4°. Analysts should determine the effectsof variations
in temperature in order to assessthe robustness of the assay procedure.

BUFFERS

Buffers used for diluents,coating, blocking, and washing platescan affect overall assayperformance. Buffer components can
interact with the test sample and inhibit binding. They also can cause low antigen sensitivity or high nonspecific background
activity.
Diluent: Buffers [e.g., phosphate-buffered saline (PBS) or imidazole-buffered saline] with polysorbate 20 (0.01%-0.1%) are
used commonly for different ELISA steps as a diluent and washing buffer.
Coating buffers: Coating buffersshould maximizeassayconsistencyand promote binding ofthe capture reagent to the solid
phase. Commonly used coating buffers include 50 mM carbonate, pH 9.6; 20 mM tris-hydrochloride (tris-HCI), pH 8.5; and
10 mM PBS, pH 7.2. The choice of coating bufferdepends on the nature of the individual antigens and should be determined
empirically.
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Blocking agents and buffers: Ablockingagent isa compound (e.g., protein or detergent) that should saturate the remaining
immunosorbent binding sites following capture reagent (antibody or antigen) binding. This reduces nonspecific binding of
analyte and nonanalyte components to the immunosorbent matrix and/or the absorbed reagent. Nonspecific binding occurs
when protein in the test sample binds to the plasticof the microtiter plate or absorbed reagent instead of specifically binding
to the capture reagent of interest. Nonspecific binding can be reduced by adding blocking reagent to the wells and by the
addition of another protein such as bovine serum albumin (BSA) to the dilution buffer.The choice of blocking agent should be
governed by the nature of the capture reagent, plate, coating buffer, test sample diluent, and related factors. Ifany of these
parameters changes, a change in blockingagent may be needed. Commonly used blocking agents include BSA, nonfat milk,
gelatin, casein, normal horse serum, fetal bovine serum, polysorbate 20, and others. Several grades of BSA are available
commercially, and the optimal grade should be empirically determined for each assay. Inaddition, many commercialblocking
and assaydiluent reagents are available for ITM.

Adding Samples and Reagents

PIPETS

Single, multi-channel, and robotic pipets with set or fixed volumes are available. The type and accuracyof pipets should be
evaluated for each application. Regular maintenance and professional calibration of pipets should be performed and
documented.

PIPET TIPS

Avarietyof pipet tips are available, some of which are specific to the type of pipet. The type and accuracy of the pipet tip,
particularly related to the viscosity and nonspecific binding of the materials, should be evaluated for each application.

Washing

Wash steps are included throughout the ELISA procedure to remove the unbound coating antigen, sample, and detection
reagents. Washing iscritical for assay performance, can be a source of assayfailure, and is important to evaluate during method
development. Multipleapproaches can be used for washing. Manual procedures include using a squeeze bottle, dipping the
microtiter plate in wash buffer, and adding wash bufferwith a multi-channel pipet or hand-held multi-channel (8- or 12-pin)
manifolds. Analysts should wash carefully to avoid cross-well contamination. Automatic microplate washers generally provide
more washing consistency. Strip-well and multi-well washers are available. Most automatic washers can be programmed for
differentdispensing volumes and speeds, number of washes, speed of buffer aspiration, and amount of residual buffer left in
the well. Incorrectly programmed or maintained, as wellas incompletelycleaned, automatic washers can cause assayvariation
and elevated assay background.

Incubation

ELiSAs are incubated following the addition of samples and reagents. The optimal time, conditions, and temperature of each
incubation step should be determined during method development. Incubation times varyfrom minutes to overnight.
Commonly used incubation temperatures are ambient temperature, 4°, and 37°. ELISA plates commonly are sealed or placed
in a secondary container to avoid evaporation or contamination during incubation. Atmosphericconditions such as dry or
humidified incubation should be evaluated during method development. Rocking, shaking, or rotating the microtiter plates
may be necessaryor desirable depending on the kinetics of binding.

Blocking Conditions and Nonspecific Reactions

After immobilization and removal of the unbound antigen or antibody, unoccupied binding sites are blocked to ensure that
the measured analyte in the test article or subsequent (detection) reagents does not bind nonspecifically to the solidsurfaceor
to the coated antigen or antibody. Ifnonspecific binding occurs, any reported signal could bias the measurement and may
reduce the sensitivity and dynamic range of the assay. Blocking iscritical to ensure the sensitivity and/or specificity of the assay.
Sourcesof nonspecific binding fall into two general categories:

1. Ionic or hydrophobic interactions occur when binding is mediated by nonspecific ionicor hydrophobic interactions
between assay reagents and the solidsurface or another assay reagent.

2. Immunological interactions occur when binding is mediated by unintended antigen-antibody interactions. This occurs
when antibody preparations used in the assay interact with other assay reagents. Forexample, ifan ELISA was designed
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to test a serum-derivedanalyte usingmurinecapture and detection antibodies, antibodies in the test articlewith reactivity
to murine Ig (also known as heterophilic antibodies) could be nonspecifically detected in the assay.

The choice of blockingagent (examples are found in Blocking agents and buffers) isdetermined empirically, and the balance
between the reduction in nonspecific binding and the impact on assaysensitivity should be assessed during method
development. Cross-reactivity with other assayreagents should be considered; for example, endogenous biotin isfound in milk
and serum, and serum may contain antibody to viral or bacterialproteins. Therefore, screening of serum lots may be necessary.
The volume of blockingsolution added to the well should be greater than the maximum reaction volume used for later steps
so that all of the potential surface area that may interferewith the binding reaction is blocked.

In addition, Ig in the test materialscan be removed by using buffersthat inhibit antibody conformation or aggregate the
heterophilic antibodies, by blocking with nonimmune serum, or by removing Fc regions in critical antibody reagents, thereby
reducing or eliminating undesired immunological interactions that cannot be addressed by the blocking reagents described
above. Negative control wells can be includedto monitor nonspecific reactions. Thenature ofthe negative controlwells depends
on the assay but can include blocked wells without coating antigen, eliminating the primaryor secondary antibody, or using
buffer in place of sample. Control wells also can be useful as part of system suitability testing.

Pretreatment of Samples

Although ELISA methods are designed to measure an analyte in complex mixtures, the presence of other materials can prove
problematic ifthey interferewith analyte detection. Inorder to ensure assayspecificity, the specific procedure to treat samples
to remove nonspecific interferingsubstances (e.g., reducing agents or precipitates)can be determined empirically during
method development and then can be incorporated into the validated assay. Any sample-processing step should be evaluated
against the potential that the treatment will alter the test article's properties and/or introduce further variability that results in
biased measurements. Samples,standards, and controls should be prepared and handled in processes as similar to each other
as possible.Analysts should verify that sample pretreatments have not damaged the sample so much that it can no longer be
measured (e.g., by spiking experiments).

Detector Antibodies

Depending on the ELISA format, detector antibodies labeledwith enzyme or other labels can be used as primaryor secondary
reagents to enable detection of the immobilized analyte. Ina direct or competitive ELISA [Figure 2 (A and C)], after the analyte
isbound to the immunosorbent surface,excessanalyte iswashed away and the immobilized analyte isdetected usinga detector
antibody that is considered to be the primaryantibody. In other ELISA formats [Figure 2 (B, D, and E)], the analyte-specific Ig
(nonconjugated primary antibody) is allowedto bind to the immobilized analyte, and any excess antibody iswashed away
before the addition of a detector antibody, which is termed the secondary antibody.

To facilitate detection, in all ELISA formats that use enzyme-conjugated antibodies, a substrate specific for the conjugated
enzyme is introduced into the assaysystem. An enzymatic reaction ensues, converting a substrate into a soluble product that
can be measured using appropriate wavelengths and a suitable reader.

ELISA sensitivity depends on the qualityof the reagents and the detection system, including the labeland substrate. Ifmultiple
differently conjugated antibodies are available, analystsshould select one appropriate for the assay. During this evaluation, the
dilution of each conjugate that yieldsdesirablesensitivity and specificity should be determined using appropriate controls.

The mostcommonly used labelingenzymesfor conjugating to antibodies includeAP, HRP, and galactosidase.Theseenzymes
are highly specific, sensitive, and stable in catalyzing chromogenic, luminescent, or fluorescent reactions. para-Nitrophenyl
phosphate (pNPP) isa commonly used substrate for AP. Commonly used substrates for HRP includeTMB, o-phenylenediamine
dihydrochloride (GPD), and [2,2'-azino-bis(3-ethyl-benzothiazoline-6-sulfonic acid)diammonium salt (ABTS)] (see Table 2). The
substrates for AP and HRP are chromogenic and result in the formation of a colorimetric product that can be measured using a
spectrophotometer. Chemiluminescent and fluorescent substrates for AP and HRP also are available, and in many cases they
are availableas commercial kits. Disodium 3-(4-methoxyspiro{l,2-dioxetane-3,2'-(5'-chloro)tricycl0[3.3.1.1 3t7]decan}-4-yl)

phenyl phosphate (CSPD) isa known chemiluminescent substrate for AP (see Table 2). Well-known fluorescent substrates for
galactosidase include 4-methylumbelliferyl galactoside (MG) and nitrophenylgalactoside(NG).Ifa chemiluminescentsubstrate
is used, then a luminometer is required to quantitate the formed product. Afluorometer is needed ifa fluorescent substrate is
used in the ELISA.

Table 2 also provides a summary of the advantages and disadvantages of differenttypes of ELISA substrates. Colorimetric
substrates have been prevalentsince the originof ELiSAs and mayyield robust assays that generallyare more costefficient than
assays that use chemiluminescent and fluorescent substrates. Nevertheless, chemiluminescentand fluorescent ELISA methods
may yield more rapid and sensitive assays with a wider dynamic range than assays that use a colorimetric readout. The final
choice of readout should be governed by the assay's purpose and the requirements of the assay.

Table 2. Enzyme Conjugates and Substrates

Principle of the
Readout Enzymatic Reaction Enzyme Substrate Reader Advantages Disadvantages

Produces a colored product pNPP · Robust
that yieldsabsorbance values TMB · Economical
directly proportional to ana- OPD · Reagentavailabil·

Colorimetric Iyteconcentration AP, HRP ABTS Spectrophotometer ity . Less sensitive
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Table 2. Enzyme Conjugates and Substrates (continued)

· Wide assaydy-
namicrange

· lower coating
concentrations

Producesa light emission that · Moresensitive · Requires special
Chemilu- isdirectlyproportionalto an- · Rapid signalgen- plates
minescent alyteconcentration AP CSPD luminometer eration · Costly

· Requires special
Producesexcitation-induced plates
light emissionthat is directly · Costly
proportional to analyte con- MG · Rapid · Interference by

Fluorescent centration Galactosidase NG Fluorometer · Sensitive excipients

ASSAY DEVELOPMENT AND VALIDATION PLAN

Critical Reagent Development

Key considerations for critical reagents are source, purity, specificity, and stability. Forquality measurements, ITMs use
reference standards along with critical reagents for analyte capture and detection. Anychanges of critical biological reagents
should be evaluated (see, for example, quidance contained in (1032».

SOURCE

The availability and quality of the starting material should be controlled so that manufacturing of the (purified) reagent can
be reproduciblyand consistentlyperformed, potentiallyoverseveral decades. Becausecritical reagents are biological molecules,
sources can range from chemical synthesis (e.g., peptides) to complex biological matrices (e.g., antibodies prepared from
serum, monoclonal antibody from ascites/cell culture, or fermentation/cell culture products). When appropriate for the
intended use of the assay, a single lot of a critical reagent can be manufactured to establish a substantialsupply and to prevent
lot-to-Iot variability. In other instances, it may be appropriate to include in the validation multiple lots or multiple suppliers in
order to demonstrate that the assay issufficiently robust for its intended use.

PURITY

In general, the purity of critical reagents should be assessed to ensure the removal of impurities and manufacturing process
residuals that can influence reagent performance and/or stability.

SPECIFICITY

The specificity of a critical reagent refers to its abilityto capture or detect only the analyte of interest. The reagent must be
specific to the analyte and should show little nonspecific binding or no cross-binding to off-target moleculesin complex test
materials.

STABILITY

The stabilityof critical reagents should be empirically determined to ensure assay performance over time (issues include
accuracy, precision, reproducibility, and assaydrift). Long-term (months to years) stabilityof critical reagents under required
storage conditions (e.g., with defined temperatures and containers) should be determined so that appropriate expiry dating
can be assigned. Short-term (minutes to days) stability (and freeze/thaw and room temperature stability for frozen critical
reagents) also is required to ensure day-to-day assayaccuracy, precision, and reproducibility.

Feasibility/Pilot Studies

The steps of the process bywhich an ELISA method isdeveloped, validated, and used in routinesample analysis are described
below:

1. Generate or purchase critical reagents to measure the analyte. Determine storage conditions and stability.
2. Understand the performance goals for the assaysystem.
3. Developthe assay to the point that there isa detectable concentration response curve.
4. Perform method development/robustness testing.
5. Prepare the reference/calibration standard and control and assess stability.
6. Establish assay procedures, appropriate controls and limits, assay and sample acceptance criteria, and instrumentation.
7. Determine method performance, and qualify method for accuracy, specificity, precision, and robustness, including

qualification of all applicable sample types to be analyzed.
8. Validate the assay. .
9. Implement the method (technology transfer) in the testing laboratory, including training and qualification of analysts.
10. Monitor assay performance.
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During assay development, the critical parameters and reagents that are required for the assayshould be assessed and set
at levels that yield desired assay performance. In many instances several parameters may be evaluated, and well-designed
experiments can accelerate assaydevelopment, particularly for assessing the potential interaction of several inputs.

Many ELISA procedures are product specific, and external reference/calibration standards may not be available. The
preparation and stabilityof reference/calibration standards should be considered early in assaydevelopment.

Assay Validation

Assay validation is executed according to guidances from appropriate regulatory bodies [e.g., International Council for
Harmonisation (ICH) Q2] to demonstrate that the particular test used for an analyte isappropriate for its intended use. More
informationabout assayvalidationcan be found in Validation ofCompendial Procedures (1225) or (1 033) ifthe ELISA is used as a
surrogate potency assay. See Appendix 2: AdditionalSources of Information about Specific Topics in Validation and Data Analysis.

The analysis of ELISA data can be simple (e.g., a linearcalibration with inverse regression) or complex (e.g., a nonlinear
calibration curve with inverse regression). The type and rigor of data analysis depend largely on the assaysystem and the
intended uses of the assay. Forexample, data reduction may estimate a concentration (e.g., ng/mL) of an unknown sample
using a calibration curve. Other approaches include estimation of the half-maximal inhibitory concentration (lC50) or effective
concentration (ECso), estimation of the amount of a sample that yields the same response as the EC50 (or IC50) on a standard
curve, and an estimate of the relative activity of a test sample compared to a reference/calibration standard. More extensive
guidance about statistical methods for potency analysis is given in (1032) and (1034).

In general, ELISA curves are characterized by a nonlinear relationship between the concentration of the analyte of interest
and the calculated mean response. Typically, this response curve is defined by a sigmoidal relationship of response to
concentration. Awide range of mathematical models can fit standard/calibration curves, and analystsshould take care in the
selection of an appropriate curve-fitting algorithm. In other cases, ELISA assays are used for qualitative purposes to determine
whether a sample is positiveor negative based on a sensitivity threshold.

Basic Statistical Analysis

Basic statistical methods are not detailed here. AnalyticalData-Interpretation and Treatment (1 010) addresses important
fundamentals, including data handling; computation of means, standard deviations, and standard errors; detection of and
methods to address nonconstant or nonnormal variation; detection of and management of outliers; and procedures for and
interpretation of statisticaltests and confidence intervals. The concepts behind validation, goals, designs, analysis, and practical
methods for validation are described in (1010), (1225), and(10~3).g~sifJ~an~ A~alysis ofBi~/ogic~/~~s~y: (111) contains
guidance on combining resultsfrom independent assays,~9utligrs"'Cln<:tic()nficiencejnteryClls,\"'i(USP1-O~c-2019)

Nonlinear Statistical Analysis

Nonlinearcalibrationfor immunoassays draws on many sources for statistical design and analysis. These include methods
for assessing and addressing nonconstant variance, designs and analysis methods for experiments with complex structures, and
validation. The concepts behind linearcalibration design, analysis, and inverse regression apply in nonlinear calibration, and
professional statisticianscan help apply these appropriately.

Reporting Results

Reported estimates of concentration should be understood as having an associated confidence interval based on the results
of the validation.The reported value or estimate used to describe a sample can be based on a combined resultfrom multiple
assays.

Appendix 1: Abbreviations

Ab: Antibody
ABTS: 2,2'-Azino-bis[3-ethyl-benzothiazoline-6-sulfonic acid]diammonium salt
Ag: Antigen
Anti-Ig: Anti-immunoglobulin
AP: Alkaline phosphatase
BSA: Bovine serum albumin
CSPD: Disodium 3-(4-methoxyspiro{l,2-dioxetane-3,2'·(5'-chloro)tricyclo[3.3.1.1 3,7]decan}-4-yl)phenyl phosphate
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EIA: Enzyme immunoassay
ELISA: Enzyme-linked immunosorbent assay
HRP: Horseradish peroxidase
Ig: Immunoglobulin
ITM: Immunological test method
MG: 4-Methylumbelliferyl galactoside
NG: Nitrophenyl galactoside
OPD: o-Phenylenediamine dihydrochloride
PBS: Phosphate-buffered saline
pNPP: para-Nitrophenyl phosphate
PVDF: Polyvinylidene fluoride
TMB: 3,3',5,5'-Tetramethylbenzidine
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Appendix 2: Additional Sources of Information about Specific Topics in Validation and Data
Analysis

Analytical Data-Interpreta- Design and Analysis of Validation of Compendial
tion and Treatment Biological Assays Procedures Biological Assay Chapters

(1010) (111) (1225) (1032), (1033), and (1034)

Means X - - -
Standard deviations X - - -
Standard errors X - - -
Non-normality X - - X

Nonconstant - -variance X X

Outliers X •It. ,..:. ~; - X

Tests X - - -
Confidence intervals X ')(?.(~ >1:'1" - X,..",."...~, .,
Validation - - X X

Combining results from multi- - -pie assays X X

(1104) IMMUNOLOGICAL TEST METHODS-IMMUNOBLOT ANALYSIS

INTRODUCTION

Definition and Scope

The chapter is part of a group of general information chapters for immunological test methods (Immunological Test Methods
-General Considerations (1102), Immunological Test Methods-Enyzme-Linked Immunosorbent Assay (ELISA) (1103), and
Immunological Test Methods-Surface Plasmon Resonance (1105» that provides analysts with general information about
principles, method development, method validation, and data evaluation for immunoblot analysis. Immunoblot analysis is
defined asany method in which an antibody is used for detection of one or more analytes (e.g., proteins, polysaccharides) that
has been transferred to a test membrane surface. Immunoblot methods are typically classified by whether electrophoretic
separation occurs asa part of the immunoblot procedure. Electrophoretic separation is based on molecular weights and charge
differences of a population of molecules. See Capillary Electrophoresis (1053), Biotechnology-Derived Articles-IsoelectricFocusing
(1054), and Biotechnology-Derived Articles-PolyacrylamideGelElectrophoresis (1056) for a detailed description of electrophoretic
separation methods. An example of immunoblot analysis involving electrophoretic separation is the Western blot, which was
first described in the scientific literature in the late 1970s. Another approach for immunoblot analysis is to perform molecule
detection using an antibody without prior electrophoretic separation. Examples of this nonelectrophoretic type of approach
are the slot or dot blot (slot/dot).

The scope of this chapter includes only those methods in which an antibody is used for the detection of a molecule bound
to a membrane. Therefore this chapter does not discussprocedures that use nonimmunological means of detection.
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ASSAY SELECTION

Nonelectrophoretic Assay (Slot/Dot Blot)

USP 43

The slot/dot blot method isa simplified, nonelectrophoretic method in which a mixture containing the analyte(s) for
detection isfirst applied directlyto the membrane using a vacuum manifold machined to contain regularly spaced rectangular
slots. The slot/dot blot method isfaster and simpler because there is no electrophoretic separation of the multiple, individual
analytes that may be present in the mixture. Forthese reasons, it can be readilyadapted for automated analysis of multiple
samples, for which a number of systems are commercially available, but it offers no information about the molecularweight
and only limited information regarding the quantity of sample. Although it can be set up in a quantitative format, the method
usually is used to produce a qualitative result, e.g., confirming identity by demonstrating the presence or absence of specific
antigens by means of an immunocomplex detection system.After the analytes are bound to the membrane and unbound sites
are blocked, analysts use a detector antibody to determine the presence or absence of the analyte or analytes of interest. The
uniform shape of the slot blot and its greater surfacearea for analyte binding make it better suited than the dot blot for
quantitative applications and analysis by densitometry.

Electrophoretic Assay

Electrophoretic blotting methods (commonly calledWestern blots) are widely used for analyzing mixturesof proteins. The
Western blot isa powerfultool to study the identification, relative concentration, relative molecularweight, and posttranslational
modifications of specific proteins. In Western blots, the proteins of the sample are separated using gel electrophoresis. Protein
separation may be based on molecularweight alone or on isoelectric point (pI) and molecularweight. Proteins migrate either
in one dimension (1 D) or in two dimensions (2D) through a gel. When proteins are separated by their molecularweights, the
smallerproteins migrate faster and separate according to molecularweight. When analystsuse a 2Dgel, proteins are separated
according to pi in the firstdimension, and then according to their molecularweights in the second dimension.After separation,
the proteinsare transferred to a membrane, the membrane isblockedto avoid nonspecific bindingofsubsequent assayreagents,
and the protein of interest is detected using specific antibodies.

Abound antibody can be detected by different methods, including colorimetricdetection, fluorescent detection,
chemiluminescent detection, and radioactive detection. Upon detection of the protein(s) of interest, immunoblot quantitation
can be indirectlyperformed by densitometry.

1D ELECTROPHORESIS

In 1D electrophoresis, individual proteins or groups of proteins are separated by molecularweight for further analysis by
Western blot. Using sodium dodecyl sultate-potyacrylamlde gel electrophoresis (SDS-PAGE), proteins migrate in response to
differences in electricalcharge through a 3D network of fibers and pores. The network isformed as the bifunctional
bisacrylamide, or other cross-linker, cross-links adjacent polyacrylamide chains to form a gel (see also USP general chapter
(1056»). The combination of gel pore sizeand protein characteristics determines the migration of proteins. Separated proteins
are detected subsequently by Western blot analysis using antibodies specific to the target proteins. By means of Western blot
analysis, a test sample can be compared to a 'standard, and the appearance of degradants and impurities specifically related to
the target proteins can be monitored ifthe detection antibody can still recognize the altered forms of the protein. Although a
high level of sensitivity can be achieved by this approach, separation of individual proteins at similar molecularweights may
not be achieved. Ifanalysts must probe individual proteins at similarmolecularweights, 2D separations may be required.

2D ELECTROPHORESIS

In 2D electrophoresis, individual proteins or groups of proteins are separated in the first dimension by isoelectric focusing
(IEF; charge) and in the second dimension by electrophoresis in the presence of SDS (molecularweight). Separating proteins
this way allowsinformation to be obtained not only about molecularweight, as in 1D gels, but also about the charge of a
protein. Two-dimensional gels are a useful choice for resolving complex mixturesand for assessing protein antibody specificity
(e.g., evaluation of host cell proteins).

Membrane, Reagent, and Detection Options

MEMBRANES

Generally, both nitrocellulose and polyvinylidine fluoride (PVDF) membranes are used for immunoblot methods. Forcost
considerations, nitrocellulose membranes are often preferred over PVDF membranes for slot/dot blots (or vacuum blotting),
but due to their greater mechanical strength, PVDF membranes should be considered ifstripping and reprobing are required.

BLOCKING REAGENTS

Following transfer or binding of protein to membranes, the unoccupied binding sites on the membranes must be blocked
to prevent nonspecificbinding of subsequent reagents. Mostdetection probes are proteins that alsocan bind to the membrane.
Failure to appropriately blockthe membrane sitescan resultin nonspecific binding and high background. Anumber of blockinq
reagents are available, including gelatin, nonfat milk, and bovine serum albumin (BSA). Proteins should be unrelated to the
antigens used in the study. Because these reagents often have lot-to-Iot variability, they may require qualification. They must
be evaluated with the detection system selected and optimized using that detection systemfor minimal background with no
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loss of signal. Ifthe blocking reagent is derived from a biological source, it must not contain trace levels of the protein under
measurement, because the latter can increase the background.

METHODS OF DETECTION

Immunological detection of analytes in any type of immunoblot can be direct or indirect. The choice offormat depends on a
combination of the level of sensitivity required and the quality of the antisera available. For identity or product detection,
sensitivity usually is not critical, and direct detection via a conjugated antibody is commonly used; which often simplifies and
shortens the time required to execute the method. Alternatively, indirectdetection, usually by the use of a conjugated
anti-species reagent, can be used to improvesensitivity. On some occasions, the analyte being detected isactually an antibody,
as in the case of a monoclonal antibody that is being developed as a drug. In this case, antibodies specific for the antibody
(e.g., anti-idiotypicantibodies) can be used.
Primary antibody: The primaryantibody is selected based on its specificity for the analyte or protein. Although polyclonal
anti-sera can offer a broad range of detection against a potentially large set of epitopes, an unwanted cross-reaction resulting
in decreased specificity may occur. Ifthis cannot be overcome by assayoptimization, a monoclonal antibody or groups of
selected monoclonal antibodies can be used. Monoclonalantibodies are often advantageous for long-term studies, because
they yielda consistent supplyofantibody against a specific epitope. The useof monoclonal antibodies directly limits the number
of epitopes involved in the detection of the target. Thismust be evaluated for each application. The primaryantibody may be
directly conjugatedor used in conjunction with a secondary antibody and an appropriate detection system. The optimal
antibody concentration usually isconsidered to be the greatest dilutionof antibody that results in a strong positive signal with
minimal background. Thismust be optimized in conjunction with the block and detection system selected. The primary
antibody should be qualified before assay use.
Secondary antibody: The secondary antibody typically isdirected against the speciesof the primaryantibody immunoglobulin
(which isspecific for the analyte, e.g., goat anti-mouse IgG). Enzymes such as horseradish peroxidase (HRP) or alkaline
phosphatase (AP) typically are linked to the secondary antibody, but other labelssuch as fluorophores or gold particlescan be
used for detection. Ifthe secondary antibody is biotinylated, biotin-avidin-HRP or -AP complexes can be used for detection.
Detection enzyme and substrate: Once an immunocomplex containing the enzyme-conjugate reagent hasformed, analysts
add a suitable substrate to the assay. This reaction results in production of a colored precipitate or a fluorescentor
chemiluminescent product that can be recorded, measured, and analyzedfurther. Abroad range ofdetection options isavailable
to best fit individual applications and intended uses. Anumber of these are described in (1103) and (1102), as well as in Table
7.

Table 1. Detection Reagents and Methods

Principle
of the

Readout EnzymaticReaction Enzyme Substrate Detection Advantages Disadvantages

Producesa colored product pNppb
that yields absorbance values TMBd - Robust - Time-consuming
directlyproportionalto ana- AP' GPO" Spectro- - Economical - Less sensitive than oth-

Colorimetric Iyteconcentration HRpc ABTSf photometer - Reagentavailability er methods

-Wide assaydynamic
Luminometer, range

Producesa lightemission that is photographic - Very sensitive
directlyproportionalto ana- film (CCDh - Rapid signalgener- - Reproducibility can be

Chemiluminescent Iyteconcentration AP, HRP CSPD9 camera) ation challenging

Produces excitation-induced Galactosidase,
light emission that is directly fluorescently Fluorometer
proportionalto analyte con- labeled anti- MGi (CCD camera - Rapid - Interference by exci-

Fluorescent centration body NGi with filters) - Sensitive pients

Antigen is labeledwith a radio-
activeisotope. Radiation is - -proportionalto analyte con- Scintillation - Easy to quantitate - Safety risk withexposure

Radioactive centration. counter - Rapid - Radioactive waste

aAlkaline phosphatase.
bpara-Nitrophenylphosphate.
e Horseradish peroxidase.
d 3,3',5,5'-Tetramethylbenzidine.
eo-Phenylenediamine dihydrochloride.
f 2,2'-Azino-bis[3-ethyl-benzothiazoline-6-sulfonic acid]diammonium salt.
9 Disodium 3-(4-methoxyspiro{1 ,2-dioxetane-3,2'-(5'-chloro)tricyclo[3.3.1.1 3•7]decan}-4-yl)phenyl phosphate.
hCharge-coupleddevice.
i 4-Methylumbelliferyl galactoside.
j Nltrophenyl galactoside.

METHOD DEVELOPMENT

Method development can proceed on the basis of the background information just provided. The scope of method
development, and eventuallymethod validation,are dictated bythe purpose of the method. The purpose determines the format
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for the assayand other requirements for the test, and therefore, the purpose should be determined first. Thefollowing sections
explore considerations for each method's purpose.

Intended Purpose of the Method

IDENTITY TESTING

In the case of identity tests, analystswant to detect the presence of a protein; therefore, demonstration of specificity is
essentialand required. Forthis purpose, analysts alsocontrol the quantity of protein in the sample. Thus, the limits of detection
(LOD), limits of quantitation (LOQ), and other measuresofquantity are not required attributes ofthe method. Examples include
material identity assays that demonstrate the isotype of an IgG and, in some cases, demonstrate the specificity of an antibody
in a method validation. Ifthere is no interferencefrom the matrixor potential cross-reaction with other materials present in the
sample, then a simple slot/dot blot may suffice. Ifmultiple proteins in the sample display immunoreactivity and must be
distinguished from each other, another separation procedure must be used before blotting and immunostaining.The
complexity of the proteins in the sample and the usefulness of the additional information gained using an electrophoretic
separation help determine ifa slot/dot blot can meet the needs of the test.

LIMIT TESTING

In other applications, analystsmay want to show that an impurityhas been removed to a level belowtoxicological concern.
In many cases, a limit test is used when it is possible to say yes or no about the presence or absence of a protein below a
predetermined level. This simplifies the development and validation of the method. With densitometry (scanning or imaging)
equipment, the intensity of spots or bands can be determined relative to a standard curve, resulting in an estimate of
concentration. An LOD should be determined to establish the appropriate limitthreshold for the method. Adot blot may be
suitable for either circumstance if the specificity of the antibody in the sample matrix can be demonstrated.

Another common purpose for an immunoblot is to show the presence or absence of a protein expressed from a culture. In
this situation, analystswant to establishthe identity of the protein by immunostaining, as well as verify that the protein has the
expected molecular weight. This providesfurther assurance of no nonspecific interactions with other proteins in a complex
matrix that generates the signal in the blot.

SPECIFICITY TESTING

Characterizing the specificity of the reagents for an ELISA impurity test or an immunoaffinity column also is a common
immunoblot purpose. Thisisanother form of an identity test in which the desired endpoint isdemonstration of the specificity
of binding between the antigen and the antibody. The result of the measurement is a demonstration of binding to a select
group of the total protein population in the sample or binding to the whole population of proteins in the sample, as required
for host-cell protein assays. In order to demonstrate the specificity of an antibody relative to a population of proteins, analysts
typically must carry out electrophoretic or other separations. Showing, by means of immunostaining, that a protein of the right
molecularweight or pi can be recognized bythe antibody isa powerful demonstration both ofspecificity toward a given protein
and the absence of binding to other proteins.ln addition, having,within the same experiment, the appropriate positive control
samples that are known to contain the protein, and the appropriate negative samples that are known not to contain the protein,
makes a convincing argument for the specificity and selectivity of the antibody when analystsvalidate an ELISA method for
protein impurities. Electrophoretic separations can be done in one dimension using either SDS-PAGE (for molecularweight) or
isoelectric focusing (IEF; for isoelectric point) for a limited number of proteins with known molecularweights. Electrophoretic
separations also can be done in two dimensions (e.g., IEF followed by SDS-PAGE) to show selectivity and specificity toward a
more heterogeneous population of proteins.A2D Western blot commonly is used to demonstrate the specificity of a polyclonal
antibody candidate directed against a host-cell protein (HCP) antigen preparation before development of a quantitative ELISA
for that purpose.

Assay Mode and Sample Introduction

Afterconsidering the critical elements requiredfor each purpose of the method, the analystcan use this information to select
the most appropriate assay mode. The main points to consider when developing an immunoblot method are shown in Figure
7. Ifappropriate, spotting sampleson a membrane or applying byvacuum isthe easiestand most convenient wayto introduce a
sample to an immunoblot membrane. However, low levels of nonspecific binding from multiple proteins can create additive
nonspecificinterference in dot blots or slot blots, resulting in background levels that appear to be the desired analyte.

www.webofpharma.com

https://nhathuocngocanh.com/



USP 43 General Information / (1104) 7767

DecideAssay • Slot fdotblot
Mode/Sample • 10 separation

Introduction • 20 separation

~ ---
Assay Controls/

• Standards
• Negative controls

Standards • Sensitivity controls

~ ----Membrane
• Nitrocellulose
• PVDF

Selection • Show binding of theantigen to the membrane witha
chemical stain

~ .---
Optimize Blot • Transfer time (gelelectrophoresis)

• Vacuum time
Transfer • Spot volume

~ --- • Primary antibody
Antibody • Secondary ordetection antibody matched tothe primary antibody

Specificity
• Secondary ordetection antibody matched tothe selected

substrate/detection system
• Selected matrix spikes and controls

~~
• Absence of antigen analyteSelect Blocking
• Blocks nonspecinc binding of antibody reagents and

Reagent secondary detection system

~

-----Titrate Primary • Primary antibody
and Secondary • Secondary antibody

Antibodies e Simultaneous titration with matrix design

~ ---Substrate e.Substrate incubation time
Incubation and • Data acquisition time

Data Acquisition • Data analysis

Figure 1. Method Development Flow Chart.

Electrophoretic separations, although time consuming, can be useful for separating and further distinguishing specificand
nonspecific binding. Analysts must trade sensitivity for selectivity in going from a single dimension to two dimensionsbecause
of the further separationof immunoreactive species from a single band into multiple spots,asis the case with the heterogeneity
seen in sialylated proteins or deamidated species.

Assay Controls and Standards

Controls and standardsare selected based on the purpose of the assay and the information needed during development.
Protein molecular weight markers can be usedto obtain an accurateestimate of the molecular weight of immunoreactive
species. The useof positive and negative controls is helpful for troubleshooting throughout the experimental design process.
Standards or positive and negative controls can be usedto assess system suitability and to establish method performance.A
positivecontrol can confirm appropriate protein migration and can confirm that membrane transfer hasreachedcompletion. A
negative control is useful for assessing nonspecific interactions. A method sensitivity control near the LOQ can be usedto
measure the consistency of the method near the LOQ to evaluate changes in assay performance.

Membrane Selection

~eIE~ctE!d based on the application and the protein being measured. Membraneswith variouspore sizes should
•...,,...'-4' I..JC suitablefor the molecular weight of the protein of interest to aid in appropriate transfer of different

staining method is known to work on a specific membrane with a specific protein, then it is
the protein binds to the membrane and is stained before analysts work on the immunostaining
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steps for the assay. Electrophoretic separationsfollowed bytransfer to a membrane should be optimizedwith chemicalstaining,
e.g., with sensitivefluorescent stains or silver stains and at potentially higher loads before analysts work on lower load levels
required for blot optimization. Stainssuch as Coomassie or colloidal Coomassie may not have sufficient sensitivity to detect a
low level of impurities required for certain applications.

Optimize Blot Transfer

Analysts should optimize transfer times from the gel to the membrane. Larger proteins require more time for transfer than
smaller proteins. Small proteins may be lost during long transfer times and can transfer from the gel all the way through the
membrane and be lost on the other side. The density of the gel and gradient gels can result in nonuniformity of transfer from
the top to the bottom of the gel. During transfer optimization, many method developers use multiple membranes in order to
capture proteins that transfer through the first membrane. Chemical staining of both the gel and the membranes can provide
useful information about the location of the proteins transferred from the gel to support, either extending or reducing the
transfer time.

After they select the assay mode, analystsnext investigatespotting of the antigen or transfer from a gel to the appropriate
membrane at various relevant concentration levels. Levels of analyte above the concentration needed for a Western blot may
be required at first to determine iftransfer and recognition by the antibodies is possible. If the analyte is present in low
concentrations, spiking may be necessaryto show its location during transfer optimization. Because of the potential variability
of immunostaining and transfer, a sensitivity control or several levels of controls should be incorporated into the method based
on the analyte titration above the background level. This can be adjusted as method development progresses.

Antibody Specificity

Analysts should demonstrate antibody specificity early in immunoblot method development. Ifpossible, they should test
samples of the matrix without the analyte and should show an absence of response. In contrast, samples that contain analyte
spiked into the matrix should show a positive response, demonstrating the specificity of the antibodies.

Analysts also should demonstrate the specificity of the secondary antibody conjugate or label. Control immunoblots with
lanes or spots of primary antibody and control matrix samples containing the analyte as a negative control can show that the
secondary antibody isbinding to the primaryantibody and not to proteinsfound in the matrix.Commercial sourcesfor enzyme
conjugates or fluorescent-labeled anti-speciesantibodies are readilyavailable and normallyare screened or affinity purified
against the species of antibody being detected, which eliminatessome of the early work needed to achieve the desired
specificity. The secondary antibody or detection system must be matched with the detection equipment and the desired
sensitivity of the assay, e.g., fluorescence, colorimetric precipitating substrates, or chemiluminescence.

. Select Blocking Reagent

Replicate membranes can be blocked with previously described blockingagents as analysts select the most appropriate
blocking reagent and the amount of time required to minimize background by means of subsequent primaryand secondary
antibody incubations. Analytes titrated at multiple concentrations on the membrane allowanalysts to assess the amount of
signal to the amount of noise (background) with various blocking reagents followed by immunostaining with the primary
antibody, labeled secondary antibody, and substrate, ifneeded, for visualization. This titration also servesas the starting point
for examining LOD and LOQ for limit tests and quantitative measurements. The LOD for immunoblots isdetermined by the
level of nonspecific background relative to the specific signalfrom the analyte. As isthe case with any other analytical method,
if the background and signal are equal, there is no distinction between the signal and the noise.

Titrate Primary and Secondary Antibodies

Titrating the level of primary and secondary antibody from low to high dilutions can also, as with a blocking reagent, be
used to select an antibody concentration that reduces background binding in the blank regions surrounding protein spots or
bands, and can optimize the signal from the analyte. A matrix grid that variesthe level of primarysignal against secondary
signal can be useful for optimizing the background, improving analyte signal, and reducing the consumption requirements for
expensive antibody reagents.

Immunoaffinity chromatography against a highlypurified antigen can be used to reduce the level of nonspecific interference
for all of the immunological reagents used in an immunoblot. The method developer must be cautious that the selectivity,
specificity, and affinity of the primaryantibody are not lost in affinity purification because of high-affinity antibodies that remain
on the antigen column or because of the destruction of antibody binding caused by elution conditions. Forthe secondary
antibody, immunoaffinity-purified anti-species antibodies are available commercially with a varietyof possible labelsconjugated
to the antibody.

Substrate Incubation and Data Acquisition

Analysts can optimize substrate development time for enzymes in order to minimize background and improve the LOD and
LOQ. Excessive substrate development times for precipitating substrates can result in an intensification of the background level
relative to the speCific signal from the desired analyte. If the blot isagitated during substrate incubation, undesired swirling
patterns of product from precipitating substrates can form. Too short an incubation time results in a less-speclfic signal, but too
long a time can result in high background and poor resolution. Most enzyme conjugates have an optimum development time.
Fluorescentlabels and chemiluminescent labels have the advantage of acquisition by scanning instrumentation that can store
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data electronically and perhaps acquire imagesignals inan additive manner. Fluorescent labels havethe added advantages that
the signal isstablewith time, numerous experimentsfor developmenttime can be obtained witha singleblot, and optimization
of signal acquisition can be performed on a singleblot.

PROCEDURES

Slot/Dot Blots

Using an appropriate slot/dot apparatus, analysts can makeantigens of interest adhere to a suitable membrane (e.g.,
nitrocellulose) by gravity or vacuum filtration, followed by addition and incubation of antigen-specific antibodies that bind to
epitopes on the antigens. Remaining binding siteson the membrane are blocked by the addition of nonspecific antigen (e.g.,
BSA), followed by probing ofthe antigen-specific antibodieswitha detection system[e.g., proteinA/G conjugated to HRP binds
to the antibodies that then are visualized using a 4-chloro-naphthol (4-CN) peroxidase substrate]. Positive identification is the
development of dots or bands on the membrane. Anegative result remains white or exhibits faint bands that are considerably
lighter than positive bands.

1D Immunoblotting

PREPARATION OF SDS-PAGE GELS

Analysts should choose an SDS-PAGE gel with a content of acrylamide-bisacrylamide suitablefor the molecular weight(s)of
the protein(s) of interest; Le., the smallerthe molecular weight of the protein, the higher the percentage of mono- or
bisacrylamide, and conversely, the larger the molecular weight of the protein, the lowerthe percentage of mono- or
bisacrylamide.

Uniform-concentration gels haveseparation rangesas shown inTable 2, and gradient gelshavea separation range as shown
in Table 3. Gels can be purchased ready-made or can be produced in the laboratoryaccording to procedures in (1056).

Table 2. Linear Range of Separation (kD) for Uniform-Concentration Gels
Acrylamlde Concentration Linear Range of Separation

(%) (kD)

5 57-212

7.5 36-94

10 20-80

12 12-60

15 10-43

Table 3. Linear Range of Separation (kD) for Gradient Gels

Acrylamide Protein Range
(%) (kD)

5-15 20-250

5-20 10-200

10-20 10-150

8-20 8-150

SAMPLES AND STANDARD

To prepare samples, analysts typically must lyse cells and tissues in order to release the proteinsof interest.The main
consideration when choosing a lysis buffer iswhether the antibody chosen for detection of the protein(s)of interest can
recognizedenatured samples.When this isnot the case, analysts use buffers without detergent or with relatively mild, nonionic
detergent.

Samples should be treated (e.g., reduced, nonreduced, or denatured) according to general chapter (1056), and when a
sample of unknown protein content is used, a series of dilutions should be loaded onto the gel. Standards (molecular weight
markers) should be treated according to the manufacturer's instructions.

ELECTROPHORESIS

Before applying samples to the stackinggel wells according to (1056), analysts denature samples(e.g., heat at 95°-100° for
5 min).An appropriate volumeof sample is loaded onto the gel, and a voltage of 8 V/cmapplied until the dye has moved into
the resolvlnq gel. Afterward, the voltage is increased to 15 V/cm, and the separation is run until the bromophenol blue reaches
the bottom. If a commercially available gel isused, the manufacturer'srecommendationsare followed. Table 4 showscommon
sample-loading volumesfor particulargels.
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Table 4. Common Sample-Loading Volumes

USP 43

Gel Maximum Sample
Thickness Load Volume

Wells (mm) (lJl)

10 1.0 25

10 1.5 37

12 1.0 20

15 1.0 15

15 1.5 25

TRANSFER

Afterelectrophoresis, the proteins of interest can be blotted to a membrane such as nitrocellulose or PVDF with a pore size
that isappropriate for the molecular weight of the proteins of interest. Both nitrocellulose and PVDF have a protein-binding
capacity of about 100-200 IJg/cm2• PVDF is more chemically resistant than nitrocellulose and iseasier to handle. Detailed
instructionsfor the transfer processcan be found on the websitesof the manufacturersof transfer apparatus and vary depending
on the system.

Transfer can be done in wet or semi-dryconditions. Semi-dry transfer generally isfaster, but wet transfer isespecially
recommended for large proteins>100 kD. For both kinds of transfer, the membrane is placed next to the gel. The two are
sandwiched between absorbent materials, and the sandwich is clamped between solid supports to maintain tight contact
between the gel and membrane.

Astandard buffer for transfer is the same as the buffer used for the migration or running bufferwithout SDS, butwith the
addition of methanol to a final concentration of 20%. Forproteins larger than 80 kD, SDS should be included at a final
concentration of 0.1%. Lowering methanol in the transfer bufferalso promotes swelling of the gel, allowing large proteins to
transfer more easily. Table 5 contains common buffers used for Western blot methods.

Table 5. Common Western Blot Buffer Formulations

Buffer Content

1.89 9 of Tris
5.0 9 of SDS
50 mg of bromophenol blue
25.0 ml of glycerol
100 ml of water

Sample buffer 2x Adjust with HCI to a pH of 6.8.
(nonreducing) 1D electrophoresis Add water to 125 mL.

To nonreducing sample buffer:
Add 12.5 mL of 2-mercaptoethanol before adjusting the pH.

.Sample buffer 2x Alternatively, use 1.93 g of Tris, and add a suitable quantity of Dna to obtain a final concentration of
(reducing) 1D electrophoresis 100 mM orr,

151.4 g ofTris
721.0 9 of glycine
50.0 g of SDS

Running buffer lOx Add water to 5000 mL.
1D electrophoresis Adjust to a pH of 8.1-8.8.

151.4 9 of Tris
721.0 9 of glycine
Add water to 5000 mL.

Transfer buffer lOx Adjust to a pH of 8.1-8.8.

100 ml of lOx stock
500 mL of water
200 ml of methanol

Transfer buffer 1x Add water to 1000 mL.

24.23 g of Tris base
80.06 g of NaCI
Mix in 800 mL of ultrapure water.
Adjust with pure HCI to a pH of 7.6.

TBS lOx Add water to 1000 ml.

100 mL ofTBS lOx
900 mL of water

TBS-T 1 ml of polysorbate 20

510 9 of urea
8.5 M urea stock Add water to 1000 mL.
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Table 5. Common Western Blot Buffer Formulations (continued)
Buffer Content

47 mL of 8.5 M urea stock
385 mg of tributyl phosphine (TBP)
2 9 of CHAPSb

Sample buffer 25 mg of bromophenol blue
20 electrophoresis 1% carrier ampholytes of choice

a Oithiothreitol.
b 3-[(3-Cholamidopropyl)dimethylammonioj-I-propanesuitonate.

Methanol is necessaryonly if analysts use nitrocellulose. If they use PVDF, they can remove methanol from the transfer buffer
and need only to activate the PVDF before they assemble the gel and membrane sandwich.

In semidry transfer, a sandwich of paperlgel/membranelpaper wetted in transfer buffer is placed directly between the
cathode and anode. During wet transfer the membrane should be closest to the positive electrode, and the gel should be closest
to the negative electrode. The composition of the transfer buffer is not necessarily the same as the migration or running buffer.
Analysts should consult the apparatus manufacturer's protocol, and it is common to add both SDS and methanol. The balance
of SDS and methanol in the transfer buffer, the proteins' molecular weights, and the gel percentage can affect transfer efficiency
for both wet and semidry transfers.

BLOCKING

Blocking the membrane prevents nonspecific background binding of the primary and secondary antibodies to the
membrane. Traditionally, one of two blocking solutions is used: nonfat milk or BSA(Cohn fraction V). Milk is cheaper but is not
recommended for studies of phosphoproteins. To prepare a 5% milk or BSA solution, weigh 5 gl100 mL of Tris-buffered saline
containing polysorbate 20 buffer (TBS-T; see Table 5). Mix well, and filter. Failure to filter can lead to spotting in which tiny
dark grains contaminate the blot during development. Incubate at 4° for 1 h with gentle shaking. Rinse in TBS-T after the
incubation.

PRIMARY ANTIBODY AND INCUBATION BUFFER

Dilute the antibody with blocking buffer at a proper dilution (1:100-1 :3000, depending on antibody titer), and optimize
the dilution according to the results. Too much antibody can result in nonspecific bands.

INCUBATION TIME

Incubation time can vary between a few hours and overnight, and depends on the binding affinity of the antibody for the
protein and the abundance of protein. A more dilute antibody with a prolonged incubation may improve specific binding.

INCUBATION TEMPERATURE

It is best to incubate under cold temperature's. When analysts incubate in blocking buffer overnight, they should incubate
at 4° to prevent contamination from bacterial growth, and should gently agitate the antibody solution to enable adequate
homogeneous covering of the membrane. '

SECONDARY ANTIBODY AND INCUBATION BUFFER

Handle the secondary antibody and incubation buffer asfollows. Wash the membrane several times in TBS-Twhile agitating
to remove residual primary antibody. Dilute the secondary antibody with TBS-Tat the suggested dilution. Too much secondary
antibody can result in nonspecific bands. Incubate the blot at room temperature for 1-2 h with gentle agitation. Table 7 shows
multiple options for secondary detection reagents and methods. More details are available in the ImmunoblotData Analysis
section below.

Slot/Dot Blot

The procedure is similar to the procedure for 10 immunoblotting, but differs because protein samples are not separated
electrophoretically but are spotted directly onto the membrane either manually or by use of a blotting unit (dot or slot blot
format).

PROCEDURE USING MANUAL SPOTIING

Handle manual spotting as follows. Placea dry filter paper on a stack of dry paper towels. Placefilter paper that is pre-wet
with transfer buffer on top of the dry filter paper. Placea pre-wet membrane on top of the pre-wet filter paper. Samples are
spotted onto the pre-wet membrane and are allowed to absorb into the membrane. After the sample is absorbed, place the
membrane on a clean, dry filter paper to dry.

PROCEDURE USING A VACUUM-BLOTIING UNIT

Analysts typically use a vacuum-blotting unit as follows. Prepare a membrane, and place it in the blotting unit according to
the manufacturer's instructions. Apply vacuum to the blotting unit to remove excess buffer. To improve solubility, dissolve the
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sample in a buffer, and if it is not clear, remove precipitates by centrifugation. Ifthe sample istoo viscous to pipet, then dilute
it further with buffer.With the vacuum off, carefully pipet samples into the wells, and apply vacuum to the blotting unit. After
all the samples have filtered through the membrane, turn offthe vacuum, add bufferto each well to wash down the sides, and
apply vacuum again. Remove the membrane, and proceed with immunoblotting.

20 Immunoblotting

SAMPLE PREPARATION

The compounds used to solubilize proteins must not increase the ionic strength of the solution. Forexample, a common
sample solubilization solution is the following: 8 M urea, 50 mM dithiothreitol (OTT)or 2 mM tributyl phosphine (TBP), 4%
3-[(3-cholamidopropyl)dimethylammonio]-1-propanesulfonate (CHAPS), 0.2% carrier ampholytes, and 0.0002%
bromophenol blue. The addition of carrierampholytes enhances the solubility of proteins as they approach their isoelectric
points. The use of ampholytes produces an approximatelyuniform conductivity across the pH gradient without affecting its
shape, meaning that the concentration of carrierampholytes should be optimized.

CHARGE SEPARATION

Several vendors produce and sell immobilized pH gradient (IPG) strips, or they can be made in-house according to (1054).
The choice of IPG strips depends on the pi of the proteins of interest. The size of the IPGshould match the sizeof the
second-dimensiongel. The amount of protein in each sample should be determined, and the amounts loaded on the IPG strips
should be in the range of 10-300 I-Ig, depending on the sizeof the IPG. The sample and standard should be loaded according
to the manufacturer's instructions or according to (1054). Analysts then proceed with the isoelectric focusing by applying the
electrical parameters described in (1054) or by the manufacturer.

MOLECULAR WEIGHT SEPARATION

After charge separation, analysts must equilibratethe strip in SDS-containing buffer before separation in the second
dimension to determine molecular weight (as described previously in the 70 Immunoblotting section).Analysts should position
the stripdirectlyon top of the gel, then securethe strip byoverlaying itwith 0.50/0-1.0% agarose prepared in SDS-PAGE running
buffer. To track the ion front in the second dimension, analystscan add bromophenol blue to the agarose.

IMMUNOBLOT DATA ANALYSIS

The presence or absence of bands usually is determined by comparison to a control (highlycharacterized antigens known
or qualified to give a precise or expected response) of a type that is similarto the antigen being processed. Although analysts
usually perform a qualitative comparison, bands or dots can be quantitated using a detection system(e.g., after incubating in a
solution containing 4-CN peroxidase substrate; also see Table 7), and are compared to the control bands run in parallel (e.q.,
in the same gel).

.Detection Options

ENHANCED CHEMILUMINESCENCE

Enhanced chemiluminescence is a popular method for detection in immunoblot analysis because it is highlysensitive
(detection to pg or lower levels), and can be used to quantitate the relativeconcentration of the protein of interest.The method
depends on incubation of the blot with a substrate that luminesceswhen exposed to the reporter on the secondary antibody.
The light isdetected using either photographic film or a charge-coupled device (CCD) camera. The image then isanalyzed by
densitometry to evaluate the relative amount of protein staining in terms of optical density. By using an appropriate set of
molecularweight standards as markers, analysts can estimate molecular weight.

FLUORESCENCE DETECTION

Directfluorescence can be used to detect proteins on blots. Directfluorescence issimple, rapid, sensitive, and has a greater
linear range than enhanced chemiluminescent detection. The advantage of direct fluorescence is the ability to detect many
differentfluorescent signals. Thisanalysis avoids the need to reprobe the blot. Compared to enhanced chemiluminescence,
fluorescence methods are easier to visualize and quantitate on CCD or laser-scanning imaging systems. Some data-acquisition
systems permit extending the time of data acquisition to optimize signal-to-noise levels. Fluorescence-labeled blots that can be
re-examined are useful for this purpose.

Enhancedchemifluorescence (ECF) isanother common fluorescence method. ECF usessecondary antibodies conjugated to
either HRP or AP. The enzyme-conjugated antibodies react with specificsubstrates that produce fluorescence after enzymatic
cleavage.Analysts visualize the resultingsignalsusing UV epi-illumination and capture digitalimages.AnECF signalhas a greater
linear range than traditional enhanced chemiluminescence. Forexample, direct fluorescence has a limitof detection in the pg
range, and also has about 2 logs of lineardynamic range.

Quantum dots also are an alternative to detect proteins in immunoblot analysis. Quantum dots are a type of probe that can
be conjugated to antibodies simultaneously or sequentiallyto detect multiply labeled antigens, without the need for blot
stripping. Similarly, near-infrared(NIR) fluorophore-Iinked antibody isa method for antibody detection whereby light produced
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from the excitation of a fluorescent dye is measured in a static state. Lightmeasured in a static state allows more preciseand
accurate detection than light measured in a dynamic state (e.g., chemiluminescence).

RADIOACTIVE DETECTION

Proteinsalso can be detected by labelingan antigen with a radioactive isotope (e.g., iodine). On the one hand, this method
has the advantage that the radioactivity in a band is easy to quantitate by means of time exposure to film and densitometry,
or by directlyexcisingthe band from the membrane and counting using a scintillation counter. On the other hand, radioactivity
also introduces the disadvantage of safety because analystsmust manage radioactivematerial, and analytical laboratories must
have a program to control and monitor waste management and individual exposure.

Immunoblot Quantitation

NONELECTROPHORETIC QUANTITATION

The quantitation of a specific protein isachieved when the blot procedure is properly optimized and generates a linear
response range over a particular time frame. Immunoblot quantitation includes several elements: adequate antigen and
antibody concentrations and purity, antibody specificity, blocking conditions, sufficient washes, and the duration and intensity
of the signals.Once the exposuresare captured on a film or electronically under optimized conditions, analystsusedensitometric
methods to quantitate results by comparing a specific protein on the blot and on the standard. Analysts can correct resultsfor
background by including a negative control.

The intensityof the bands depends on the amount of protein. Different commercialsoftware packagesare available for image
analysis of bands on a film. Alternatively, digital imaging systems containing CCD cameras usually include softwaredesigned
to perform data analysis.

ELECTROPHORETIC QUANTITATION

Proteins of various molecularweights are identified by the extrapolation of plots of relativemobilities of prestained proteins
of known molecular weight and can be compared to the positive control. Positive controls are trended to determine the limit
range of the densitometry results compared to the nominal concentration results. Independent of the detection method, the
following criteria must be met for a validWestern blot result.

• Ensure adequate development by minimizing membrane overexposure and Visualizing staining controls.
• The prestained molecularweight markers must be visible and must cover the anticipated range.
• The band(s) should have the appropriate location and intensityfor the standard, the control, and the protein of interest.
• There should be no blot or staining artifactsthat obscure the visualization and interpretation of bands.

METHOD VALIDATION

As outlined by ICH Guideline Q2(R1) Validation of Analytical Procedures: Text and Methodology (effective November2005)
and US? general chapter Validation of Compendial Procedures (1225), a qualitative assay such as the slot/dot blot requires
validation of specificity. Specificity is the ability to detect the analyte in the presence of other components. For validation, it
should be shown that the particularsteps of the slot/dot blot method can detect the antigen when present and do not report
false positive results when the antigen isabsent. In addition, demonstration of the specificity of the antigen-specific antibodies
is part of the specificity evaluation.

US? general chapter (1225) providesguidelinesfor the validation of analytical procedures, and analystsshould consider this
resource when they validate immunoblot methods. All methods require a demonstration of the specificity of the antibody to
the antigen and the lackof recognition of other proteins and reagents in the matrix. Identity tests requireonly specificity. Limit
tests require specificity and LaD. Asensitivity control incorporated into each test can show that the LOQ is met on each
determination to account for potential changes in the sensitivity of the method. Aquantitative test requires all ICH validation
parameters, including robustness testing.

Demonstration of electrophoretic immunoblot specificity should include the following: stained gels to show protein
separation, stained blots to show adequate protein transfer to the membrane, blots with control samples to show the specificity
of the conjugate to the primaryantibody, and blots that show the binding of the antibody to the appropriate antigen. Method
validationalso can identifythe need for control membranes for each assay, as well as protein sensitivity controls as measures
of system suitability.

(1105) IMMUNOLOGICAL TEST METHODS-SURFACE PLASMON
RESONANCE

Introduction
Surface plasmon resonance (SPR) optical detection isa useful method for the label-free assays(procedures) that study

biomolecular interactions. Commercially available SPR biosensors that incorporate these assays can collect real-time,
information-rich data from binding events. These data can be used widelyfrom basic research to drug discovery and
development to manufacturing and quality control (QC). SPR can characterize binding events with samples ranging from
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proteins, nucleicacids, and smallmolecules to complex mixtures, lipid vesicles, viruses, bacteria, and eukaryotic cells. Typical
quality and safety attributes addressed with SPR analysis include:

• Interaction specificity
• Interaction affinity
• Kinetic binding parameters
• Thermodynamic parameters
• Biologically active concentration of an analyte

Thischapter providesan overviewof the physics underlying SPR and common instrument configurations, as well as the range
of molecules that can be studied and general considerationsfor experimental design as determined by the assayobjective.

Overview
History

The physical principles of SPR were firstexplained in the early1900s, starting with a description of the uneven distribution
of light in a diffraction grating spectrum caused by the excitation of surface plasmon waves. Alandmarkseries of
experiments showed the optical excitationof surfaceplasmonsunder conditions of total internalreflection and fostered
detailed studies of the application of SPR for chemical and biological sensing. Sincethen, SPR's potential for
characterizing thin films and monitoring interactions at metal interfaces has been recognized, and significant research
and development have yielded instruments that can quantitativelyevaluate the binding interactionsof small and large
molecules.

Physics
SPR isan optical phenomenon that occurs when a thin conducting film is placed between two media that have different

refractive indices. In many commercially available instruments, the two media are glassand the sample solution, and
the conducting film is preferentially a gold layerapplied to the glass, although other conducting metals such as silver
have been used. The glass-metal component comprises a solidsupport that is often referred to as a sensor.

Lightapplied to the glass under conditions of total internal reflection produces an electromagnetic component that is
called an evanescent wave.The evanescent wave penetrates the medium of lower refractive index (typically the sample
solution) without losing net energy. The amplitude of the evanescent wave decays exponentially with distance from
the surface, roughly one-half of the wavelength of the incident light (e.g., for a light source of 760 nm the evanescent
wave penetrates approximately 300 nm).

Fora specific combination of wavelength and angle of incident light, electron charge densitywaves calledplasmons are
excited in the gold film. As energy isabsorbed viathe evanescent wave, a decrease in the intensityof the reflected light
at a specificangle (the SPR angle) is observed. Analysts can conduct an SPR experiment by fixing the wavelength and
varying the angle of incident light.

An increase in massat the sensor surfacecaused by a binding interaction between two or more molecules causes a change
in the local refractive index (RI) that gives riseto an SPR response, which is observed as a shift in the SPR angle. By
monitoring the shift in the SPR angle as a function of time, an analyst can generate a sensorgram (Figure 7). The change
in RI isverysimilarfor different proteins, so the SPR measurement depends primarily on the masschange at the sensor
surface and is relatively independent of the nature of the molecules being measured.

(1)
VIc::
o
0.1----.....
QJ Baseline

c:::

Regeneration
Time

Figure 1. Representative sensorgram.

Instruments
The main components of commercially available SPR instruments are (1) a light source, typically a high-efficiency

light-emitting diode, (2) an optical detector such as a diode-arrayor charge-coupled devicecamera, (3) a solidsupport
containing the conducting film and some means for attaching molecules, (4) a sample delivery system, frequently a
microfluidic device capable of delivering samples usingsingle serial or parallel injections viasingleor multiple needles,
and (5) a computer with appropriate software for instrument control, data collection, and analysis.

Prism-based and diffraction-grating instrument systemsare commercially available. Most prism-based systemsfollowthe
Kretschmannconfiguration (Figure 2). The light isfocused onto the sensor surface(awayfrom the samples)via a prism
with a refractive index matching that of the surface. In this configuration the incident light does not penetrate the
sample solution, which permits SPR measurements for heterogeneous, turbid, or opaque samples. In systems that
utilize a diffraction grating (Figure 3) the analyte solution is placed over a plasticsurfaceon which a metal has been
deposited. The plastic acts as an attenuated total internal reflection prism in which light reflected from the grating is
reflected many times back to the grating surface. Inthis configuration light passes through the analytesample solution,
and thus turbid or opaque samples are not suitablefor measurement. The diffraction grating does permit sampling of a
larger surface area and is applicablefor SPR measurements of arrays.
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Figure 2. Kretschmann SPR configuration.
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Figure 3. Diffraction grating SPR configuration.

The instruments are compatiblewith a wide range of biological samplesand buffers as well as some organic solvents.
Biomolecular Interactions That Can Be Studied ByAssays Using SPR

Adiverse range of biological entitiescan be studied using SPR, including small molecules «100 Da), proteins, nucleic
acids, lipids, bacteria, viruses, and whole cells. Most published SPR research involves protein-protein interactions, of
which antibody-antigen interactions represent a dominant subset. Improvements in instrument sensitivity and
experimental protocolshave helped analysts make studies of small molecules, lipids, and nucleic acids. Protein
interactionswith largerentitiessuch as whole cells and some bacteria and viruses are limited by the exponentialdecay
of the evanescent waveas described above. In practice these large molecules can be studied effectively, but the
information obtained may be limited to qualitative or semiquantitative (e.g., relative ranking) data.

AssayTypes
Several types of SPR assays are useful, including binding specificity, concentration analysis, kinetics and affinity analysis,

and thermodynamics. Each assay type generates unique information that is helpful for profiling biomolecules.
SPR isalsosuitable for use in qualitative studies to confirm the specificity of interactions. Analysts can monitor a number

of sequential binding events because each individual event yields a mass increase on the sensor chip surface, and all
stages in the binding process are monitored. Examples includeepitope mapping, antibody isotyping, and
immunogenicity measurements.

Most chemicaland spectroscopic methods used to quantify proteins (1) measure total protein content, (2) do not
distinguish activefrom inactive molecules, and (3) cannot be used in conjunction with unpurified samples. Because
SPR isa noninvasive method (no light penetrates the sample), it can measuresmall amounts of analyte molecules from
complex matricessuchasfood products, serum or plasma, and cell extracts.Director indirect(inhibition or competitive)
formats for measuringconcentration are possible. SPR biosensors are uniquely suited for measurement of kinetic
association and dissociation rate constants from real-time measurement of binding interactions. Affinity can be derived
either from interactions that have reached equilibrium or from theratio of the dissociation and association rate
constants. The typical working range for affinity measurements is pM to high IJM concentrations.Association rate
constants that can be measured typically range from 103 to 107 M-1 S-1 and dissociation rate constants from 10-5 to
0.5 s '. By studying temperature dependence of rate and affinity constants, analysts can determine thermodynamic
parameters for a binding interaction. Not only can the equilibrium values for changes in enthalpy (AH) and entropy
(AS) associated with complexformation be determined, but transition state energetics can also be evaluated.
Subsequent sectionsof this chapter address the specific detailsfor these different assay types.

The SPR Assay
The typical SPR assayinvolves five steps:

1. Sampleand buffer preparation
2. Surface preparation
3. Analyte binding
4. Surface regeneration
5. Data analysis and interpretation

Careful attention to experimental design leads to high-quality data and results. In SPR experiments, mass transport is
essential for binding interactions to take place in instruments that use thin-layer flow-cell systems. Analyte molecules
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are transferred from the bulk solution to the binding surface via masstransport. When a limitation for binding occurs
as a result of fast binding kinetics combined with high surface density, the binding interaction is considered
mass-transport limited. In this case, the binding kinetics and complex formation are influenced by the availability of
analyte molecules. The advantages and disadvantages of mass-transport-Iimited bindingare discussed later in the
application examples.

Sample and Buffer Preparation
Both purified and crude samples can be analyzed in a variety of matrices including serum, plasma, cell supernatants,

and Iysates.Crude samples containing particulates (e.g., cell debris or precipitates) may require clarification in order
to help minimize unwanted binding. A short spin (30-60 s) in a benchtop centrifuge or filtration (0.22-1.0 IJm)
using low-protein-binding filters is recommended. The concentration range for evaluation depends on the
experimental objective (yes/no binding, concentration, or kinetic/affinity analysis) aswell as the binding affinity of
the interacting molecules. In general, sample concentrations an order of magnitude below the equilibrium
dissociation constant (KD) , can be detected by SPR, but determination of an exact concentration is influenced by the
analyte size (large vs. small molecules), binding specificity, and overall biological activity of the samples.

Most biological buffers and severalorganic solvents can be used in SPR experiments. The addition of saltsand detergents
to buffer solutions frequently can stabilize biomolecules. High-quality grade (e.g., molecular biology grade or higher)
buffer components should be used. To simplify experiments, analysts should add only components that are
absolutely required for biological activity or function. Buffers should be filtered and degassed before use.

Surface Preparation
Surface preparation involves the attachment of one of the binding partners to a solid support (surface). This process is

frequently referred to as immobilization, and the resulting surface with the attached biomolecule is the sensorfor the
experiment. The choices of binding partner, solid support, and immobilization method are influenced by (1) the
nature and demands of the application or experimental objective; (2) the availability of surfaces with different
properties (e.g., charge density, hydrophobicity, or hydrophilicity); (3) the characteristics and supply of biomolecule
to be used for immobilization; and, most importantly, that (4) biological activity be maintained and binding sites
be available to interacting partners. Depending on the experimental objective, homogeneous or orientation-specific
attachment of biomolecules also may be desired. Thetwo main categories of immobilization methods are (1) direct
immobilization, in which the molecule is covalently attached to the surface, and (2) indirect or capture
immobilization, which takes advantage of tags or native groups on the protein or biomolecules (Table 7).

Table 1. Surface Preparation Techniques
Chemistry Immobilization Method Biomolecules Comments

Amine Direct Proteins, peptides Amino terminus, Lys residues

Thiol-native Direct Proteins, peptides NativeCysresidue

Thiol-added Direct Proteins, peptides Carboxyl groups derivatized

Aldehyde Direct Glycoproteins Cis-diol required

Biotinylated peptides, nucleic acids,pro-
Biotin capture Indirect teins Stable,irreversible capture

Affinity tags Indirect Proteins, peptides His, GlutathioneS-transferase (GST), etc.

ProteinA,ProteinG Indirect Antibodies, IgG-taggedmolecules IgG species-dependent

Biomolecules specific to the capturing Mono-or polyclonal antibodiesmay be suit-
ProteinA,ProteinG Indirect antibody able-testing recommended

Hydrophobic adsorption,
Indirect

Lipids, membranes, membrane-associ-
Monolayer or bilayer attachment possiblemembrane capture ated proteins

Direct Immobilization: For direct immobilization, several chemistries are available for attaching proteins or other
biomolecules to the surface. The properties of the surface determine the specific sequence of steps and length of
time required to prepare the surface. Many commercially available surfaces have a biologically compatible layer
(e.g., a hydrogel) that contains functional groups such as carboxyl that can be used for immobilization. To ensure
binding specificity, the purity of the biomolecule that is attached to the surface should be 95% or greater and the
required concentration should range from 1 to 1000 IJg/mL. Direct immobilization chemistries frequently result in
heterogeneous surfaces because of random orientation of biomolecules on the surface.
Immobilization via free primary amine groups such as lysine residues in proteins or the amino terminus of proteins

or peptides is one of the most generally applicable covalent chemistries for attaching proteins to a surface.
Carboxyl groups on the surface are converted to reactive esters using a mixture of l-ethyl­
3-(3-dimethylaminopropyl) carbodiimide (EDe) and N-hydroxysuccinimide (NHS) or sulfo-NHS (sNHS). The
protein or biomolecule is applied in high concentrations (mg/mL) to maximize the efficiency of amine coupling.
Finally, free esters are blocked with ethanolamine. The contact time with the surface, the protein concentration,
or the EDC/NHS concentration can be varied to adjust the immobilization level.

When amine coupling interferes with the binding site, the biomolecule can be attached using alternative coupling
chemistries or a high-affinity capture approach. For example, for biomolecules with free thiol groups (typically
cysteine residues), a disulfide group is introduced by treating the surface with NHS and EDCto attach
2-(2-pyridinyldithio)ethaneamine (PDEA). Adding the biomolecule to the surface results in thiol-disulfide
exchange, and excess PDEA groups are inactivated with cysteine-HCI. If the biomolecule lacksa free thiol group, a
reactive disulfide (PDEA)can be linked to carboxyl groups. Subsequently the pyridyldisulfide groups can be
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attached to thiol groups on the surface that have been derivatized via injection of NHS and EDC, followed by
cystamine, then reduction with dithioerythritol (DTE) or dithiothreitol (DTT). Attachment of maleimide groups to
the surface makes possible an alternative form of immobilization via thiol groups in which a stable thioether bond
is formed. Surfaces prepared using this method have the capacity to withstand basic pH (> 9.5) and reducing
agents such as ~-mercaptoethanol and dithiothreitol. Several heterobifunctional reagents are available
commercially for introduction of reactive maleimido groups to the surface, including sulfo-MBS
(m-maleimidobenzoyl-N-hydroxysulfosuccinimide ester), sulfo-SMCC (sulfosuccinimidyl-4-(N-maleimidomethyl)
cyclohexane-1-carboxylate), GMBS [N-(y-maleimidobutyrloxy)sulfosuccinimide ester], EMCH
[N-(e-maleimidocaproic acid)-hydrazide] or BMPH [N-W-maleimidopropionic acid)-hydrazide]. For biomolecules
containing either native aldhehyde groups or cis-diols, which may be converted into aldehydes by mild oxidation,
surface attachment via a hydrazone bond isan option. Hydrazide groups on the sensorsurface react with aldehyde
groups on the biomolecule to form a stable bond. Immobilization via aldehyde groups is most useful for
glycoconjugates, glycoproteins, and polysaccharides.

Indirect (High-affinity Capture) Immobilization: Indirect or high-affinity capture immobilization approaches usetags
commonly used for protein purification. This technique exploits the high-affinity capture of the biomolecule by a
capturing molecule that has been immobilized covalently using one of the techniques described above. The
requirement for biomolecular purity is less stringent for indirect versus direct immobilization because the capturing
step for the biomolecule can also provide purification. Indirect immobilization frequently yields a homogenous
surface because all biomolecules are oriented similarly via the tag. The affinity between the biomolecule and its
capturing agent should be sufficiently high to ensure little or no dissociation from the surface for the duration of an
analysis cycle. Monoclonal antibodies are frequently used as capture molecules. For example anti-GST antibodies
can be attached to the sensor chip surface via amine chemistry in order to capture GST-tagged molecules. Protein
A, Protein G, and anti-lgG antibodies are useful capturing molecules for use with antibodies.
The high-affinity interaction between streptavidin or related molecules and biotin (KD ::::: 10-15 M) makes it a useful

system for the capture of biotinylated molecules (e.g., proteins, peptides, nucleic acids, membranes, and
liposomes). Frequently, the biotin-binding protein isattached to the surface using primary amine groups. Because
of the high affinity of the interaction, biotinylated molecules are considered permanently immobilized, and in
contrast to most other capture approaches biotinylated molecules cannot be removed without damaging the
surface. Histidine (His)-tagged recombinant proteins can be captured via nickel-NTA chemistry or covalently
immobilized anti-His antibodies.

Lipids and membrane-associated proteins can be captured to the surface aseither a lipid monolayer or bilayer. Lipids
from micelles or Iiposomes adsorb to a hydrophobic surface, creating a lipid monolayer with the hydrophobic
lipid tails oriented toward the solid support and the hydrophilic heads towards the aqueous sample. This approach
provides a stable environment for proteins associated with a membrane surface or partially inserted into the
membrane, but it is not ideal for transmembrane proteins because the resulting surface presents only half the
membrane structure for binding interactions. Intact membrane structures (lipid bilayers) with associated or
incorporated proteins can be captured by preparing Iiposomes with a specific antigenic component or with
biotinylated lipids, allowing capture of the Iiposomes with immobilized antibody or streptavidin, respectively.

Additional Considerations: Once the biomolecule has been attached to the sensor using either a direct or indirect
immobilization approach, analysts should assess the baseline stability of the newly created surface. If the baseline is
decreasing (downward drift), the most likely cause is the presence of unattached biomolecules, possibly becauseof
self-association or aggregation. If the baseline is increasing (upward drift) refolding or re-orientation may be causing
the change. In either case, the newly created surface should be conditioned before use by one or more of the
following: (1) multiple injections of biologically compatible buffer; (2) washing the surface with buffer at a fast flow
rate; (3) multiple injections of either high ionic strength (e.g., 1 M NaCI) or detergent (e.g., 20 mM CHAPS or 0.05%
Polysorbate 20 (P20» solutions; or (4) repeated analyte binding and regeneration injections. NOTE:
recommendations (3) and (4) should be used only if the activity of the biomolecule in the presence of these reagents
has been evaluated previously.
Large baseline drifts caused by low-affinity capture may be overcome by using EDC/NHS asa cross-linking step, but

this may compromise biomolecule activity if active sites of the biomolecule are involved in the cross-linkages.The
effect of cross-linking on biomolecule activity must be tested empirically for each biomolecule-analyte system. In
general, cross-linking should be as brief aspossible: 15 s is often sufficient to achieve acceptable baseline stability
without compromising biomolecule activity.

How Much to Immobilize: The amount of biomolecule to immobilize depends on the experimental objective.
Equations 1 and 2 are useful for calculating the appropriate surface density:

Rmax = (MWiMWL) x RL X s; [Equation 1]

RL = Rmax x (1/Sm) x (MWdMWA) [Equation 2]

Rmax =theoretical maximum binding response (assuming a surface that is 100% active and 100% bound with analyte)
RL = response of the immobilized molecule
MWA = molecular weight of the analyte
MWL =molecularweight of the immobilized molecule
Sm = molar binding stoichiometry

For kinetic experiments, a low density of immobilized molecule is preferred in order to avoid steric hindrance,
aggregation, and/or mass-transport-limited binding. Low density is defined as RL that limits Rmax to 5-50 response
units. For other applications, e.g., concentration analysis where mass-transport-Iimited binding is desired, Rmax
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can be 100-200 times higher than for kinetic experiments provided that steric hindrance or aggregation are not
induced. Specific recommendations for immobilization density are included in the application examples for this
chapter.

Analyte Binding
Samplesthat will be evaluated for binding using SPR do not require the same purityas biomolecules intended for direct

immobilization onto the surface. Because the light source does not penetrate the sample, turbid or opaque samples
can be analyzed by SPR. Whenever practical, samplesshould be clarified according to the recommendations given
under Sample and Buffer Preparation, and bufferadditivesshould be minimized, includingonly the amount required
for biological activity.

Differences between the refractive index of the bulkand sample buffersgive rise to a response. The use of control
surfacesand samples aids in demonstrating binding specificity for the molecules in SPR. Fordirect immobilization
methods, suitable control surfacescan be (1) the sensor surfacewithout any modification or biomoleculeattached,
(2) a surface that has been chemically treated in the same manner as the surface containing the biomolecule, or (3)
a related but known nonbinding biomolecule. Forsurfaces prepared using indirect (capture) immobilization the

capturing moleculein the absence ofthe tagged binding partner should be used as the control surface.Thedifference
in response between the control and activesurfaces givesan initial indication of the binding specificity.
Concentration-dependent responses and inhibition of binding by incubating the sample with the biomoleculeon
the surface can further establish the binding specificity.

Ifnonspecific or unwanted binding isobserved, analystsshould determine the source. Frequently changes in pH or
ionic strength of the buffers used in the experiment will reduce or eliminate the unwanted binding. Additional
suggestions for reducing nonspecific binding are summarized in Table 2.

Table 2. Suggested Actions for Reducing Nonspecific Binding
Category Action

Experimental Design 1. Optimizerunning buffers:
A. increase salt (150 to 500 mM)
B. add deterqent (0.001% to 0.05%)
C. match composition of sampleand running buffers

2. Change ligandimmobilization method
3. Evaluate ligandquality
4. Increase or decreasetemperature in detection chamber

Choiceof Surface 1. Change propertiesof sensorsurface:
A. reduce electrostatic interactions
B. evaluatehydrophobicvs, hydrophilic characterof surface
C. consideralternative ligand to use for control surface

2. Pre-immobilize amino-PEG
3. Change blocking molecule (e.g., ethylenediamine)

Additions to Sample 1. Addnonspecific binding reducer to sample:
A. increase ionicstrength of running and sample buffers (e.g. 150 to 500 mM NaCl)
B.' add detergent to running and sample buffers (e.g. 0.001% to 0.05% surfactant P20)
C. add solublecarboxymethyl dextran (1-10 mg/mL,for dextran-basedsurfacesonly)

2. Simplify sample buffer-include onlycomponents requiredfor biological activity
3. Evaluate analytequality

Equations 1 and 2 are also useful for assessing surface activity. The higher the binding response, the more active the
surface is unless the observed binding response exceeds the calculated Rmax value. In this case, the molar binding
stoichiometry is incorrect, the analyte moleculeisaggregated, or the analyte isbinding nonspecifically to the surface.
Binding responses that are low « 10% of Rmax) suggest that the analyte concentration selected for the experiment'
is too low or that the surface activity of the immobilized molecule is low. In the former case, increasing the analyte
concentration should increase the binding response, and in the latter situation using a different immobilization
method may be helpful.

Surface Regeneration
Surface regeneration refersto the processof removing bound analyte from the surface in order to reuse the surfacefor

subsequent binding interactions. Insome instances,complex dissociation isfast and bound analyte issimplywashed
away with buffer, so regeneration is not needed. Alternatively, the instrument configuration may allow multiple
samples to be injected either sequentiallyor in parallel across several immobilized surfacessimultaneously, thereby
limitingthe need for regeneration. Inadequate surface regeneration may affect the reproducibility of an assayand
negativelyaffect the overall qualityof the resultingdata.To identifythe correct conditions, analystsshould consider
the nature of the specific interaction and the experimental objective. Forexample, a slight baseline drift will not
affect the results when a simpleyes/no answer is sought, but in concentration determination or kinetic studies,
optimization of the regeneration step iscritical.

Most biochemical interactions involve non-covalent bonds such as hydrogen, electrostatic, van der Waals, and
hydrophobic bonds. Because the combination of physical forces responsiblefor binding and the regeneration
conditions critical for not causing irreversible conformational changes are unknown for most interactions, the final
conditions must be evaluated empirically. '

The ideal condition for regeneration dissociates all the bound materialwithout affecting the biological properties of
the immobilized biomolecule. An incomplete regeneration or too stringent conditions may result in decreased
analyte binding capacity in subsequent cycles because of either blockingof binding sites by nondissociated analyte
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or partial denaturation of the biomolecule. Regeneration buffers and solutions can be divided into different classes
by the effect they have on the interaction. Any combination of buffers can be used.

The major classes of regeneration buffers are: acidic, basic, ionic/chaotropic, detergent, hydrophobic/nonpolar, and
chelating (see Table 3 for examples of each class). Analysts should start with mild conditions, moving progressively
to more harsh conditions. In many cases, especially when one is working with antibodies, change in pH is the most
effective method of regenerating the surface. Contact time with the surface is important for efficient regeneration.
When analysts use pH change, the contact times should be short, one-half to 2 min. When analysts use high ionic
strength or chaotropes, longer contact times of 2-4 min are usually effective.

Table 3. Examples of Regeneration Solutions

lonic/ Hydrophobic/
Acid Base Chaotropic Detergent Nonpolar Chelating

250/0-100% ethylene gly- 10-20 mM EDTA
1-100 mM HCI 1-100 mM NaOH 0.5-5 M NaCi 0.02°/0-0.5% SOS col orEGTA

10-100 mM glycine, pH 10-100 mM glycine, pH 40 mM octyleneglycol 10-200 mM imida-
1.3-3.0 9.0-10.0 1-4 M MgClz + 20 mM CHAPS 5%-50% OMSO zole

10-100 mM phosphor- 1 M ethanolamine HCI, pH 40 mM octylglucoside,
ic acid 9.0 or above 1 M KSCN 40 mM octylglucoside 10/0-10%acetonitrile

100 mM sodium carbo-
0.1% TFA nate +1 M NaCl, pH 9-11 2-6 M guanidine HCI

20-1 00 mM NaOH con-
taining 0.5% surfactant

100 mM Formic acid P20 or 0.05% SOS

The purpose of optimizing the regeneration conditions is to find the mildest possible regeneration solution that
completely dissociates the complex. Analysts should maintain a constant level of activity over the binding­
regeneration cycles even if the baseline changes a little. Repeated cycles of analyte binding followed by regeneration
of the surface will provide insight into the overall performance of the surface. Ideally the surface performance should
be evaluated for the same number of cycles that will be used during the SPR experiment.

The surface must be monitored for signs of accumulation and also degradation of the immobilized ligand (Figure 4).
This can be accomplished by monitoring both the baseline at the beginning of each injection cycle and binding
signal (slope or bound response) of a quality control sample. Appropriately defined acceptance criteria for system
suitability such as baseline drift and quality control performance help to monitor the integrity of the immobilized
ligand on the surface.

A. Baseline Level B. Response Level

......-- ......--
::::> ::::>
c::: c:::........ ........
(1) (1)
Vl Vl
c c
0 0
Q. Q.
Vl Vl
(1) (1)
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o 2 345 6 0 234 5 6
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Figure 4. Evaluating surface performance (A) accumulation on surface and (B) degradation of immobilized ligand.

If the binding response is slowly decreasing, there are two possible explanations:
1. If the baseline of the raw data sensorgram remains constant but the binding response still decreases, the

regeneration conditions cause an irreversible change to the biomolecule that decreases the binding capacity
of the surface, which in turn decreases the amount of analyte that can be bound on the surface. Analysts can
decrease the strength of the regeneration solution slightly or can change to another regeneration solution of
equal strength within the same class.
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2. Ifthe baseline increases, the accumulationofanalyte causes a binding-capacitydecrease on the surface,which
in turn decreases the amount of analyte that can be bound to the surface.Analysts can increasethe strength
of the regeneration solution slightly or can change to a regeneration solution of equal strength within the
same class. There may be a difference between regeneration solutions in their ability to solubilize the analyte.

Once a suitable regeneration solution has been determined, it should be tested in a seriesof analyte binding and
regeneration cycles. Because the binding activity of the surface typically decreases with time and/or use, analysts
must empirically determine the binding response threshold and consequent number of cycles for surface use.
Examples for determining binding threshold and number of cyclesare presented below (see Applications 1-3).

Insome cases the baselinewill drop or riseand/or the binding capacity will decrease somewhat in the firstfew injections
before it stabilizes. This iscaused by either the dissociation of electrostatically bound biomolecules from the surface
(depending on surface characteristics) or to binding to a high-affinity non-regenerable fraction of the surface. For
this reason, each newly immobilized surfaceshould be conditioned with repeated analyte binding and regeneration
cyclesbefore collection of quantitative data. Alternative immobilization methods, such as a differentchemistryor
indirect capture, should be evaluated when the immobilized biomolecule isdifficult to regenerate.

Data Analysis and Interpretation
Analysis and interpretation of the data are specific to the experimental objective. Several data analysis programs exist

to aid in the calculation of kinetics and affinity constants from SPR data. The validity and quality of the resultsare
linked directlyto experimental design. The fitting process is purely mathematical, without regard to the biological
significance of the values obtained.

Data AnalysisAlgorithm: Global analysis seeksa singleset of kinetic rate constants for all of the analyte concentrations
used in the experiment. Using a data-fitting algorithm such as Marquardt-Levenberg the data analysis software
begins an iterative process starting with an initial approximation to find the best set of parameters that produces
agreement between the experimental data (sensorgram) and the calculated fit to the data. The iterative process
continues until the differencebetween the experimentaland calculated (theoretical)curvesisminimized as measured
by the sum of the squared residuals.

Preparing the Data for Analysis: Before conducting kinetic analysis, analystsshould inspect the experimental data
visually for anomalies or artifactssuch as baselinedisturbances or out-of-range data (often due to air bubbles) lasting
for a predefined time period (e.g., 4-8 s). Outliers should be removed from the data set according to pre-established
criteria.Nonessential data, such as capture or regeneration injections, should be removedfrom the sensorgram, and
the data at each analyte concentration should be adjusted using the double-referencing procedure described below.
Before analysis the raw data should be processed in the following manner:

• Align the injection start to zero seconds for all concentrations and buffer injections for both the reference
and active surfaces.

• Align the baseline to zero response for allsensorgrams.
• Subtract the referencesurfacesensorgramfrom the active surfacesensorgram in order to create a corrected

data set.
• Subtract the corrected buffersensorgram from the sensorgrams at different concentrations in order to

create a double-referenced data set.
The double-referencing procedure removessystematicerrors (e.g., instrument noise)and low levels (lessthan 5%

of total binding response) of nonspecific binding. It should not be used to correct for significant nonspecific
binding events because this can lead to erroneous measurements.

When analyzing the data for kinetic information, analysts use the association(injection) and dissociation (bufferflow)
phases for all of the concentrations in the series. For steady-state affinity analysis, the response at equllibrlurn Req
(data plateau or no change in response vs. time) is measured for each sensorgram to create a binding isotherm
with Req vs concentration. This isotherm is analyzed using the equations described below.

Kinetics and Steady-state Affinity Models: The Langmuir kinetic model assumes a 1:1 interaction between the
binding partners so that

The association and dissociation rate constants are defined below:

d[:tB]=ka x [A] x [B]

_ d[AB] =k x [AB]
dt d

Combining these two equations and defining [Bfree] = [Btot - AB], the net rate expression is

d[AB]/dt = ka x [Afree] [Btot - AB] - kd x [AB]

which can be translated into terms from the SPR experiment as follows:

dR/dt = ka x ex (Rmax - R) - kd X R
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where R is the binding response at any point along the sensorgram and C isthe knownanalyteconcentration.
Using global analysis as described above, ka, kd, and Rmaxare calculatedfrom the experimental data usingthe rate
equations shown below:

Association: dR/dt = ka x C x (Rmax - R)- kd X R
Dissociation: dR/dt = -kd x R

Because the concentration of analyte iszero during dissociation, the rate equation for dissociation depends only on
the response, R, and the dissociation rate constant, kd•

Application of the equilibrium condition where the complexformation (association) equals complexdecay
(dissociation)

ka x [A] x [B] = kd x [AB]

yields the following equation for the equilibrium dissociation constant

K
o

=[A]x[B] =C(Rmax-Req)
[AB] Req

where Req is the binding response at equilibrium that is measured in the experiment for a given analyte
concentration and C, Ko, and Rmaxare calculated usingglobal analysis.

Kinetics binding modelscan be used to describe non-1:1 interactions, e.g., bivalentinteractions that occur ifan
antibody is used as the analyte, heterogeneity in binding partners, conformational change, or more complex
interactionssuch ascooperativebinding. SPR analysts are cautioned against using more complexmodelsto assess
data unlessexperimentaldesign has been confirmed.

Assessing the Fit: The qualityand validity of the fit to the kinetic data can be assessed by (1) visual inspection of the
agreement between the experimentaland calculated curves, (2) the sizeand the shape of residual plots, (3) the
biological relevance of the results, and (4) statistical parameters such as 'X} (average of squared residuals), and
standard error (SE), T-value or U (uniqueness) factor. The best parameter fit to the experimental data should be
superimposed on the curvefor each concentration in the experiment. The residual plot visualizes the difference
between the calculated and experimentaldata. The shape of the residuals should be random without trending
(waviness or curving up or down). The height of the residual plot should reflectthe instrument noise. Further, X2

should be minimized for a good fit with values that depend on the instrument noise, number of data points, and
overall binding response. The parameter values should be consideredfor biological and experimentalrelevance. For
example, isthe calculated kavalueslowwhen the interaction isknown to be fast,or isthe calculatedRmaxvaluehigher
than the value that was calculated using Equations 1 and 2. Parametersignificance isevaluated based on standard
error, T-values, and U factor. Parameters that are significant cannot be changed without affecting the qualityof the
fit. All of the criteria should be within acceptable limits. -'
Asimilar set of criteria can be used for assessing the fit to steady-state affinity data, but becausethere are fewer data

points (6-12 total, depending on the number ofconcentrations used), the statistical parametersand residual plots
are less predictive of fit quality. Visual inspection of the agreement between the experimental and calculated
binding isotherms and the parameter relevance are good tools to usefor assessing the fit.Additionally, according
to the relationship between concentration, Ko, and Rmax, when concentration equals the Ko for the interaction R
equals 50% of Rmax• Confirming that the analyzed data follow this relationship provides another wayto check the
validity of the calculated result. When it ispractical to calculatethe Ko using both kinetic and steady-stateanalysis
approaches, the KD values should agree within experimental error.

Addressing a lack of Fit: When the data do not fit or the parameter valuesdo not makesense,often the problem can
be resolved by a systematic approach that considers potentialsourcesfor deviations and tests each hypothesis. Items
to consider includereagent purity, immobilization chemistry or surfacedensity, analyte concentration errors,
nonspecific binding, loss of ligandactivity, or mass-transport-limited binding. Reviewing the raw(uncorrected)data
helps determine the source of nonspecific binding or concentration errors. Table 4 lists potential sourcesfor
deviations from 1:1 binding and recommended actions.

Table 4. Common Sources for Deviation from 1:1 Binding Kinetics
Source of Deviation Recommended Action

Nonzero baselinebefore injection · Normalize responseto zero and reanalyze

Incorrectinjection start and stop timesor poorlydefined injec- · Adjust injection start/stop
tion start/stop · Remove sensorgramartifacts(e.g., injectionor air bubble spikes)

Concentration input errors · Verify concentration valuesand reanalyze

Bulk refractive index contribution too high · Use double-referencing approach before analysis

· Set RI =0

Mass-transport-Iimited binding · Vary flowrate (slowto fast)for a singleconcentration and overlay sensorgrams(should be
identical for same association and dissociation time)

· Includemasstransport term, km, in fitting model

· Reducesurfacedensity
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Table 4. Common Sources for Deviation from 1:1 Binding Kinetics (continued)

Source of Deviation Recommended Action

Nonspecific binding · Change immobilization chemistry

· Change sensor surface properties

· Buffer additives-add or minimize

· Reagent purity-repurify samples

Lossin binding partner activity · Change immobili;zation chemistry

· Change regeneration solution

· Re-analyze data using local instead of global parameter fitting for Rmax

Multi-valent binding interaction · Immobilize multivalent binding partner

Recommendationsfor data analysis will be introduced in the subsequent sections of this chapter.
Application l-Immunogenicity Assessment: SPR has emerged as a powerful technique for assessing

immunogenicityof protein therapeutics. Anadvantage of this platformfor detecting antibodies inserum (or plasma)
samples is that it allows label-free detection based on mass accumulation in real time, which potentially allows
detection of low-affinity antibodies of all classes and subclasses. Thistechnology is useful both for screening assays
(first-tier immunoassaysthat are used to detect the presence of antibodies capable of binding to a protein
therapeutic) and also characterization assays. Characterization assays are useful for defining generated antibodies
that bind to the protein and can include analysis of antibody concentration, isotype(s) represented, relative binding
affinity, and binding specificity. A limitation is that SPR it is not appropriate for determination of the neutralizing
capabilityof antibodies, which isbest determined using cell-basedbiological assays. When designing and validating
SPR assays for immunogenicity assessment, analystsshould consider critical parameters including protein
immobilization to ensure immunological reactivity, immobilized protein stability, and surface regeneration
conditions.
Protein Immobilization: The first step in the development of immunogenicity assessment assays is to identifythe

optimum mechanism for immobilization of the target protein. When considering the target densityfor
immobilization, analysts often recommend that a high-density surface be used. The advantage of a high-density
surface is that it maximizes the opportunity that anti-therapeutic antibodies will come in contact with an
immobilized ligand. A high-density surface also providesexcellent assaysensitivity. An important aspect of these
assays isthat the chemistry chosen for immobilization should provide random orientation rather than a
site-directed orientation so that all potential epitopes on the therapeutic protein are available for binding by the
anti-therapeutic antibodies. The effectiveness of immobilization isdetermined by evaluatingthe ability of positive
control antibodies to bind to the immobilized protein. When evaluating the effectiveness of immobilization,
analystsshould test multipleantibodies with differentepitope specificities. When panels ofantibodies that covera
range of affinities and bind to different epitopes on the target protein are all capable of binding, this provides
confidence that antibodies contained in clinical specimens also will be detected. Ifany of the positive control
antibodies do not demonstrate binding, this suggests that the immobilization is not optimal and should be
modified.Although SPR isdemonstrably efficient at detecting low-affinity antibodies, analystsshould confirmthat
the immobilization protocol chosen is effective for detection of low- and high-affinity antibodies.

Protein Stability.Upon Immobilization: The positive control antibody must be able to bind to the immobilized
protein in order for an assay result to be acceptable. Thisconfirmation of binding providesconfidence that if
antibodies against a protein are present in a sample, they will bind to the immobilized protein on the surface of
the sensor. Because SPR relies on re-using the immobilized protein surface for multiple analyses, a regeneration
protocol is required to effectively remove any bound material from the immobilized protein. Thisregeneration
procedure is' based on the ability to remove bound material without damaging or removing the immobilized.
protein. Several regeneration protocols can be used, and most often the regeneration solutionisan acidicsolution,
commonly dilute HCI. The immobilized protein must remain intact and functional after repeated regeneration
steps.
Because the immobilized protein will be used routinelyfor multiple analyses involving repeated cycles of serum

samples, analystsshould verify the stability of the immobilized protein after regeneration cycles. The stability
of the immobilized protein can be monitored effectively by tracking the response units after regeneration and
also after addition of positive control antibody. Ifthere isa change in baselineor a decrease in the magnitude
of binding by the positivecontrol antibody, then the immobilized protein likely is no longer suitablefor further
analyses. The stabilityfollowing regeneration should be established during assaydevelopment and should be
confirmed during assayvalidation. Inorder to monitor the performance of the sensor during an assay, analysts
should periodically test a positive control sample during an assayrun. Ifthe performance of the positive control
samples indicates the immobilized protein has been compromised, analystsshould re-analyze test samples
obtained after the performance of the assaydropped below acceptable limits. Acceptance parameters for
immobilization may vary by compound and should be established for each assay.

Availabilityof Epitopes After Immobilization: Once the protein isimmobilized, the availability of multipleepitopes
should be confirmed. Ideally this isdone by testing for binding of positive control antibodieswith differentepitope
specificity. One method for testing epitope availability isto use a panel of monoclonal antibodies that are known
to recognize different regions of the protein. Ifthe protein has been randomly immobilized, all the different
positivecontrol antibodies should be able to bind. The reason for evaluating epitope availability is to prevent
false-negative resultswhen serum samples are evaluated. Ifthe immobilization isnot random, it would be possible
to consistentlyimmobilize the protein viaa specific epitope, thus making that epitope unavailable for binding by
an antibody. Another possibility is that chemical modification of the protein to facilitate immobilization altered
the protein's conformation.
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Surface Regeneration and Subsequent Protein Stability: Using the previous guidelines, analysts should monitor
the surface for signs of accumulation and degradation of the immobilized ligand and discontinue use when
necessary. For example, when the binding capacity of a positive control antibody (diluted in test serum) drops
below 80% of initial capacity the surface should not be used.

Assay Cut-point Determination: When performing assays to determine if a serum sample contains antibodies
against a protein, analysts sometimes observe a background level of binding. That background binding can vary
depending on the nature of the immobilized protein and also the patient population being tested. In order to
determine if a test sample contains antibodies, analysts compare binding to control samples that do not contain
antibodies against the protein. A cut-point is established, and when a sample contains antibodies the binding is
greater than that cut-point. Analysts determine the assay cut-point by analyzing a series of serum samples that
do not contain antibodies against the immobilized protein and then performing statistical analysis to determine
the level of binding consistent with a sample that does not contain antibodies. The cut-point should be established
using the same conditions that will be used for sample analysis. Although different approaches are used for
determining a cut-point, a common approach is to establish the mean from the binding of 50-1 00 serum samples
from healthy volunteers and set the cut-point at 95% (equivalent to the mean plus 1.645 times the standard
deviation for a normal distribution). Analysts should remove statistical outliers from the calculations because their
inclusion can cause a high bias and raise the cut-point. This higher cut-point will result in identification of fewer
samples with antibodies against the immobilized protein. The statistically evaluated cut-point is the response unit
value that serum samples must exceed to be considered positive for the presence of antibodies against the
therapeutic protein. An important feature of cut-point determination is that it may be different in different patient
populations. For example, patients with inflammatory disease, may show a higher level of nonspecific reactivity
compared to a normal population. This higher level of nonspecific binding would result in samples being identified
as positive when they did not contain any antibodies specific for the protein. When this situation arises, predose
serum samples can be used to establish a new patient population-specific mean and assay cut-point.

Analytical Procedure Development and Validation: Once the stability of the immobilized protein is confirmed, a
regeneration procedure has been defined, and the cut-point established, the antibody testing method can be
developed and validated. The conditions used for analyzing samples should be identical to those used to establish
the assay cut-point. An important parameter to consider is the optimal dilution of the serum sample. Increasing
the dilution factor reduces nonspecific binding by serum proteins but also reduces overall sensitivity. Most
antibody assessment procedures use between 5% and 50% serum. As the percentage of serum that is tested
decreases, the percentage of the binding signal that is due to nonspecific interaction also decreases, and
subsequently the percentage of the signal mediated by antibodies binding to the immobilized protein increases.
Besides dilution, other means to reduce nonspecific interaction include adding surfactants, increasing salt
concentration, adding BSA or HSA, or adding soluble sensor surface support material such as carboxymethyl
dextran or alginate to the dilution and running buffer. ,
Other important variables to optimize include flow rate and sample volume. The combination of flow rate and

sample volume defines the contact time, the length of time during which a given sample is in contact with the
immobilized protein. The longer a sample is in contact with the immobilized protein, the greater the chances
for antibody binding. The next important aspect to consider is verification that initial binding is a result of an
antibody and not some other serum component. This can be accomplished by adding an anti-human
immunoglobulin reagent and monitoring subsequent binding. If the initial binding observed was due to an
anti-protein antibody, this reagent will bind to that antibody (the anti-protein antibody remains bound to the
immobilized protein). When a therapeutic monoclonal antibody is the immobilized protein, the confirmatory
reagent must be screened and verified not to bind directly to the immobilized therapeutic monoclonal
antibody. One option here is the immobilization of the Fab' fragment rather than the intact therapeutic
monoclonal antibody. The confirmatory reagent must be verified for specificity. Once all of the parameters are
optimized, the assay can be validated. Validation parameters include those typically associated with
immunogenicity assays (precision, specificity, sensitivity, and robustness) as well as parameters specific to SPR
assays (protein immobilization, stability of immobilized surface, and number of regeneration cycles).

Interference by Serum Components: Depending on the immobilized protein, serum components other than
antibodies specifically directed against the immobilized protein possibly could bind to the immobilized surface.
It is also possible that serum components that block the ability of antibodies to bind to the immobilized protein
could be present. Both of these can be evaluated by testing the binding of serum samples from the target subject
population that are known not to contain antibodies against the immobilized protein and then monitoring to
determine if any binding does occur. Ifnonspecific binding is identified, steps can be taken to reduce or eliminate
it. These steps can include pretreatment of samples to remove the nonspecific reactant, addition of surfactant, or
alteration of salt concentration in sample buffers to reduce nonspecific binding.
Analysts should verify that serum samples do not contain agents that are capable of inhibiting antibody binding

to the immobilized protein (these could include soluble forms of the immobilized protein or soluble receptors
that could bind to the immobilized protein and block binding of the antibodies to the immobilized protein).
Analysts can add the positive control antibody to target serum samples and can evaluate binding. If binding is
inhibited by the target serum samples compared with binding to normal human serum samples, steps can be
taken to remove the inhibiting agent. Failure to identify target serum interference can result in either
false-positive or false-negative results.

Implementation of Multiplex Assays: When a therapeutic protein is a second-generation product that has been
modified from an original therapeutic protein (e.g., via pegylation or increased glycosylation), the presence of
antibodies against both the original and the second-generation product should be evaluated simultaneously. This
can be accomplished by immobilizing each protein on separate channels in the microfluidic device and allowing
serum samples to bind in series or in parallel to both immobilized proteins. The rationale for testing for binding
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to both the originaland the modified therapeutic protein isthat antibodies generated against the modified protein
could have binding specificity to the original protein as well. As part of the characterization of the immune
response, analysts must understand the specificity of antibodies for both first- and second-generation products.
When possible, binding to an endogenous counterpart might also be tested by immobilizing the endogenous
protein on a separate flow cell or channel.

Characterization of Anti-Therapeutic Protein Antibodies: Once antibodies against a therapeutic protein have
been captured by binding to the immobilized therapeutic protein, those antibodies can be characterized.The
important features of anti-therapeutic antibodies that can be studied include the relative binding affinity, the
amount ofantibodies present in the serum sample, the isotype(s) of antibodies present in the sample, and binding
specificity.
By monitoring the rate at whichthe response units decrease after the conclusion ofsample addition to the sensor,

analysts can determine the relative affinity of the antibodies. Ahigh rate of dissociation is characteristic of a
low-affinity antibody, and a slowrate ofdissociation suggests the presence of high-affinity antibodies. It isuseful
to compare the dissociation rates with both the positive control antibody (typically a high-affinity antibody
preparation) as well as a panel of monoclonal antibodies of known binding affinities.

The relative active concentration of antibodies present in a sample can be estimated by comparing the binding
signal with the signal produced from a dilution seriesof the positive control. Analysts can generate a standard
curve from the standard and can compare the active concentration of antibodies in the sample with that
standard curve. Because the positive control does not exactlymimicthe mixture of antibodies contained in the
sample-in fact, the positive control isoften obtained from hyperimmunized animals such as rabbits-the
concentration valueobtained is relative to the standard. Thisvalueonly approximates the actual concentration
of human antibodies. Because the same positive control can be used throughout clinical development, analysts
can compare the amount of antibodies obtained from differentsubjects using this strategy. Because the
instrument's signal isproportional to the massthat isbinding to the sensor, this type of analysis providesvalue.
Analysts should consider that IgM antibodies havefivetimes the mass of IgG antibodies. Another approach for
determining the concentration of antibodies isdescribed in the concentration analysis section of this chapter
(see Application 2 below). '

The isotype of captured antibodies can be readily determined by monitoring binding associated with sequential
addition of isotyping reagents. Forexample, if IgM antibodies are present and have bound to the immobilized
protein, the addition of an anti-human IgM reagent will produce an additional signal. Isotyping reagents can
be found with specificity towards IgM, IgG, IgE, IgA, IgGl, IgG2, IgG3, and IgG4. Because of steric hindrance,
analysts may be required to repeat isotyping analyses in differentsequences to be certain the presence of
previously bound isotyping reagents has not hindered subsequent analyses. Forexample, assume a sample
contains both IgGl and IgG4 antibodies against a protein and both species have bound to the immobilized
protein. Because the anti-lgGl isotyping reagent has bound to the IgGl antibodies, the isotyping reagent
bound to them may prevent subsequent additions of an anti IgG4 reagent from binding to the IgG4, and the
presence of the IgG4 would be'undiscovered.Analysts will conclude that only IgGl antibodies are present, but
ifthe order of isotypingreagent addition were reversedthe IgG4 antibodies would be discovered.This example
underscores the importance of careful interpretation of isotyping results. Thisis a problem for subsequent
analysis only ifthere isobserved binding by a previouscycleof isotype reagent addition. The specificity of
isotyping reagents should be,confirmed before use. Analysts should, for example, verify that an anti-human
IgG reagent binds only to human IgG and does not cross-reactwith human IgM.

The region ofthe therapeutic protein recognized bythe antibodies can sometimes be determined byimmobilizing
versionsof the protein that have been truncated, have point mutations, or contain only a fragment of the
protein. Ifthe antibodies fail to bind to the changed versionof the protein, it suggests that the epitope toward
which the antibody is directed was influenced by the change. It should be kept in mind that point mutations
and truncations not only influencethe primarysequence of a protein, but can also influence the tertiary
structure (i.e.folding, conformation) of a protein. Also, a subjectislikely to generate a population ofantibodies
with different specificities for a varietyof epitopes. Despite this concern, the strategy justdescribed can prove
useful for identifying the region on the protein where the antibodies are binding.

Application 2-Concentration Analysis: SPR can be used to determine the concentration of biologicsindefined buffer
systems, e.g., eluates from purification columns, formulation buffers, and complex mixtures such as serum,
fermentation broths, crude cell extracts, and cell suspensions.The concentration of an analyte is measured by its
binding to the specific ligand or other moleculesthat can interact with any portion of the analyte. The analyte
concentration isdetermined on a surface where the analyte-specific ligand or an analyte-specific capture reagent is
immobilized. The binding rate or the mass of analyte bound isdetermined, and the analyte concentration is
calculated using either a standard curve obtained from a concentration series of a purified and well characterized
reference material or by a calibration-free analysis that is based on the relationship between the diffusion properties
of the analyte and the absolute analyte concentration. .
Immobilization of ligand: To determine concentration the ligand is immobilized covalentlyor non-covalently on

the surface. Analysts select an appropriate coupling mechanism and chemistry to ensure the ligand's functional
integrity. Inorder to provideconditions that favorpartialor full independence of kinetic parameters, a high surface
density of the ligand isdesired.
A high-density surface allows the analyte to bind to the ligand under conditions that limit mass transport. The

interaction between the analyte and the ligand can be described by the following two-step process:

A k
m

) Asurface + B ( :: ) AB
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where A isthe concentration ofanalyte in the sample, Asurface isthe concentration ofanalyteat the sensorsurface,
km is the mass transport coefficient, B is the immobilized ligand, AB is the analyte-Iigand complex, and ka and
kd are the rate constants for the reaction between A and B.The mass transport coefficient km depends on the
flow rate, the dimensions of the flowcell, and the diffusion coefficient of the analyte. The analyte first must be
transported from the bulkto the sensor surface to react with the immobilized ligand molecules. Ifthis mass
transport of the analyte is much faster than the association step between ligand and analyte, the overall
observed binding will be driven by the kinetic rate constants of A and B, a prerequisitefor accurately
determining the kinetic parameters. Ifthe mass transport of analyte is much slowerthan the association step,
the binding will be limited by the mass transport process, and kinetic parameters for the specific interaction
between A and B will be difficult to obtain. However, these conditions are desired for determining the active
concentration of an analyte. Ahigh density of ligand on the sensor surface and slowerflow rates favor limited
mass transport. Between these extremes, the overall binding is determined by contributions from both mass
transport and interaction kinetics. It may not be possible. to achieve limited conditions of mass transport for
concentration analysesof interactionswith relatively slow association rate constants (e.g., ka =104 M-1 S-l).

The ligand and the analyte referencematerialshould be of sufficientpuritywith special attention to the presence
of aggregated material. Aggregates of the analyte can interfere with the regeneration of the ligand surface
because they can bind with multiplebinding sites.

The reference material must be comparable (e.g., molecular weight and kinetic parameters) to the test samples.
Under certain conditions the activeconcentration in unknown samples can be determined using a
calibration-free procedure that isbased on the relationship between the diffusion properties of the analyte and
the absolute analyte concentration. These two methodologies are described separately below.

Concentration Determination with a Reference Standard Curve: In typical concentration-determination assays
the analyte concentration is calculatedfrom a standard curve that isobtained with a reference material injected
at select concentrations. Three differentapproaches can be used to measure concentration with a reference
standard calibration curve:
Direct Binding Assay: Determinethe quantity of analyte bound after an arbitrarily fixed sample injectiontime. A

sandwich method can be performed as an extension of the single-step direct binding approach in order to
increase assay sensitivity.

Binding Rate Determination: Determine the initial binding rate for a sample rather than the amount bound.
Under conditions of mass-transport limited binding, the binding rate is directly proportional to analyte
concentration, and is independent of binding kinetics. Thisallowsone to measure the concentration of related
molecules that might have different binding characteristics.

Inhibition or Competition Assays: When the mechanism of action for an analyte is binding to a soluble ligand
and thereby disrupting a ligand-receptor interaction, an inhibition assaycan be used. In an inhibition assay, a
receptor is attached to the sensor surface by a covalent linkage.The interaction between the analyte and the
soluble ligand is indirectly measured by mixing a fixed concentration of ligand with varyingconcentrations of
the analyte and injecting the Iigand-analyte mixture across the immobilized receptor surface. Competitive
methods in solution can also be used for large molecules and particles such as viruses, as well as for small
analytes that give low direct responses. In parallel systems the assaycan be designed so that the standard
samples and the unknown sample are injected in parallel. Thismethod can be useful for ligandsthat are difficult
to regenerate. .

Analysts can plot the signal (amount bound or rate of binding) of the reference material standards against
concentrations and then can generate a standard curve using an appropriate mathematical model such as a
linear or a logisticfour-parameter curve fit. Samples can be injected at one or more dilutions. Fewer dilutions
can be employed ifa linear relationship between sample and reference standard has been demonstrated.
Concentrations of unknown samplesare either obtained by back-calculation from the standard curveor, ifthey
are analyzed at the same target concentrations as those of the reference standard curve, by comparison of
curve-fit parameters.

Parameters that can influenceassay performance and results include but are not limitedto flow rate, liganddensity
on the surface, sample purity, sample matrix, and reproducibilityof surface regeneration. These parameters
must be evaluated during assayqualification or validation. Interferencewith binding of analyte to the
immobilized ligand can be minimized by salts, detergents, or sensor-surface support material. Acommonly
used sensor surface consistsof carboxymethylated dextran, so the addition of dextran to the sample dilution
buffer can minimize nonspecific interactions. Injections over a negative control surfacecan also be used to
mathematically subtract the nonspecific binding data from the data obtained on the positive surface.Aqualified
or validated concentration determination SPR assay should include QC samples that can serve as measure to
determine the accuracyof the standard curve that has been prepared to analyzesampleswith unknown analyte
concentration. They can be conveniently prepared in larger batches, qualified for use with a Certificate of
Analysis for the target concentration, and stored in small aliquots under appropriate storage conditions.

After each analyte injectionthe ligandsurface is regenerated and allbound analyte is removed. Thisregeneration
must be strong enough to removeallbound analyte, but the conditions alsomust leavethe immobilized ligand
intact so that injectionscan be compared to each other.

Concentration Determination Without Calibration: Calibration-free concentration assays are based on the
relationship between the diffusion properties of the analyte and the absolute analyte concentration. By measuring
the initial binding rate analysts can derive the analyte concentration ifspecific properties of analyte and the
analytical environment are known. This approach can be useful when no satisfactory reference standard is
available.
To determine the analyte concentration in a sample, analysts use the relationship between initial binding rate and

analyte concentration. On a sensor surface with a high immobilization level, the initial binding rate (slope) can
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be described as a function of the molecularweight, the mass transport coefficient km, and the concentration
of the analyte. Before a sample is analyzed analystsmust determine the mass transport coefficient. It depends
on the diffusion coefficient (D), flow rate, and flowcell dimensions and isdescribed by the following formula:

where 0 isthe diffusion coefficient, {isthe flowrate, and h, W, and I are the flowcellheight, width, and length,
respectively. Flow rate and flow celldimensions typically are knownfor a given instrument, and the diffusion
coefficientisdetermined by the sizeand shape ofthe moleculeby the use of instrument-specific tools, literature
references, or experiments, e.g., by analytical ultracentrifugation or light scattering.

In a typical experimental setup the evaluation requires two flow rates. By using measurements at two widely
separated flow rates, analysts can assessthe influenceof flow rate on binding rate. The robustness of the assay
is also improved by fitting the data obtained at two differentflow rates, which give correspondinglytwo
different valuesfor km (because km depends on the flow rate), to a model with a global variablefor analyte
concentration (so that the model isconstrained to find a single concentration value that best fits both curves
simultaneously).

Calibration-free concentration analysis is suitable only for proteins with MW ~ 5000 Da. It requiresfast analyte­
ligand association (ka > 5 x 104 M-1s-1) and it cannot handle mixtures of analytes with different diffusion
properties. The dynamic range of the method isapproximately 0.05-5 lJg/mL.

Application 3-Kinetic and AffinityAnalysis: Because of its ability to detect binding interactions in real time, SPR
provides valuable informationabout the kinetics of complex formation and dissociation. SPR instruments can be
used to determine the association rate constant and dissociation rate constant for a particularbinding interaction,
and these valuescan be used subsequently to calculate the dissociation equilibrium constant (Ko = kika) . Obtaining
Ko from a ratio of ka and kd is useful when the binding, interaction does not reach equilibrium in a timeframe that is
suitable for an SPR binding experiment. Forbinding interactions that reach equilibrium (rate of complex formation
equals therate ofcomplex decay) in min (vs.h), Ko can be determined directlyfrom a steady-state binding response.
The length of time required to reach equilibrium is influenced by the dissociation rate, so quickly dissociating
complexes (e.g. kd = 10-2 S-l) will reach equilibrium faster than those that dissociateslowly (e.g., kd = 10-5 S-l).

Software programs capable of simulating 1:1 binding kinetics are useful for predicting the length of time required
to reach equilibrium. The typicalworking range for affinity measurements with commercially available SPR
instruments isfrom 10-12M (pM) to 10-4 M (lJM).
Proper experimental design is required to accurately measure ka, kd, and Ko. Several questions must be considered

when designing kinetic analysis or steady-state affinity experiments, including:
• Which binding partner should be immobilized?
• Howwill the analyst immobilize one of the binding partners?
• What type of reference surfaceshould be used?
• How much binding partner should be immobilized?
• Does the binding partner maintain activity after immobilization?
• Is binding to the immobilized binding partner specific?
• What regeneration conditions, if'necessary, should be used?

When selecting which binding partner to immobilize for most protein-protein interactions, analysts must consider
severalfactors: (1) the purity and availability of the proteins, (2) the presence of a tag or functional group to aid
in immobilization, (3) maintaining biological activity, and (4) the binding valency(e.g., monovalent vs.
multivalent binding).

A reference surface is required for all detailed kinetic and affinity analysis experiments. Ifdirect immobilization is
used, then a referencesurfaceiscreated using the same immobilization protocol, omitting the protein during the
coupling step. Alternatively, a mutant form of the protein with a modified binding site can be used. The reference
surface for high-affinity capture typically consistsof either the capture molecule and no binding partner, or uses
an unrelated moleculefor a mock capture surface. Forthe specific case of antibody-antigen interactions, an
unrelated monoclonal antibody often serves as the capture reagent on the reference surface.

Afterdeciding on the immobilization approach, analystsmust decide how much binding partner to immobilize. For
kineticanalysis, the primaryconsideration is to minimize the surface density to avoid mass-transport-limited
binding of the analyte moleculeto the immobilized binding partner. Analysts also must consider the
immobilization level when conducting steady-state affinity analysis because high immobilization levels can cause
steric hindrance or can induce secondary effectssuch as nonspecific binding or aggregation.

Before performing a kinetic experiment or steady-state affinity analysis, analysts must assessthe activityof the surface
by injecting the analyte moleculeat a single concentration. The concentration should be high enough that the
equilibrium binding response providesa close approximation of the experimental maximum response (Rmax) ' This
condition is typically met when the target molecule concentration is at least 10-fold higher than the Ko of the
binding interaction. Fora protein-protein interaction having a Ko value of 100 pM this means that the target
molecule should be injected at a concentration of at least 1 nM. Using the Rmax equation (Equations 1 and 2),
analysts can calculate the theoretical Rmax based on the amount of binding partner immobilized or captured. If
the experimental Rmax exceedsthe theoretical Rmax' then the analyte moleculeislargerthan expected or the analyte
exists in a higher-order structure than expected (e.g., following aggregation or as a multimer). Ifthe experimental
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Rmax issignificantly lower«50%) than the theoretical Rmax, this suggests that the immobilization procedure has
compromisedthe bindingsite,and an alternative immobilization procedure shouldbe investigated. Anadvantage
of using high-affinity capture insteadofdirectcouplingisthat the surfaceactivity typically remains closeto 100%,
provided that the specific activity of the immobilized binding partner is 100% beforecapture.

Injecting the target moleculeacross the reference surfacealso providesa quick assessment of the amount of
nonspecific binding that exists on the sensor surface. Nonspecific binding that iselectrostatic in nature can be
eliminated or reduced by addition of salt (e.g., 0.5-1.0 M NaCI) to the sample diluent bufferand the running
bufferor by using sensor surfaces with a lowcharge density. Nonspecific binding that arises from hydrophobic
interactionscan be minimized or eliminated bythe additionofdetergents suchas0.05% Polysorbate 20 or 10 mM
CHAPS to the sample diluent bufferand the running buffer. Before using bufferadditives, analysts should test
whether the specific binding interaction or bindingactivity isaffected. Nonspecific bindingto a capture molecule
can be resolved by switching to a different capture molecule. Reduclnq surfacedensityalso may eliminate
nonspecific binding.

Manyprotein-protein interactions dissociate slowly (kd =10-3 to 10-6 S-l), with complexhalf-lives (t1/2) of more than
2 h. A regeneration step is important for these types of binding interactions.

Insome protein-protein interactions, surface regeneration may not be possible because of a high-affinity binding
interaction between the molecules. If this situation occurs, analysts can considera titration kinetic experiment or
the use of instruments that are capable of performing parallel analyte injections. Ina kinetic titration, increasing
concentrations of target molecule are injectedconsecutively acrossthe immobilized surface, and the resulting
data are analyzed usinga titrationkinetics model.Inparallel instrumentsthe analyteconcentrationseries isinjected
in one step, thus eliminating the need for regeneration.

Surface regeneration typically isnot performedfor steady-stateaffinity experimentsbecausethe binding interactions
in this type of experiment have kd values in the range of 10-2 to 0.5 S-l, and therefore have tl12 values of <2 min.
The bound analyte dissociates from the surface as bufferflows over the surface, and regeneration isnot required.

Analysts should have an accurate analyteconcentrationfor kinetic analysis because the calculation of ka depends on
the analyte concentration. Typically an absorbance reading at a wavelength of 280 nm (A2BO) is used for this
purpose, but analysts should remember that the A28~ value reflects the total bulk protein in solution and does not
reflectthe actual concentration of protein that iscapable of binding (i.e., the active concentration).

Samplediluent injections should be included in replicate for kinetics and steady-state affinity experiments so that
nonspecific responsesdue to instrumentation or sample diluent can be removed during the data-evaluation
process.

The recommended analyte concentration range is10-fold below and above the KD for the interaction. By keeping
the surfacedensity low (Rmax = 5-50 RU) and extending the association time, analysts should be able to collect
data with enough curvature to accurately define ka and kd values. When the affinity of the interaction is high (KD

=lownMto pM),higher analyteconcentrationsmay be required to builda kinetic profile withsufficient curvature
to complete the kinetic analysis. Increasing the analyteconcentration should not be a substitute for changing
other experimentaldesign parameters (e.g., surface density and contact time). Although it isdesirableto use
analyte concentrations that approach Rmax, unusually high concentrations may induceaggregation of the analyte
in solution or nonspecific binding to the surface.

Within an analyteconcentration series, replicate samplesshould be used to assess surface activity. Additionally, each
concentration seriesshould be tested 3-5 times usingdifferentsurfacesin order to establish confidence intervals
for the resulting kinetics and affinity constants.

The amount of data that iscollectedduring the kinetic or steady-state affinity experimentaffects the accuracyof the
results. Forkinetic experiments involving binding interactionswith slow kd values, analysts should collectenough
dissociation data so that a measurable dissociation response (vs. instrument noise) is acquired. Forexample, a
binding interaction between a therapeutic monoclonal antibody and its target molecule that has a kd of 10-5 S-l

will require the collection of at least4 h of dissociation data. Ratherthan collecting this much dissociation data
for all analyte concentrations, analysts can use a long dissociation time for the highest concentration of analyte
that will be injected, and they can use a short dissociation time (2-5 min) for all other analyteconcentrations.
Withparallel-injection instrumentsone can collectthe long dissociation data for all ofthe concentrations. Fordata
evaluation analysts should collectboth long and short dissociation time data for sample diluent injections. For
steady-state affinity experiments, the analyte injection time should be long enough to allow for a steady-state
binding response to occur at all analyte concentrationsthat are tested. Dissociation data do not have to be
collectedfor a steady-state affinity experiment because dissociation data are not used in the evaluation of this
type of experiment, but the complete dissociation of analyte is required before beginning the next injection.

Use of SPR in a Regulated Environment
When SPR assays are used for lot releaseand stability testing, the assaymust existwithin a controlled setting so that decisions

can be made about the use of product within the clinic or marketplace. SPR instrumentation, including software, should be
21 CFR Part11 compliantand should be amenable to validation. These requirementsare importantbecausethey help ensure
the integrityof both data acquisition and data evaluation.

Besides using SPR instrumentation that meets regulatory requirements, analysts should establish systemsuitability criteriafor
an SPR assay. Including these criteria in an SPR assay ensuresthat the results obtained for the test sample are generated by
an assaythat is performing within its operating parameters. Adiscussion of assessing system suitability parameters is not
within the scope of this chapter; but the reader is referred to USP general chapters Design andAnalysis of Biological Assays
(111) and Analysis of Biological Assays (1 034) for more detaileddiscussions. Some examplesof systemsuitability parameters
for an SPR assaycan include:

• ligand immobilization density
• parameters from a curvefitting model (e.g. four parameter logistic curvefit)
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o ECso values for reference standard curve and positive QC curve
o Effective asymptotes (response range) for referencestandard curve and positive QC curve
o R2 valuesfor reference standard curve and positive QC curve
o parallelism between referencestandard curve and positiveQC curve

• relative bioactivity for positive QC (ECso ratio of referencestandard to positive control)
• calculated concentration for positive QC (single-pointpositiveQC measurement)
• binding response for negative QC (nonspecific analyte or diluent)

Multiple lotsof ligand, analyte, coupling reagents, and sensorsurfacesshould be used to establish assaysystemsuitability criteria
that reflectnormal assayconditions.Assay results for referencestandard and QCsamplesshould be tracked over time. Regular
trending analysesshould be done on the data to show whether the SPR assay remains in control over its required Iifecycle.
Iftrending in the data is observed, remedies can be performed proactively, preventing assayfailure.

ForSPR assays that are used in lot-release testing, it is also important to establishsample acceptance criteria.These criteria are
used to accept or reject sample data and can include:

• relative bioactivity for test sample
• coefficientof variation (CV) for sample replicates
• parallelism between reference standard curve and positive QC curve

Another point to consider for SPR assays in regulated environments is the identification of noncritical and critical reagents.
Noncritical reagents typically include coupling buffer, regeneration buffer, and continuous flow (running) buffer. Critical
reagents typically include the ligand and analyte for direct binding assays, and ligand, analyte, and competitor molecule in
inhibition binding assays. Critical reagents should be qualified/requalified on a routine basisto ensure that they are suitable
for use in the SPR assay. Bestpracticesfor the characterization of critical reagents are not within the scope of this chapter,
so the reader is referred to current regulatorydocuments for such discussion. Analysts should use current regulatory
documents such as ICH Guideline Q2(R1) Validation of Analytical Procedures and U5P-NF General ChapterValidation of
Compendial Procedures (1225) when they validate SPR assays in a regulated laboratory.

(1106) IMMUNOGENICITY ASSAYS-DESIGN AND VALIDATION OF
IMMUNOASSAYS TO DETECT ANTI-DRUG ANTIBODIES

INTRODUCTION AND SCOPE

Anti-drug antibodies (ADA) can be induced when animal or human immune systems recognize a protein drug product as
foreign. The administration of biopharmaceuticals can elicitproduct-specificADA, and various types of ADA responses can
develop in either nonclinical or clinical studies. [NOTE-A listof regulatory documents, white papers, and other relevant
references iscontained in the Appendix.] Although the main focus of this chapter isADA immunoassaydesign and validation,
the chapter also includesdiscussion of an overall risk-based immunogenicity assaytesting strategy that includes preclinical and
clinical studies.

ADA assay results are directly influenced by assaydesign, assay reagents, how the assay is run, what samples are run in the
assay (timing of sample collection, etc.), and how assaydata are analyzed. Infact, it essentially is impossibleto compare the
resultsof studies that use differentADA assays. Guidance,such as this general informationchapter, recommending best practices
and considerations for ADA assaydevelopment helps ensure that the assaysproduce results that are meaningful for patient
safety and product efficacy.

The primaryconcern with unintended or unwanted immunogenicity of biological products iswhether antibodies produced
by patients receiving the product lead to some form of clinical response (e.g., an effect on safety or efficacy). The utility and
interpretation of preclinical toxicologystudies also can be influenced by the presence of ADA.

The pharmacokinetics (PK) or the pharmacologicactivityof the drug can be altered by ADA that either enhance or reduce
the clearance of the drug, alter bioavailability, or inhibitor exacerbate the pharmacologicalaction of the drug. Ifan endogenous
counterpart of a drug exists,ADA that inhibit the activity of the product also can bind to and cross-reactwith an endogenous
protein counterpart of the product, potentiallyleading to a deficiency syndrome. Under some circumstances,ADA can form
immune complexes that can induce serum sickness-type clinical responses. Moreover, IgE isotypeADA responses can result in
anaphylaxis.

Immunogenicity assessments are playing an increasing role in biopharmaceutical development as part of Product Quality
Risk Assessments (PQRAs) and the assessment of the criticality of quality attributes (as described in ICH Q8 and Q9). They also
playa role in the demonstration of process and product comparabilityafter manufacturing processchanges. Often the
manufacturing process for a biological therapeutic will be refinedduring clinical development, and often changes occur after
the sponsor obtains marketing authorization. Such changes, however minor, potentiallycould affect the bloactlvlty, efficacy,
or safety of a biotherapeutic, and immunogenicity is a keyconsideration. Changes in the levels and types of degradation
products (oxidized, deamidated, aggregates, or others), isoforms of the protein, and process-related impurities such as host
cell protein and DNA could affect immunogenicityand warrant closer evaluation.
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FACTORS THAT AFFECT THE IMMUNOGENIC POTENTIAL OF A THERAPEUTIC PROTEIN

Many factors can influence whether administration of a biological product will induce an immune response in the recipient,
including the structure of the protein product itself, product variants, product formulations, the immune status and genetic
makeup of the patient, and the dosing route and regimen used in the clinic.

Protein Structure

The primary amino acid structure of the product and its variants can determine if there are immunogenic epitopes that the
patient's immune system recognizes asforeign, leading to an immune response. Amino acid sequencesthat are not found in
human proteins and thus could be recognized asforeign by the human immune system (e.g., those derived from a nonhuman
cell line or created by protein engineering, e.g., fusion proteins) not surprisingly can induce an immune response in humans.
In addition, chemical modification of amino acids (e.g., oxidation or deamidation) may result in a sequence that can stimulate
an immune response, although few data to date have confirmed such occurrences following administration of therapeutic
proteins. Truncation of the protein could expose amino acid motifs (neoepitopes) not normally exposed in the native protein,
stimulating an immune response.

In general, glycosylation does not appear to playa major role in the induction of immune responses to biological products,
although nonhuman (e.g., murine) or nonmammalian (e.g., products derived from plants) glycosylation can induce immune
responses. An example is a human monoclonal antibody that contained a terminal qalactose-c-l ,3-galactose becauseof
posttranslational modification by its murine production cell line. This antibody was antigenic and causedseverehypersensitivity
reactions in presensitized individuals bearing cross-reactive IgE.There was no evidence that this glycan induced primary immune
reactions in naive (Le., not presensitized) individuals. Such examples are rare. In fact, in many cases complex carbohydrates
may prevent or reduce the antigenicity of immunogenic proteins by shielding epitopes from binding antibodies.

Aggregated protein has been shown to induce immunogenicity in animal models. Proposed mechanisms of action include
either presentation of high molecular weight, repeating subunits (multimers) directly to B-cellsthereby inducing a T-cell­
independent response or by inducing a T-cell-dependent responsevia enhanced antigen presentation. Addition of polyethylene
glycol (PEG) molecules (PEGylation) to recombinant therapeutics has been attempted in order to attenuate immunogenicity
and antigenicity of recombinant proteins by limiting exposure of epitopes. Although no clear evidence establishesthat the
immunogenicity of proteins is diminished by PEGylation,some clinical data suggest that PEGylation can limit antibody binding
(l.e., antigenicity) to the protein backbone. PEG itself can be immunogenic and anti-PEG antibodies should be monitored,
especially in subjects with known PEG hypersensitivity. In fact, a background level of anti-PEGantibodies is present in the general
population, leading to the requirement to develop an anti-PEGantibody assay aswell as an ADA assay during the clinical
development of PEGylated products.

Process-Related Impurities

Process-related impurities such asendotoxins, host cell DNA, or proteins can act as adjuvants and can provoke an immune
response by evoking danger signals via activation of immune cellular receptors such as Toll-like receptors. Some postulate that
leachables from primary packaging components also can act as immune stimulators or affect the higher-order structure of the
protein product and induce an immunogenic response, although firm data are not yet available.

Immune Status of the Patient

The ability of the patient's immune system to recognize and respond to a protein product can dictate the level of immune
response. Patients who are taking immunosuppressive drugs such asglucocorticoids, cyclosporine, or methotrexate may have
a lower likelihood of immune response to a protein product despite its immunogenic potential. Conversely, autoimmune
diseases and inflammation may involve the overactivation of an immune system so that a product's level of immunogenicity
may be much greater than one would anticipate. The pharmacologic activity of the protein therapeutic itself should also be
taken into account. Some protein therapeutics directed against B-cell antigens can deplete peripheral B-cells. Conversely, other
protein therapeutics may have immune-modulatory activities, e.g., altering patterns of T-cell trafficking. These activities may
affect an individual patient's or a patient population's ability to mount an immune response to a protein product.

A patient's immune status should also be considered when the patient exhibits specific pre-existing ADA, cross-reacting ADA
(for example, in the caseof murine- or plant-derived products), or antibodies against production cell line-related impurities that
might induce a clinical response.

Genetic Background of the Patient

Molecules that recognize and present protein-derived peptides to the adaptive immune system-the human leukocyte
antigen or major histocompatability antigen molecules-show considerable genetic diversity between individuals and between
populations in different parts of the world. This diversity is one reason why different patients may have different immune
responses to the same product. Consequently, if clinical studies include only a population of limited genetic diversity, then the
immunogenicity profile of a protein therapeutic in that population may not reflect its immunogenicity profile in the larger,
more diverse population that would be exposed to product after approval.
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The way a therapeutic protein product is used can influence its potential for immunogenicity. Different routes of
administration appear to have different effectson immunogenicity, and subcutaneous injection generally is perceived to be a
more immunogenic route of exposure than is intravenous administration. The dosing regimen also can influence
immunogenicity. A protein therapeutic that typically is administered one time as a single dose (e.g., a thrombolytic protein)
islesslikely to induce an immune response than isa protein therapeutic that isused ina multidose regimen because the immune
system usually requires a prime followed by a boost to ensure a robust response. Patients may have pre-existing sensitization
even without any known exposure to a therapeutic protein product, and they may exhibit adverse clinical responseson first
exposure. However, products with long half-lives or those that are particularly immunogenic (e.g., those with multipleT-cell
epitopes) have been shown to induce ADA after a single injection.Achronic dosing regimen has a greater chance of inducing
an immune response because the immune system receives multiple exposures to the product and this can lead to a strong
memory T-cell response.

Another regimen that has caused ADA with clinical sequelae is one whereby a product isgiven for a short period of time,
stopped, and then introduced again only after a long lag period. Thishas the effect of priming the immune system, and the
reintroduction can cause immune-related events such as allergic responses. The use of chronic dosing on a regular basis,
although it repeatedly provides the drug product, appears to avoid such hyper-responsiveness by inducing some form of
tolerance.

DETERMINATION Of PRECLINICAL AND CLINICAL IMMUNOGENICITY

Preclinical: Relevance and Scope of Preclinicallmmunogenicity

The immunogenicityof many biotherapeutics isgreater in preclinical studies and has lowpredictivevaluefor humans because
an immune response to human or humanized proteins tends to be greater in animals than in humans because of the perceived
foreignness of the protein in animalsand the absence of an endogenous biological counterpart. Even though detection of ADA
in animals may not be clinically relevant, researchers must assess ADA for the interpretation of the required toxicitydata
necessaryfor regulatory submissions(see ICH S6Rl in the Appendix).

Generally ADA assessments, PK data, and pharmacodynamic (PD) data aid in the interpretation of the resultsand validity of
animal toxicology studies. In some instances preclinical immunogenicity data also can be used to compare the relative
immunogenicity of products before and after manufacturing changes, although only with the grossest of changes in relative
immunogenicity does this appear to be meaningful. Preclinical studies, particularly in higher animal species, are typically not
statistically powered to draw conclusions on relative immunogenicity but, when they can, it should be recognized that
differences in MHC restriction and natural immune tolerance of animalsversus humans may not permit translation of such
information to effects in humans. Furthermore, it should also be acknowledged that strains of preclinical species are limited in
genetic diversity compared to the human population.

ADA may alter exposure to an active drug by blocking the therapeutic agent from binding to the target or by accelerating
the clearance of the therapeutic agent from circulation,resulting in reduced exposure. ADA may increasethe halflife of biologic
drugs and with this the exposure ifthe drug-ADA complex isstill bioactive.Typically, samples should be collected for possible
ADA analysis from all preclinical safety studies in which animals are exposed to the drug for more than 7 days (see references
in the Appendix for more information). Because the keyconsideration for including immunogenicityanalysis in nonclinical
studies is to demonstrate the exposure to the drug for the duration of the study, this also can be achieved by demonstrating
drug-mediated modulation of a PD marker. Inaddition, an absence of an effect on the serum concentration or PK profile of the
drug alsocan indirectlydemonstrate the absence of detectable effectsofan ADA on drug exposure. However, insome situations
the development of an ADA may not significantly affect the clearance of the drug, but instead the ADA may affect the drug's
binding to and activityat the target (e.g., anti-idiotype antibodies). Therefore, lackof an effect on a PD marker and/or on PK
also should be considered to ensure activity is not affected by the ADA.

Formost nonclinical studies, samplesfrom variousphases of the study should be collected, banked, and analyzedwith regard
to any observed pharmacological or toxicological changes. Infact, most nonclinical toxicologystudies do not evaluate the
kinetics of ADA development, and samples for the assessment of ADA usually are taken at baseline, end of treatment, and end
of recoveryperiods.

Analyses of samples taken during the dosing phase also can be performed ifunusual PK data or toxicological findings are
observed at the end of the study. In this case it needs to be taken into consideration that analysis of samples taken during the
dosing phase may be complicated by drug interference. Therefore, it is important to take samples at appropriate time-points
(e.g., before the next dose) and to have suitable assays with high drug tolerance in place. In some instances when a soluble
target may be present in the circulation, understanding ofADA level (titersor relative massunits)can facilitate the interpretation
of toxicological findings.

A risk-based approach should be used to determine iffurther characterization (e.g., demonstrating neutralizing activity) is
necessaryfor preclinical studies. Factors such as the presence of endogenous counterparts, utility of a PD marker, or the ,PK
assay may affect this decision. Ifdata from a neutralizing antibody assay (NAb) are deemed necessary, then this assaycould be
elther a target-binding inhibition immunoassayor cell-basedassay, irrespective of the risk level. Immunogenicity evaluationand
study data interpretation typically require serial sampling and analysis of serum samples for PK, PD, and ADA. Such repeated
and frequent sampling may not be feasible when researchers conduct studies using rodents, particularly mice. In such cases,
the study can be designed to allowdiscrete analyses of toxicity, PK, PD, and ADA endpoints from similarly treated cohorts of
micewith sample collectionat similar study time points to allowinferential analysis of effectsobserved acrosstreatment groups.

www.webofpharma.com

https://nhathuocngocanh.com/



USP 43 General Information / (1106) 7791

Clinical: Relevance and Scope of Immunogenicity Assessments

Inclinical studies, ADA detection and characterization is important to understand the safetyand exposure and efficacy profile
of the therapeutic. Typically, the ADA analysis strategy inclinical studies involves a screening assayfor binding antibodies then a
confirmatoryassay, followed by further characterization in NAb. Immunogenicity data from clinical studies generallyare
analyzed in the context of their relevanceto the PI< and PD of the therapeutic and on adverse events. Forreplacement therapies
(e.g., enzyme-replacement therapies, blood clotting factors, and erythropoietin), a comprehensive monitoring program should
be designed based on ADA detection combined with multiplesafety parameters to monitor the potential for seriousadverse
events.

Researchers should consider the kinetics of the appearance of ADA during clinical studies because this can affect not only
ADA detection but also the potential clinical sequelae. Some products induce antibodies rapidly, but other biotherapeutics can
take years beforean immune response isdetected or can be correlated to any clinical sequelae. Investigators alsoshould consider
whether an antibody response istransient or persistent. Therefore, understanding the kinetics of ADA appearance is important.
Thisgoal can be achieved by carefully selecting ADA sample collection times and taking care in developing the ADA assayfor
clinical studies. Samples should be collected during each phase of the study (pretreatment, during treatment, and during any
washout phases).The sensitivity and drug tolerance of the ADA assayalso must be appropriate for the intended use of the assay.
Forexample, when products have long terminal half-lives (e.g., monoclonal antibodies) scientistsshould develop ADA assays
that are capable of detecting ADA in the presence of product levels that are expected to be present in patient test samples. In
addition, during the design of ADA sampling plans, researchersshould consider the appropriateness ofobtaining samplesaftera
washout period.

The number of patients assessed for ADA in clinical trials and the duration and timing of ADA sample collectionare critical
factors to understand the incidence and clinical impact of ADA. Other factors may confound ADA analysis, includingthe nature
of the therapeutic itself, the presence of pre-existing cross-reactive antibodies, rheumatoid factors, heterophilic antibodies,
soluble targets, or ligands. Samples should be taken to assessthe levels of these interferingfactors in serum (and other PD
markersas applicable) at the same time as ADA samples.

Besides determining the presence of binding antibodies, clinical immunogenicity assessments typically include further
characterizationof positivesamples in titer assays as well as in NAb' to determine the potential effectof ADA levels to neutralize
the drug's effector to mediate safety events. Inaddition, understanding the kinetics ofADA and NAb development by detection
of ADA in sequential samples taken throughout the study phases and elucidation of the ADA immunoglobulin c1ass(es) and
subclass(es) may aid in better understanding of patient- and treatment-related factors and the mechanisms by which the
therapeutic induces ADA development.

RISK-BASED APPROACH TO ASSESSING IMMUNOGENICITY AND ITS CONSEQUENCES

Assessing the Potential Risk of Product-Specific Immunogenicity

The concept of risk isdefined in ICH Q9 as the combination of the probabilityof occurrence of harm and the severity of that
harm. In relation to pharmaceuticals, the protection of the patient by managing the risk to safetyshould be considered of prime
importance and thus risk assessments of product-induced immune responses should focus on the potential severity of clinical
consequences from ADA responses rather than 'the probabilityof occurrence of ADA responses. Afew patients with severe or
life-threatening ADA-related side effects are of more concern than many ADA-positive patients who have no clinical
consequences. Risk mitigation should alsobefactored into the overall risk-assessment process(e.g., eliminationofclinical impact
by co-medication).

Although ADA testing strategies can be based on immunogenicity risk assessment, this may not always be feasible during
early drug development when reliable assays may not be available.

ADA-induced safety events can range from mild side effects to life-threatening conditions. The potential severityof the
consequences of an ADA response should be considered as earlyas possible. Table 1 summarizessome but not all of the risk
factors that may influence the severity of clinical consequences from an ADA response.

Table 1. Factors That May Influence the Severity of ADA-Related Clinical Sequelae

Lower Risk1 Medium Risk Higher Risk

Presenceof an identicalendogenous No endogenous counterpart (e.q., Botuli- Redundant counterpart (e.g., in- Nonredundant counterpart [e.g., er-
counterpart (includesfamilies of proteins num toxin) terferons or growth hormones) ythropoietin or megakaryocyte
that share domains) growth and development factor

(MGDF)]

Presenceof a structurally related endoge- No structurally related endogenous mole- Medium structurally related en- Highly structurallyrelated endoqe-
nous moleculeor domain cule or domain dogenous moleculeor domain nous moleculeor domain exists

exists

Patient's diseasestate Life-threatening Moderate-to-severe Mild

Potentialclinical consequences of immu- No clinically meaningful impact on safety Manageable impact to safety Extensive clinical influence on safety
nogenidty or efficacy and/or efficacy or loss(or dramatic increase)of effi-

cacy

1 Risk isa consequence of both severityand frequency.
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A number of factors may contribute to the incidence of an ADA response, and some but not all of these factors are shown
in Table 2. During an immunogenicity risk assessment the factors shown in Table 2 should be considered in conjunction with
those in Table 7.The clinical consequences of immunogenicityare unpredictable, even with the risk assessmentsoutlined above.

An immunogenicity risk assessment isof realvalue only when all the factors that influence the likelihood and severityof a
potential immune response are carefully considered. Risk assessments should be done in a cross-functional manner, including
input from clinicians, safety assessment, PK, bioanalytical scientists, as well as processscientists. Consultations with regulators
and clinical safety monitoring boards also may be helpful and should be carriedout iteratively during the product development
process as clinical data are obtained.

ADA-mediated clinical sequelae and ADA incidence rate are separate entities, but the two factors are interrelated because
the number of patients with ADA-mediated seriousadverse events may risewith a higher ADA incidence rate.

Table 2. Factors That May Influence ADA Incidence
Lower Medium Higher

Incidence Incidence Incidence

Circulating level of endogenous counterpart Abundant Scarce None

Patient'simmune status Suppressed Normal Activated

Exposure: dosing regimen or frequency Single dose Chronic(maintenance) Episodic dosing

Multiple dosing

Route of administration Intravenous or oral Subcutaneous, intramuscular, Intradermal or inhalational
mucosal (non-inhalationaI)

Lowest levels (or absence) of product or Higherlevels of product- or proc-
process-related impurities (e.g., aggre- ess-related impurities (e.g., ag-
gates or denaturation, fragmentation) gregates; denaturation,fragmen-

tation)

Molecular integrityof activesubstance
Intermediatelevels of product- or

Higherlevel of antigenicepitopes
maintained (derivedfrom murinecell lines,

ProductCharacteristics process-related impurities, and contains novelmutated sequen-
potential epitope content ces, etc.)

Noor lowcontent of potentialT-~ell eplt- Mechanism ofaction: immune ac-
opes tivation

Mechanism of action: e.g., immunosup-
pressant

Risk-Based Approach to ADA Testing Strategy

The ADA testing strategy should be based on an immunogenicity risk assessment. Appropriately designed, validated, and
executed immunogenicity assays and testing schemes provide the data that make risk assessments possibleand predict the
eventual outcome for patients. The frequency of sampling, neutralizing activity assessments, and qualitative or
quasi-quantitative measurements may alldepend on perceived risk.

In clinical studies, patient safety is of primaryconcern, and the extent of ADA characterization necessarydepends on the
potential risk of ADA-related sequelae. The type of drug should also be taken into account. For example, for a multicomponent
fusion protein that contains at least one component with a potentially high risk of adverse events, a domain-mapping method
(Le., reactivity of ADA with individual components) is recommended.

Generally, more extensive ADA testing and characterization should be applied ifthe risk of clinical adverse effects is high.
Samplesshould be analyzed and characterizedbased on the timing and incidenceofthe ADA responseas wellas the occurrence
and severityof clinical side effects. Ahigher risk of ADA incidence normallydoes not warrant extensivecharacterizationof ADA,
and usually the risk of clinical consequences drives the bioanalytical strategy. Nevertheless, some investigations may be driven
by the need to understand the cause of a high ADA incidence (e.g., the reactivity of ADA with aggregated versus
nonaggregated drug).

The following step-wise, risk-based testing strategy can be refined depending on the product's level of risk and during the
design of the clinical studies to ensure that the maximum amount of data can be gained, including correlationsto PK, PD, etc.

STEP 1

Develop ADA methods that are fitfor purpose and are consistent with current industrybest practicesand regulatoryguidance.
Incorporate baseline and postdose ADA testing into the clinical study design, together with concurrent testing for PK plus any
relevant PD, safety, or efficacy markers that will facilitate interpretation of ADA data. The analysis of resultsfrom ADA testing
should be built into study analysis plans.

STEP 2

Test all pre- and post-dosing samples for ADA. Two important tests that should be carried out in all cas~s are the ADA
screening assayand the drug inhibition or immunoglobulin depletion confirmation assay. Reportas negative any ADA results
below the assaycut-point and with drug levels below the interference levels, as well as those that test negative in the
confirmatoryassay.Test methods that are capable of sensitive ADA detection despite the presence of trou~h levels of drug are
desirable. In their absence, samples containing drugs above the interference levels should be reported as Inconclusive with a
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statement of possibledrug interference. Insuch cases,ADA analysis could be performed later following a drug washout period
to reach a conclusive result (refer to the section Relative Sensitivity of this chapter for further information). Forthe confirmed
positive samples, ADA levels should be estimated, preferablyby titration, but they can be reported in terms of relative mass
units. Certain mass-based technology platforms may necessitate the use of relative mass units.

STEP 3

Samples deemed positivein Step 2 should be tested for neutralizing abilityand potentially other characteristics, depending
on the risk assessment. In high-risk situations, NAb activity should be measured, typically using a cell-based assay. Depending
on the drug's mechanism of action, sometimes a ligand-binding NAb assayformat can be used if it is adequately proven to
specifically detect NAb. Concurrently generated PK/PD/safety or biomarkerdata should be used to help interpret the clinical
relevanceof neutralizing antibody activity. Inaddition, determination of ADA isotypesand affinity may be helpful in the overall
assessment of the immune response. Allergic reactions associated with drug administration may necessitate measurement of
drug-specific IgE, although detection may depend on the sampling scheme and method design.

DESIGN Of IMMUNOASSAY-BASED TEST METHODS

Immunoassay methods for ADA detection generallyare complex and require a broad understanding of multiple technical
challenges. Screeningassaysthat serveas the keyfirststep in the immunogenicity testing scheme are designed to have a certain
false positive (rather than false negative) rate in order to maximize the sensitivity for detecting ADA. In addition, using a
risk-based approach, it is more appropriate to have 5% false positives rather than false negatives during this initial screening
phase. Typically, positive screening samples are confirmed to contain drug-specific ADA in confirmation'assays before the
determination of the level of ADA (titers) or any additional characterization.

Screening Assays

Intheir simplestform, screening ADA assays immobilize the therapeutic protein on a microtiter plate or onto beads to capture
ADA (solid phase) or co-incubate a labeled therapeutic protein at a predetermined concentration with the sample containing
ADA (solution assay). The bound polyclonal ADA is then detected using a labeled secondary reagent or labeled drug. Limiting
the number of wash steps or reducing wash fluid dispensing rates may increase the detection of antibodies with fast off-rates
on assay platforms that use wash steps. Generally, screening assays are designed to detect classesof antibodies that may be
most relevant to the product's route of administration, e.g., IgA for mucosal routes of administration. Although the most
common ADA raisedagainst protein therapeutics are of the IgM and IgG isotypes, other isotypesof ADA including IgE and IgA
may require detection based on the clinical response and the route of product administration. In addition, depending on how
rapidlyADA responses develop and the half-life of the therapeutic, it may be feasibleto detect the development of ADA initially
of the IgM isotype that later affinity matures to an IgG isotypefollowing repeat administration of product.

Because screening assaysserveas the firststep in the immunogenicitytesting program, these assays generallyare configured
to have moderate throughput and often are automated. The various technology platforms used to develop screening
immunogenicity assays have inherent strengths and weaknessesas outlined in Table 3. Development of a bioanalytical strategy
to use a certain technology platform for assaydevelopment should take into consideration the nature of the product (e.g., a
therapeutic protein or a monoclonal antibody), potential sources of interference in the assay (e.g., therapeutic concentration
anticipated in patient samples, soluble target based on co-medications, and biology), and disease-specific interfering or
cross-reacting factors (e.g., rheumatoid factor).

Table 3. Advantages and Disadvantages of Various Assay Types Currently Used to Assess ADA

AssayType Advantages Disadvantages

Highthroughput Potential for high background

Readily available Maynot be specific

Easy to automate Utility depends on capability to detect differentIg
subtypes

Direct/Indirect ELISA
Inexpensive Drug tolerance lowerfor solid-phaseELiSAs

Readouts can increasesensitivity (e.g., electroche- Excessive washescan decrease detection of low-affin-
miluminescence) ityADA

Drug tolerancehigherfor solution-phase ELiSAs
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Table 3. Advantages and Disadvantages of Various Assay Types Currently Used to Assess ADA (continued)

USP 43

AssayType Advantages Disadvantages

Low background Difficult to confirm presenceof IgM

Highly specific Need to labelproduct

Readily available Reducedability to detect low-affinity antibodies

Easy to automate
and IgG4 becauseof single-arm binding between
bound ligand and detector

Bridging Format
Inexpensive

Formatcan be used acrossspeciesand detects all
isotypes

Can be usedacrossdetection platforms(colorimet-
ric,electrochemiluminescence, etc.)

Flexibility to characterize immune response (con- Expensive technology

SurfacePlasmon Resonance/Biolayer Interferome-
centration and relative affinity)

try Assays Higherdrug toleranceand can detect low-affinity Limited suppliers
antibodies

Moderate throughput

Inexpensive Radioactive waste

Highly sensitive Need to frequentlyre~ualify radiolabeled reagents
because of short half- ife

Radioimmunoprecipitation Assays
Utility depends on capability to precipitateallrelevant

Betterfor high-affinity antibodies antibody present

Can be lessuseful for low-affinity antibodies

In addition, analystsshould consider whether the method does not result in an underestimation of ADA-positive samples
because the ADA binding epitopes on the capture reagent are blocked with a tag or by coating on plates or beads. Another
point for consideration in the design and development of an ADA assay is the adaptability of the test for both nonclinical and
clinical matrices.Although most assayformats can transferreadily from nonclinical to clinical use, there are exceptions. Further,
clinical ADA assays should be qualifiedor validatedfor usewith samples collected from a similar patient population. Hereagain,
although most ADA screening assays may not show unique matrixinterferences between one diseasematrixand another, there
may be exceptions. Immunoassaysused for ADA detection generallyare quasi-quantitative methods because standardized,
species-specific (especially human) polyclonal ADA calibrators generallyare not available. The positive controls, typically
developed in-house as hyperimmune serum in animals or by phage display serve as surrogates for the drug-induced ADA in
treated patients.

As depicted in Table 3, some of the more common assayformats currently in use for development of screening assays include
plate-based or bead-based enzyme-linked immunosorbent assays (ELISA; see also USP general chapter Immunological Test
Methods-Enzyme LinkedImmunosorbent Assays (ELISA) (1103») with colorimetric, fluorometric, or luminescent read-outs,
plate-based or solution-phase electrochemiluminescent(Eel) or ELISA assays, surface plasmon resonance assays (SPR; seealso
USP general chapter ImmunologicalTest Methods-s-Suttace Plasmon Resonance (11OS»), or biolayer interferometryassays, and
radioimmunoprecipitation assays (RIPA). In order to differentiate positivefrom negative responses, assaycut-points are
statistically determined using samples collected from the target population. The assaycut-point also helps to determine the
assaysensitivity. An incorrectlyestablished cut-point may result in false negatives or too many false positive responses that
should be ruled out as drug-specific responses in the confirmation assay. Assay performance typically isoptimized during
development by evaluation of the following parameters: sensitivity (lowest amount of detectable antibody in a sample
demonstrated using surrogate controls); specificity (likely detection of a true positive rather than a nonspecific interaction);
precision (reproducibility of resultsfrom multipleanalyses); interference (interfering substances insample matrix, includingthe
administered drug, that affects assaysensitivity); and stability and robustness (likelihood of optimal assay performance over
time). After optimizing these parameters, analysts typically validate the method for its intended use. Ifthe initial assay cannot
meet the performance goals (e.g., because of poor sensitivity or high backgrounds), then analysts should either improve and
validate the first assayformat again or develop and validate more than one assay format.

Confirmatory Assays

Samples that are positive in the screening assay usually are confirmed in a second assaythat includes adding a certain fold
excess of the therapeutic. This is intended to demonstrate that a positivesignal seen in the ADA screening assay iscaused by
the presence of drug-specific antibodies. Because the cut-point for the screening assay isset to result in the detection of
approximately 5% false positives, the confirmatoryassayis used to rule out the false positive samplesfrom further analysis.
Multipleoptions are available for performing confirmatory assays. Usually a soluble drug is added to the sample and should
compete with the plate-bound immobilized drug for bindingto sample ADA. Aspecific interactionto a solubledrug resultsin a
decrease in the assaysignal. As with the screening assay, the cut-point for the confirmation assayisestablished statistically.
Verification of the presence of drug-specific antibody can also be performed using an orthogonal method on a differentassay
platform that may have different nonspecific binding profiles. Analysts should take care whileadopting this approach to ensure
an adequately sensitiveassay in order to avoid a false negative reaction. Finally, the specificity of ADA to a drug can also be
confirmed by depleting all immunoglobulin from a sample (e.g., using a Protein Aor G column) followed by reanalysis of the
depleted sample. In the latter approach, the depleted sample scores negative in the assay ifan antibody caused the original
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signal. Validation of the confirmatoryassays helps ensure that the resultsfrom the confirmatoryassayare appropriately
interpreted. .

Characterization Assays

Following screening and confirmation,the relative level ofADA ina positivesample isassessedbytitration. The most common
approach isto serially dilutethe sample and report the reciprocal of the highest dilutionfactor at which the sample tests positive,
or the titer of the sample. The higher the sample dilution (and therefore the ADA titer value), the higher is the concentration
of circulating ADA in that sample. This approach has been used historically to report serological data from vaccinestudies.
Another lessfrequently used approach is to express the amount of ADA in the sample in mass units relative to a surrogate
standard. Although this approach has the advantage of relating the amount of antibody in the sample to assaysensitivity,
analysts should recognize that the calibrator may not be representative of the polyclonal ADA responses under measurement.

Traditional approaches to dilutional linearity testing do not apply to ADA assays. However, when analystsexpress ADA data
interms of titer values, they alsoshould demonstrate that the positive control(s)displays reasonable(relative) linearity ofdilution.

Inaddition to performingtitration, analystsroutinelycharacterize positive ADA samples in neutralization assays to determine
the in vitro effect of ADA that might reflectthe in vivo biological or pharmacological activityof the therapeutic product.
Additionally, the isotype(s) of the ADAs also can be analyzed. Isotype(s) identification issometimes performed in a multiplexed
manner. Using one fluorescent multiplex platform, analystsmixeach sample with multiplesecondary reagents that are specific
to different immunoglobulin isotypes and are labeled with unique fluorochrome labels.

An SPR-based platform also can be used for this purpose (alsosee Immunological Test Methods-Surface Plasmon Resonance
(1105». The isotype of an ADA can be determined by observing binding of isotype-specific reagents (such as an
anti-human IgG1 Ab) to the ADA that has been captured by immobilized drug. Analysts should take care when identifying and
validating the isotype-specific reagents because unexpected cross-reactivity often isobserved. Isotyping can help understand
the maturation ofthe immune response. Forexample, an ADA response that iscomprised solelyof IgM antibodies isan immature
immune response without T-cell involvementand mayor may not progressfurther. Incontrast, an immune response comprised
of IgG1 and IgG4 antibodies represents a more mature response that has already engaged more components of the immune
system. ADA titration and characterization assays are validated routinely using many of the same parameters as screening and
confirmation assays to ensure consistent assay performance.

VALIDATION OF IMMUNOASSAYS

Method validation isa process of demonstrating, by the use of specific laboratory investigations, that the performance
characteristicsof an analytical method are suitable for its intended use (see also USP general chapter Validation of Compendial
Procedures (1225». The level of method validation depends on the stage of product development and the risks associatedwith
the product. A partial validation involving assessments of method sensitivity, specificity, and precision requirements with less
emphasis on robustness, reproducibility, and stabilitymay be adequate for the earlierstages of clinical development (Phase 1­
Phase 2 studies), whereas fully validated methods are required for pivotaland postmarketing studies.

Validation of an assay before use of the method for sample bioanalysis iscalledpre-studyvalidation, and amendments to this
process may be made between studies. This process maps out the performance characteristics of the assay and should
demonstrate that the method issuitable for itsintended purpose when it issubsequently applied to study samples. Incontrast,
in-studyvalidation refers to the monitoring of assayperformance during study-phase applicationsof the assayin order to ensure
that the assay remains valid and that the resulting bioanalytical data are reliable.

Reliable performance of the assay also depends on all the elements spanning bioanalytical testing and data manipulation,
such as assay reagents, analysts, equipment, and computer programs. In essence, the assay isa system comprising several
elements other than assaysteps and reagents alone. Pre-study validation therefore establishessystemsuitability (establishment
of criteriafor control samples that are used to accept or reject runs and imprecision limits for individual samples), and then
in-study validation continues to verify it. Critical changes to methods often require additional validation (partial or full),
sometimes leading to the revision of the system suitability criteria.

Minimum Required Dilution

During assay development the minimum required dilution (MRD) can be defined as the dilution level of the ADA negative
sample that results in the highest signal-to-variability ratio (or Z' factor).

The ability to dilute such samples also should be assessedto ensure that the chosen MRD isadequately distal to any prozone
(hook) effectsthat may have been observed. Althoughthey are rare, some unusual prozone effectsmay require the test method
to include more than one dilution of a test sample to minimize false negative data.

The MRD should be evaluated during the assay development/design phase, l.e., before analysts initiate the validation
experiments, so analystsdo not need to repeat the evaluation during validation. It can be established using 10 individual
drug-na'ive ADA negative samples, each tested in 2-fold serial dilutions (e.g., a range of 1:5 to 1:80). The MRD issometimes
defined as the dilution level that results in the highest signal-to-background ratio when typically the background isthe dilution
matrix.However, this definition ignores the variability in the signal.Therefore it ispreferable to define the signal-to-background
value and include variability.

One way of doing this isto use a Z' factor that includes both the intensity of the assay readout and its variability at different
dilutions (see the Appendix for more information).The Z' factor for each dilution. level is obtained from the formula [(mean (5)
- 3 SD(5)] - [mean (8) + 3 SD (8)]/[mean (5) - mean (8)], where 5 is the assay signal of the diluted sample and 8 is the
background signal.Thus, the MRD isthe dilution that resultsin a desired valuefor the Z' factor and signal-to-background ratio.
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This metric iswidely used for high-throughput screening assays to ensure adequate confidence in the ability to differentiate
between truly active versus inactive compounds. An inappropriatelylarge MRD can compromise the sensitivity of an assay.

Pre-Study Validation

Pre-studyvalidation establishesthe following:
1. Assay cut-points
2. System SUitability criteria
3. Relative sensitivity
4. Specificity
5. Selectivity/interference
6. Precision
7. Robustness
8. Reproducibility
9. Stability

Assay Cut-Points

Because of the quasi-quantitative nature of ADA detection methods, the use of a decision threshold or cut-point becomes
necessaryto discriminatebetween ADA-positive and -negativesamples. Because the screening assayand specificity confirmation
assay produce different types of results, separate cut-points are necessary. In some instances, a differentcut-point also may be
necessaryfor evaluating titers of confirmed positive samplesfrom the titration assay. Some keypoints in the evaluation process
are summarized briefly below (more information isavailable in the Appendix).

SAMPLES FOR CUT-POINT EVALUATION

Samples from an appropriate population should be used for the development of assaycut-points. Insome cases it may not
be practicalor feasibleto obtain matrixsamplesfrom a population that has a target diseasebefore initiating pre-studyvalidation
experiments. Consequently, samples from healthy drug-na'lve subjects are used commonly to establish the initial cut-points.
Thisapproach is preferred for a conventional Phase 1 study with normal volunteers. When the clinical program progresses
beyond Phase1 and samplesfrom the target diseasepopulation become available, it ismore appropriate to re-evaluatecut-point
data for the target population. Ifthe distributionofassayresponseswith respect to both the mean and variability are comparable
between the target population and the normal volunteers, then the same cut-point can be used. Ifnot, target disease-specific
cut-points are more appropriate, and fixed or floating cut-points computed from the data obtained from the baselinesamples
from a clinical trial can be considered. .

SCREENING CUT-POINTS

The screening assaycut-point isa signal in the screening assaythat identifies a sample that is likely to contain ADA (termed a
screen positive or potential positive sample) versusan ADA-negative sample. Ascreening assaycut-point isestablished during
pre-study validationbased on a systematicand statistically rigorousanalysis of assayresponsesfrom a panel of individual samples
that are considered to be representative of a druq-naive target patient population.

To determine the screening method cut-points for clinical assays, analysts should use samplesfrom at least 50 druq-naive
individuals for a robust evaluation. Ifadditional indicationsare targeted, analystsshould test at least 20 drug-na'ive individuals
per indication. Ifthe variability issignificantly differentfrom the original indication, then additionaldrug-na'lve individuals may
need to be tested. Ifnot, then the originalcut-point can be applied to the additional indication. Fornonclinical assays a total
of at least 25 drug-naive individuals should suffice. To ensure this cut-point is robust, at least two analysts should perform this
experiment over three days in at least two different plate layouts. A balanced experimental design and plate layoutswill help
avoid potential confounding between analysts, subject samples, run dates, etc. Forclinical ADA assays, ifmultipledisease-state
populations are being tested they should be distributed evenlyacross the plates to ensure they are properly balanced across
plates and runs. Statistical outliersof the sample resultsshould be examined and eliminated, e.g., usingoutlierbox plots defined
in terms of quartiles and interquartile range. In addition, confirmed reactivesamples (e.g., via immunodepletion) can be
excluded as well.'

Three types of screening cut-points can be calculated for application during the study phase-fixed, floating, and dynamic
-and one of these should be appropriately chosen for study phase bioanalysis.
Fixed cut-point-A fixed cut-point is a cut-point that is determined in pre-study validationand subsequently is used for the
in-study phase. The fixed cut-point is used for analyses of test samples until there isa need to revalidate or change the cut-point
(e.g., because of a critical change in the assay, assaytransfer to another laboratory, upgraded instruments, etc.). The cut-point
value can be fixed within a given study.for a target population, or across studies and multiple target populations. In order to
use this approach, one should statistically demonstrate similar means and variancesacross runs during pre-study validation.A
fixed cut-point can be determined based on the mean + 1.645 SD (standard deviation), which represents the 95th percentile
of the population under normal distribution (and therefore is expected to identifyapproximately5% of the samples as false
positives). The standard deviation should include differentsources of variation such as the intra-run, inter-run, inter-analyst,
and inter-subjectvariability. Ifthe data are not normallydistributed, appropriate transformations(typically log transformations)
can be used. Iftransformation doesn't help, usually it is acceptable to determine the nonparametric95th percentile. However,
in preclinical trials it may be considered adequate to use a cut-point at the 99th or 99.9th percentilebecause immunogenicity
of a protein normally resultsin high antibody titers.Alternatively, even ifthe validation data suggest similar means and variances
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across runs, to account for possibledeviations between assay runs during the in-study bioanalysis phase, it would be safer to
apply a floating cut-point.
Floating cut-point-A floating cut-point isa cut-point calculated by applying an additive or multiplicative normalization factor,
determined from the pre-study validation data, to the biological background obtained during the in-study phase (see
AppendixG of Shankeret aI., 2008, in the Appendix for details).The biological background may be represented by the negative
control (pool of matrixfrom subjects that are negativefor ADA), the assaydiluent, or the predose subject sample (subject-specific
cut-point). The method for determining floatingcut-point usesthe variationestimate from the pre-studyvalidation that includes
different sources of variation such as the intra-run, inter-run, inter-analyst, and inter-subject variability. Such a cut-point is
recommended when the means of druq-naivesamples are not similar but the variancesare similar across runs. When a negative
control is used for normalization, analystsalso should ensure that the negative control results represent the drug-na'ive matrix
sample results of the target population. This isaccomplished by demonstrating that the signal of the negative control trends
directionally with the signal of the individual samples. Alternatively, the use of assaydiluent for normalization or pretreatment
subject ("baseline") sample resultsmay be more appropriate. However, a pre- versuspost-dose ratio might be a better solution.
Dynamic cut-point-A dynamic cut-point isa cut-point that changes between the plates in a run, between runs in a study, or
between studies, and it does not apply the variation estimates from pre-study validation. The latter characteristicdifferentiates
itfrom a floating cut-point. This approach isnecessary onlywhere means and variances significantly differbetween runs. Because
this approach entails testing ofseveral individual drug-na'ive samplesfor the evaluationof a run-specific cut-point, it consumes a
large portion of the plates from each in-study run and therefore is not practically feasible, especially when analysts use 96-well
plates instead of 384-wellplates. Differences invariability between assayrunssometimes can be resolved byfurther optimization
of some keysteps in the assay protocol or by resolving some analytical issues. Insome cases, the differences in variability can
be attributed to different analysts or instruments, and use of an analyst-specific or instrument-specific floating cut-point may
resolve this issue. Iffurther optimization does not resolve the situation or ifthe causes are not clear, another practical alternative
may be to pool the variability across all runs and use this pooled variancefor floating cut-point evaluation during the in-study
phase.

SPECIFICITY CONFIRMATION METHOD CUT-POINT

Because of the conservativeapproach of incorporatinq a 5% false-positive rate into the computation of the screening
cut-point, the elimination offalse-positive samplesviaconfirmationof drug-specific binding isan important component ofADA
bioanalysis. It is also important to understand the level, ifany, of the drug itself within the sample.

The amount of change in assaysignal that differentiates drug-specific binding from nonspecific binding is referred to as the
specificity cut-point. The specificity cut-point should be determined by an objectiveapproach in the context of assayvariability
near the low positive range of the assay. To determine the specificity cut-point, drug-na'ive negative samples from at least 25
individuals should be evaluated (however, more are commonly used when available), with and without drug preincubation.
Ideally these samples should be the same as those tested during the screening cut-point evaluation, and the unspiked and
spiked counterparts of the individual subject samples should be tested together in the same plates.

The mean percent change from the unspiked 'sample (inhibition) and SD are calculated. The mean inhibition plus 3.09 SD
(ifa 0.1% false positive rate is desired) represents the specificity cut-point. As in determination of the screening cut-point,
specifically reactivesamples after preincubation with drug (i.e., those that contain pre-existingantibodies) and statistical outliers
should be eliminated in order to make the specificity cut-point more conservative. The analytical processoutlined above for the
screening cut-point applies for the evaluation of the specificity cut-point as well.

Alternative approaches such as the use of mock low positive samples in which the individual drug-na'lve samples are spiked
with a low concentration of a positive control sometimes is considered for this cut-point evaluation. Howeverthis method is
subjective and is not recommended because it depends on the concentration of the positive control and the unique affinity/
avidityof the positivecontrol that mayor may not represent true positive patient samples. Additional sources of information
regarding the relative statistical meritsof these approaches and methods for verifying the assumptions are listedin the Appendix.

TITRATION METHOD CUT-POINT

The titration method cut-point is a test resultvalue below which further serial dilution of an ADA-positive sample produces
negative assay results. Typically, the screening assaycut-point isused as the titration cut-point, but the validationof a separate
titration method cut-point can become necessarywhen the signalfrom the assaydiluent or matrix causes higher results than
the screening assay cut-point (because of a blocking effect of serum) or ifsamples at a dilution higher than the MRD do not
generate consistentlynegative results, i.e.,when the screening cut-point falls on the lowerplateau of the positive-control dilution
curve. In such instances, the same data generated during a screening cut-point experiment can be used to define the titration
cut-point using a 0.1% false positive rate threshold criterion (i.e., Mean + 3.09 SD). During bioanalysis, confirmed positive
patient samples that fall between the screening cut-point and titration cut-point can be assigned a titer value equal to that of
the MRD.

CROSS-REACTIVITY METHOD CUT-POINT

If applicable, ADA-positive samples that are confirmed to be specific to the drug can be further characterized for
cross-reactivity to other related antigens. Like the specificity confirmation assay, a cross-reactivity test method may require a
preincubation step with and without the related antigen. Cross-reactivity to the antigen is confirmed when the percent ,
inhibitionof signal in the presence of the antigen isgreater than or equal to the cross-reactivity method cut-point. The methods
for determining the cross-reactivity method cut-point are similar to those for the specificity method cut-point, although it also
may be acceptable to apply the drug specificity confirmation cut-point.
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Defining System Suitability

ASSAY CONTROLS

USP 43

ADA-positive controls can comprise polyclonal or monoclonal anti-idiotypicantibodies. Theyshould be affinity purified and
quantitated to enable assayvalidation. Each run (or plate) should include at least a low level of positive control (low positive
control)and a negative control, but the inclusion of a higher level control (high positive control)alsocan be useful in monitoring
method performance. Tracking all of these controls over time can help ensure that the method is performingsuitably. A low
positive control helps ensure that the assayremainsas sensitive during study phase bioanalysis as during the pre-studyvalidation.

On the one hand, the low positive control should produce a response that can be seen reproducibly above the cut-point,
but sometimes it may result in a signal that is belowthe cut-point (thereby failingor invalidating the assay). On the other hand,
choosing an unreasonably high concentration for a low positive control may produce an assaysignalthat issubstantially above
the cut-point, which is inappropriate. To provideobjectivityto the selection of a low positive control concentration, it is useful
to think in terms of assay rejection rates, i.e., the percentage of assays (plates) that fail because the low positive control
produces a resultbelow the cut-point. As an example and in order to understand ifthe low positive control issufficiently low,a
1% rejection rate may be a reasonable target for a low positive control. This is calculated as mean + to,OI,df x SO, where mean
and SO are determined using the data from the sensitivity experiment or related assaydevelopment data, and to,ol ,df isthe critical
valuedetermined from the t-distributioncorresponding to a 1% falsepositiverate and dfis the degrees offreedom that depends
on the number of samples and runs used in the calculation. This theoretically impliesthat about 99% of the data from the low
positive controls will be at or above the cut-point.

An optional high positive control can be useful for methods that are prone-to hook effects, tracking assayperformance,
reagent qualifications, and troubleshooting. The concentration of the high positivecontrol should be chosen from the upper
end of the linear range of the dilution curve, usually just below the upper plateau of the curve.

SYSTEM SUITABILITY CRITERIA

Systemsuitabilitycriteria using assaycontrols help ensure that an analytical procedure remains valid for use. Acceptance
ranges (system suitabilitycriteria) for qualitycontrols should be established by statisticalevaluation of the experimental data
acquired during assay validation.

When the floating cut-point approach isdeemed necessaryand is used for the screening cut-point evaluation, the system
suitability criteria or limits can be defined for the ratio of the low positivecontrol to the negative control and for the ratio of
the high positivecontrol to the low positive control or a negative control instead of defining limits separatelyfor each positive
control. It is also useful to apply acceptance criteriafor intra-assay precision (variability of signalsof replicatesin an assay) for
the in-study phase. Although data from assays that fail acceptance criteriaduring the in-study phase should be rejected, setting
criteriafor passing or failing assays in pre-study validation experiments should be avoided because these potentiallycan lead
to the exclusion of some validation data, resulting in an inaccurate estimate of analytical error. All assays during pre-study
validationshould be included, and the only exceptions should be those rejected for an assignable cause (e.g., technical error).

Relative Sensitivity

No ADA-positive control can be expected to represent the spectrum of humoral immune responses observed in individuals
treated with study compounds. The sensitivity ofADA assays ishighlydependent on the nature of the positive control reagent(s)
so that high-affinity positive controls often produce better sensitivity values than lower affinity positive controls in the same
assay. Analysts should consider this when they choose controls, as well as when they estimate assaysensitivity. Moreover,
because the drug itselfcan interfere with ADA detection, the sensitivity of ADA detection becomes progressively worse in the
presence of increasing concentrations of drug within the sample. Despite these caveats, the determination of assaysensitivity
isvaluablewhen analystschoose an optimal ADA detection method or platform, a low positivecontrol for validation, or assess
the suitability of an assay. The assessment of assaysensitivity in the presence of an interfering drug (drug tolerance) is critical
for understanding the suitability of the method for detecting ADA in dosed patients. ADA assaysensitivity should be defined
not as a single value, but as a set of at least two values: (1) the concentration of positive-control ADA detected within undiluted
matrix in the absence of any drug and (2) the concentration of positive-control ADA detected within undiluted matrix in the
presence of drug levels expected at the time points when samples for ADA analysis are taken. Assays should, in general,
demonstrate a sensitivity of at least 500 ng/mL for methods applied to clinical studies (or 1000 ng/mLfor nonclinical studies)
to show suitabilityfor intended purpose-that is,for the detection ofclinically meaningfulADA, although assaysensitivity should
be justified on a case-by-casebasis. It is not useful to express sensitivity in terms of antiserum titers, and thus sensitivity should
be assessed using monoclonal antibody or affinity-purified polyclonal preparations. Analysts can evaluate sensitivity by means
of two assay runs performed by two independent operators (when feasible) for a total of at least three runs.

To assesssensitivity in the absence of a drug, analystsshould prepare mock samples with knownconcentrations of ADA that
are serially diluted (usually 2- to 3-fold serial dilutions) in matrix pooled from drug-na'ive individuals and evaluated according
to the screening method until the assay resultsof the dilutions in matrix are below the screening assaycut-point. The lowest
concentration of ADA that isconsistentlyfound (forexample, using a 95% upper confidence limitbased on the number of runs
or operators) above the screening assaycut-point is determined to be the sensitivity of the assay. Alternatively, it can be the
lowest concentration of ADA that isfound to be above the screening assay cut-point in all runs by all operators or in 19 of
20 runs (see the Appendix for more information). .

To assess sensitivity in the presence of a drug, two alternative experimental approaches could be considered: (1) titrate the
drug into undiluted matrix containing set concentrations of a positive-control ADA (e.g., 250, 500, or 750 ng/mL). Reportthe
highest concentration of the drug at which ADA remains detectable. (2) Alternatively, because immunogenicitysamples often
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are taken at drug trough time points, prior knowledge of the anticipated trough drug concentration range could be used to
determine the assaysensitivity in the presence of the expected concentrations of the drug.

Specificity

Specificity refers to the abilityof a method to detect ADA that speCifically binds the drug molecule, its domains, or
components. The assay isdeveloped and optimized based on the abilityof the positive-control ADA to specifically bind the
drug. During validation, resultsof the specificity confirmation assaysupport assayspecificity.

Selectivity and Interference

The selectivity ofan ADA assayisitsability to identifya positivecontrol in biological matrixsamples that may contain potential
interferingsubstances and isan important concern for ADA detection assays. Such matrixeffectstypically arisefrom nonspecific
binding interactions between a matrix-basedfactor and the ADA orfrom specific bindingof unknownfactors. Duringvalidation,
analystsassessthe selectivity of the ADA assay by looking at the recoveryof analyte (represented by a positivecontrol sample)
from matrixsamples that contain the potential interferent(s).One caveat here isthat the selectivity of an ADA assay,as assessed
using the positivecontrol, may not reflectthe selectivity of the assaywhen it is used with actual nonclinical or clinical samples.

Interferenceisthe property of a factor (most commonly the drug itself and itstarget, ifsoluble)to affectassayresultspositively
or negatively. It should be evaluated using a low positiveADA test sample that is spiked into a sample matrix from drug-na'ive
patients. Each potential interferingfactor should be tested at a physiologically or pharmacologically relevant range of
concentrations. The highest concentration of the interferingfactor that does not alter the classification of the test sample (e.g.,
an ADA sample that remains positive relative to the screening assaycut-point) isdefined as the tolerance of the assayto that
interferingfactor. Fortherapeutics that have a long terminal half-life, the main interferent in an ADA assay is the drug itself. As
discussed previously, the drug tolerance of an assayshould be interpreted as the sensitivity of the method in the presence of
interfering drug.

Other endogenous interferents include oligomericdrug targets, or the target's soluble receptor may interfere with ADA
detection. In addition, certain sample pretreatments performed to reduce drug interference can releasedrug target from
drug-target complexes, leading to subsequent interference problems. Hence, analystsshould carefully evaluate pretreatment
steps such as acid dissociation during assaydevelopment to mitigate the risk of inaccurate data.

Precision

Precision is a measure of the variability in a seriesof measurements for the same material run in a method. The acceptance
criteriafor the precision of ADA assays should be within the range commonly expected for immunoassays. These criteriaalso
should be appropriate for the assay platform and should be fit for purpose. During assayvalidation, precision should be
determined in experiments that are run at the level of intended use during the study phase (e.g., number of plates, samples
per plate, etc.).

The acceptance criteriafor precisionshould be within the range commonly expected for immunoassays. These criteriaalso
should be appropriate for the platform used, guided by assaydevelopment data and experience with the technology platform
and assay method. Additional information isfound in the Appendix.

SCREENING AND ~ONFIRMATORY METHOD PRECISION

ForADA screening assays with numeric readouts (as opposed to categorical yes/no readouts), assay precisioncan be
determined using data from at least six independent assay runs of the assay positivecontrols (low positiveand high positive
controls). Typically, estimates of intra-assay precision (interreplicate variability, also called intra-assay repeatability)and
interassayprecision (also called interassayrepeatability, or intermediate, total, or overall precision) are reported as percent
coefficientof variation (%CV).

Intra-assay precision (repeatability) is the variability of assay resultswhen the same material is tested multiple times within
the same run. Interassay precision (also termed intermediate or total precision) is the variability of assay resultswhen the same
sample is tested in separate runs, over separate days, and by multiple operators (or only one operator if the study phase
bioanalysis is intended to be performed by only one operator). These are expressed as %CV of ADA signals. Data from the
replicatesof negative and positivecontrols from each of all the runs tested during the pre-study validation phase are pooled
and analyzed within the framework of random-effects ANOVA, resulting in estimates of intra-assay %CV and interassay%CV.
Analysts should consider positionaleffects by varying sample position on microtiter plates because these effects (e.g., edge
effects)can influence the assay precision. One should use the same number of test and control sample replicates during
validationas are used in the assay during routine use.

Similarly, intra- and inter-assay precision estimates for the confirmatory assay can be derived using the percent inhibition
data of the spiked versus unspiked low positive control samples from multiple assayruns (at leastsix)in the pre-study validation.

TITRATION ASSAY PRECISION

Inorder to determine the precisionof a titer, two or more analystsshould assayserial two-folddilutionsof fiveor more mock
high positivecontrol samples in at least six runs. Mock high positivecontrol samples can be obtained by spiking individual
negative sera from the target population with a high positivesample. The titer then is determined by interpolation of each of
the dilutioncurves, and the overall mean and SO are calculated. Then intra- and inter-assay precision (%CV) can be determined.

Arecommended but more rigorousapproach isto use these data to define a minimumsignificant ratio (MSR): MSR = 10t •sqrt(2)

;50, where SO is the overall standard deviation (intra-run plus the interrun variation)of the titers in common (base 10) log scale,
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and t is the threshold from Student's t-distribution with n - 1 degrees of freedom (n = number of runs).The calculated MSR
reflects the smallestfold-change in the titer valuesthat can be considered as statistically significant (P < O.05)-Le., ifMSR = 5,
then titers that are different by more than five-fold can be considered significant. In addition to servingas an indicatorof the
level of variability in the titers of the positive control, this MSR evaluation also can be an approximate criterion for comparing
samples with confirmed pre-existingantibodies in baselineversus posttreatment samples in order to assess treatment-induced
immunogenicity. The MSR applies only if the titer is interpolated and does not apply to endpoint titers.

.Robustness

Robustness isan indication of the reliability of an assay. It is assessed by the capacity of the assayto remain unaffected by
small but deliberate variations in method performance that would be expected under relevant, real-life changes in standard
laboratory situations. The choice of robustness variables to test during validation should be based on the knowledgeof the
assayand its associated risks. Some common variables are microtiter plate lots, incubation times, temperature, and reagent lot
and concentrations. Study samples or positive control samples can be used to test assay robustness. The use of acceptance
criteriafor system suitability controls during robustness validation (computed from the assaydevelopment and optimization
data or validated system suitability control acceptance criteria) is recommended. Continuous monitoring of an assayduring
validation and beyond with strict records of keyassayparameters (e.g., incubation times, pipetted volumesof critical reagents,
operators, etc.) may help identifysome of the robustness factor interactions ifsufficient data are accumulated.

Reproducibility

Assay reproducibility according to USP general chapter Validation ofCompendial Procedures (1225) and ICH Q2(R1) Validation
ofAnalyticalProcedures: Text and Methodologyisthe reliability of a method when performed in two or more laboratories. In the
context of method transfers and interlaboratory method validity demonstrations, assay reproducibility is the same as a
cross-validation.

Reproducibility is applicable only ifan assaywill be run by two or more independent laboratoriesduring in-studyphase
bioanalysis. Reproducibility isan assessment of the transferability of an assay, Le., the validity of testing samples in two or more
laboratories and the comparability of data produced by them. Reproducibility assessments do not consider routine changes in
an assaysuch as interequipment or interanalyst imprecision. Such contributors to variability (often referredto as intermediate
precision factors) are part of the reproducibility variability.

Study phase acceptance criteriafor system suitability controls are established in the originator laboratory(see below)during
the originalassay validation process. The performance of these controls can be compared across multiple laboratories. When
only a single laboratory performs the ADA assay, however, reproducibility need not be validated until the method will be
transferred to another laboratory.

Stability

It is useful to understand the optimal storage conditionsfor assaysamples, controls, materials, and reagents, and they should
be investigated as part of assayoptimization before validation. later, during assayvalidation, stability studies should evaluate
assay performance following intended storage conditions. Ideally, stabilitytesting conditions should mimicthe expected
sample, material, and reagent handling conditions, storage temperature(s), and varying lengths of storage time.

MATERiAL AND REAGENT STABILITY

ADA assays are stability indicating with respect to the applicable materialsand reagents, and thus separate tests for reagent
stabilityusually are not requiredfor assayvalidation. Duringstudy phase bioanalysis, assaymaterialsand reagents are presumed
to be stable ifthe system suitability controls meet validated acceptance criteria. However, analystsshould validatethe stability
of plates that have been prepared in advance (e.g., coated with capture antibody and blocked) and stored.

SAMPLE HANDLING AND STABILITY

ADA samples typically are collected in a serum or plasma matrix. Forsamples stored at or below -20°C, the stability of ADA
are universally accepted, so this sample storage condition may not require validation. It isgenerallyaccepted that an ADA
sample in serum or plasma will be stable after three freeze-thaw cyclesand up to 2 years when stored at -70°e.

Documentation of Pre-Study Validation

Typically three types ofassay-specifkdocuments are created during pre-studyvalidation: an assayvalidation planor protocol,
an assay method description, and an assayvalidation report.

An assayvalidationplan or protocol isrecommended beforeanalystsinitiatepre-studyvalidation experiments.This document
should state the intended purpose of the method, a detailed description of the immunoassay and reagents or materials, a
summary of the performance characteristics that will be validated, and a prioriacceptance criteria for precision, robustness,
stability, and, when appropriate, reproducibility. Some experimental detail and data-handling proceduresshould be presented
in the validation plan because these details provide a clear guidance to the validation analystsand ensure better control over
the resulting data. '.. .'

A method description typically is established after pre-study validation but before the study. This providesa detailed
descriptionof the reagents, controls, and equipment needed to run the assay, together with a step-by-stepoperating procedure
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and information about processesfor data reduction and interpretation. The point at which such a description becomes a
Standard Operating Procedure (SOP) is specific to each manufacturer's quality system.

When validation is completed, manufacturers generallyconduct a technical peer review of validation data, followed by a
validation data audit. An assay validation report iscreated after the validation work iscompleted. Thisdocuments all of the
study validation data, together with informationabout the methods and batches of reagents that were used. Anaudited report
is approved by management and then is archived.

In-Study Validation

In-studyvalidation (monitoring the maintenance of system suitability) and revalidation are critical components of any
bioanalytical method. Hence, the validationof a method actuallydoes not end until the method is retired from analytical use.

For in-study performance of quantitative bioanalytical methods, acceptance criteriafor precision and accuracy generally are
required. Because accuracy isnot applicablefor ADA methods, monitoring the performance ofqualitycontrol samples reassures
analyststhat the assaysystem issuitable for its intended use, i.e., that the assay remainsvalid and is performing as well as it did
during pre-study validation.

The use of a low positivecontrol ensures the assay remains sensitive. Generally during study sample analysis the intra-assay
(interreplicate) precision of the resultsof positive controls, as well as test samples (with assaysignal at or higher than the
screening cut-point), are controlled using systemsuitability acceptance criteria to ensure that meaningfuldata are consistently
obtained. Results below the cut-point, however, may not be required to meet CV limitcriteria.

LIFE CYCLE MANAGEMENT

Management of the performance of immunogenicityassays from initial clinical development through subsequent product
life cycle requires a comprehensive understanding of the strengths, weaknesses, and capabilities of the method format, as well
as of the critical assay reagents and assay performance characteristics. In addition, a well-defined plan for critical reagent
production, characterization and qualification, qualification of suppliers of critical reagents, and characterization and
qualification parameters for reagents produced in-house (aggregate level and labeling efficiency) help manage the risk of
maintaining the assayand transferring the method to other laboratories.

When there are changes in critical method components, equipment, or the population that isstudied with a particular ADA
assay, an assay revalidation may be required. The revalidation may cover some or allvalidation characteristics (l.e., it may be
a partial or whole assay revalidation). Use of lots or batches of assaycritical reagents that are differentfrom those used in
pre-study validation do not require assay revalidation, but they must be supported by appropriate experimental qualification
data for the new reagent to ensure maintenance of system suitability.

Another critical aspect of life cyclemanagement is the development of a strategy to bridge clinical data between an existing
and an improved assayformat. Such changes typically occur in a product's life cycle because of postmarketing commitments
or other needs. To facilitate comparison and cross-validation of the existing method to the revised versions, analysts should
retain sufficient aliquots of the original lots of critical assay reagents. In addition, archiving of analyte-spiked samples as wellas
blinded patient samples is useful to bridge between reagent lots and methods in order to minimize drift in assay performance.
Analysts should develop a written plan outlining the sortof changes to the existing assayor critical reagents that will warrant
an assay qualification versus a cross-validation or full validation. Aquality management document should include details such
as the number of assays that must be performed, the number of analysts that will be used, required training for analysts,
acceptance criteria to demonstrate equivalence between existing and revised methods, data analysis, and reporting method.
Thisinformationdemonstrates the robustnessand consistencyof the assayfollowing changes. Qualitycontrols that ensure assay
equivalence include %CV, tolerance limits, ECso values of slope, titer level, and signal-to-noise ratio. One approach commonly
used to demonstrate equivalence of two immunogenicity methods is the demonstration of~90% concordance in archived
sample results between the existing and revised methods. .

Analysts should use archived samples with a range of positive valuesas well as an appropriate number of negatives to verify
that a new assaysegregates samples into positive and negative categories in the same manner as an existing one.

Another important consideration for life cyclemanagement of critical assay reagents isthe monitoring of long-term reagent
stability under different storage conditions. Adetailed stability testing plan includes storage temperatures (4°C, -20°C, and
-70°C), aliquot volume, freeze-thaw cycles, and acceptable performance characteristics for assayqualification, and results
should be documented. In this context, it may be prudent to archive patient samples to demonstrate the long-term stabilityof
the polyclonal ADA response in actual patient samples.
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(1106.1) IMMUNOGENICITY ASSAYS-DESIGN AND VALIDATION OF
ASSAYS TO DETECT ANTI-DRUG NEUTRALIZING ANTIBODY

INTRODUCTION AND SCOPE

Administration of natural source or recombinant biologicmedicinesmay elicitsome degree of immune response leading to
development of anti-drug antibodies (ADAs) in treated subjects. Neutralizing antibodies (NAbs) are a subset of ADAs that affect
the biological activity of the biologicdrug product. Forthe purposes of this chapter, NAbs are defined by their ability to
neutralizethe biological activity of a therapeutic in an in vitrosystem.This chapter does not address antibodies that may impact
drug clearance. [NOTE-Two helpful referenceson this topic can be found in the Appendix.] Furtherclinical studies would be
needed to assesschanges in biologicactivityon therapeutic outcomes.

NAbs can alter the biological activityof the therapeutic moleculeby binding to one.or more epitopes that liewithin its active
site(s). In addition, NAbs can interfere with active sites through steric hindrance (Le., binding to areas of the protein that are
near the activesite), or by allosteric interactions (Le., binding to a site on the drug and inducing a change in conformation that
can interfere with the drug's activity). Therefore, it is important to monitor the immunogenicityof biological therapeutics
throughout the drug product development cycle by usingsensitive and reliable methods that not onlydetermine the presence
or absence of ADAs but also characterize whether they have neutralizing capability. The objectiveof this general information
chapter is to provide practical recommendations on best practicesthat may be used for risk-based design and validation of
anti-drug NAb assays.

As described in Immunogenicity Assays-Design and Validation of Immunoassays to DetectAnti-DrugAntibodies (1106),
immunoassays(or ligand binding assays) are typically used to screen for the presence of ADAs. Several assayformats can be
used to determine whether a detected ADA isalso a NAb. The first assayformat, defined here as a functional NAb assay (thus
having an actual biological readout), is most commonly used and can take the form of either a cell-based functional assayor
non-cell-basedfunctional assay (e.g., a biochemical assayfor an enzyme therapeutic). Another majorgroup of assayformats is
based on NAb-mediated inhibition of ligand binding between therapeutics and their targets. These assays can take the form of
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either cell-based binding assays (e.g., where a cell-surface target exists) or non-cell-based binding assays (e.g., where a purified
soluble receptor or drug target is utilized).

Thedecisionto use a cell-basedassayversusa non-cell-based assayisdependent on factors that includethe drug's mechanism
of action (MoA) and immunogenicity risk assessment, as well as the availability of relevant and sensitive NAb assays (Figure 7).
Another important consideration in selecting the assayformat is the degree of risk to patient safety that NAb formation would
pose; thus, for therapeutics where antibodies pose a high risk to patients, the assayformat should be sufficiently sensitive for
detecting clinically relevant NAbs. The speed at which resultsare required can have an influenceon the type of assayselected
ifthe cell-based assay requiresextended time to execute. Some practicalconsiderationsfor makingthis decision are presented
in the section Risk-Based Approach to Assessing NeutralizingAntibodies and TheirConsegL1.ences. _. ~

Detection of drug-neutralizing activityin such in vitro assays facilitates improved understanding of any observed clinical
effects resulting from altered pharmacologicalactivity. A thorough investigation of the presence of NAbs and their
characterization in relation to clinical parameters such as pharmacokinetics (PK), pharmacodynamics (PD), efficacy, and safety
istherefore strongly recommended. NAbs would have to be produced at a concentration that is biologically relevantsuch that
the effect of the antibodies could be detected in an in vitro assay, and these antibodies could bind with sufficient affinity to
remain tightly bound to the therapeutic. In contrast, a low-affinity-binding antibody that recognizesan active region of a
therapeutic protein might not remain bound to the therapeutic, and thus would not readilymediate a biological effect.
However, one cannot rule out the possibility of low-affinity antibodies having an effect in vivo, and thus NAb assays should be
designed to detect the widest range of antibody affinities that is practical (e.g., limitthe number of wash steps).

Although the principles described in this chapter are generallyapplicable to most commonly used cell-basedand
non-cell-based NAb assays, modified approaches to assay design and validation may be required for certain products (e.g.,
enzymes), clinical uses (e.g., different dosing regimens or routes of administration), or patient populations. [NOTE-A listof
helpful regulatory guidances and white papers iscontained in the Appendix.]

FACTORS THAT INFLUENCE THE DEVELOPMENT OF NEUTRALIZING ANTIBODIES

Although it isnot entirelyclearwhy biological therapeutics induce NAbs only insome individuals, or why certain therapeutics
induce more NAbs than others, research has shown that certain factors are typically associated with the generation of NAbs.
The initial low-affinity response to a therapeutic protein (primarily composed of IgM antibodies) is rarely able to effectively
neutralize the biological effect of the therapeutic protein. However, antibody response to a therapeutic protein can mature, _
usually upon repeated exposure. As the immune response matures, more epitopes of the therapeutic protein may be recognized
by ADAs leading to an increased possibility of NAbs, as epitopes within the active region of the therapeutic protein are now
recognized.

Ultimately, those factors that trigger development of a robust immune response require the trigger of T-cell mediated
immune responses. Some of these factors include the presence of multiple T-cell epitopes (linear, 7-9 amino acid sequence
recognized in the context of the major histocompatabilitycomplex class II or MHC II); specific product attributes, such as­
aggregation, that would encourage uptake into antigen-presenting cells; genetic sequence differences between the therapeutic
protein and endogenous counterparts; degree of immunologic tolerance; and the amount, route, and schedule of the .
administration of the protein therapeutic. There isalso a potential for residual host cell proteins to act as adjuvants. Therapeutic
proteins that are very close in amino acid sequence to endogenous proteins are lesslikely to trigger a robust immune response.
When the sequence isidenticaland the endoqenous counterpart isfully exposed to the immune system,a high level of tolerance
to the therapeutic protein isanticipated. In subjects with autoimmune disorders, this may not be the case, as tolerance to .
self-proteins has already been compromised.

NAbs are always defined within the context of the assaythat identifies them. Thus, it is possiblethat not all subjects with
NAbs are identified in any program. Also, it is important to recognize that ifthe sensitivity of a NAb assay improves, then the
number of subjects with NAbs that are detected may increase. Ifthe incidence of NAb-positive subjects increases, it isimportant
to determine whether the change is related to assay performance or to an alteration in the product quality attributes of the .
therapeutic protein. NAb specificity isalso important. Forassays with relatively poor specificity, baseline(pretreatment) samples
may show positive responses; however, such a response may not be due to antibodies directed specifically to the therapeutic-­
under study.

DETERMINATION OF PRECLINICAL AND CLINICAL IMMUNOGENICITY

Nonclinical: Relevance and Scope of Preclinical Immunogenidty

Preclinical toxicologystudies are generallyused to suggest dosimetryand to definesafetymargins byevaluating idiosyncratic
toxicityand specific target-organ toxicitycaused by therapeutics. The primary requirement for these studies is to demonstrate
that the animals are exposed to the therapeutic at the intended dosage levels throughout the study. As stated in the ICH S6
Guidance, this can be accomplished by analyzing the circulating drug concentration (PK data) in combination with data on PD
markers, and/or by using immunogenicityassessments to facilitate interpretation of the exposure-to-toxicity correlation. As
discussedin (1106), animaltest systemshavesignificant limitations intheir ability to support specific conclusionson the potential
for clinical immunogenicity, especially as it relates to MHC restriction, T-dependent B-cell responses, and the potential to
neutralize the pharmacological effectof the therapeutic. However, evaluation of immunogenicity in nonclinical studies may be
useful when there is substantial homology of the therapeutic to an endogenous counterpart in animals [e.g., erythropoietin
(EPO) and thrombopoietin (TPO)]. Severe thrombocytopenia was reported in several animal species after dosing with
autologous TPO molecules, due to development of circulating anti-TPO NAbs. In these studies, NAbs directly affected the
pharmacological activityof both the endogenous protein and the exogenously administered therapeutic, making it difficult to
interpret the toxicology study findings.
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NAbs are usually directlydetected and characterized by in vitroassays. However, a decrease in the expressionor activity level
of a PD markermay be indicative of NAbs. Ifconfirmation that the PD marker isdue to the presence of NAb isdesired then this
can be confirmedwith a NAb assay as a surrogate to inferthe presence of NAbs. It is important to confirmthat the change in
the reduced PD marker is not merely due to clearanceof drug from the circulation, an effect that can be caused by ADA, rather
than due to "true" neutralization. As part of the immunogenicityevaluation, it also may be useful to characterize the
immune-dominant epitopes for such high-risk proteins. Nonclinical sample collectionand related considerationsare discussed
in (1106).

Although the measured incidence and titer of NAbs may not be the same in different animal species, induction of NAbs in
multiple species may suggest a higher probabilityof NAb development in humans where significant homology existswithin
the biologically activesite. Immunogenicity studies in transgenic animals expressing the gene encoding the protein of interest
may be useful to help predict the relative potential of various forms of drug product to induce NAbs.

Clinical: Relevance and Scope of Immunogenicity Assessments

Evaluation of immunogenicity, includingdevelopment of NAbs, remainsan important part of the safetyassessment in clinical
drug development.

The scope of the immunogenicity assessment for therapeutics is based on the type of therapeutic, selected indication,
pharmacology, route of administration, duration of treatment, and immune competence of the patient. The frequency of
sample collection and analysis should be based on the timing and incidence of antibody responses as well as the occurrence
and severityof clinical sequelae (see (1106) for more information). Because NAbs can trigger a range of possible clinical effects,
specific and sensitive analytical methods are needed to (1) investigate the characteristics of antibodies induced over time
(non-neutralizing and neutralizing), (2) reveal the duration of the ADA response (transient versuspersistent), and (3) clarify the
implications of the potential immunogenicity for clinical outcomes.

Adequate patient follow-up for measuring neutralizing ADAs should be implemented, because persistent NAbs generally
develop later in the course of treatment and it is important to fully characterize the temporal nature of the antibody response.
Forexample, careful follow-up could reveala transient response in which antibodies appear, yet then disappear after a period
of time such as 2-3 months. In addition to the scheduled, routine repetitive sampling, patients should be evaluated clinically
in a symptom-driven manner whenever antibody development is suspected. Pre-approval clinical trials may fail to detect rare
immunogenic events due to insufficient patient numbers for adequate statisticalevaluation and/or an inadequate duration of
drug exposure. Therefore, a postapproval immunogenicitysurveillance program may be necessaryfor any therapeutic protein
that carriesa risk of generating clinically meaningful NAbs.

RISK-BASED APPROACH TO ASSESSING NEUTRALIZING ANTIBODIES AND THEIR
CONSEQUENCES

Chapter (1106) describes in detail the principles of risk-based approaches to detection and characterizationof antibodies
directed against biologicdrug products. The two primaryconcerns related to NAbs are (1) the therapeutic can lose
pharmacologicalactivity, which in turn can affect itsefficacy, and (2) NAbs can cross-reactwith an endogenous, nonredundant
protein. Inaddition, as with allADAs, NAbs can contribute to other adverse effectssuch as the formation of immune complexes
and potential deposition of these complexes in tissuesand the vascularsystem. Table 1 in (1106) summarizes important risk
factors that may influence the severityof the clinical consequences from an ADA or NAb response. The basic risk assessment
criteriaoutlined in Table 1 in (1106) provide a useful orientation to this type of risk assessment. The variouscombinations of
factors from the three risk categories (lower, medium, and higher risk), as well as the actual antibody properties, could result
in a continuum of intermediate risks. Forexample, NAbs directed against recombinant human growth hormone can neutralize
endogenous growth hormone, which is a vital, nonredundant factor. Yetdecades of therapy with a number of different
recombinant human growth hormone preparations have shown that attenuation of growth was not observed, even in the
presence of the cross-reactive NAbs detected with an in vitro assay. Therefore, the actual risk associatedwith the recombinant
human growth hormone could be viewed as intermediate between the high- and medium-risk categories,despite the existence
of the endogenous counterpart.

Potentialassayformats are selected based on MoA on a case-by-casebasiswith proper consultationwith regulatoryagencies
when needed, while the analytical (or immunogenicity assessment) strategy is driven by the risk of immunogenicityfor the
specific therapeutic. Figure 1 presents a flow chart with some useful options for NAb assayformat selection.
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Biologic Therapeutics Categorized by MoA

Cell-based
assay or non-cell­

based ClBA4

Cell-based
assay or
non-cell­
based
ClBA3

Cell-based binding
assay and/or

non-cell-based CLBA2

Cell-based
functional

assay'

[NoTE-ADCC is "antibody-dependent cell-mediated cytotoxicity;" ClBA is "competitive ligand
binding assay;" MAb is "monoclonal antibody."]
1 A cell-based functional NAb assay is recommended for therapeutic agonists targeting cellular
receptor. This includes therapeutics with a non redundant or redundant endogenous counterpart.
2 For therapeutics with ADCC function, a cell-based ADCC assay potentially has technical
challenges. In addition, ADAs specific to the Fc region of a humanized antibody therapeutic often
bind to other nonspecific IgGs in serum matrix and are difficult to detect in a binding ADA assay
format. Under this situation, a ligard binding assay using a bridging format or an assay method
based on antigen-drug interaction could be a viable platform for the NAb assay.
3 Non-cell-based assays should be considered, in consultation with a regulatory agency, if the
NAb-induced inhibition of Iysomal enzyme therapeutics that function at low pH is not feasible
under cell-based assay conditions.
4For therapeutics that function by binding to more than one receptor, a cell-based assay is
recommended.

Figure 1. NAb assay format selection examples.

For agonistic therapeutics that interact directly with cellular receptors, such as growth factors and hormones, development
of cell-based NAb assays is appropriate to reflect the MoA of the drug. This category includes therapeutics with a nonredundant
endogenous counterpart that may generate clinical sequelaewith a high level of risk to patients. For these therapeutics, assays
with the capability to determine NAb levelswith high specificity and sensitivity are required; the resultsare generally expressed
in titers or equivalents of neutralized drug. These recommendations stem from the concern that NAbs induced by therapeutic
proteins can cross-react with and neutralize vital endogenous homologs and cause autoimmune-type deficiency syndromes
[e.g., that seenwith megakaryocyte growth and development factor (MGDF) and EPO]. Earlydetection and continued testing
for NAbs directed against high-risk molecules are also recommended because NAb data can influence therapeutic decisions.

For antagonistic therapeutics (e.g., anti-lgE or anti-coagulation factors), some regulatory agencies have accepted
non-cell-based competitive ligand binding assays for detection of NAbs that are directed against therapeutics with humoral
targets. However, for antagonistic therapeutics that interact with a receptor and a coreceptor to exert a pharmaceutical effect
on target cells, cell-based assays are generally recommended as this type of MoA cannot be reflected accurately in a
non-cell-based ligand binding assay becausean ADA that does not block drug-target interactions may interfere with target
coreceptor interactions, causing functional neutralization.

In terms of other therapeutics, such as antibody-drug conjugate (ADC), antibody therapeutics with effector functions for
clinical efficacy, and enzyme therapeutics that function in target cells, cell-based assays are generally recommended to reflect
the drug's MoA. However, for lysosomal enzyme therapeutics that function at pH 4-5, it may be challenging to generate any
NAb controls that can inhibit the enzyme at low pH with sufficient sensitivity. In this situation, the development of a
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non-cell-based assay(e.g., inhibition of bindingbetween an enzymedrug and itscognate receptor) iswarranted inconsultation
with a regulatoryagency. In addition, a non-cell-based enzymeactivity assaycould be appropriate for enzymetherapeutics,
even those that exert their activities withincells. However, results of such an assaywill be conclusive only ifthe conditions
requiredfor the intracellular activity of an enzyme drug alsoallow for the effective binding of a putative NAb to the drug.

Generally, morefrequent NAb testing (e.g., monthlyor bimonthly) isrecommended for high-risk situations. Sampling should
be extended post-studyfor patients who test positive until they test negative in two consecutive tests at least2 months apart,
or based on the half-life of the ADA (e.g., 3-5 half-lives). This may include post-marketingtesting. Formedium-and lower-risk
situations, testing should be conducted on case-by-case basis in consultation with regulatoryagencies.

Tofully assess the potential risk associated with NAbs, it isalso important to understand the exposure-response relationship
of a given biotherapeutic, because this relationship couldsuggest the extent to which NAbs can affectdrug activity in vivo. For
example, a high dose of drug would be more difficult to neutralize because more NAb would be necessary; thus, there isa
lowerrisk of efficacy loss. Incontrast, when a lowconcentrationof drug issufficient to achievetherapeutic effect, low levels of
NAbs could neutralize drug activity, hence increasing the risk level. Similar situationscan occur when the concentration of an
endogenous drug counterpart is low; even low levels of NAb could neutralize its physiological function and thereby increase
the antibody-related risk.

DESIGN OF NABTEST METHODS

General Considerations

The selection of a NAb assaytype is heavily driven by the MoA of the therapeutic, as well as the nature of its target. An
example isa monoclonal antibody therapeutic that binds to a receptor on the cell surface,which in turn affects interactions
with other cell surfacereceptors. Forthis situation, the analystshould use a cell-based NAb assay because it isunlikely that such
interactions could be mimicked on a microtiterplate surface. Figure 1 shows various selections of NAb assays, categorized by
their dependence on the MoA of the therapeutic. NAb assay results are generallyreported as quasi-quantitative values using a
titer, or are qualitative, with just a positive or negative result. Certaintechnology platformsreport quantitativevalues, such as a
surfaceplasmon resonance (SPR) assay(see (1106) and Immunological Test Methods-Surface Plasmon Resonance (1105» or in
special cases, neutralization of specific amounts of drug. It could be argued that any numerical valueof sample neutralizing
capacity isquasi-quantitative when usingan antibody preparationas a referencestandard, because the affinities and nature of
the antibodieswithin the standard are unlikely to mimic exactly what is contained in a test sample. Inaddition, comparing
sample values between differentlaboratories that use different standard preparations will likely yield differentresults for the
same sample. Therefore, although a NAb sample value in massunits is helpful for making relative comparisons, all the caveats
associatedwith that valueshould be considered.Atiter valueis recommended as the primaryreadout for NAb assays and is
created by testing a sample usingserial dilutions. The reciprocal of the test sample dilution that produces a positive result, as
defined by the assay cut-point, represents the assaytiter. This assaytiter should be multiplied by the initial minimum required
dilution (MRD; see also (1106», ifnot accounted for, to report the titer of NAbs present in the neat sample matrix.

Cell-Based Methods for NAb Assessment

Asstated previously, cell-based NAb assays can have two general types of readouts: one based on binding events and the
other requiring a series of intracellular events that lead to a functional readout. Drug binding to a receptor or surfaceligandon
the cellcan result in its internalization, phosphorylation, or changes in cyclic adenosine monophosphate (cAMP). Functional
assays have more complexcellular readouts, such as proliferation, reporter gene expression, or protein synthesis and secretion.

Asshown in Figure 1, ifa cell-based NAb assay isappropriate, it is important to study the performance parameters of the
critical components in the assaysystem, namelythe cell line, drug product, positive control (PC) NAb, and test speciesmatrix.
Cell-based NAb assays can be technically challenging because of the need to optimize the cell line, culture conditions, and
sample matrixcomponents. Lack of optimization can compromiseassayprecision, robustness, and sensitivity. Initially, the cells
used for the drug's biological potency assay could be evaluatedfor use in the NAb assay. Use of the same cell line provides
several advantages in that cell linemaintenanceand cultureconditionshave been optimized.Often, thissystemcan be adapted
for a biological matrix. Alternatively, commercial sourcesof cell lines are available, or a drug-responsive cell linecould be
genetically engineered. Cell lines transfectedwith target receptorscan offerthe advantage of more controlledreceptor density,
specificity, and enhanced signaling. Reporter gene expression cell lines can provide sensitive assay endpoints.

The cells' responsiveness to the drug should be characterized, particularly before and after freezing, as well as during
continuous culture (see alsogeneral information chapter Cryopreservation of Cells (1044». Drug dose-response experiments in
the appropriate biological matrix (e.g., serum) can identify earlyinterference issues. Ideally, several matrixsamplesshould be
evaluated. Specificity should be studied to allowusewithserumfrom the speciesof interest that developed NAb afterexposure
to the drug. PC antibodiesare often isolated from antiseraof this species, but because this is not always available during assay
development, a surrogatecontrol antibody reagent isproduced to use during assaydevelopment and validation (seethe section
Development of Positive and Negative Controls in NAbAssays). Cell-based assayformats that have been used successfully in drug
product development are shown in Table 1. The type of assay format chosen is influencedby the mechanism by which the
drug interactswith cells. Theseinteractions can either be director indirect.Adirect interactionisone in whichthe drug product
exerts its effectby acting directly on cells, such as with cytokines, peptides, or monoclonalantibodies to cell surface
determinants. Indirect interactions are those where the drug product blocks the interaction of a ligandwith its cell surface
receptor and consequently interferes with the biologic activity of the ligand. Examples of such drugs include therapeutic
monoclonal antibodies to solublefactors and soluble receptors.
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Table 1. Frequently Used Cell-Based NAb Assay Formats

AssayPlatform NAb
AssayEndpoint Examples Action Advantages Disadvantages

Interferes with bindingof drug Drug, target, and NAb inter-
Doesnot applyto drugswith a
MoA involving signaling

Fluorescence cytometry, to target site on the cell,or actionoccursonlyon the sur- pathwayswithincells; inade-

Cell surfaceinteractions
plate-basedcellsurface bind- affects internalization of drug faceof cells, which mayresult quate receptor expression on
ing product into the cell. in simpleand robust assays. cellmay be a limitation.

Affects drug-induced phos- Needs phosphorylation
Kinase receptor activation, en- phorylationof target recep- .site-specific antibodies;mul-
zyme-linked immunosorbent tor/substrate, or affects Ii- Utilizes earlyevent in cellsig- tipleassaysteps are needed if

Phosphorylation of assays (ELlSAs), intracellular gand-induced phosphoryla- naling,which may resultin a using ELISA to detect phos-
intracellular substrates staining tion by blocking drug. shorter assay. phorylation.

Assay endpoint isthe outcome

Affects cell proliferation that is
of multipleintracellular path-
waysand steps, which may

induced or inhibitedby drug, Well-established assayend- resultin a long assay; prone
or affectsligand-inducedcell point for growth factor-type to interferenceby serum fac-

Cell proliferation 3H incorporation, Alamar Blue
proliferation by block- drugs reflects what happens tors;assayneeds to showspe-
ing drug. to the cells. cificity.

Need to investtime to con-
Affects reporter gene expres- struct reporter gene cell line
sion by drug product, or at- that can respond robustly in

Luciferase, ~-galactosidase, fects ligand-induced reporter presence of test speciesse-
chloramphenicol transacety- gene expression by block- Assay can be quick,sensitive, rum; need to demonstrate

Reporter gene expression lase ing drug. and robust. specificity.

Assay endpoint isthe outcome
of multipleintracellular path-
waysand steps, which may

ELISA, enzyme immunoassay, result in a long assay; assay
radioimmunoassay, electro- Influences protein expression involves cellculturefollowed
chemiluminescent assay by drug, or influences li- The proteincan be measured byligandbindingassayto de-

Proteinexpression or (ECL), scintillation proximity gand-induced protein ex- in the cellsupernatant or in tect synthesized protein, thus
secretion assays pressionby blocking drug. cell lysateby usingan ELISA. two assaysare required.

Multiple effectorfunctions

Influences target cellfate
(ADCC, CDC, phagocytosis,

Required for antibody thera- etc.) may be involved, which
Complement-dependentcy- mediated by effectorfunc- peuticswhere both Faband can makeassaychoice, assay
totoxicity (CDC), ADCC, Fcy' ~ions of therapeutic antibod- Fcdomainsare involved in development, and interpreta-

Effector functions receptor binding res. function. tion of results challenging.

Luminescent cellviability as-
Affects cellcytotoxicity/apop-
tosis induced by drug, or af-

says, terminaldeoxynudeo- fects ligand-inducedcell cy- Directly reflects MoA of cell
tidyltransferase dUTP nick' totoxicity/apoptosis by killing mediated by therapeu- Needs to demonstrate specif-

Cytotoxicity/apoptosis end labeling assay blocking drug. tics. icity.

Consideration isgiven to the assayendpoint, which can reflecteither early or late cellularresponses. Early responses include
the initial binding to the cell surface, internalization, an earlyevent in cell signaling, or gene expression. Late responses reflect
the outcome of multiple intracellular pathwaysthat result in a biological outcome such as proliferation, induction of measurable
products, apoptosis, or effector functions such as ADCC or CDC.

Care should be taken to optimize the concentrations of critical assay components that influence its sensitivity for detecting
NAbs. In the case of a direct NAb assay, the dose response at several concentrations of the drug product should be evaluated.
The amount of drug product used in the assayshould be within the linear portion of the dose-response curve that produces a
reproducible response (e.g., often a 30%-80% maximalassay response). The sensitivity of an indirect NAb assay depends on
both the ligand concentration and the drug product concentration.

In all cases, the appropriate controls should be incorporated. Forexample, in a direct assayformat in which the drug acts
directlyon the cells to induce a biological response, the assay controls should include cells alone, cells with drug product, and
cells with drug product and PC NAb. An indirectassayformat should include cells alone, cellswith ligand, cellswith ligand and
drug product, and cellswith ligand,drug product, and PCNAb. The assaycan be set up as a singledilutionto providequalitative
information (positiveor negative), as is generally the case for preclinical studies, or can use multipledilutions to give a
quasi-quantitative readout, such as the titer. Designing well-controlled assaysfacilitates monitoring of assay performance over
time and identificationof factors to consider as root causes of assayfailure.

Non-Cell-Based Methods for NAb Assessment

Cell-based functional assayformats have traditionally been recommended by the regulatory agencies for NAb assessment.
However, in comparison to the technical challengesof cell-based assays described above, non-cell-based immunoassaysare
capable of overcoming some of the technical limitations inherent to the cell-based bioassays, and have therefore become
another useful technology platformfor NAb evaluation. Non-cell-based immunoassay platforms,especially competitive ligand
binding assays(CLBAs) when relevantto the MoA of the drug, can be used for NAb assessment if proven to specifically detect
NAbs (Figure 2A and Figure 28).
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Fora range of biological therapeutics (e.g., antagonistic MAb therapeutics against a soluble ligand), the drug exerts its
pharmaceutical effect by binding to its target and blockingthe interaction of the ligand with its cellsurface receptor;
consequently, the drug interferes with the biological activity of the ligand. In this instance, a non-cell-based assaymethod is
appropriate for NAb assessment because the assaymethod reflects the MoA of the drug by measuringdrug bindingto itstarget
and inhibition of such binding activity by NAbs.

The ClBA-based NAb assaydesign isbased on the competition between the ligandand NAbs for a limitednumber of binding
sites on the ligand binding therapeutic. As the level of NAb increases, less ligand binds to the drug and the measured assay
response decreases when compared to a control sample that does not contain any neutralizing activity. Therefore, within the
linear range of the assay, the NAb concentration is proportional to the percentage change in assay response. In theory, any
ligand binding assays, such as solid-or liquid-phase immunoassays (e.g., radioligand, ELiSAs, chemiluminescence, and ECl
assays), radioimmunoprecipitationassays (RIPA), and SPR, may be adapted to the ClBA format for the detection of NAb in test
samples (see Appendix and Immunological Test Methods-General Considerations (1102) and Immunological Test Methods­
Enzyme-Linked Immunosorbent Assay (ELISA) (1103), and (1105) for more information).

Two assayformats are available for non-cell-based ClBA (Figure 2A for direct format and Figure 28 for indirectformat).

A Direct Format

Labeled~

ligand

No Signal

)\Sindlng

NAb in sample
competes w/labeled ligand

Figure2A. DirectClBA format: In this assayformat example, the therapeutic product iscoated on a plate and serves as a
capture molecule to bind to the ligand labeledwith a detection molecule(e.g., an enzyme, a fluorescent label,or an ECl label).
Binding between the therapeutic and the ligand is inhibited when NAb is present in test samples, resulting in a lowersignal.

"T" represents "therapeutic product" and "l" represents "Iigand."
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Figure 2B. IndirectClBA format: Inthisassayformat example, the ligand iscoated on the plate, and the therapeutic competes
with the labeled receptor for binding to the ligand. When NAb is present in test samples, it binds to the therapeutic and the
neutralized therapeutic is unable to bind to the ligand; therefore, the signal will increase because the labeled receptor is now

able to access and bind to the ligand.

The direct ClBA NAb assayformat, based on measuring the binding of a drug to its target, is a simple approach (Figure 2A
and Table 2), whereas the indirect elBA NAb assayformat monitors drug-mediated inhibition of ligand-receptor binding
(Figure 28 and Table 2). The two assayformats both utilize the MoA of the drug (inhibition of drug-ligand or ligand-receptor
binding) but measure the neutralizing activity using different assayendpoints.
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Table 2. ClBA NAb Assay Format and Critical Assay Components
AssayDesign for Sol-

Assay id-Phase Assay
AssayFormat Measurement Immunoassays Components Advantage Disadvantage

The drug as capture
molecule and the la-
beled ligandasdetec- Unlabeled or labeled Ifthe binding preventssignal-
tion molecule (the re- drug, conjugated tar- ing or attachment of another
verseformat is more get, test speciessam- ligandto Itsreceptor, only

Binding of a drug to its prone to drug interfer- pies, positiveand neg- the veryearlybindingstep is
DirectCLBA ligand (target) ence) ativecontrols Simple assaydesign reflectedin this assay.

The ligandas capture Unlabeled or conjugat-
molecule and the la- ed ligand, conjugated The complexityof recehtor
beled receptor as de- receptor, unconjugat- Feurification makesit c al-

Drug-mediated inhibi- tection molecule (the ed drug, test species Reflects a consequence enging to maintain proper
tion of Iigand-recep- reverse format isfeasi- samples,positiveand of NAb activity that is proteinfolding and consls-

IndirectCLBA tor binding ble) negativecontrols further downstream. tent assayperformance.

Forthe direct ClBANAb assayformat applied in a solid-phase immunoassay, the immobilized drug usually serves as the
capture molecule,while the labeled target servesas the detection molecule, generating an assaysignal after it binds to the
drug. The neutralizing activitycan be assessedas the level of inhibition of drug-target binding when NAbs are present in test
samples. The assaysensitivity of the direct ClBA NAb assayformat is largelydetermined by the drug concentration selected. A
lower drug concentration typically leads to a more sensitive NAb assay, but a low dynamic range may limitthe detection of a
broad range of NAbs. Therefore, it is important to optimize the drug concentration during assaydevelopment. To further
optimize the assay, implementation of design of experiment (DoE) can be considered to systematically assessthe interactions
among keyassay-operation parameters and identifythe most optimal assay conditions.

In certain cases, such as when the ligand or receptor isa highlycharged molecule and tends to bind nonspecifically to
surfaces, the assayformat also can be reversed by using the ligand or receptor protein as the capture molecule and the drug
as the detection molecule. However, because of the use of the ligand as a coating agent, this reverseformat can be much more
prone to drug interference even ifcomparable assaysensitivity isachieved. Therefore, the direct ClBA NAb assayformat using
the drug as the capture molecule and the conjugated ligand as the detection molecule is usually preferred.

An indirect ClBA NAb assayformat, which is based on drug-mediated inhibition of ligand-receptor binding, also can be
used for the detection of NAb to antagonistic therapeutics that neutralizesoluble ligands.One applicableformat for an indirect
ClBA NAb assay uses the ligand as the capture moleculeand the conjugated receptor protein as the detection molecule in a
solid-phase immunoassay. The reverseformat also may be feasible. The immobilized ligand binds to the conjugated receptor,
generating an assaysignal. Ligand-receptor binding isinhibited inthe presence ofdrug, but occurswhen the drug isneutralized
by NAb. The neutralizing activityin the test sample is thereby estimated by the level of restoration of ligand-receptor binding
when drug function is blocked by NAb.

The sensltlvity of the indirect ClBA NAb assay is largely dependent on the concentrations of both the ligand and drug. A
lower ligand concentration will result in a lowerdrug concentration selected for the assay, leading to a higher NAb assay
sensitivity. Other operational parameters also can be effectively evaluated through the DoE approach to determine the optimal
assayconditions.

When an oligomeric receptor protein is included in the non-cell-based NAb assay, specific consideration should be given to
the challenges presented by this type of receptor, which may be lesslikely to retain the original conformation necessaryto bind
to the ligand when not associated with the cellular membrane. In addition, cellularreceptors typically have one or multiple
transmembrane domains that need to be truncated to facilitate receptor purification. Therefore, concernsariseregarding proper
protein folding of these truncated ectodomains and retention of the structure necessaryfor ligand-receptor binding. The
complexityof receptor purification further requires that lot-to-lot variation and stability of the protein products be effectively
managed in order to maintain consistent assay performance.

Positive and negative controls are critical for monitoring NAb assay performance. Unlike cell-based NAb assays, the design
of assaycontrols for non-cell-based ClBA assays is usually more straightforward, without the need to include background
controls.The selection of positiveand negative controls isdescribed in detail in the section Development of Positive and Negative
Controls in NAb Assays.

VALIDATION OF·NAB ASSAYS

As described above, there are two main formats for NAb assays: cell-based functional assays and binding-based assays. The
various components of validation that should be carried out prior to study initiationare described in the sections that follow.
The principles of each aspect of validation apply to both assayformats unless noted otherwise.

Minimum Required Dilution

Determination of the appropriate dilution of assay matrix isan important part of NAb assayoptimization because this will
affectthe minimal test sample dilutionand therefore the assaysensitivity. The considerationsfor definingthe minimum-required
dilution (MRD) used for the ADA screening immunoassaydescribed in (1106) also may be applied to NAb assays. The effectof
sample matrixon assaycapabilityshould be evaluated at multipledilutions, preferablyby usingdifferentpoolsof the test species
matrix.The dilution of sample matrix that has a minimal effect on the assay response should be selected and further evaluated
using the PC antibody spiked into sample matrix. A NAb assayshould be able to detect antibodies in the presence of assay
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matrixcomponents that maybe expected to be present.Thesemight includecomplement, coagulationfactors, solubletargets,
lipids, concomitant medications, and the endogenous homologous counterpart, as well as the administered drug product. As
described in (1106), the MRD can be objectively determined and defined as a dilution level that achieves an optimal
signal-to-background ratiowith acceptablevariability.

Factors such as solubletargets that either bind the drug product or act directly on the cells can interfere in the assay, leading
to false positive results. Alternatively, certainfactors mayalter the assayresponsein a manner that masks the presenceof a NAb
in the sample (e.g., as noted with the presenceof interfering levels of biotherapeutics or growth factors). Confirmation of assay
specificity can help to determine the presenceof such interfering substances (see the section Assay Specificity). Assessment of
matrixeffects during assaydevelopment can be accomplished using pooled matrix. Ideally, the assay matrixshould be defined
using multipleindividual matrixsamplesbecauseof heterogeneityof the various possible interfering substances. Diseased-state
(treatment-naive)matrix may contain additional factorsthat interfere in the assay and should be evaluated whenever possible.

IfIipemic, hemolyzed, incompletely clotted, and, preferably, disease-state serafrom naivesubjectsare available, they should
be screened in the assayboth with and without the addition of the PC NAb. Ifthe unspiked sera give a response in the assay,
and/or the sera interfere in the detection of the control, the analytical procedureshould state that samplescompromisedin
such a manner may not yield reliable results and may have to be excludedfrom testing.

Development of Positive and Negative Controls in NAb Assays

NAb assays, includingcell-based functional assays and non-cell-based immunoassays, are designed to detect heterogeneous
and often polyclonal anti-drug immunoglobulins. Because of the diverse nature of immune responses to the drug, it is not
possible to generate a true NAb reference standard. Assay performance is therefore monitored by utilizing surrogate positive
and negative controls (PCs and NCs). Typically, an NCsample isgenerated by poolingrelevantmatrixthat isnegativeforADA,
such as matrixcollectedfrom subjectswith no previous exposure to the drug. One should considerwhether the NC pool can
appropriately represent the target study population,such as by comparing assay response produced by the NCto the mean
response produced by the individual target population matrixsamples(at least20 individuals). Insome cases, it can be difficult
to obtain a sufficient number of study population-relevant matrix samplesor to ensure that samples used in assay validation
accuratelyrepresent matrixcharacteristics of the study population samples.The incurredstudy baseline samplesshould be
assessed for any evidence of predose reactivity to the compound.

NAb assayPCs typically consistofa hyperimmunized animalserum, a monoclonal Ab, or material that otherwisehas specific,
and generallyhigh, affinity neutralizing ADA reactivity. The antibody preparation used to generate a NAb-assay PCmust be
able to neutralize the biological activity of the drug compound in vitro. Ideally, the PCmay be prepared by spiking
immunoaffinity-purified ADA (polyclonal or monoclonal), or a protein-A/G purified preparationspikedinto an appropriate neat
matrix may be used. Alternatively, for preclinical studies only, whole hyperimmunized animal serum spiked into appropriate
neat matrix can be used. ForMAb biotherapeutics, the PCgenerally has anti-idiotypic antibody reactivity. The PC antibody is
considered a critical reagent and should be documented and characterized for use in the assay. Pertinentdocumentation and
evaluations that should be considered include. immunization scheme, purification procedure and yield, protein concentration,
relative affinity, cross-reactivity, isotype, and NAb titer. Thorough characterization will promote reagent consistency over time
and minimize lot-to-lotvariation. Refer to (1106) for stability monitoring of assay controls.

Although PCs are used to develop, validate, and monitor performanceof NAb assays, these controlsare not assumed to
represent actual incurredstudy samples.Agreat diversity of immune responses to drug molecule, with a broad range of binding
affinity and specificity characteristics, should' be expected. Therefore, PCand NC performance is used primarily to ensure that
the assayperformsas expected (i.e., to confirm systemsuitability).

Assay Cut-Points

The cut-point of a NAb assay is the assay response used to determine whether a sample is positive for neutralizing activity.
All individual drug-naivesubject samplesand NCsamples used for the cut-point evaluation should be spikedwith a fixed
concentration of drug determined priorto validation; however, this would not apply to the direct format for non-cell-based
NAb assays. The assayresponsecan be expressed asassaysignal or as the ratioofassaysignalfrom a test sample to that derived
from the NC. The NAb-positive sampleswould have a response above the cut-point if NAb increases the assay responseand
below the cut-point ifNAb reduces the assay response. Alternatively, the assay response may be normalized and computed as
percentage change from the NC.

Because (11 06) includes an outlineofthe cut-pointevaluation process, thischapter onlyprovides asummaryofthe evaluation
process, with emphasis on and clarification of some key steps for NAb assays (additional helpful resources can be found in the
Appendix). Alternative statistical methods can be applied in some steps of the cut-point evaluation process(e.g., outlier
evaluation) with appropriate justification.

Based on statistical and practical considerations, at least 30 individual subject-sera from the target disease population (if
available) or healthy donors should be usedfor cut-point evaluation. Samples from these subjectsshould be tested overat least
three independent runs (e.g., days, analysts) by at least two analysts using a balanced-design framework. At least three
reportable results for the negative control should be available from each plate, where a reportable result may be the average
of duplicatesample results ifthe study samplesare alsotested in duplicate.Also, these three results should come from different
locations in the plate, such as the firstcolumn, middlecolumn, and last column of the plate.

Ifthe cut-point isestimatedfrom onlyhealthydonor seraduring thisvalidation phase,data fromthe target diseasepopulation
should be evaluated during the in-study phase to determine statistically whether the distributions of assayresponseare similar
to those of the healthy population. If the variances are significantly different, the cut-point should be re-evaluated usingthe
target disease population. If only the means are significantly different, the same cut-point can be used after redefining the NC
based on the target population. Other population differences relevant to the clinical study with respect to gender, age, and
other factors also should be considered in the sample selection process.
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The distributionsof original data and log-transformed data (or other transformations), averaged across assay runs, can be
evaluated in terms of the skewnesscoefficientand normal probability plot. Data from the scale (e.g., original, log) that provides
the most symmetric or close-to-normal distribution should be used in all subsequent analyses, such as outlier evaluation, .
cut-point calculations, and comparisons of means and variances across assay runs. Analytical and biological outliersshould be
identified using appropriate statistical methods such as using the conditional residuals and subject mean estimates from a
mixed-effects model that includes the relevant sources of variation in the cut-point experiment (e.g., this model may include
Subjects nested within Subject Groups, Run Number nested withinAnalyst, and Plate ID as random-effects, as well as Subject
Groups, Analyst, PlateTesting Order, and the interaction of Analyst and PlateTesting Order as fixed-effects).

The analytical outliers should be identifiedand removed before identifyingthe biological outliers, and the distribution of
assayresponse should be evaluated after removing the analytical and biological outliers. Ifthe distribution isadequately normal
(i.e., Shapiro-Wilk test is not significant), the parametric approach [mean +2.33 x standard deviation(SD), ifNAb increasesthe
assayresponse, and mean -2.33 x SD,ifNAb reduces the assay response]can be used for determining the cut-point from these
validation data. Thiscalculation will yield a 1% untreated false positive rate from a normal distribution.The cut-point may be
defined in terms of other false positive rates, such as 0.1%-5% on a case-by-case basis, with appropriate justification and
discussions with regulatory agencies. Ifthe distribution is not adequately normal (i.e., Shapiro-Wilk test issignificant) but isstill
symmetricenough (skewnesscoefficient<1 ), and the departure from normality ismostlydue to the heavytailsor some extreme
valuesthat may not have been identifiedas statistical outliers, robust alternatives to the mean and SD, such as the median and
1.4826 times the median absolute deviation, respectively, can be used in the above cut-point calculation formula. Ifthe
distribution is highly nonsymmetric (skewness coefficient>1), the nonparametric 99th percentile is recommended, although
this should be a last resort as it requires a much larger number of subjects (»100) to obtain a reliable estimate.

Another important consideration is that the SD estimate used in the cut-point estimation should include all the different
sources of variationthat are relevantto the context where studysampleswill be tested during the in-studyphase. Because study
samples are typically tested by multiple analystsover several plates and assay runs, the SD used in the cut-point evaluation in
such cases should include, at the minimum, interanalyst, interplate/run, intraplate/run, and intersubjectvariability.

In order to understand the nature of variability in the assay, and to determine whether the same cut-point evaluated during
the validation phase can be used for identifying samples with neutralizing activityduring the in-study phase, the means and
variancesof the distribution of the assaysignal from approximatelysix runs should be compared using a mixed effects model
and Levene's test, respectively (see (1106». Ifthese are not significantly different, then the same cut-point (fixed cut-point) can
be used during the in-study phase. Otherwise, the cut-point evaluated as above using these validation data should be divided
by (or subtracted from) the NC.This is called a multiplicative (or additive) normalizationfactor. This factor may be multiplied
(or added) to the NCused during each run ofthe bioanalysis phase to define the run- or plate-specific cut-point. Sucha cut-point
iscalled the floating cut-point. If the original data are found to be approximately symmetric or normal, then an additive
correction factor may be used. Ifa log transformation is necessary to ensure approximate symmetry or normalityof the
distribution or if the distribution of the ratio of original sample results (assay signal) to NC has been shown to be adequately
symmetric or normal, then a multiplicative correction factor may be used. In such cases, all of the analyses for cut-point
evaluation also may be done in terms of the ratio of assaysignalfrom the individual subject sample to the NCfrom the
corresponding plate. .

In practice, regardless of whether the means and variances are significantly different between assay plates or runs, the use
of a floating cut-point is recommended as it is more accommodating to minor drifts between assay runs during the in-study
sample testing phase.

Ifa fixed cut-point is justified from the above evaluationsand therefore is implemented during the in-study phase, a higher
level of attention is required to monitor and validatechanges in reagents and other assayconditions. Because the cut-point has
been fixed in relation to that assay as it existed at the time of the experiments that determined the cut-point, it is essential to
ensure that the assay signal resultsfrom the controls and test samples are consistent and stable in the event that any changes
are made to the assay (e.g., new reagents, analysts, or machinery).

System Suitability Criteria

NAb assays typically have an intricate design with multistep operations. These assays use complex reagents and equipment
and also requireextensivedata collection. It istherefore important to conduct system suitability assessmentsin order to evaluate
and verify overall method validity and utility.

Specifically, negative and positive assaycontrols and additional background controls (e.g., cells alone and/or cellswith drug
product) should be included as part of each analytical run during assayvalidation and during the sample testing phase. The
exact nature of background controls will depend on the type of NAb assay developed (see the section Design of NAb Test
Methods). Data obtained during assay validation are used to develop assay acceptance criteria.

Generally, monitoring performance of the PC at low level (LPC) and high level (HPC) is most critical. Inclusion of the LPC
helps monitor the established assaysensitivity. Exclusive use of a mid-level PC (MPC) should be avoided because the middle
range of the assay response versus PC concentration may not be affected as significantly by changes in assayconditions (e.g.,
reagent, changes) as are LPC and HPC. Alternatively, performingan analysis of a PC tested in a dilutionseriesprovidescoverage
of multiple PC levels, including LPC. In some circumstances, use of an NC that includes a non-neutralizing antibody may be
helpfulfor identifying run failure and preventing reports offalse positive results.Typical acceptance criteria for the assaycontrol
samples include (a) precisionof the raw assaysignal for PC and NCsamples, (b) performance of the LPC sample or reportable
titer valuefor the PC, and (c) upper and/or low limitfor the assayresponse generated by the assay NC. Other criteria may be

ap~~~~ the floating cut-point approach is used for the NAb assaycut-point evaluation, the system suitability criteriaor limits
can be defined for the ratio of the LPC to the NCand for the ratio of the HPC to the LPC, instead of defining limits separately
for each Pc. Forthe in-study phase, it is also useful to apply acceptance criteriafor intra-assayprecision (variability of response
of replicates in an assay).As discussed in (1106), setting criteria for passing or failing assays in pre-studyvalidationexperiments
should be avoided and all assays performed during pre-study validation should be included except for those rejected for an
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assignable cause. The appropriate choice of LPC concentration and the acceptable range of performance are important for
ensuring the ability to monitorsustained assay sensitivity. The failure rate for LPC isexpected to be 1% based on the PC
performance. Similarly, an assay failure rate can be set at 1% based on the performance of the NC. If applicable, higher rates
offailure (e.g., 5%) may be used.Toset a specific failure rate based on the NC and LPC sample performance, appropriate assay
response limits should be calculatedbased on control performanceduring assaypre-studyvalidation. Alternatively, limits may
be establishedfor the PC titer value.Theseshould be defined based on the PC performanceobservedduring the pre-study
assay validation phase. Importantly, depending on the specifics of the NAb assayformat, the signal in the assay isexpected to
increase (Figure 3A) or decrease (Figure 38) in response to the increasing PC concentration. Hence, an appropriate NClimit
should be set. Forexample, in the firstcase,where the assaysignal is increased,an upper limitfor the NC should be established.
In the second case, a lower limit for the NCwill be most important.
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Figure 3A. NAb assay responseas a function of PC concentration. Assay signal increases with increasing PC concentrations.
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Figure 3B. NAb assay response as a function of PC concentration. Assay signal decreases with increasing PC concentrations.

Initial assaycontrol acceptance criteria may be based on the existing information about assay performance obtained during
the assaydevelopment and qualification phase. Alternatively, standard criteriathat are based on the specific, existing NAb assay
validation standard operating procedure may apply. Important technical details such as instrument signal readout capabilities
should be considered when setting expectations for the assay control performance. Actual criteriafor the assaycontrols can
only be determined after a holistic evaluation of the assayvalidation information in its entirety.

Because of the complexity of the NAb assays, specifically the cell-based NAb protocols, an effort should be made to identify
particularsteps and conditions with the highest potential to affect assay performance. Generally, assaycontrol performance
should be monitored during the study support phase to ensure consistency of reported data. Assay control performance data
should be monitored for any short- or long-term trends and variations relative to the predefined range. If a suspicious trend in
the control sample performance is identifiedor the signalfalls close to a limitof the acceptable range, an investigation should
be considered. .

Relative Sensitivity

NAb assaysensitivity is defined as the lowest concentration of an assay PCantibody that can be detected reliably by the
method. The resultobtained for this validation parameter is highlydependent on the characteristicsof the PC used to conduct
the experiments, including its neutralizing capacityand binding affinity to the drug. The relative sensitivity of NAb assays isalso
inversely dependent on the concentration of drug used in the assay.

To conduct the experiment, PC isspiked into assay-relevant pooled matrix.These spiked samples are tested in multiple runs,
commonly in at least three independent runs by two operators for a total of six runs. It is recommended that more than one
antibody curve be performed per run per operator.

Generally, linear interpolation between values just above and below the assay cut-point is conducted to calculate the assay
sensitivity parameter. In some cases, a four-parameter model is used for which at least sixvalues generated by various
concentrations of PC should be available to appropriatelyanalyze the resulting data set. One of the valuesshould fall below the
assay cut-point. When using linear interpolation or a four-parameter-fit approach, the PC concentration that would generate
an assay response equal to the cut-point value iscalculated. Values generated in multipletests over multipledays are averaged,
and the result is reported as the relative sensitivity of the assay. Once established, the assaysensitivity value can be used to
guide selectionof a LPC concentration to be used when monitoring assayperformance during assayvalidation and when testing
incurred study samples. Generally, the LPC concentration is chosen so that the rate of assayfailure due to performance of the
PCis NMT 5%. .

Because the assaysensitivity depends greatly on the characteristicsof the assayPC, assaysensitivity will varybetween different
NAbs. The assaysensitivity value determined during assayvalidation cannot be used to predict the actual NAb concentration
that could be detected in study samples. The NAb assaysensitivity parameter is useful when evaluating variousanalytical
platforms, during assaydevelopment and optimization, and for selecting appropriate PCconcentrations for assayvalidation
and systemsuitability testing. Typical targets for the NAb assaysensitivity are often 0.5-2 I-lg/mL; however, because NAb assays
are complex, a case-by-case, fit-for-purposeapproach to selecting an appropriate assaysensitivity is used with the goal of
detecting clinically relevant NAbs.
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Assay Specificity
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Assay specificity isdefined as the ability to unambiguouslydetect the analyte of interest. Forexample, in the caseofcell-based
assays, an initial assessment should be done to investigatethe ability of the chosen celllineto respond to biological components
expected to be present in the assay matrix that may structurallyor functionally resemble the drug molecule or its molecular
target; the goal is to ensure the specificity of the NAb format. Such an assessment may aid in determining the assayformat,
the analytical platform, the type ofcelllineto be used in the assay, any sample pretreatment, and other assayconditions.Careful
attention should be paid to potential differences between normal and disease-statesamples. Assessment of assayspecificity
may include the testing of irrelevant ADA (e.g., antibodies to other similar molecules) and should include, where possible,
specific binding ADA that are knownto lackneutralizing activity. The comparison may be made either by evaluatingan antibody
dilution profileor by spiking the antibody in excess into a pooled negative matrixsample. The irrelevant antibodies are not
expected to score positive in a well-designed, specific NAb assay. Other matrix components (e.g., soluble forms of receptors
or other drug binding partners) may exhibit inhibitoryeffects on the drug activity. It is important to understand whether true
confirmatory testing should be included as part of an incurred sample analysis routine. Such confirmatorytesting should
demonstrate that the inhibitionof the drug activity is specific to NAbs and not other factors found in the assay matrix. NAb
confirmatory testing, also referred to as matrix interference assays, generallyemploy a cut-point-based approach. Ifa decision
is made to include a matrix interference NAb confirmatoryassayduring routine sample testing, the validation should follow
the general principlesdescribed above for the assaycut-point determination.

Selectivity and Interference

Selectivity evaluates the ability of a NAb assayto detect a NAb PCin a matrixsample containing potential interfering factors.
These matrix factors may bind to NAb through specific or nonspecific interactions, interfering with NAb detection. General
matrix interference can be investigated by evaluating the recoveryof the NAb assay response generated by the HPC and LPC
prepared in 10-20 individual relevant matrix samples.

One of the major interferingagents in a NAb assay is the drug itself, when present in test samplesfrom dosed subjects.The
drug interferes with the ability of the assayto detect NAbs, causing false negative or false positive results, depending on assay
design. The magnitude of drug interference is dependent on multiplefactors such as the circulating drug concentration, the
concentration and other characteristics (affinity, avldlty) of the PC antibody, the half-life of the drug, and the assaydesign.
Therefore, it is not possibleto establish a universal "drug tolerance level" for all NAb assays. Nevertheless, drug interference in
the NAb assayshould be addressed in the assaydesign and testing strategies. Duringassaydevelopment or optimization,drug
interference may be assessed by adding titrated concentrations of drug into undiluted matrix containing fixed concentrations
of a positiveNAb control, based on assaysensitivity. The limitofdrug tolerance is reported as the highest concentration of drug
at which PCNAb remains detectable, where detectabilityshould be defined (e.g., a certain signal-to-noise ratio, a selected level
above background). To ensure that the assay method issensitiveenough to detect NAbs in the presence of circulating drug,
the positive NAb control could be titrated in undiluted pooled matrix sample (e.g., at 250 ng/mL or 500 ng/mL for clinical
studies or 1000 ng/mLfor nonclinical studies) to assessdrug tolerance level for the assaymethod. Thus, based on the sensitivity
of the NAb assay, the PCshould be diluted to that level when trying to detect NAb in the presence of circulating drug. The
drug tolerance level can vary considerably when different concentrations of the positive NAb control are added to the assay
matrix. NAbs may also differ in affinity and/or avidity. Therefore, the drug tolerance level assessed using a PCmay not predict
the actual levels of drug interference in study samples.

Because NAb assays tend to be highlysusceptible to drug interference, it isgenerally not recommended to test for NAbs in
samples from time points when drug levels are expected to be high. However, it may be necessaryto analyze NAb activity in
study samples containing circulating drug to investigatewhen the onset of the NAb response occurs and its impact on drug
exposure. Under these circumstances, methods need to be applied to overcome drug interference and enable NAb detection
in the presence of high levels of circulating drug. Strategies commonly used to improve drug tolerance level include acid
dissociationand removalof excessdrug through physical separation or solid-phaseabsorption. Analternate approach isa drug
quantitation-based approach in which samples are tested for the bioactivity of circulatingor exogenously added drug. Each
method has its own caveat. Forexample, acid pretreatment may affect the activity of NAbs. In cell-based NAb assays, excess
acid contained in samples may negatively affectthe cellularresponse and decrease the assaysignal, thereby compromising the
advantage offered by using the acid dissociation procedure.

Inaddition to drug interference,solubledrug ligandsmay also interferewith NAb assays, potentiallygenerating falsepositive
results.Target interference also can be introduced when the drug target is releasedfrom drug-target complexes during acid
dissociation. These interferingfactors may be addressed by optimizing sample pretreatment methods. One feasible approach
isto pretreat the samples with beads conjugated to an anti-target antibody. After removal of beads, the target-depleted samples
can be used in the NAb assay.

Precision

Precision-intra-assay and interassay-is the quantitative expression of variability, and it providesa measure of the amount
of random error that occurs during the execution of an analytical procedure. Precision estimates are useful indicators of assay
performance in the specifiedassay matrix.

QUALITATIVE NAb ASSAYS

Per general information chapter Validation of Compendial Procedures (1225) and ICH Q2(Rl), intra-assay precision
(repeatability) is the degree of agreement between resultsgenerated by consecutiveanalysis (replicate testing) of the same
assaycontrols or samples under the same operating conditions, bythe same operator usingthe same equipment ina laboratory,
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within a short period of time. Fourto six independent preparations of LPC, HPC, and/or NC samples in a single lot of pooled
donor serum (normal or disease state) are evaluated in duplicate or triplicate, in multiple positions on the same plate in a
randomized manner, to determine the relevant sources contributing to response variability. The imprecision of the assay
response (optical density, fluorescence unit, luminescenceunit,or percentage change in assay signal after normalization or
interpolation), is calculated and reported as percent coefficient of variation (%CV), which equals (SO/mean) x 100. The %CV
valuesof the mean assay response obtained with the variousassaycontrolsshould suffice for assessmentof intra-assay precision.
The %CV may vary depending on the technology used for detection, assay methodology, and procedural complexity.The
expected target CV or pooled %CV for intra-assay precision should therefore be defined based on assaycapability, as well as
on intended use. It is not possible to generalize acceptable precision as it depends on the use of the assayand drug type, risk
to patient, and other factors, but the need to rely on the assay result should drive acceptable limits.

Interassay precision (also called intermediate or total precision) encompasses within-laboratoryvariationamong assay runs,
and therefore represents the overall precision of the assay. The experiment described above should be executed over multiple
dayswith at least two operators, especially ifthe sample testing will be executed by more than one operator in the study phase.
The pooled intraplate SOand the SOof the mean for each sample tested on multiple plates over multiple days can be used to
calculatethe intermediate precision, assuming that most of the variability isattributable to plate variability and that the sample
size is the same on every plate. Intermediate precision is highlydependent on the assay methodology and procedural
complexity. The target intermediate precision, therefore, should be defined based on assay capability, as well as on intended
use (fit-for-purpose).

Using an alternate approach, interassayprecision may be assessed by deriving the mean, SO, and %CV of the NCs and PCs
from allof the experiments conducted during assaydevelopment (provided that the plate location effectsare negligible), with a
few exclusions. The runs to be excluded are those with an assignable operator or equipment error, or with method variations
introduced intentionallyfor robustness testing.

QUASI-QUANTITATIVE NAb ASSAYS

To assess the precisionof the reported titers, operators generallyuse the LPC and one to two concentrations of the HPC. The
HPCs (minimum of three independent preparations) should be diluted in a two- or three-fold titration series using undiluted
pooled assay matrix as the diluent and then should be tested in the assay. The HPC can also be diluted in MRO matrix pool, as
long as future samples are diluted in the same manner. To measure intra-assay precision, it isgenerallyrecommended that three
titration curves of the low and high PC be analyzed by one operator on the same day. To measure interassayprecision, three
titration curves each of the low and high PC should be analyzed on a minimum of 2-3 different days by two operators. Titers
are determined as a reciprocalvalue of the highest dilution of the PCthat tests positive. Target titers can be determined and
assigned to each low and high PCor can be calculated as mean values by averaging the titer valuesobtained for the low and
high PCs in the precision assessment. Intra-assay and interassayprecisions of titers are then evaluated by comparing titers
obtained for individually prepared curves to the target titer assigned for the low PC and high PC, respectively. As described in
(1106), a recommended but more rigorous approach is to use these data to define a minimum significantratio (MSR). The
calculated MSR reflects the smallestfold-change-in the titer valuesthat can be considered statistically significant(P < 0.05); for
instance, if MSR =5, then titers that are different by more than five-fold can be considered significant.

Ingeneral, the acceptance criterionfor titer precision is that the assigned titer value should be within one dilution of the
target titer in independent titration series. This, however, will depend on the method capability, the dilution level (e.g., this
criterion may be suitable for a two- or three-foJd serial dilution assayformat but not a 10-fold serial dilutionformat), and the
intended use of the reported titer data in the clinical setting. Ifusingthe calculated mean titer approach, occasionally the mean
titer may fall in between the dilutions because it isderived from observed values from multiple analyses. In this scenario, the
±1 dilution rule needs to be modified,and titers observedfor a defined PCare rounded to the nearest dilutionto yieldthe target
titer.

Robustness and Reproducibility

Robustness and reproducibility of immunogenicityassays are discussed in (1106), which is in harmony with (1225) and ICH
Q2(R1 ).

Robustness testing should be done as part of assayoptimization during assay development, ifat all possible. This is because
it is unlikely that during validation an analystwould specifically attempt to make changes that might routinely occur (e.g.,
switching lots of materials or varying incubation times within certain limits). It is therefore necessaryto understand which
parameters of the method require strict adherence (e.g., concentration of coating antibody), with precise limits for the
parameter delineated in the method, versus parameters that need lesscontrol and can have "approximate" descriptions in the
method.

Robustness experiments can be performed ina simplefashion byvaryingone or two variablesat a time or by DoE approaches,
depending on how many factors will be tested at anyone time and the extent to which interactions among parameters will be
examined. The breadth of robustness testing depends on the intended use of the assay (e.g., a smallstudy lookingfor gross
changes in a toxicology experiment might need less robustness testing than some other studies). However, any assayused for
clinical studies involving the registration of a drug should be examined thoroughly to ensure that it performs as expected on a
routine basisover an extended period. Plateedge effect (or uniformity) should be examined during assaydevelopment. Other
common factors that should be evaluated for impact include incubation times and temperatures, reagent concentrations, and
celldensities.

If an assay needs to be transferred to a different laboratory, analysts should assess the reproducibility of the method in the
new laboratory. Thiscan be done as part of the assaytransfer qualification and/or the validation of the method at the new
facility. It is important to note that a properly designed and optimized assay, where critical parameters have been understood
and controlled, should be robust enough to transfer without any issues. However, to ensure that the assaywill perform in the
same manner in each laboratory, several useful indicatorscan be assessed. Shared samples can be tested at both sites, and
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estimatesof assayvariability and quality control performancecan be evaluated (see alsothe section Transfers to Other
Laboratories in LifeCycle Management).

Stability

Itisimportant to understand the optimalstorage and handlingconditionsforassaysamples, controls, materials, and reagents
(see (1106) for additional guidance). For example, it may be important to provideadvice to clinics on aliquoting procedures,
time to freeze samples, storage temperature, and shipping conditions.

Akey considerationfor cell-based NAb assays isthe stability of the cell lineitself. Cell lines, as living entities, exhibit inherent
variability and the potential to change over time or react to the environment in a way that can influence their response in the
assay. Forexample, variations in levels ofcell surfacereceptorsmay be affectedby the number of cell doublings,time inculture,
presence of certain media components (e.g., serum), and/or cell density.Therefore, during NAb assaydevelopment, cell line
performanceshould be thoroughlycharacterized. Appropriate controlsshould be established for parameters including passage
number, reagents, and media changes. An example isthat the use of frozen cell aliquotsof the same passage number for each
assay can sometimes reduce variation becauseof changes in continuous culture.

Documentation of Pre-Study and In-Study Validation

The recommended documentation isdescribed in chapter (1106) for both pre-studyand in-study validation.

IN-STUDY VALIDATION ASSAY MONITORING

The ability of a NAb assayto perform in a reliable manner over time is important for conducting historical comparisons of
NAb incidencefor a single biotherapeutic as it advances through the clinical development life cycle. Also, verification that a
validated assaycontinues to perform as expected isan ongoing process, and once the NAb assay is implemented, it isgood
scientific practiceto monitor itsperformance by trending the results obtained with assaycontrolsover time. It isrecommended
to use a statistical approach (e.g., Westgard rules) for assigning the threshold for assayfailure and investigation based on
behaviorof the assaycontrol (positive or negative). Thismay be easier to accomplish for highlyprecise assays than for assays
that tend to be more variable. Regardless, it is recommended to tabulate the assaycontrol values obtained from a minimum
of 10 runs over an appropriate time periodto establish a threshold and an approach for identifying assays that seem to be
trending toward the assay limits. Ifthe assay performs outside pre-established expectations,an investigation should be
performedto identify thecause of the observation; implementationofappropriate step(s)maybe necessary. If corrective step(s)
are required, assay performanceverification may be necessary to demonstrate that performancehas returned to its original
level. It isalso important to identify variables that are likely to contribute to assaydrift, such as the use of a new working cell
bank, changes in lots of critical reagents, and differentassay operators.

LIFE CYCLE MANAGEMENT

Changing the NAb Assay Format

During the drug development phase, it may be necessary to change the NAb assayformat. For example, the assay format
might be changed from cell-based to non-cell-based or viceversa to obtain an assaywith better sensitivity or specificity, or
other desirable characteristics. If NAb-related adverse events tend to be serious or life threatening (e.g., in the case of growth
factor or cytokine drug products that havea nonredundant function), it is recommended to seek regulatory agency advice
when considering a differentassay format to ensure its suitability for detection of clinically relevant NAbs.

For all NAb assayformat changes, an assessmentof assay sensitivity and specificity is important. If the switch is being made
for greater ease of performancewithout a significant improvement in assaycharacteristics, the ability of the previous and new
formats to detect NAbs should be compared. This comparisonshould be made by usingdonor serum samplesspiked with the
PC antibody, aswell as incurred studysamplesthat havepreviously tested positive for NAbs. Forthe latter,a rate ofconcordance
for sample results should be predeterminedand met.

Transfers to Other Laboratories

NON-CLIA LABORATORIES

If the receiving laboratory is not certified under the Clinical Laboratory ImprovementAmendments(CLlA) program, the
capability of this lab to follow good laboratory practices(GLP) should be assessed before initiating any assay transferactivities.
CLiA-certified laboratories are regulated by the Centersfor Medicare and Medicaid Services of the U.S. Department of Health
and Human Services. These regulations are defined in 24 CFR Part493 and apply to laboratories testing human specimensfor
the purpose of disease diagnosis, prevention, monitoring, or treatment. Fornon-CLIA labs, the capability assessmentmay
includeevaluation of existing infrastructure for conducting cell-based or non-cell-based NAb assays, review of stafftraining
records, and other activities. An informal feasibility study may be useful for assessing assay performancein the receiving lab.
The transferring lab can simply provide the assay and reagents to the receiving lab, whichcan attempt a few runs and evaluate
the assaycontrols.This exercise helpsevaluateboth the clarity of the written'method and the receiving lab's ability to conduct
the assay. The feasibility study results should be useful when determining the level of formal training that the transferring lab
should provideto the receiving lab. Formal training, if needed, should adhere to a documented training plan. Assay controls
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and training samples prepared byspiking matrixsamples with the PC NAb may be run by both the trainer and trainee following
the same detailed method. The acceptance criteria for successful training should be clearlydescribed in the training plan.

Formal assaytransfer activities may commence after the receiving lab has been trained successfully and its equipment has
been qualified. Anassaytransfer protocol should be written to describethe experiments that will be conducted during the assay
transfer phase. The acceptance criteriafor the experiments should be clearly defined. Some typical experiments that should be
conducted by the receiving lab during assaytransfer may include (a) running PCantibody curves, (b) testing matrix samples
that have been left unspiked or have been spiked with PC NAb, and (c) testing different lots of critical reagents, performed by
more than one analyst. Forthe experiments designated (b) and (c), it may be useful for both the transferring lab and receiving
lab to conduct the experiments using the same training samples. Statistical analysesthen should be performed on the data
generated, to assess the degree of concordance between the two labs. The extent of concordance required for a successful
assay transfer should be detailed in the protocol. In certain situations, it may be necessaryto derive a new assaycut-point or a
change in assaysensitivity because of a change in reagents or PC NAb. All changes to the method should be captured in a
revised method supplemented by an assaytransfer report that details all the experiments that support the changes. After a
successful assaytransfer, the receiving lab may implement the method for analyzingstudy samples.Appropriateassaytrending
approaches should be implemented to monitor assay performance and thereby ensure that it remainswithin recommended
specifications.

CLiA LABORATORIES

For NAb assaytransfers to a CLiA lab, one should follow the relevant guidelinesfor laboratory staffqualifications and for
reviewand approval of the.assaytraining and transfer documents by personnel who provide oversight to CLiA tests. The
approach for NAb assay transfer to GlP (non-CLlA) labs, described above, may be used for CLiA lab transfers as well.Annual
competency assessments, quality assurance monitoring and review of assaycontrols, reporting of individual patient test results
to treating physicians, and proficiency testing are required of the CLiA-compliant laboratory. Proficiency testing (PT) should be
performed twice annually.The testing may include preparation of pooled matrixsamples that are tested to establisha baseline.
Aliquots are then provided to the testing group in a blinded manner (at least5PT samples/PTevent), and the results are
compared to baseline. Overall, 4 of 5 samples must pass PT, and any discrepant resultsare investigated.

Cross-Validation and Bridging

Cross-validation may be necessary ifthe same assay needs to be run or maintained at multiple labs simultaneously. The first
step is training of the personnel who run the assayat the new location; this is often provided by the originator lab. Several
components of the assaytransfer activities mentioned above may be applied during a cross-validation effort.Assay performance
may be monitored using assaycontrols and matrix samples, which are spiked or left unspiked at both locations. Ifthe NAb
assay isaltered within a study, bridging experiments should be performed. This may be accomplished by running incurred
samples previously tested by the old method in the new method and assessingconcordance. Fora certain period of time, study
samples may be run in both the old and new methods at the same time to ensure that the new method is acceptable.

Method Improvements or Changes

The laboratory should implement a process'for introducing any known change in the assaythat might impact assay
performance. Appropriate qualification experiments should be conducted before introducing the change to ensure that it will
not interferewith the historical performance of the assay. Ifthe change requires an adjustment of the assayacceptance criteria,
appropriate documentation may be required to show the impact of the adjustment on the intended use of the assay. A
statisticianshould be consulted if needed.

Forcell-based NAb assays, a change in the method might involve use of a different cell line or selection of a differentassay
endpoint with the same cell line to achieve improved assaycharacteristics. Achange in the NAb assay readout platform is
sometimes made (e.g., ELISA yielding absorbance values versus ECl values). In cases of method improvement, both assay
development and assay validationwill be needed.

CROSS-VALIDATION TO OTHER SPECIES

During the drug development cycle, there may be a need to change the assay matrix from one species to another (e.g.,
cynomolgus or chimp to human) or across patient populations. The change of assay matrix may require an investment in both
assay development and assay validation effortsto ensure that the assay shows acceptable sensitivity, specificity, and other
characteristics.

REAGENT REPLACEMENT

Reagent qualification is required ifa critical reagent needs replacement using previously established qualification criteria.
Ideally, the reference lot and the new lot should be compared by preparing assaycontrols. However, in many cases a reference
lot may not be available for conducting a comparison. In this case, the new reagent should be tested and if the assay behaves
as expected, it may be considered acceptable.

Assay Standardization

There is an emerging clinical need and apparent value in assaystandardization (i.e., use of reference standards, platform,
and reference method) to facilitate harmonization of the approach used for the detection of NAbs directed toward drugs in the
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same classof therapeutic [e.g., interferons, anti-tumor necrosisfactor (TNF) MAbs, or erythropoiesis-stimulating agent
therapies]. Ifseveral companies are involved, a consensus approach to standardizing the method should be undertaken. This
requires agreement on a universal method and protocol with a common set of reagents in all laboratories concerned. For
cell-based NAb assays, establishment and implementation of a common, master cell bank iscritical. The reporting units for
NAb-positive samples also must be unified, such as, expressing resultsas positiveor negative versusspecific valueswith units
and/or using a standard protocol and common reagents for calculation of NAb activity. To confirmthat standardization has
been implemented successfully, the universal method should be used by all labs involved in the standardization effort to
analyze a set of matrix samples spiked or unspikedwith NAb PCin a blinded manner. Analysis of known positive and negative
study samples also should be performed.
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(1111) MICROBIOLOGICAL EXAMINATION OF NONSTERILE
PRODUCTS: ACCEPTANCE CRITERIA FOR PHARMACEUTICAL

PREPARATIONS AND SUBSTANCES FOR PHARMACEUTICAL USE

The presence of certain microorganisms in nonsterile preparations may have the potential to reduce or even inactivate the
therapeutic activity of the product and hasa potential to adversely affect the health of the patient. Manufacturers have therefore
to ensure a low bioburden of finished dosage forms by implementing current guidelines on Good Manufacturing Practiceduring
the manufacture, storage, and distribution of pharmaceutical preparations.

Microbial examination of nonsterile products is performed according to the methods given in the texts on Microbial
Enumeration Tests (61) and Tests for Specified Microorganisms (62). Acceptance criteria for nonsterile pharmaceutical products
based upon the total aerobic microbial count (TAMC) and the total combined yeasts and molds count (1YMC) are given in
Tables 1 and 2. Acceptance criteria are based on individual results or on the average of replicate counts when replicate counts
are performed (e.g., direct plating methods).

When an acceptance criterion for microbiological quality is prescribed, it is interpreted as follows:
• 101 cfu: maximum acceptable count =20;
• 102 cfu: maximum acceptable count = 200;
• 103 cfu: maximum acceptable count =2000; and so forth.

Table 1. Acceptance Criteria for Microbiological Quality of Nonsterile Dosage Forms
Total Aerobic Total Combined

Microbial Count Yeasts/Molds
(cfu/g or Count (cfu/g or

Route of Administration cfu/ml) cfu/ml) Specified Microorganism(s)

Nonaqueous preparations for oral use 103 102 Absence of Escherichia coli (1 9 or 1 mL)

Aqueous preparations for oral use 102 101 Absence of Escherichia coli (1 9 or 1 mL)

Rectal use 103 102 -
Oromucosal use 102 101 Absence of Staphylococcus aureus (1 9 or 1 mL)

Absence of Pseudomonas aeruginosa (1 9 or1 mL)

Gingival use 102 101 Absence of Staphylococcus aureus (1 9 or 1 mL)

Absence of Pseudomonas aeruginosa (1 9 or 1 mL)
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Table 1. Acceptance Criteria for Microbiological Quality of Nonsterile Dosage Forms (continued)
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Total Aerobic Total Combined
Microbial Count Yeasts/Molds

(du/g or Count (du/g or
Route of Administration du/mL) du/mL) Specified Microorganism(s)

Cutaneous use 102 101 Absence of Staphylococcus aureus (1 9 or 1 mL)

Absence of Pseudomonas aeruginosa (1 9 or 1 mL)

Nasal use 102 101 Absence of Staphylococcus aureus (1 9 or 1 mL)

Absence of Pseudomonas aeruginosa (1 9 or 1 mL)

Auricular use 102 101 Absence of Staphylococcus aureus (1 9 or 1 mL)

Absence of Pseudomonas aeruginosa (1 g or 1 mL)

Vaginal use 102 101 Absence of Pseudomonas aeruginosa (1 g or 1 mL)

Absence of Staphylococcus aureus (1 9 or 1 mL)

Absence of Candida albicans (1 9 or 1 mL)

Transdermal patches (limits for one patch in- 102 101 Absence of Staphylococcus aureus (1 patch)
eluding adhesive layer and backing)

Absence of Pseudomonas aeruginosa (1 patch)

Inhalation use (special requirements apply to 102 101 Absence of Staphylococcus aureus (1 9 or 1 mL)
liquid preparations for nebulization)

Absence of Pseudomonas aeruginosa (1 9 or 1 mL)

Absence of bile-tolerant Gram-negative bacteria (1 g or 1 mL)

Table 2. Acceptance Criteria for Microbiological Quality of Nonsterile Substances for Pharmaceutical Use

Total Aerobic Total Combined
Microbial Count Yeasts/Molds Count

(du/g or du/mL) (du/g or du/mL)

Substancesfor pharmaceutical use 103 102

Table 1 includesa listof specifiedmicroorganisms for which acceptance criteriaare set. The listisnot necessarily exhaustive,
and for a given preparation it may be necessaryto test for other microorganisms depending on the nature of the starting
materials and the manufacturing process. ,

Ifit has been shown that none of the prescribedtests will allowvalidenumeration of microorganisms at the level prescribed, a
validated method with a limitof detection as closeas possible to the indicated acceptance criterion is used.

Inaddition to the microorganismslisted in Table 1, the significance of other microorganisms recoveredshould be evaluated
in terms of the following:

• The use of the product: hazard varies 'according to the route of administration (eye, nose, respiratory tract).
• The nature of the product: does the product support growth? does it have adequate antimicrobial preservation?
• The method of application.
• The intended recipient: risk may differfor neonates, infants, the debilitated.
• Useof immunosuppressiveagents, corticosteroids.
• The presence of disease, wounds, organ damage.
Where warranted, a risk-based assessment of the relevantfactors is conducted by personnel with specialized training in

microbiologyand inthe interpretation of microbiological data. Forraw materials,the assessmenttakesaccount ofthe processing
to which the product is subjected, the current technology of testing, and the availability of materials of the desired quality.

(1112) APPLICATION OF WATER ACTIVITY DETERMINATION TO
NONSTERILE PHARMACEUTICAL PRODUCTS

The determination of the water activity of nonsterile pharmaceutical dosage forms aids in the decisions relating to the
followlnq:

1. optimizing product formulations to improveantimicrobial effectiveness of preservative systems,
2. reducing the degradation of active pharmaceutical ingredients within product formulations susceptible to chemical

hydrolysis,
3. reducing the susceptibility of formulations (especially liquids, ointments, lotions, and creams) to microbial

contamination, and
4. providing a tool for the rationalefor reducing the frequency of microbial limittesting and screening for objectionable

microorganismsfor product releaseand stability testing using methods contained in the general test chapter Microbial
Enumeration Tests (61) and Tests for Specified Microorganisms (62).

www.webofpharma.com

https://nhathuocngocanh.com/



Table 1. Water Activities (aw) Required to Support the Growth of Representative Microorganisms

, J. A.Troller, D. T. Bernard, and V.W. Scott. Measurement of Water Activity. In: Compendium of Methods for the Microbiological Examination of Foods.
American PublicHealth Association, Washington, DC,1984 pp.124-134.

Pharmaceutical drug products with water activities wellbelow0.75 (e.g., direct compression tablets, powder and liquid-filled
capsules, nonaqueous liquidproducts, ointments, and rectalsuppositories)would be excellent candidates for reduced microbial
limittesting for product release and stability evaluation. This is especially true when pharmaceutical products are made from
ingredients of good microbial quality, when manufacturing environments do not foster microbial contamination, when there
are processesthat inherently reduce the microbial content, when the formulation of the drug product has antimicrobial activity,
and when manufacturing sites have an established testing historyof low bioburden associated with their products. Table 2
contains suggested microbial limittesting strategiesfor typicalpharmaceutical and over-the-counter (OTC) drug products based
on water activity. Other considerations, as listedabove, would be applied when setting up the microbial limits testing program
for individual drug products because water activitymeasurements cannot solelybe used to justify the elimination of microbial
content testing for product release.

General Information / (1112) 7821USP 43

Bacteria Water Activity (aw) Molds and Yeast Water Activity (aw)

Pseudomonas aeruginosa 0.97 Rhyzopus nigricans 0.93

Bacillus cereus 0.95 Mucorplumbeus 0.92

Clostridium botulinum,Type A 0.95 Rhodotorula mucilaginosa 0.92

Escherichia coli 0.95 Saccharomyces cerevisiae 0.90

Clostridium perfringens 0.95 Paecilomyces variotti 0.84

Lactobacillus viridescens 0.95 Penicillium chrysogenum 0.83

Salmonella spp. 0.95 Aspergillus fumigatus 0.82

Enterobacter aerogenes 0.94 Penicillium glabrum 0.81

Bacillus subtilis 0.90 Aspergillus flavus 0.78

Micrococcus Iysodekticus 0.93 Aspergillus niger 0.77

Staphylococcus aureus 0.86 Zygosachharomyces rouxii 0.62
(osmophilic yeast)

Halobacterium halobium 0.75 Xeromyces bisporus 0.61
(halophilic bacterium) (xerophilic fungi)

Reduced water activity(aw) will greatly assist in the prevention of microbial proliferation in pharmaceutical products; and
the formulation, manufacturing steps, and testing of nonsterile dosage forms should reflect this parameter.

Low water activityhas traditionallybeen used to control microbial deterioration of foodstuffs. Examples where the available
moisture is reduced are dried fruit, syrups, and pickled meats and vegetables. Low water activities make these materials
self-preserved. Low water activitywill also prevent microbial growth within pharmaceutical drug products. Other product
attributes, for example, low or high pH, absence of nutrients, presence of surfactants, and addition of antimicrobial agents, as
wellas lowwater activity, help to prevent microbial growth. However, it should be noted that more resistant microorganisms,
includingspore-formingClostridium spp., Bacillus spp., Salmonella spp. and filamentousfungi, although they may not proliferate
in a drug product with a low water activity, may persistwithin the product.

When formulating an aqueous oral or topical dosage form, candidate formulations should be evaluated for water activity so
that the drug product may be self-preserving, if possible. Forexample, small changes in the concentration of sodium chloride,
sucrose, alcohol, propylene glycol, or glycerin in a formulation may result in the creation of a drug product with a lowerwater
activity that can discourage the proliferation of microorganisms in the product. This is particularly valuablewith a multiple-use
product that may be contaminated by the user. Packaging studies should be conducted to test product stability and to
determine that the container-closure system protects the product from moisture gains that would increasethe water activity
during storage.

Reducedmicrobial limits testing may be justified through risk assessment. Thisreduction in testing, when justified, mayentail
forgoing full microbial limits testing, implementing skip-lot testing, or eliminating routine testing.

Nonaqueous liquids or dry soliddosage forms will not support spore germination or microbial growth due to their lowwater
activity. The frequency of their microbial monitoring can be determined by a reviewof the historictesting database of the
product and the demonstrated effectiveness of microbial contamination control of the raw materials, ingredient water,
manufacturing process, formulation, and packaging system. The testing historywould include microbial monitoring during
product development, scale-up, process validation, and routine testing of sufficient marketed product lots (e.g., up to 20 lots)
to ensure that the product has littleor no potential for microbial contamination. Because the water activity requirements for
different Gram-reactive bacteria, bacterialspores, yeasts, and molds are well described in the literature,' the appropriate
microbial limittesting program for products ofdiffering water activities can be established. Forexample, Gram-negativebacteria
including the specific objectionable microorganisms, Pseudomonas aeruqtnosa, Escherichia coli, and Salmonella species will not
proliferateor survive in preserved products with water activities below 0.91, while Gram-positive bacteria such as
Staphylococcus aureus will not proliferate below 0.86, and Aspergillus niger will not proliferate below 0.77. Furthermore, even
the most osmophilicyeast and xerophilic fungi will hot proliferate below 0.60, and they cannot be isolated on compendial
microbiological media.' The water activity requirements measured at 25° for the growth of a range of representative
microorganismsare presented in Table 7.
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Similar arguments could be made for the microbial limits testing of pharmaceutical ingredients. However, thiswould require
pharmaceutical manufacturers to have a comprehensive knowledge of the pharmaceutical ingredient manufacturer's
manufacturing processes, quality programs, and testing record. Thiscould be obtained through a supplieraudit program.

Table 2. Microbial Limit Testing Strategy for Representative Pharmaceutical and OTC Drug Products Based on Water Activity
Water Activity Greatest Potential

Products (aw) Contaminants Testing Recommended

Nasal inhalant 0.99 Gram-negative bacteria TAMC,' TCYMC, absenceof S. aureus and P. aeruginosa

Hairshampoo 0.99 Gram-negative bacteria TAMC, TCYMC, absenceof S.aureus and P. aeruginosa

Antacid 0.99 Gram-negative bacteria TAMC, TCYMC, absence of E. coli and Salmonella spp.

Topical cream 0.97 Gram-positive bacteria TAMC, TCYMC, absence of S.aureus and P. aeruginosa

Oralliquid 0.90 Gram-positive bacteriaand fungi TAMC and TCYMC

Oralsuspension 0.87 Fungi TAMC and TCYMC

Topical ointment 0.55 None Reduced testing

Lip balm 0.36 None Reduced testing

Vaginal and rectalsuppositories 0.30 None Reduced testing

Compressed tablets 0.36 None Reduced testing

Liquid-filled capsule 0.30 None Reduced testing

•TAMC =Totalaerobic microbial count; TCYMC =Totalcombinedyeast and mold count.
[NoTE-The water activities cited inTable 2for the differentdosage formsare representative, and companies are urged to test their individual products before

developinga testing strategy.]

Water activity, aw,is the ratio of vapor pressure of H20 in product (P) to vapor pressure of pure H20 (Po) at the same
temperature. It is numerically equal to 1/100 of the relative humidity (RH) generated by the product ina closedsystem. RH can
be calculatedfrom direct measurements of partialvapor pressure or dew point or indirect measurement by sensorswhose
physical or electric characteristics are altered by the RH to which they are exposed.

The relationship between awand equilibrium relative humidity (ERH) is represented by the following equations:

aw=P/Po and ERH(%) =aw x 100

The awmeasurement may be conducted using the dew point/chilled mirror rnethod.! Apolished, chilled mirror is used as the
condensing surface. The cooling system iselectronically linked to a photoelectric cell into which light is reflected from the
condensing mirror.An air stream, in equilibrium with the test sample, is directed at the mirrorwhich cools until condensation
occurs on the mirror. The temperature at which this condensation begins is the dew point from which the ERH isdetermined.
Sample preparation should be considered as it may affect the water activitylevel of the material tested. Commercially available
instruments using the dew point/chilled mirror method or other technologies need to be evaluated for suitability, validated,
and calibrated when used to make water activity determinations. These instruments are typically calibrated usingsaturated salt
solutions at 25°, as listed in Table 3. .

Table 3. Standard Saturated Salt Solutions Used to Calibrate Water Activity Determination Instruments

Saturated Salt Solutions ERH (%) aw

Potassium sulfate(KZS04) 97.3 0.973

Barium chloride(BaClz) 90.2 0.902

Sodiumchloride(NaCI) 75.3 0.753

Magnesium nitrate [Mg(N03)z] 52.9 0.529

Magnesium chloride(MgClz) 32.8 0.328

2 AOAC International Official Method 978.18. In: Official Methods of Analysis of AOAC International, 17th edition, AOAC International, Gaithersburg,
Maryland.
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(1113) MICROBIAL CHARACTERIZATION, IDENTIFICATION, AND
STRAIN TYPING

INTRODUCTION

Microorganisms, if detected in drug substances, excipients, water for pharmaceutical use, the manufacturing environment,
intermediates, and finished drug products, typically undergo characterization.This may include identification and strain typing,
as appropriate. [NOTE-A Glossary of Terms is provided at the end of this chapter.] Routine characterizationof microorganisms
may include the determination of colony morphology, cellularmorphology (rods, cocci, cellgroupings, modes of sporulation,
etc.), Gram reaction or other differentialstaining techniques, and certain keybiochemicalreactions(e.g., oxidase, catalase, and
coagulase activity) that can be diagnostic. Microbial characterizationto this level issufficient for many risk-assessment purposes
in nonsterile pharmaceutical manufacturing operations and in some sterile product manufacturing environments.

In some cases a more definitive identification of the microorganisms yields genus- and species-level identification. Beyond
this, available methodologies can perform strain-level identification, which can be useful in an investigation to determine the
source of the microorganism. Identification isespecially common when organisms are recovered at atypically high rates or in
numbers that exceed recommended levels for specific categories of products. Additionally, microbial identification is useful in
aseptic processingand isnecessarywhere sterility test positives haveoccurred and in the assessmentof contamination recovered
from failed aseptic process simulations, Le., media fills.

Microbiological identification systems are based on different analytical methodologies, and limitations may be inherent to
the method and/or arise from database limitations. Identification isaccomplished by matching characteristics (genotypic and/
or phenotypic) to an established standard (reference)organism such as a type strain. Ifa microorganism is not included in the
database it will not be identified, so manufacturers should reviewthe breadth of the database of the identification system they
plan to use and its applicability to their needs. Users should considerwhich microbiological identification system(s) is(are) most
applicable to their requirements. Bearing in mind both these limitations and the level of identification required (genus, species,
strain), users also must select the appropriate technology to use in routine microbiological identification testing.

The need for microbial identification isspecifically cited in USP general test chapter Microbiological Examination of Nonsterile
Products: Tests for Specified Microorganisms (62). This chapter indicates a requirement for confirmatoryidentification tests for
organisms that grow on selectiveor diagnostic media and demonstrate defined morphologicalcharacteristics. Also, USP general
test chapter SterilityTests (71) allows for invalidation of the test, ifafter identification of the microorganisms isolated from the
test, the growth of this (or these) species may be unequivocally ascribed to faults with respect to the material and/or the
technique used in conducting the sterility test procedure. USP general information chapter Microbiological Controland
Monitoring of Aseptic Processing Environments (1116) recommends that microbial isolatesbe identified at a rate sufficient to
support the environmental monitoring proqrarn,

ISOLATION OF PURE CULTURES

The firststep in identification isto isolatea pure culture for analysis. Thisis typically accomplished by successive streaking of
the colony of interest in a quadrant pattern on appropriate general microbiological solid media with the objective of obtaining
discreet colonies that usually yield pure cultures. This technique also allows phenotypic expressionand growth of sufficient
inoculum for succeeding identification procedures. Analysts should recognize that expressionof the microbial phenotype (l.e.,
cell sizeand shape, sporulation, cellularcomposition, antigenicity, biochemicalactivity, and sensitivity to antimicrobialagents)
may be affected by isolate origins, media selection, and growth conditions (see Table 1). Therefore, the preparatory media for
identification and the number of subcultures may affect the resultsof phenotype identification methods.

Table 1. Phenotypic Characteristics Used in Microbial Taxonomy

Categories Characteristics

Culture Colonymorphology,colonycolor,shape and size,pigment production

Morphological Cellular morphology,cellsize, cellshape, flagella type, reservematerial, Gram reaction,spore and acid-faststaining, mode of
sporulation

Physiological Oxygen tolerance, pH range, temperature optimum and range, salinity tolerance

Biochemical Carbon utilization, carbohydrateoxidationor fermentation, enzyme patterns

Inhibition Bile salt-tolerance, antibioticsusceptibility, dye tolerance

Serological Agglutination, fluorescentantibody

Chemo-taxonomic Fattyacid profile, microbial toxins,whole cellcomposition

Ecological Originof the organism

In contrast, the microbial genotype generally iswell conserved and unaffected by cultural conditions. Therefore, once the
isolation of a pure, monoclonal colony is assured, the microorganism may be analyzed without concern over the most recent
growth media or the viability of the isolate. Table 2 lists genotypic characteristics that can be determined.
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Table 2. Genotypic/Phylogenetic Characteristics That Can Be Used In Microbial Taxonomy

USP 43

Categories Characteristics

Genotypic DNA base ratio (G+ C content), restriction fragment patterns, and DNA probes

Phylogenetic DNA-DNA hybridization, and 165 and 235 rRNA sequences

Bacterial taxonomy as described in Bergey's Manual ofSystematic Bacteriology (Bergey's Manua/)l isat present accomplished
bycomparativeanalysis ofgenetic material. Whenthe DNA from an unknownorganism iscompared to the DNA from a known
organism, the degree of relatednesscan be determined. Genotypic identification (Table2) isaccomplished through the use of
DNA hybridization, restriction fragment pattern comparisons, and/or DNA probes. Forexample,greater than 70% relatedness
withDNA-DNA hybridization indicates the organisms are the samespecies.Phylogenetic analysis (Table 2) istypically performed
by comparing the base sequence of a portion of the 16S ribosomal RNA gene for bacteria, or the 23S ribosomal RNA gene for
fungi. Polymerase chain reaction (PCR) is used to amplify these genes, and the amplified region isthen isolated and base
sequenced using an electrophoretic or dideoxychain termination method. Comparisons can be made using validated
proprietary databases or those that are publicly available. [CAUTION-Publicly available databases may not be validated.]

PRIMARY SCREENING AND CHARACTERIZATION

Microorganisms isolated on compendial media from samplesof pharmaceutical ingredients, water for pharmaceutical use,
the manufacturing environment, intermediates, and finished products may be physiologically stressed.The microorganisms
will passfrom a metabolic state suitablefor survival under adverseambient conditionsto cultureconditions that are far richer
nutritionally and are at an optimal incubation temperature. This transitioncan be managed by careful handling of the isolates.
Inpreparationfor identification, individual representative colonies from the primary isolation mediaare streakedfor monoclonal
colonies onto solid media as described above. The first step is to determine the Gram reaction, cellular morphology, and in
some casesdiagnostic biochemical reactionsof the bacteria isolates. This is a critical step for many phenotypic identification
schemes. If the wrong characteristics are assigned to an isolate, subsequent testing maybe conducted usingthe wrong microbial
identification kit, resulting in an incorrect result. Several common preliminary screening tests are described below.

Gram Staining

Gramstaining methods include the four-step method: crystal violet(primarystain), iodine(mordant), alcoholor alcohol­
acetone (decolorizer), and safranin (counterstain). In the three-step method the decolorization and counterstainingsteps are
combined. Underoptimal conditions, Gram-positive organismsretain the crystal violetstain and appear blue violet.
Gram-negative organisms losethe crystal violetstain, so they contain only the counterstain safranin and appear red. Some
bacteria may be Gram-variable. Common pitfalls in this method are that heat fixation may cause Gram-positive cells to stain
Gram-negative, and older cultures may giveGram-variable reactions. Using too much decolorizer could result in a false
Gram-negative result, and not using enough decolorizer mayyield a false Gram-positive result. One variation that has
advantages in some situations isto performa methanol, rather than heat, fixation of the bacterial smear. Insome casesalcohol
fixation may give more consistent Gramstain results. Ineither method a Gram-positive and a Gram-negative controlshould be
includedto allowidentification of errors in staining. Because the Gram-staining reactionmust be read under a microscope,
cellular morphology can be simultaneously ascertained.

Spore Staining

Sporestainingcan be accomplished usinga malachitegreen stainfor bacterial spores.Apositive control should be included
to allow identification of errors in spore staining.

Biochemical Screening

Key biochemical screening tests include(1) the oxidase test to separate Gram-negative, rod-shaped bacteria into
nonfermenters(oxidasepositive) and enteric(oxidase negative) bacteria, (2) the catalasetest to separate Staphylococci (catalase
positive) from Streptococci (catalase negative), and (3) the coagulasetest to separate Staphylococci into coagulase negative
(presumptively nonpathogenic) and coagulase positive (more likely pathogenic) Staphylococci.

Formany types of investigations and routine surveying of manufacturingenvironmental bioburden, these few tests can
providesufficient information for ongoing evaluation. However, when circumstances dictate greater in-depth assessment,
identification to the genus, species, or strain level can yieldvaluable insightsabout the nature and source of environmental
bioburden. Also, microbial identification to the speciesand even strain level can be critical in assessing and mitigating risk from
microbial contamination.

MICROBIAL IDENTIFICATION BY PHENOTYPIC METHODS

Phenotypic methods useexpressedgene products to distinguish among differentmicroorganisms. Generally, these requirea
relatively large number of cells in pure, monoclonal culture. Recovery and growth methods for microbial enumeration and

1 Bergey's Manual of Systematic Bacteriology, 2nd Edition 2003.
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VERIFICATION OF MICROBIAL IDENTIFICATION METHODS

MICROBIAL IDENTIFICATION BY GENOTYPIC METHODS

20iHara, C.M., M.P.Weinstein, and J.M. Miller. Manualand automated systemsfor detection and identification of microorganisms. ASMManualof
ClinicalMicrobiology, 8th Edition, 2003.
3 Cumitech 31. Verification and Validation of Procedures in the Clinical Microbiology Laboratory. Elder, B.L., SA Hansen,)A Kellogg, F.J. Marsik, and R.).
Zabransky, ASM, February 1997.
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Genotypic microbial identification methods are theoreticallymore reliable because nucleicacid sequences are highly
conserved in most microbial species. Applicable genotypic methods include DNA-DNA hybridization, peR, 16S and 23S rRNA
sequencing, multilocus sequence typing (MLST), pyrosequencing, DNA probes, and analytical ribotyping. These methods can
be technically challengingfor microbiologists. Theyalso require more expensive analytical equipment and supplies. Often these
analyses are conducted by contract laboratories, government laboratories, universities, research institutes, or specialized
laboratorieswithin industrial firms. Therefore, the use of genotypic identification methods is typically limited to critical
microbiological investigationssuch as product failure investigations. Further, ifstrain-level identification is done in the course
of an investigation, analysts must ensure that the method isappropriate.

DNA sequencing of the first 500 base pairsof the 16S rRNA sequence is useful for identification to the species level but may
not provide sufficient power to resolve among closely related species or strains of the same species. In contrast, Southern
hybridization of restrictionendonuclease digests is powerful and can be effective in demonstrating differences between two
strains. Ifthe banding patterns appear identical, this shows only that restriction endonuclease has similar cleavage sites in that
region of the two organisms. Demonstration that the two organisms are the same should include two or more different .
restriction endonuclease digests, each of which yields bands in the area of interest. All bands from the two organisms must be
identical.

In contrast to microbial identification, nucleic acid-based methods can be used to screen for specific microorganisms. The
steps associated with this activityare sample collection, nucleicacid extraction, target amplification, hybridization, and
detection. The problem of amplifying DNA from nonviable bacterial cellscan be overcome by using reverse transcription to
convert rRNA that is transitional, hence related to viability, to DNA for peR amplification. Issues include the detection of
microbial variants, limits of detection, matrix effects, positive cutoff verification, instrument and system carry-over, diagnostic
accuracy, and reproducibility.

identification are limited by the length of incubation and the fact that many organisms present in the environment are not
recovered by general microbiological growth media. Additionally, freshly isolated, stressed microorganisms by subculture from
primary recoverymay not result in a full expressionof phenotypic properties. However, methods based on carbon utilization
and biochemical reaction, as well as fatty acid profiles by gas-liquid chromatography and whole-cell composition by MALDI­
TOF mass spectrometry, are always based on inoculadevelopment for a specific identification system. These systems relyon
specified culture media and incubation conditions to achieve consistent identification. Phenotypic microbial identification
methods are successfully used in food, water, clinical, and pharmaceutical microbiological testing laboratories.? Phenotypic
microbial identification methods provide information that enables microbiologists to make informed decisions regarding
product risk and to recognize changes in environmental microflora. In many quality control investigations, phenotypic
identification alone issufficientand will enable scientists to conduct a thorough investigation and to recommend appropriate
correctiveactions as needed.

Microbial identification tests include serological tests, chemical reagents, reference organisms, and instrumentation. The
verification of an identification test system can include one of the following: (1) using an existing systemfor parallel testing of
microbial isolatesobtained from routine testing (the number of isolates tested may be as high as 50, and any discrepancies in
identification can be arbitrated using a referee method); (2) testing 12-15 known representative stock cultures of different
commonly isolatedspeciesfor a total of50 tests; or (3) confirmingthat 20-50 organism identifications, including15-20 different
species, agree with the resultsof a reference laboratory testing of split sample.' In each case the appropriate quality control
organisms, as recommended by the supplier and the compendia, should be included in the verification process.

With identification systems, verification of the identity of the species should be evaluated and the level of agreement should
be considered. Typically greater than 90% agreement can be achieved with samples of microorganisms that are appropriate
for the identification system. Groupsof organismsthat are challengingto identify(e.g., nonfermenting bacteria, corynebacteria,
and coagulase-negative Staphvlocccct; may be included,when appropriate, in the verification processbut mayyield lower levels
of agreement.

The hierarchy of microbial identification errors in descending order of impact is (1) misidentification to genera, (2)
misidentification to species, and (3) no identification. Misidentification could lead to inappropriate corrective and preventive
actions and product disposition.

Amicrobial identification system may not be able to identify an isolatebecause the organism is not included in the database,
the system parameters are not sufficiently comprehensiveto identifythe organism, the isolatemay be nonreactive in the system,
or the species may not have been taxonomicallydescribed. Such isolatescan be sent to the supplierof the microbial
identificationsystemfor additional study and, ifappropriate, added to the database. Alternatively, genotypic identification tests
can be conducted, and the species can be added to an in-house database. Misidentification is more difficult to determine, but
any microbial identification should be reviewed for reasonableness in terms of the microorganism's morphology, physiological
requirements, and source of isolation. Organisms identified only to genus may be common for the numerous nonpathogenic
species of Staphylococcus, Corynebacterium (and other small pleomorphic Gram-positive rods), and Micrococcus.

The most important verification tests are accuracyand reproducibility. These measurements can be defined as follows:
Accuracy % = (Number of correct results/Total number of results) x 100
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Reproducibility % = (Number of correct results in agreement/Total number of results) x 100
The usershould establishsuitable acceptance criteria for accuracyand reproducibility, taking into account method capability.
Other measurements are sensitivity, specificity, and positive and negative predictivevalue. These measurements are best

illustrated by an example. Aclinical microbiologylaboratorycompared the frequency of isolation of a DNA hybridization probe
to a culture method for the sexuallytransmitted bacterium Neisseria qononnoeae.' The frequency of isolation from clinical
specimens was historically 10%. The lab ran 100 split samples, and the results are presented inTable 3.

Table 3. Comparison of the Distribution of Negative and Positive Results for the DNA Probe and Culture Methods

Culture Results

DNA ProbeResults Positive Negative

Positive 9 2

Negative 1 88

Sensitivity =[9/(9 + 1)] x 100 =90%
Specificity =[88/(88 + 2)] x 100 =97.7%
Positive Predictive Value =[9/(9 + 2)] x 100 =81.8%
Negative Predictive Value=[88/(88 + 1)] x 100 =98.9%

Note that the positivepredictivevalue(PPV) isnot intrinsic to the test; it alsodepends on the prevalenceof the microorganism
in clinical samples. PPV isdirectly proportional to the prevalenceof the disease or condition. In this example, ifthe group of
people tested had included a higher proportion of people with infection, then the PPV would probably be higher and the
negative predictivevalue (NPV) lower. Ifall persons in the group had infection, the PPV would be 100% and the NPV 0%. The
mathematical derivation of these functions is outlined in Table 4.

Table 4. A Two-Row by Two-Column Contingency Table with Respect to the Reference Culture Method and the Alternate
PCR Method (After ISO 5725-1 and 5725-2 2004)*

PCR

Culture Positive Negative Sum

Positive a b
True Positive False Negative a+b

Negative c d
False Positive True Negative c+d

Sum a+c b+d

* ISO 5725-1:1994Accuracy (truenessand precision) ofmeasurementmethodsand results-Part 1: Generalprinciples and definitions and ISO 5725-2:1994Accuracy
(truenessand precision) of measurement methods and results-Part 2: Basic methods for the determination of repeatability and reproducibility of standard
measurementmethods.

Inclusivity (%) =[a/(a + b)] x 100
Exclusivity (%) =[d/(c + d)] x 100
Positive Predictivity (%) =[a/(a + c)] x 100
Negative Predictivity (%) =[d/(b + d)] x 100
Analytical Accuracy (%) =[(a + d)/(a + b + c + d)] x 100
Kappa Index =2(ad - bc)/[(a + c) x (c + d) + (a + b) x (b + d)]

Phylogenetic Considerations

The second edition of Bergey's Manual represented a major departure from the first edition, and alsofrom the eighth and
ninth editionsof the Manual ofDeterminative Bacteriology. Theorganization of content in Bergey's Manuaffollows a phylogenetic
framework, based on analysis of the nucleotide sequence of the ribosomal smallsubunit 16S RNA, rather than a phenotypic
structure.

Phylogenetic trees or dendrograms show the closest geneticallyrelated organisms. The application of this technology has
resulted in taxonomic revisions and the renaming of some well-known microorganisms; e.g., the fungus A. nigerATCC
16404 was renamed A. brasiliensis. In general, organisms with relatedness lessthan or equal to 97% are considered different
genera and those with relatedness lessthan or equal to 99% are considered different species," but there are many exceptions
to this generalization.

Differences in genotype and phenotype are relatively uncommon, e.g., same or verysimilar genotype shared by
microorganisms with different phenotypes, similarphenotypes but different genotypes, and microorganisms that are
genotypically too distant to be the same species or genus. The concept of polyphasictaxonomy' that refers to assembly and
use of many levels of information, e.g., microbial characterization, phenotypic and genotypic data, and origin of the

4 J.E. Clarridge III. The Impact of 16S rRNA Gene Sequencing Analysis for Identification of Bacteriaon Clinical Microbiologyand Infectious Diseases, Clin.
Microbiol. Rev. 17 (2) 840-862, 2004.
5 Gillis, M., P. Vandamme, P. De Vos, J. Swings and K. Kersters. PolyphasicTaxonomy. Bergey's Manual of Systematic Bacteriology, 2nd Edition, 2003.
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microorganisms, can be successfullyapplied to microbial identification. This avoids decisions made solely using genotypic data
that make no sensewhen the microbial characteristics, testing history, and.source of isolation are considered.

GLOSSARY
Microbial classification: The arrangement of microorganisms into taxonomic groups based on their similarities and

relationships.
Microbial identification: The determination of which broad group (e.g., bacteria, yeast, or mold) or narrow group (e.g.,

genus and/or species) to which a laboratory isolate belongs.
Microbial characterization: The use of colony growth, cellular morphology, differential staining, and key diagnostic

features to characterize a laboratory isolate for trending and investigative purposes without identification, e.g,. nonpathogenic
Staphylococci.

Mol%Ge: The molecular percentage of guanine-cytosine range within the chromosomal DNA. [NOTE-The %GC + %AT
= 100%.]

Phylogenetic species: A speciesconsisting of many strains including the type of strain that sharesat least 70% total
genome DNA-DNA hybridization and less than 5° I1Tm (difference in melting point of the hybrid).

Polyphasic taxonomy: Taxonomy that assembles and assimilates many levels of information from molecular,
physiological, morphological, serological, or ecological sources to classify a microorganism.

Relatedness: The extent of relationship or similarity of two (or more) organisms on a Phylogenetic Tree or a Dendrogram.
rRNA Sequence: The DNA sequences that encode rRNA used in protein synthesis are highly conserved among

microorganisms of a common ancestry. They are used to determine the phylogenetic distance between organisms and are
useful in microbial taxonomy and identification.

Strain: A specific isolate of a speciesthat is maintained in pure culture and is characterized. The type strain is representative
of the species that provides a reference for the species based on its historic isolation, characterization, and deposition in
recognized culture collections.

Strain typing: Strain typing is an integral part of epidemiological investigations in clinical and public health microbiology.
Methods including pulsed-field gel electrophoresis, riboprinting, arbitrarily primed polymerized chain reaction, and whole
genome ordered restriction or optical mapping can be used to demonstrate that microbial speciesare the same strain and most
likely are from a common source.

(1115) BIOBURDEN CONTROL OF NONSTERILE DRUG SUBSTANCES
AND PRODUCTS

INTRODUCTION

In terms of microbiological contamination risk control, there are two broad categories of drug products: (a) sterile products,
in which the bioburden is essentially eliminated using validated methodologies, and (b) nonsterile products for which the final
product bioburden is controlled to appropriate levels based on product attributes, route of administration, and target patient
population.

Microbial content in nonsterile products is controlled to a level consistent with patient safety. Use of excessive controls that
would add complexity or cost without a commensurate safety benefit is not advantageous in terms of added value to either
the patient or the manufacturer. Therefore, a pragmatic scientific approach to management of the microbial bioburden in
nonsterile products requires consideration of patient risk and contamination control objectives to achieve a practical and
appropriate level of risk management.

A critical consideration in ensuring product quality isto prevent conditions within the manufacturing facility or manufacturing
process that favor the proliferation or ingress of microorganisms. Microbial growth in excipients, components, and drug
substances is a concern because it creates the possibility that viable microbial content could reach unacceptable levels.
Bioburden levels in the ranges of those recommended in Microbiological Examination of NonsteriJe Products: Acceptance Criteria
for Pharmaceutical Preparations and Substances for Pharmaceutical Use (1111 ) are recognized assafe and do not pose risk of
infection or microbial toxins. Manufacturers should have a clear understanding of situations that could favor microbial growth
within their facilities and materials and should implement practical countermeasures.

This chapter outlines a risk-based approach to the control of contamination in nonsterile product manufacturing. The
manufacture of nonsterile products and the management of their microbiological content are distinctly different from those
required for sterile products. Sterile products are administered- parenterally by means of injection or are applied topically to
sensitive tissues where the risk of infection is comparatively high.

In contrast, nonsterile products are administered to regions of the human body that are rich in microbial flora and have
physical or immunological barriers to infection. Examples include the oral cavity, skin, nasopharynx, vagina, and rectum, which
harbor a high and diverse viable microbial population. Recentfindings from the human microbiome project (1) underscore the
enormous size and diversity of bacterial populations associated with humans. A healthy adult has a bacterial population that
averages approximately 1014 bacteria, a number that exceeds the individual's own cells by a factor of 10. All humans carry on
or in their bodies microorganisms that under certain conditions may cause infection in other humans. Because these
microorganisms are present on humans means they may be present transiently in the nonsterile manufacturing environment.
Their ubiquity in nature and infrequent association with infection confirms that the risk associated with them is very low.
However, good hygienic controls and selection of suitable gowning systems are important considerations for products that are
intended for patients who may be immunocompromised.
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The following list provides a hierarchy of broad categories of nonsterile pharmaceutical products with respect to potential
risk of microbiological contamination (from high to low) (2):

• metered-dose and dry powder inhalants
• nasal sprays
• otics
• vaginal suppositories
• topicals
• rectal suppositories
• oral liquids (aqueous)
• liquid-filled capsules
• oral tablets and powder-filled capsules
When formulators evaluate the susceptibility of nonsterile pharmaceutical products to microbial hazards, considerations

include whether the active ingredient has inherent antimicrobial activity, the microbiological content of excipients, inclusion
of antimicrobial preservatives in the formulation, and water activity. In addition, manufacturers should consider whether
processing steps and hold periods could result in changes in the bioburden.

Nonsterile products are expected to have some bioburden, which should be controlled within a suitable range (see(1111».
The risk of infection resulting from a nonsterile drug product generally is low, regardlessof the route of administration, provided
appropriate precautions and procedures are followed. General chapters Microbiological Examination of Nonsterile Products:
Microbial Enumeration Tests (61) and Microbiological Examination of Nonsterile Products: Tests for Specified Microorganisms (62)
provide methods, and (1111) provides information for the evaluation of microorganisms isolated during nonsterile drug product
manufacturing. It is not possible to provide a comprehensive product-by-product list of objectionable microorganisms. The
degree to which any organism may be objectionable depends on the product attributes, route of administration, and patient
population. Manufacturers are responsible for determining whether microorganisms recovered from drug products are
objectionable. In general, objectionable microorganisms are those that are known to be truly pathogenic, considering the
product's route of administration. Guidance for risk factors to be considered is also provided asa bulleted list in (1111). Risk
may also arise where microorganisms are able to proliferate in sufficient numbers that could result in an unacceptable level of
patient risk to a level above the ranges recommended in (1111). Microbiological risk should be assessed on a case-by-case basis
during the development of a new product and should be evaluated during the validation of the manufacturing process.

The proliferation of microbial contamination in a production facility, in products, or in product ingredients isan objectionable
condition. Microbial proliferation within a facility creates conditions that favor the spread of contaminants, potentially in
dangerous numbers, into ingredients, primary packaging materials, and even into product itself. Proliferation of microorganisms
in ingredients or production intermediates must be prevented because it creates a risk due to microbial toxin and could result
in damage to the chemical and pharmacological properties of the drug.

u.s, REGULATORY GUIDANCE DOCUMENTS

The U.S. Code of Federal Regulations includes the Food and Drug Administration's Good Manufacturing Practice (GMP)
requirements, which are found in Part 211 (3). These regulations contain general requirements for the manufacture of
pharmaceutical products. Pertinent sections of 21 CFR 211 include: 277.42 Design and construction-requires that buildings
used for pharmaceutical manufacturing and associated activities are of suitable size, construction, and location; 27 7.46
Ventilation, air filtration, air heatingand cooling-requires adequate equipment to control microorganisms, dust, humidity, and
temperature and differential air pressuresbe provided when appropriate for drug product manufacturing; 277.56 Sanitation­
requires written procedures for use of suitable rodenticides, insecticides, fungicides, fumigating agents, and cleaning and
sanitizing agents, and written procedures shall be designed to prevent the contamination of equipment, components, drug
product containers, closures,packaging, and labeling materials; 27 7.82 Receipt andstorageof untested components, drugproduct
containers, and closures-requires an acceptance, quarantine, testing, and release procedure for components and containers;
27 7.770 Sampling and testing of in-process materials and drugproducts-requires testing of in-process manufacturing controls
that will include bioburden determination. Objectionable organism considerations: 27 CFR 277.84(d)(6)-requires
microbiological testing of incoming containers and components with potential for microbiological contamination that is
objectionable in view of their intended use;27 CFR 277.7 73(a)-requires written procedures directed to control of objectionable
microorganisms in drug products not required to be sterile; 27 CFR 277.7 65(b)- requires appropriate laboratory testing, as
necessary, of each batch of drug product required to be free of objectionable microorganisms. .

MICROBIAL CONTROL CONSIDERATIONS DURING PRODUCT DEVELOPMENT

A formal riskassessment program that identifies risk modalities and assignscritical control points for manufacture of nonsterile
product is useful. Hazard Analysis and Critical Control Point programs (4) are widely used to assess and mitigate microbial risk
in food manufacturing and may also be useful for manufacturers of nonsterile drug products. Points to be considered by
pharmaceutical microbiologists when they assess the potential risk associated with nonsterile drug product manufacture are
listed below:

• synthesis, isolation, and final purification of the drug substance
• microbiological attributes of the drug substance
• microbiological attributes of excipients and intermediates
• formulation and chemical and physical attributes of the drug product
• antimicrobial properties of the material, e.g., water activity or others
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• manufacturing process
• delivery system
• packaging
• storage conditions for intermediates and the finished dosage form
• route of administration
• expected treatment procedure and dosage regimen
• population to which the product is delivered (e.g., neonates, imrnunocomprornised patients, etc.)
Thorough consideration of these factors is valuable in defining appropriate manufacturing facility requirements and process

control point measures that limit conditions that favor microbial proliferation and/or ingress.

MICROBIAL CONTROL CONSIDERATIONS DURING MANUFACTURING

Although many factors (Figure 1) can result in the introduction of microorganisms, some of these are more likely to result in
microbial contamination. These manufacturing factors are, in descending order (5): (1) ingredient water, (2) pharmaceutical
ingredients, (3) process equipment, (4) m~nufacturing personnel, and (5) manufacturing environment.

Nonsterile Product Microbial Influences

Facili.ty Design Tools & Influences Seasonal Process &

&Mamtenance~tenSiiS From Zffects. Cleaning Water
Personnel Flow \Adjacent A/:eas
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Figure 1. Factors that contribute to nonsterile product bioburden.

Water Systems and Use

Water used in active ingredient manufacturing, formulation, cleaning, and housekeeping is the single most important risk
element contributing to the contamination of nonsterile products. The quality or type of water used for nonsterile product
formulation and final rinse of clean equipment should be chosen based on product risk. Purified waters used in pharmaceutical
manufacturing are deionized and thus do not contain chlorine to control microbial growth. Substantial populations of
Gram-negative rod-shaped bacteria and some molds are able to grow in such purified dechlorinated water, particularly in
holding tanks at or around ambient temperatures. Standing water should be drained or physically removed quickly and
efficiently from production vessels and equipment, aswell as work surfacesand floors. Chlorinated potable water (city water)
may be appropriate for some cleaning, housekeeping, and sanitization activities. Water quality for processing application uses
should be determined on a case-by-case basis. Additional guidance for water system design and operation can be found in
Waterfor Pharmaceutical Purposes (1231).

Process waters used for manufacturing of excipients, and, in some cases, active ingredients for nonsterile products present a
substantial risk for microbial colonization and proliferation, particularly for ingredients of natural origin that have received
minimal processing to reduce bioburden or to control microbial proliferation. Formulating and manufacturing equipment can
be a source of contamination, and risks are higher when water and ingredients that are susceptible to microbial survival or
growth are used. Therefore, cleaning, drying, and, where appropriate, sanitization of manufacturing equipment can be
beneficial, but disinfectant residues should be limited in the operating environment and should be removed from
product-contact surfaces. The isolation of waterborne organisms, particularly Gram-negative rods, is a likely indicator of failure
to remove standing water on equipment and environmental surfaces.
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Ingredients and excipients used in nonsterile product manufacturing processes are important sources of microbiological
contamination. Vendor evaluation, specifications, testing, package selection, shipping, storage conditions, expirydates, and
assessment for likely contamination or proliferation risk are allcritically important in the reduction of microbial risk associated
with these materials. Of particularconcern are unprocessed materials of natural origin, those that have high water activity (see
Application of Water Activity Determination to Nonsterile Pharmaceutical Products (1112) for additional information), synthetic
processes with aqueous isolation steps or open processing, and biological processeswith limiteddownstream purification or
lacking defined microbial removal step(s). In-process bioburden monitoring points should be establishedat points inthe process
that are either immediately before or immediatelyfollow a potential bioburden reduction process (such as an organic solvent
extraction, heating, large change in pH) and/or immediately prior to final fill as determined by the risk analysis performed as
suggested in the section Microbial Control Considerations during Product Development.

Manufacturersshould sample incoming materialsand should ensure proper contamination-control conditionsfor weighing
and material addition to processequipment. All sampling and weighing equipment should be.properlycleaned, sanitized,
stored, and identified.Theactivities and the associatedcontrols implemented to prevent microbial colonization and proliferation
should be based on a documented, prospective risk-assessment and contamination-control strategy.

Pharmaceutical ingredients ofconsistentlysuitable microbial qualityare an important element of the microbiological control
program for nonsterile products. Procurement of ingredients of appropriate microbial quality requiresthe identification of
vendors with the demonstrated capacity to produce drug substances or excipients of suitable quality. Suppliersurvey
assessments may be conducted periodically to establish that the supplier has a well-designedand maintained microbiological
control program for its manufacturing and primary packaging facilities. Materials that have lowwater activity, possess high
or low pH, are not of natural origin, are inherently antimicrobial, or contain an antimicrobial preservative are generally not at
risk for microbial proliferation. Risk assessmentsshould consider ingredient characteristics regarding microbial survival, support
of microbial growth, or frankantagonism to microbial survival.

The introduction of moisture into stored materials notably increases the risk of microbial contamination. Condensation in
storage tank headspace or impermeablestorage containers can, result in contamination of materials with waterborne organisms
or fungi even when the product under storage is expected to preclude microbial colonizationor proliferation.

Microbiological examination of pharmaceutical ingredients (see chapters (61), (62), and (1111») can provide important
insights into the microbiological quality,of drug substances and excipients.

Primary packaging and intermediate containers (e.g., drum liners, plastic bags, and so on) can be a source of microbial
contamination, and manufacturers should consider their initial quality, storage conditions, preparation, and handling
procedures.

MICROBIAL CONTROL OF DRUG SUBSTANCE MANUfACTURING

The approaches to microbial control described in this chapter can be applied with minimal change to drug substances
manufactured either by biological processesor organic synthesis. The processes in organic synthesisoften use extremes of
temperature, pressure, pH, and other conditions that inhibit or actively destroy microorganisms. When the chemical process
for manufacturing a drug substance iscomplex, the final steps often have the greatest potential effecton the bioburden. As is
the case for drug product manufacturing, the water used in the process presents the greatest challenge to microbial control.
The types of water used in these processesvary. Potable water typically is used in early-stage processingand cleaning, and
Purified Water and Water for Injection often are used for downstream processing and cleaning. Use of Water for Injection is
typically restricted to the final steps of bulkchemical or biological drug substance manufacturing that will ultimately be used
in the formulation of sterile products. These processes are frequently performed almost entirelywithin closed vessels, which
minimizes external facility considerations. Some processequipment issuitablefor clean-in-place operations that useagents that
are not only effective cleansers but also in some cases inhibit microbial growth/proliferation. The materialsused in drug
substance manufacturing includenatural substances, organic compounds of various types, inorganic salts, acids, bases, and
organic solvents, and the potentialfor microbial contamination from these materialsclearly isvariable. Personnel interventions
in these processes are limited by the nature of the equipment and consideration for worker safety, and in biologics processing
and certain late stages of organicsynthesisthe manufacturing environments may be classified (e.g., ISO 7 and ISO 8). Limiting
the involvementof personnel and use ofcontrolled environments both reduce opportunities for microbiological contamination.

Equipment Design and Use

When possible, specifications for the selection of equipment that will be used in the manufacture of nonsterile products
should include sanitary design. Equipmentand utensils should be cleanable so contaminants and residual products can be
reliably removed. Equipment should use sanitaryfittings and should be designed for easy use of cleaning and sanitizing agents
and complete rinsewater drainage. Residual water in tanks, piping, or on equipment surfacesintroduces the risk ofcolonization
by waterborne organisms. Manufacturing equipment that cannot be cleaned in place should be readily accessible for manual
cleaning, and parts that must be cleaned out of place should be not onlyeasily accessible but also readily or easily removable. A
further consideration is the compatibility of equipment with the typical range of disinfectants, includingsporicides, used in
cleaning procedures to sanitizeequipment.

The preferred material of construction for equipment and utensils that will be in contact with product isaustenitic stainless
steel. Manufacturersshould considerthe surfacefinish on product-contact materials, for which a roughness average (RA) of 15­
20 urn isa reasonable ruleof thumb. Surfaces for general equipment and machine surfacesneed not be polished beyond these
RA values. Other materials of construction should be nonporous, smooth, and compatible with the products and cleaning
materials. Process piping systems also should followsanitary design principles and should be sloped to facilitate drainage, and
the equipment should contain flush gaskets to prevent material build-up and to facilitate cleaning. The 3A Sanitary Standards
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(see www.3-A.org) provide generally useful guidance for process layout and design and machinery selection. Equipment
cleaning procedures should be detailed and should ensure that the equipment is completely dry after cleaning and is stored
in a manner that prevents microbial proliferation. Manufacturers should implement procedures for the protection of cleaned
equipment and utensils before their next use. Cleaning and sanitization process validation should include the evaluation of
microbial content both after sanitization and before use. Properly designed storage protection should mitigate the possibility
of microbial growth before use, so after proper storage conditions are validated ongoing monitoring of equipment and utensils
should not be required. Surface microbial sampling either immediately after cleaning or immediately before use must be done
with caution; media residues and residual moisture must be carefully eliminated if sampling is performed.

Manufacturers should evaluate whether products that are manufactured using a piece of processing equipment may, under
some processing circumstances, promote the growth of microorganisms. This evaluation is necessary to properly establish
processing hold times and to define equipment use conditions following cleaning. The use of sanitizing agents on
product-contact surfaces is not required when the cleaning procedures that remove chemical residues also remove
microorganisms. In addition, there isa risk of product contamination with sanitization agents. With a validated cleaning process,
the absence of chemical residuesand visible standing water may provide assuranceof the cleanlinessof the equipment without
routine chemical disinfection and also may obviate the need for microbiological monitoring of the equipment.

Personnel

In addition to maintaining personal hygiene, operators should be trained and dressed appropriately for the function they are
performing (Table 1). .

Table 1. Gowning in Manufacturing Areas
Operators in Formulation and Primary

Protective Clothing Packaging Areas

Plant uniformor plant uniformwith overall for high-risk
product and environment Yes

Hair/beardcovering Yes

Safetyglasses Yes

Dedicated shoes or shoe coverings Yes

Gloves Yes (ifin direct product contact)

Facemasks Yes (if in direct product contact)

The Manufacturing Environment

As noted, the environmental risks and controls for nonsterile products are different from those for aseptically manufactured
sterile products. Unlike aseptic processing for which facility requirements are generally uniform in specification and performance,
nonsterile product manufacturing environments typically involve diverse products and microbial contamination control
requirements. In general, liquid, cream, or ointment products require a greater level of contamination risk mitigation than do
solid dosage forms.

Common design elements to control microbial contamination may include the following:
• Walls, ceilings, and floors are constructed of nonporous materials that are readily cleanable and are resistant to cleaning

agents and disinfectants.
• Floor drains are permitted in nonsterile product manufacturing areasprovided that they can be closed during processing

or fitted with a suitable air break if they are open during area and equipment cleaning.
• Access should be limited to essential personnel.
• Material, equipment, and personnel flows should avoid contamination.
• Ventilation and air filtration should be adequate to maintain the specified cleanliness, space pressurization (if required),

temperature, and relative humidity.
• Good housekeeping and good general hygiene should be applied at all times.
• Cleaning and use status of all tools and implements used in production and all process equipment should be known at all

times.
• Product-contact or water-supply tubing, valves, and fittings should be cleaned and sanitized according to a defined

schedule, should be stored dry, and should be labeled with respect to status.
• Manufacturers should implement a formal housekeeping and sanitization program for operating areas, corridors,

equipment storage, material staging, and other common areas.
Classifiedenvironments are not required for nonsterile product manufacturing, e.g., those specified in ISO 14644-1 (6). ISPE

BaselineGuide No.2, Oral Solid Dosage Forms (7) provides minimal acceptable design features for facilities for manufacturing
nonsterile products.

MICROBIAL ASSESSMENT OF NONSTERllE PRODUCT MANUFACTURING ENVIRONMENTS

As described above, microbiological monitoring of the manufacturing environment can serve as an adjunct to control and
generally is a qualitative assessment tool in a properly implemented formal risk-based microbiological control program. A
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monitoring program commensurate with the product bioburden risk can help confirmthe effectiveness of microbiological
controls and may facilitate early detection of potential problems. Microbial methods and practicesfor aseptic facilities may be
used, but the contamination recovery rates defined in Microbiological Controland Monitoring of Aseptic Processing Environments
(1116) are not intended for nonsterile environments. Classified environments of the same class do not necessarily have similar
microbiological control capabilities. Because the majority of organisms recovered in environmental monitoring are of human
origin, the levels of transient contamination recovereddepend largelyon the level of human activity and gowning requirements.
Gowning requirements are not as extensive in nonsterile product manufacturing as they are in aseptic processing, and thus in
nonsterile environments manufacturers can monitor bioburden with reduced frequency and with expectations of higher
bioburden recovery. Periodic assessments of production plant hygiene can offer useful insights into the effectiveness of the
facility's cleaning and environmental controls.

During nonsterile product manufacturing, microbiological monitoring of the environment need not be as rigorous as that
required during aseptic processing.Similarly, during nonsterileproduct manufacturing microbial risk mitigationisdifferentfrom
that for sterile products. In nonsterile products, manufacturers can expect intrinsic microbial bioburden that, properly
controlled, does not result in risk to the end user. Manufacturers should establish acceptable levels of microorganisms within
each product (3) and should sufficiently identifymicroorganisms to gain an appropriate understanding of bioburden patterns
and seasonal variability.

Microbial Sampling

Duringnonsterile product manufacturing, the airsampling methods used for environmentalmonitoring are activeor passive.
Active devicessample appropriate air volumesand deposit viableorganisms on solid media plates or strips. Results typically are
expressed as colony-forming units per unit volume although alternate methods may be used in lieuof recoveryand growth on
media. Passive sampling in the form of settling plates can be used in lieu of active air samplers.

Personnel monitoring typically is not required in nonsterile product manufacturing except when near-aseptic gowning
materialsare employed.

Sampling locations should be selected based on risk evaluation followed by a general hygienicsurveyof the environment.
High-traffic areas where materialsare transferred into and out of the area may be particularly prone to transient microbial
contamination. Microbiological monitoring is not required in areas beyond the point where product has been placed into
primary packaging containers.

Alternatenongrowth-based microbiological methods can be substituted for growth-based methods at the option of the user.
Because there are no standardized environmental sampling methods and because monitoring is intended as a qualitative
evaluation of general facility hygiene, there is no need for comparative studies between growth- and nongrowth-based
methods. Asmall number of parallel samples is sufficient to establish a comparative baselinefor an environment.

Thefrequency of monitoring should reflectthe potential risk associated with the dosage form (see Introduction). Additionally,
some products may have innate antimicrobial activitybecause of their attributes such as low water activity or inclusion of an
antimicrobial preservativeor an active ingredient that is itself an antimicrobial agent, e.g., an antibiotic or antitumor agent.
Products that are resistant to microbial colonization or have microbiocidal or microbiostatic characteristics require little or no
microbiological monitoring.

In general, environments for tablet and powder- and liquid-filled capsule manufacturing should require no monitoring or
infrequent monitoring. Monitoring programs should be risk based, and the frequency and number of sampling sites should
reflectthe risk level. Manufacturing areas for higher-risk dosage forms such as inhalant products require more frequent
monitoring and typically are manufactured in rooms classified to a particulate air quality level, e.g., ISO 8.

Formost nonsterile product manufacturing environments, because of their limitedenvironmentalcontrolsand comparatively
low product risk, the establishment of alert and action levels may not be required. Environmental monitoring isconsidered an
informational surveyof the general hygienicconditionsof the environment and should not be used in product-releasedecisions.
Monitoring of unclassified environments is not required.

General information chapter Microbial Characterization, Identification, and Strain Typing (1113) contains general information
about microbial characterization. In most nonsterile hygienicassessments, characterization of the microorganisms, cellular
morphology, Gram reaction, and simple diagnostic testing are sufficient.

Active Measures for Microbial Control

In addition to facility and process design considerationsand equipment cleaning and storage controls, there are instances
in which active means for addressing the contamination risk are required. The microbiological control of nonsterile products
can be enhanced by the adoption of direct contamination control processes such as the following:

• decontamination of product contact surfaces, materials, and containers, typically by means of heat treatment (in the most
critical applications sterilization can be used)

• chemical or physical (e.g., dry or moist heat) bioburden reduction treatments for raw materials and active ingredients
• use of closed, cleaned or decontaminated systemsfor handling and transfer of materials
• use of disposable components or utensils
• improved gowning materialsfor operational personnel
• use of classified environments in high-risk operations
These measures can be applied as required to improve the microbial contamination control during the manufacture of

nonsterile products.
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OVERALL MANAGEMENT OF A MICROBIOLOGICAL CONTROL PROGRAM

The management of a successful microbiological control program includes the following: identification of suitable suppliers
of pharmaceutical ingredients and excipients that have good microbiological quality; conducting a microbial risk assessment
of the manufacturing process and packaging system; and the establishment of an appropriate monitoring and control system.

Although environmental contamination is by no means the most significant cause of nonsterile product recalls or
contamination events, environmental monitoring may be a program adjunct to the microbiological control program. Microbial
monitoring is an assessment and is not by itself a contamination control activity. There have been no scientifically controlled
studies demonstrating what linkage, if any, exists between airborne or surface monitoring results and microbiological safety of
the final product.

The microbiological contamination control program should be developed for identifying and controlling product risk, based
on a formal assessment of risk modalities. The risk analysisshould result in the identification of critical control points and should
facilitate proper equipment selection, process layout and design, and facility design requirements.

Critical factors for the prevention of microbiological contamination during nonsterile product manufacturing are the control
of the microbiological quality of ingredients and water, along with the development of proper cleaning and sanitization
procedures. Microbiological monitoring does not mitigate risk, but it may serve as a sentinel.

No monitoring program can provide the assurance of contamination control aseffectively assound, proactive and preventive
measures. Consistent control of contamination can be achieved mainly by an overall process evaluation assessing each of the
control elements described above via risk assessment. Risk assessment may be coupled with active evaluation studies to ensure
that appropriate measures are in place to prevent conditions conducive to contamination.
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(1116) MICROBIOLOGICA~CONTROL AND MONITORING OF
ASEPTIC PROCESSING ENVIRONMENTS

Microbiologically controlled environments are used for a variety of purposes within the healthcare industry. This general
information chapter provides information and recommendations for environments where the risk of microbial contamination
is controlled through aseptic processing. Products manufactured in such environments include pharmaceutical sterile products,
bulk sterile drug substances, sterile intermediates, excipients, and, in certain cases, medical devices. Aseptic processing
environments are far more critical in terms of patient risk than controlled environments used for other manufacturing operations
-for example, equipment and component preparation, limited bioburden control of nonsterile products, and processing of
terminally sterilized products. In this chapter, the type of aseptic processing is differentiated by the presence or absence of
human operators. An advanced aseptic process is one in which direct intervention with open product containers or exposed
product contact surfaces by operators wearing conventional c1eanroom garments is not required and never permitted.
[NOTE-A description of terms used in this chapter can be found in the Glossary at the end of the chapter.]

The guidance provided in this chapter and the monitoring parameters given for microbiological evaluation should be applied
only to clean rooms, restricted-access barrier systems (RABS), and isolators used for aseptic processing. ISO-classified
environments used for other purposes are not required to meet the levels of contamination control required for aseptically
produced sterile products. The environments used for nonsterile applications require different microbial control strategies.

A large proportion of products labeled as sterile are manufactured by aseptic processing rather than terminal sterilization.
Because aseptic processing relies on the exclusion of microorganisms from the process stream and the prevention of
microorganisms from entering open containers during processing, product bioburden as well as the bioburden of the
manufacturing environment are important factors governing the risk of unacceptable microbial contamination. The terms
asepticand sterile are not synonymous. Sterile means having a complete absence Ofviable microorganisms or organisms that
have the potential to reproduce. In the purest microbiological sense, an aseptic process is one that prevents contamination by
the exclusion of microorganisms. In contemporary aseptic healthcare-product manufacturing, aseptic describes the processfor
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handling sterilized materials in a controlled environment designed to maintain microbial contamination at levels known to
present minimal risk.

Inany environment where human operators are present, microbial contamination at some level is inevitable. Even the most
cautious clean-room environment design and operation will not eliminate the shedding of microorganisms ifhuman operators
are present. Thus, an expectation of zero contamination at all locationsduring everyaseptic processingoperation istechnically
not possibleand thus is unrealistic. There are no means to demonstrate that an aseptic processing environment and the
product-contact surfaceswithin that environment are sterile.Monitoring locationsshould be determined based upon a
assessment of risk. Although manufacturersshould review environmental monitoring resultsfrequentlyto ensure that the facility
operates in a validated state of control, monitoring resultscan neither prove nor disprove sterility. Because of the limitations of
monitoring, manufacturers cannot relydirectly on monitoring, statistics, or periodicaseptic-processing simulationsto ensure a
sterility assurance level.

Environmental monitoring is usually performed by personnel and thus requires operator intervention. As a result,
environmental monitoring can both increase the risk of contamination and also give false-positive results. Thus, intensive
monitoring isunwarranted, particularly in the ISO 5 environments that are used in the most critical zones of aseptic processing.

Anumber of sampling methods can be used to assess and control the microbiological status of controlled environments for
aseptic processing.At present, nearlyallof these methods rely on the growth and recoveryof microorganisms, many of which
can be in a damaged state caused by environmental stress and therefore may be difficult to recover. The numericalvaluesfor
air, surface, and personnel monitoring included in this chapter are not intended to represent limits or specifications but are
strictlyinformational. Because of the varietyof microbiological sampling equipment and methods, it is not scientifically
reasonable to suggest that the attainment of these valuesguarantees microbial control or that excursions beyond valuesin this
chapter indicate a lossof control. The assessment of risks associated with manufacturing environments must be made over a
significantperiod; and in each case, the contamination recovery rate metric should be established on the basis of a reviewof
actual findings within the facility. The objectiveof each user should be to use contamination recovery rates to track ongoing
performance and to refinethe microbiological control program to foster improvements. When optimum operational conditions
are achieved within a facility, contamination recovery rate levels typically become relatively stable within a normal range of
variability. .

There are no standard methods for air sampling, and available literature indicates that air-sampling methods are highly
variable. Itshould not be assumed that similar sample volumestaken by differentmethods will produce similarrates of recovery.
Manyfactors can affect microbial recoveryand survival, and differentair sampler suppliers may have designed their systems to
meet different requirements. Also, sample-to-samplevariationin microbial sampling can be extensive. Limited data are available
regarding the accuracy, precision, sensitivity, and limits of detection of monitoring methods used in the aseptic processing of
healthcare products.

Surfacesampling methods are alsonot standardized. Different media are employed, and in the caseof swabs, differentresults
have been reported for wet and dry swab methods and contact plates. Replicate sample contact plates should be expected to
give similarresults under identical conditions, but rates of recovery have been reported to be both lower than expected and
highlyvariable. Ingeneral, surface monitoring has been found to recover<50%, even when used with relatively high inoculum
levels on standardized coupons. Inactual production environments where organisms are stressed to varyingdegrees, recovery
rates may be lower.

ADVANCED ASEPTIC TECHNOLOGIES

Advancedaseptic technologies can be defined as those that do not relyon the direct interventionof human operators during
processing. At present, technologies such as isolators, blow/fill/seal, and closed RABS (designs that are never opened during
setup or operation) may be considered advanced aseptic technologies, provided that direct intervention by gowned personnel
isdisallowed during processing. In recent years, isolatortechnology has found a broad acceptance in healthcare manufacturing.
Isolators and closed RABS effectively separate the operator from the critical aseptic processing environment. Because these
systemssubstantiallyreduce contamination risk, their microbiological control levels are higher than those of conventional clean
rooms that have comparable particulate air classification level, for example, ISO 5.

CLEAN ROOM CLASSIFICATION FOR ASEPTIC PROCESSING ENVIRONMENTS

The design and construction of clean rooms and controlled environments are covered in ISO 14644 series. Thisstandard
defines the performance of a clean environment with respect to the concentration of total particulates per unit volume. ISO
14644-1 stipulates the total particulate counts allowedfor a clean environment to meet the defined air quality classifications.
The reader is referred to this standard regarding the design characteristics and certification of clean environments.

Pharmaceuticalmanufacturersare concerned with nonviableparticulatecontamination in injectableproducts (see Particulate
Matter in Injections (788». Unlike microbial contamination in which experimental data suggest that humans are the only
significantsource, nonviable particulatescan arise both from humans and from processing equipment. Studies indicate that
gowned humans slough particulateand microbial contamination at a rather consistent rate. However, the relationshipbetween
microbial (viable) and nonviablecontamination does not holdfor particulatesshed by processingequipment. Whereequipment
is the primary source of particulate matter, the resulting particulatesare essentially all nonviable.

The argument that iffewer total particulatesare present in a clean room, it is less likely that airborne microorganismswill be
present is true only if human operators are the source of particulate matter. It is not possibleto clearly distinguish between
background total particulate contamination generated largely by mechanical operations and the total particulates contributed
by personnel. Thus, it isboth commonplace and proper for clean-roomenvironmental monitoring programs to consistof both a
total particulate component and a microbiological component. Table 1 describesthe clean room classifications commonly used
in the pharmaceutical industry. In aseptic processing, clean environments of ISO 14644-1 Classes 5-8 are typically used.
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Table 1. Airborne Total Particulate Cleanliness Classes 8

ISO Class" Particles ~O.5 pm/m!

ISO 5 3520

ISO 6 35,200

ISO 7 352,000

1508 3,520,000

a Taken from ISO International Standard 14644 Part 1, published by the International Organization for Standardization, May 1999.
b The four ISO 14644-1 classes correspond closely to former U.S. Federal Standard 209E classifications. The relationships are ISO 5/Class 100, ISO 6/Class 1000,
ISO 7/Class 10,000, and ISO 8/C1ass 100,000.

Isolators and closed RABS present a different picture, because personnel are excluded from the aseptic processing
environment and manipulations are made using glove-and-sleeve assembliesand half-suits made of thick, flexible plastic (such
as polyvinyl chloride or synthetic rubber). Personnel have far less effect on the microbial quality of the environment within an
isolator enclosure than in clean room environments. Some usershave chosen to operate RABS in a manner that allows open,
direct human intervention. In an open operational state, these systems are more similar in operation to conventional clean
rooms and therefore cannot be considered advanced aseptic processing systems. In an open RABS, the ability of operators to
adversely affect microbial contamination risk is higher than with closed RABS or isolators.

Specifications for air changes per hour and air velocities are not included in ISO 14644, nor were they included in Federal
Standard 209E. Typically, ISO Class8/Class 100,000 rooms are designed to provide a minimum of 20 air changes per hour;
ISO Class 7/Class 10,000 rooms are designed to provide more than 50 air changes per hour; and ISO Class 51Class 100 clean
rooms provide more than 100 air changes per hour. The design of some facility criteria may differ. By diluting and removing
contaminants, large volumes of air are likely to reduce airborne contamination in aseptic production. Optimum conditions vary
considerably, depending on process characteristics, particularly the amount of contamination derived from personnel. These
specifications should be used only as a guide in the design and operation of clean rooms, because the precise correlations
among air changes per hour, air velocity, and microbial control have not been satisfactorily established experimentally.

Manufacturers should maintain a predominantly unidirectional flow of air (either vertical or horizontal) in a staffed Class 5
clean room environment, particularly when products, product containers, and closures are exposed. In the evaluation of air
movement within a clean room, studying airflow visually by smoke studies or other suitable means is probably more useful than
using absolute measures of airflow velocity and change rates. Risk assessment models are another useful way of reducing
contamination risk and should be considered.

Air velocity and change rates are far less important in isolators or closed RABS than in clean rooms because personnel are
more carefully separated from the product, product containers, and closures. Air velocities substantially lower than those used
in human-scale clean rooms have proved adequate in isolator systemsand may be appropriate in RABS aswell. In zones within
isolators where particulate matter poses a hazard to product quality, predominantly vertical or horizontal unidirectional airflow
can be maintained. Experience has shown that well-controlled mixing or turbulent airflow is satisfactory for many aseptic
processes and for sterility testing within isolators (see Sterility Testing-Validation of IsolatorSystems (1208).

IMPORTANCE OF A MICROBIOLOGICAL EVALUATION PROGRAM FOR CONTROLLED
ENVIRONMENTS

Monitoring of total particulate count in controlled environments, even with the use of electronic instrumentation on a
continuous basis, does not provide information on the microbiological content of the environment. The basic limitation of
particulate counters is that they measure particles of 0.5 urn or larger. While airborne microorganisms are not free-floating or
single cells, they frequently associatewith particles of 10-20 urn. Particulate counts aswell asmicrobial counts within controlled
environments vary with the sampling location and the activities being conducted during sampling. Monitoring the environment
for nonviable particulates and microorganisms is an important control function because they both are important in achieving
product compendial requirements for Foreign and Particulate Matter and Sterility in Injections and ImplantedDrug Products (1).

Total particulate monitoring may provide a better means of evaluating the overall quality of the environment in isolators and
closed RABS than in most conventional clean rooms. The superior exclusion of human-borne contamination provided by an
isolator results in an increased proportion of nonviable particulates. Total particulate counting in an isolator is likely to provide
an immediate indicator of changes in contamination level. Microbial monitoring programs should assess the effectiveness of
cleaning and sanitization practices by and of personnel who could have an impact on the bioburden. Because isolators are
typically decontaminated using an automatic vapor or gas generation system, microbial monitoring is much less important in
establishing their efficiency in eliminating bioburden. These automatic decontamination systems are validated directly, using
an appropriate biological indicator challenge, and are controlled to defined exposure parameters during routine use to ensure
consistent decontamination.

Microbial monitoring cannot and need not identify and quantify all microbial contaminants in these controlled environments.
Microbiological monitoring of a clean room is technically a semiquantitative exercise, because a truly quantitative evaluation
of the environment is not possible, given the limitations in sampling equipment. Both the lack of precision of enumeration
methods and the restricted sample volumes that can be effectively analyzed suggest that environmental monitoring is incapable
of providing direct quantitative information about sterility assurance. Analysts should remember that no microbiological
sampling plan can prove the absence of microbial contamination, even when no viable contamination is recovered. The absence
of growth on a microbiological sample means only that growth was not discovered; it does not mean that the environment is
free of contamination.
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Routinemicrobial monitoring should providesufficient information to demonstrate that the aseptic processingenvironment
is operating in an adequate state of control. The realvalue of a microbiological monitoring program lies in itsability to confirm
consistent, high-quality environmental conditions at all times. Monitoring programs can detect changes in the contamination
recovery rate that may be indicative of changes in the state of control within the environment.

Environmental microbial monitoring and analysis of data by qualified personnel can assistin ensuring that a suitablestate of
control is maintained. The environment should be sampled during normal operations to allowthe collection of meaningful,
process-related data. Microbial sampling should occur when materials are in the area, processingactivities are onqoinq, and a
fuJI complement of personnel isworking within the aseptic processing environment.

Microbial monitoring of manufacturing clean rooms, RABS, and isolators should include compressed gases, surfaces, room
or enclosure air, and any other materialsand equipment that might produce a risk of contamination. The analysis of
contamination trends in an aseptic environment has long been a component of the environmental control program. Inaseptic
processing environments and particularly in ISO Class 5 environments, contamination is infrequentlyobserved. In isolator
enclosures, contamination is rarer still because of superior exclusion of human-borne contamination. Because of the criticality
of these environments, even minor changes in the contamination incident rates may be significant, and manufacturers should
frequently and carefully review monitoring data. In lesscritical environments, microbial contamination may be higher, but
changes in recovery rates should be noted, investigated, and corrected. Isolated recoveries of microorganisms should be
considered a normal phenomenon in conventionalclean rooms, and these incidentsgenerallydo not requirespecific corrective
action, because it is almost certain that investigations will fail to yield a scientifically verifiable cause. Because sampling itself
requires an aseptic intervention in conventional clean rooms, any single uncorrelated contamination event could be a false
positive. -

When contamination recovery rates increasefrom an established norm, process and operational investigation should take
place. Investigations will differdepending on the type and processing of the product manufactured in the clean room, RABS,
or isolator. Investigation should include a review of area maintenance documentation; sanitization/decontamination
documentation; the occurrence of nonroutine events; the inherent physical or operational parameters, such as changes in
environmental temperature and relative humidity;and the training status of personnel.

In closed RABS and isolatorsystems, the loss of glove integrity or the accidental introduction of material that has not been
decontaminated are among the most probable causes of detectable microbial contamination. Following the investigation,
actions should be taken to correct or eliminate the most probable causes of contamination. Because of the relative rarityof
contamination events in modern facilities, the investigation often proves inconclusive. When correctiveactions are undertaken,
they may include reinforcement of personnel training to emphasize acceptable gowning and aseptic techniques and microbial
control of the environment. Some additional microbiological sampling at an increased frequency may be implemented, but
this may not be appropriate during aseptic processing because intrusive or overlyintensivesampling may entail an increased
contamination risk. When additional monitoring isdesirable, it may be more appropriate during process simulation studies.
Other measures that can be considered to better control microbial contamination includeadditionalsanitization, useofdifferent
sanitizing agents, and identification of the microbial contaminant and its possible source.

In any aseptic environment, conventional or advanced, the investigation and the rationalefor the course of action chosen
as a result of the investigation must be carefLilly and comprehensively documented.

PHYSICAL EVALUATION OF CONTAMINATION CONTROL EFFECTIVENESS

Clean environments should be certified as described in ISO 14644 series in order to meet their design classification
requirements. The design, construction, and operation of clean rooms vary greatly, so it is difficult to generalize requirements
for parameters such as filter integrity, air velocity, air patterns, air changes, and pressure differential. In particularly critical
applications such as aseptic processing, a structured approach to physical risk assessment may be appropriate.

One such method has been developed by Ljundqvist and ReinmQller. This method, known as the L-R method, challenges
the air ventilation system by evaluating both airflow and the ability of an environment to dilute and remove airborne particles.
In the L-R method, a smoke generator allows analyststo visualize the air movements throughout a clean room or a controlled
environment, including vortices or turbulent zones, and the airflow pattern can be fine-tuned to minimize these undesirable
effects. Following visual optimization of airflow, particulate matter is generated close to the critical zone and sterilefield. This
evaluation is done under simulated production conditions but with equipment and personnel in place. This type of test can
also be used to evaluate the abilityof RABS and isolatorsystems, particularly around product exit ports in these systems, to
resist the effects of contamination.

Visual evaluation of air movement within clean rooms isa subjectiveprocess. Complete elimination of turbulence or vortices
is not possible in operationing clean rooms that contain personnel and equipment. Air visualization is simplyone step in the
effort to optimize clean room operations and is not a definitive pass/fail test, because acceptable or unacceptable conditions
are not readilydefinable.

Proper testing and optimization of the physical characteristics of the clean room, RABS, or isolatorare essential before
implementation of the microbiological monitoring program. Assurance that the clean room, RABS, or isolatoris in compliance
with its predetermined engineering specifications provides confidence that the ability of the facility systems and operating
practices to control the bioburden and nonviable particulate matter are appropriate for the intended use. These tests should
be repeated during routine certification of the clean room or advanced aseptic processingsystems, and whenever significant
changes are made to the operation, such as personnel flow, equipment operation, materialflow, air-handlingsystems, or
equipment layout.
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Good personnel performance plays an essential role in the control of contamination, proper training and supervision are
central to contamination control. Aseptic processing is the most critical activity conducted in microbiological controlled
environments, and manufacturers must pay close attention to details in all aspects of this endeavor. Rigorous discipline and
strict supervision of personnel are essential in order to ensure a level of environmental quality appropriate for aseptic processing.

Training of all personnel working in controlled environments is critical. This training is equally important for personnel
responsible for the microbial monitoring program, becausecontamination of the clean working area could inadvertently occur
during microbial sampling. In highly automated operations, monitoring personnel may be the employees who have the most
direct contact with the critical surfaces and zones within the processing area. Microbiological sampling has the potential to
contribute to microbial contamination caused by inappropriate sampling techniques or by placing personnel in or near the
critical zone. A formal training program is required to minimize this risk. This training should be documented for all personnel
who enter controlled environments. Interventions should always be minimized, including those required for monitoring
activities; but when interventions cannot be avoided, they must be conducted with aseptic technique that approaches
perfection as closely as possible.

Management of the facility must ensure that personnel involved in operations in clean rooms and advanced aseptic
processing environments are well versed in relevant microbiological principles. The training should include instruction about
the basic principles of aseptic technique and should emphasize the relationship of manufacturing and handling procedures to
potential sourcesof product contamination. Those supervising, auditing, or inspecting microbiological control and monitoring
activities should be knowledgeable about the basicprinciples of microbiology, microbial physiology, disinfection and sanitation,
media selection and preparation, taxonomy, and sterilization. The staff responsible for supervision and testing should have
academic training in medical or environmental microbiology. Sampling personnel aswell as individuals working in clean rooms
should be knowledgeable about their responsibilities in minimizing the releaseof microbial contamination. Personnel involved
in microbial identification require specialized training about required laboratory methods. Additional training about the
management of collected data must be provided. Knowledge and understanding of applicable standard operating procedures
are critical, especially those procedures relating to corrective measurestaken when environmental conditions require.
Understanding of contamination control principles and each individual's responsibilities with respect to good manufacturing
practices (GMPs) should be an integral part of the training program, along with training in conducting investigations and in
analyzing data.

The only significant sourcesof microbial contamination in aseptic environments are the personnel. Because operators disperse
contamination and because the ultimate objective in aseptic processing is to reduce end-user risk, only healthy individuals
should be permitted access to controlled environments. Individuals who are ill must not be allowed to enter an aseptic
processing environment, even one that employs advanced aseptic technologies such as isolators, blow/fill/seal, or closed RABS.

The importance of good personal hygiene and a careful attention to detail in aseptic gowning cannot be overemphasized.
Gowning requirements differ depending on the use of the controlled environment and the specifics of the gowning system
itself. Aseptic processing environments require the useof sterilized gowns with the best available filtration properties. The fullest
possible skin coverage is desirable, and sleevecovers or tape should be considered to minimize leaksat the critical glove-sleeve
junction. Exposed skin should never be visible in conventional clean rooms under any conditions. The personnel and gowning
considerations for RABS are essentially identical to those for conventional clean rooms.

Once employees are properly gowned, they must be careful to maintain the integrity of their gloves, masks, and other gown
materials at all times. Operators who work with isolator systems are not required to wear sterilized clean-room gowns, but
inadequate aseptic technique and employee-borne contamination are the principal hazards to safe aseptic operations in
isolators, as well as RABS, and in conventional clean rooms. Glove-and-sleeve assemblies can develop leaks that can allow the
mechanical transfer of microorganisms to the product. A second glove, worn either under or over the primary isolator/RABS
glove, can provide an additional level of safety against glove leaksor can act as a hygienic measure. Also, operators must
understand that aseptic technique is an absolute requirement for all manipulations performed with gloves within RABS and
isolator systems.

The environmental monitoring program, by itself, cannot detect all events in aseptic processing that might compromise the
microbiological quality of the environment. Therefore, periodic media-fill or process simulation studies are necessary, as is
thorough ongoing supervision, to ensure thatappropriate operating controls and training are effectively maintained.

CRITICAL FACTORS IN THE DESIGN AND IMPLEMENTATION OF A MICROBIOLOGICAL
ENVIRONMENTAL MONITORING PROGRAM

Since the advent of comprehensive environmental monitoring programs, their applications in capturing adverse trends or
drifts has been emphasized. In a modern aseptic processing environment-whether an isolator, RABS, or conventional clean
room-contamination has become increasingly rare. Nevertheless, a monitoring program should be able to detect a change
from the validated state of control in a facility and to provide information for implementing appropriate countermeasures. An
environmental monitoring program should be tailored to specific facilities and conditions. It is also helpful to take a broad
perspective in the interpretation of data. A single uncorrelated result on a given day may not be significant in the context of
the technical limitations associated with aseptic sampling methods.

Selection of Growth Media

A general microbiological growth medium such assoybean-casein digest medium (SCDM) is suitable for environmental
monitoring in most cases because it supports the growth of a wide range of bacteria, yeast, and molds. This medium can be
supplemented with additives to overcome or to minimize the effects of sanitizing agents or of antibiotics. Manufacturers should
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consider the specific detection of yeasts and molds. Ifnecessary, general mycological media such as Sabouraud's, modified
Sabouraud's, or inhibitory mold agar can be used. In general, monitoring for strict anaerobes is not performed, because these
organisms are unlikely to survive in ambient air. However, micro-aerophilic organisms may be observed in aseptic processing.
Should anoxic conditions exist or if investigations warrant (e.g., identification of these organisms in sterility testing facilities or
Sterility Tests (71) results), monitoring for micro-aerophiles and organisms that grow under low-oxygen conditions may be
warranted. The abilityof any media used in environmental monitoring, including those selected to recoverspecific types of
organisms, must be evaluated for their ability to support growth, as indicated in (71).

Selection of Culture Conditions

Time and incubation temperatures are set once the appropriate media have been selected. Typically, for general
microbiological growth media such as SCDM, incubation temperatures in the ranges of approximately20°-35° have been used
with an incubation time of not lessthan 72 hours. Longer incubation times may be considered when contaminants are known
to be slow growing. The temperature ranges given above are by no means absolute. Mesophilic bacteria and mold common
to the typicalfacility environment are generallycapable of growing over a wide range of temperatures. Formany mesophilic
organisms, recovery is possibleover a range of approximately 20°. In the absence of confirmatoryevidence, microbiologists
may incubate a single plate at both a lowand a higher temperature. Incubating at the lowertemperature firstmay compromise
the recoveryof Gram-positive cocci that are important because they are often associated with humans.

Sterilization processes for preparing growth media should be validated. When selective media are used for monitoring,
incubation conditions should reflect published technical requirements. Contamination should not be introduced into a
manufacturing clean room as a resultof using contaminated sampling media or equipment. Of particularconcern isthe use of
aseptically prepared sampling media. Whereverpossible, sampling media and their wrappings should be terminally sterilized
by moist heat, radiation, or other suitable means. If aseptically prepared media must be used, analysts must carryout
preincubation and visual inspection of allsampling media before introduction into the clean room.The reader is referred to
Microbiological Best Laboratory Practices (111 7) for further information regarding microbiologylaboratory operations and
control.

ESTABLISHMENT OF SAMPLING PLAN AND SITES

Duringinitial startup or commissioning ofa clean room or other controlled environment, specific locationsfor airand surface
sampling should be determined. Locations considered should include those in proximityof the exposed product, containers,
closures, and product contact surfaces. In aseptic processing, the area in which containers, closures, and product are exposed
to the environment isoften called the critical zone-the critical zone is always ISO 5. Foraseptic operations the entire critical
zone should be treated as a sterilefield. A nonsterileobject, includingthe gloved hands of clean room personnel or an RABS/
isolatorglove, should never be brought into contact with a sterile product, container closure, filling station, or conveying
equipment before or during aseptic processing operations. Operators and environmental monitoring personnel should never
touch sterile parts of conveyors, filling needles, parts hoppers, or any other equipment that is in the product-delivery pathway.
Thismeans that surface monitoring on these surfaces is best done at the end of production operations.

The frequency of sampling depends on the manufacturing process conducted within an environment. Classified
environments that are used onlyto providea'loweroverall level of bioburden in nonsterile product manufacturing areas require
relatively infrequent environmental monitoring. Classified environments in which closed manufacturing operations are
conducted, including fermentation, sterileAPI processing, and chemical processes, require fewer monitoring sites and less
frequent monitoring because the risk of microbial contamination from the surrounding environment iscomparativelylow.
Microbiological monitoring of environments in which products are filled before terminal sterilization isgenerally less critical
than the monitoring ofaseptic processingareas.The amount of monitoring required infilling operationsfor terminalsterilization
depends on the susceptibility of the product survival and the potential for proliferation of microbial contamination. The
identification and estimatednumber of microorganisms that are resistant to the subsequent sterilization may be more critical
than the microbiological monitoring of the surrounding manufacturing environments.

It is not possibleto recommend microbial control levels for each type of manufacturing environment. The levels established
for one ISO Class7 environment, for example, may be inappropriate for another ISO Class 7 environment, depending on the
production activities undertaken in each. The user should conduct a prospective risk analysis and develop a rationalefor the
sampling locations and frequencies for each controlled environment. The classification of a clean room helps establish control
levels, but that does not implythat all rooms of the same classification should have the same control levels and the same
frequency of monitoring. Monitoring should reflectthe microbiological control requirements of manufacturing or processing
activities. Formal risk assessment techniques can result in a scientifically valid contamination control program.

Table 2 suggests frequencies of sampling in decreasing order of frequency and in relation to the criticality or product risk of
the area being sampled.Thistable distinguishes between aseptic processingwhere personnel are aseptically gowned and those
where a lessergowning isappropriate. Environmental monitoring sampling plansshould be flexible with respect to monitoring
frequencies, and sample plan locationsshould be adjusted on the basisof the observed rate of contamination and ongoing risk
analysis. On the basis of long-term observations, manufacturers may increase or decrease sampling at a given location or
eliminate a sampling location altogether. Oversampling can be as deleterious to contamination control as undersampling, and
careful consideration of risk and reduction of contamination sources can guide the sampling intensity.

Table 2. Suggested Frequency of Sampling for Aseptic Processing Areasa

Sampling Area/Location I Frequency of Sampling

Clean Room/RABS

Criticalzone(ISO 5 or better)
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Table 2. Suggested Frequency of Sampling for Aseptic Processing Areasa (continued)
Sampling Area/Location Frequency of Sampling

Active air sampling Each operational shift

Surfacemonitoring At the end of the operation

Aseptic area adjacent critical zone

All sampling Each operating shift

Other nonadjacent aseptic areas

All sampling Once per day

Isolators

Critical zone(ISO 5 or better)

Active air sampling Once per day

Surfacemonitoring At the end of the campaign

Nonaseptic areas surrounding the isolator

All sampling Once per month

aAll operators are aseptically gowned in these environments(withthe exception of background environmentsfor isolators). These recommendationsdo not apply
to production areas for nonsterile products or other classified environments in which fully aseptic gowns are not donned.

SELECTION OF SAMPLE SITES WITHIN CLEAN ROOMS AND ASEPTIC PROCESSING AREAS

ISO 14644 suggests a grid approach for the total particulate air classification of clean rooms. This approach is appropriate
for certifying the total particulate air quality performance against its design objective. Grids may also have value in analyzing
risk from microbial contamination, although in general, grids that have no personnel activity are likely to have low risk of
contamination. Microbial contamination is strongly associated with personnel, so microbiological monitoring of unstaffed
environments is of limited value.

Microbiological sampling sites are best selected with consideration of human activity during manufacturing operations.
Careful observation and mapping of the clean room during the qualification phase can provide useful information concerning
the movement and positioning of personnel. Suchobservation can also yield important information about the most frequently
conducted manipulations and interventions.

The location and movement of personnel within the clean room correlate with contamination risk to the environment and
to the processes conducted within that environment. Sample sites should be selected so that they evaluate the impact of
personnel movement and work within the area, particularly interventions and manipulations within the critical zone.

The most likely route of contamination is airborne, so the samples most critical to risk assessment are those that relate to
airborne contamination near exposed sterile materials. Other areasof concern are entry points where equipment and materials
move from areas of lower classification to those of higher classification. Areas within and around doors and airlocks should be
included in the monitoring scheme. It is customary to sample walls and floors, and indeed sampling at these locations can
provide information about the effectiveness of the sanitization program. Sampling at these locations can take place relatively
infrequently, because contamination there is unlikely to affect product. Operators should never touch floors and walls, so
mechanical transmission of contamination from these surfaces to critical areaswhere product is exposed should not occur.

Manufacturers typically monitor surfaceswithin the critical zone, although this should be done only at the end of operations.
Residues of media or diluent from wet swabs should be avoided on surfaces, because they could lead to microbial proliferation.
Also, cleaning surfacesto remove diluent or media requires personnel intervention and movements that can result in release of
microbial contamination into the critical zone and can disrupt airflow.

MICROBIOLOGICAL CONTROL PARAMETERS IN CLEAN ROOMS, ISOLATORS, AND RABS

Since the early 1980s, manufacturers have established alert and action levels for environmental monitoring. In recent years
the numerical difference between alert and action levelshas become quite small, especially in ISO5 environments. Growth and
recovery in microbiological assays have normal variability in the range of ±0.5 10glo, Studies on active microbiological air
samplers indicate that variability of as high as tenfold is possible among commonly used sampling devices. As a result of this
inherent variability and indeterminate sampling error, the supposed differences between, for example, an alert level of 1 cfu
and an action level of 3 du are not analytically significant. Treating differences that are within expected, and therefore, normal
ranges as numerically different is not scientifically valid and can result in unwarranted activities. In a practical sense, numerical
values that vary by as much asfive- to tenfold may not be significantly different.

Because of the limited accuracy and precision of microbial growth and recovery assays, analysts can consider the frequency
with which contamination is detected rather than absolute numbers of cfu detected in any single sample. Also, a du is not a
direct enumeration of microorganisms present but rather is a measure of contamination that may have originated from a clump
of organisms. .

Mean contamination recovery rates should be determined for each clean room environment, and changes in contamination
recovery rate at a given site or within a given room may indicate the need for corrective action. Within the ISO 5 critical zone,
airborne and surface contamination recovery rates of 1% or less should be attainable with current methods. Contamination
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recovery rates for closed RABS and isolatorsystemsshould be significantly lower still and can be expected to be <0.1 %, on the
basisof published monitoring results.

Contamination observed at multiple sites in an environment within a single sampling period may indicate increased risk to
product and should be carefully evaluated. The appearance of contamination nearlysimultaneously at multiplesites could also
arisefrom poor sampling technique, so careful reviewis in order before drawing conclusions about potential lossof control.
Resampling an environment several days after contamination is of littlevalue, because the conditions during one sampling
occasion may not be accurately duplicated during another.

Surfacesamples may also be taken from clean room garments. Personnel sampling should be emphasized during validation
and is best done at the completion of production work in order to avoid adventitious contamination of the garments. In this
case the average should be <1 % for these sample sites as well. Gloves on closed RABS and isolators should meet the more
rigorous expectation of <0.1 % contamination recovery rates.

Because of the inherent variability of microbial sampling methods, contamination recovery rates are a more useful measure
of trending resultsthan isfocusing on the number of colonies recovered from a given sample. Table 3 provides recommended
contamination recoveryrates for aseptic processing environments. The incident rate isthe rate at whichenvironmental samples
are found to contain microbial contamination. Forexample, an incident rate of 1% would mean that only 1% of the samples
taken have any contamination regardlessof colony number. In other words, 99% of the samples taken are completelyfree of
contamination. Contamination recovery rates that are higher than those recommended in Table 3 may be acceptable in rooms
of similar classification that are used for lower-risk activities. Action should be required when the contamination recovery rate
trends above these recommendations for a significant time.

Table 3. Suggested Initial Contamination Recovery Rates in Aseptic Environmentsa

Active Air
Sample Settle Plate (9 cm) 4 h Ex- Contact Plate or Swab

Room Classification (%) posure (%) (%) Glove or Garment (%)

Isolator/Closed RABS (ISO 5 or better) <0.1 <0.1 <0.1 <0.1

ISO 5 <1 <1 <1 <1

ISO 6 <3 <3 <3 <3

ISO 7 <5 <5 <5 <5

ISO 8 <10 <10 <10 <10

a AU operators are aseptically gowned in these environments (with the exception of background environments for isolators). These recommendations do not apply
to production areas for nonsterile products or other classified environments in which fully aseptic gowns are not donned.

Detection frequency should be based on actual monitoring data and should be retabulated monthly. Action levels should
be based on empirical process capability. If detection frequencies exceed the recommendations in Table 3 or are greater than
established process capability, then correctiveactions should be taken. Correctiveactions may include but are not limitedto
the following:

• Revision of the sanitization program, including selection of antimicrobial agents, application methods, and frequencies
• Increased surveillance of personnel practices, possibly including written critiquesof aseptic methods and techniques
• Review of microbiological sampling methods and techniques
When higher-than-typical recoverylevels for gloveand garment contamination are observed, additionaltrainingfor gowning

practices may be indicated.

SIGNIFICANT EXCURSIONS

Excursions beyond approximately 15 du recoveredfrom a single ISO 5 sample, whether from airborne, surface,or personnel
sources, should happen very infrequently. When such ISO 5 excursionsdo occur, they may be indicative of a significant loss of
control when they occur within the ISO 5 critical zone in close proximitytoproduct and components. Thus,any ISO 5 excursion
>15 du should prompt a carefuland thorough investigation. . .

A keyconsideration for an abnormally high number of recovered colonies iswhether this incident is isolated or can be
correlated with other recoveries. Microbiologists should reviewrecovery rates for at least two weeks before the incident of
abnormally high recoveryso that they can be aware of other recoveries that might indicate an unusual pattern. Microbiologists
should carefully consider all recoveries, including those that are in the more typical range of 1-5 cfu. The identity of the
organisms.recovered is an important factor in the conduct of this investigation.

In the case of an isolated single excursion, establishing a definitive cause probably will not be possible, and only general
corrective measures can be considered. It is never wise to suggest a root cause for which there is no solid scientific evidence.
Also, there should be an awareness of the variability of microbial analysis. Realistically, there is no scientific reason to treat a
recoveryof 25 cfu as statistically differentfrom a recoveryof 15 du. Avalue of 15 cfu should not be considered significant in
terms of process control, because realistically there is no difference between a recovery of 14 cfu and one of 15 cfu. .
Microbiologists should use practicalscientific judgment in their approach to excursions.

FURTHER CONSIDERATIONS ABOUT DATA INTERPRETATION

In the high-quality environments required for aseptic processing, detection frequency typically is low. As can be seen from
the rates recommended in Table 3, the majority of samples taken in an aseptic processing area will yield a recoveryof zero
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contamination. Inthe most critical areas withinan aseptic processing operation, it isexpected that less than 1% of the samples
will yieldany recoverable contamination. In the most advanced of modern aseptic operations that use separative technologies
such as isolators or closed RABS, the recovery rate will approach zero at all times.

The microbiologist responsible for environmentalcontrol or sterility assurance should not take this to mean that the
environmentalqualityapproaches sterility. The sensitivity of any microbial sampling system in absolute terms is not known. In
environmental monitoring, a resultof zero means onlythat the resultis below the limitof detection of the analytical system. A
false sense of securityshould not be derived from the infrequency of contamination recovery in aseptic processing.

Sterility assurance is best accomplished by a focus on human-borne contamination and the facility designfeatures that best
mitigate risk from this contamination. Greatest risk mitigation can be attained by reducing or eliminating human interventions
through proper equipment design and by providing sufficient air exchanges per hour for the intended personnel population
of the facility. Other risk mitigationfactors includeeffective personnel and material movement and the proper control of
temperature and humidity. Secondaryfactors for risk mitigation include cleaning and sanitization. Risk analysis models that
analyze processes prospectively to reduce human-borne contamination risk by minimizing operator interventions are more
powerful tools for sterility assurance than monitoring. Environmental monitoring cannot prove or disprove in absolute terms
the sterility of a lot of product. Environmental monitoringcan onlyassurethose responsible for a process that a production
system is in a consistent, validatedstate of control. Care should be taken to avoid drawing inappropriateconclusions from
monitoring results.

SAMPLING AIRBORNE MICROORGANISMS

Among the most commonly used tools for monitoringaseptic environments are impaction and centrifugal samplers. A
number of commercially available samplersare listed for informational purposes. The selection,appropriateness, and adequacy
of using any particularsampler are the responsibility of the user.

Slit-to-Agar Air Sampler (STA)

The unit is powered by an attached source of controllable vacuum.The air intake isobtained through a standardizedslit
below which is placed a slowly revolving Petri dish that contains a nutrient agar. Airborne particles that havesufficient mass
impact the agar surface, and viableorganisms are allowed to grow. Aremote air intake isoften used to minimize disturbance
of unidirectional airflow.

Sieve Impactor

This apparatus consists of a container designed to accommodate a Petri dish that contains a nutrient agar. The coverof the
unit isperforatedwith openings of a predetermined size. Avacuum pump draws a knownvolumeofairthrough the cover, and
airborne particles that contain microorganisms impact the agar medium in the Petri dish. Some samplers feature a cascaded
seriesof sieves that contain perforationsof decreasingsize. These unitsallowdetermination of the size range distribution of
particulatesthat contain viable microorganisms based on the sizeof the perforations through whichthe particles landed on the
agar plates.

Centrifugal Sampler

The unit consists of a propelleror turbine that pulls a known volumeof air into the unit and then propels the airoutward to
impact on a tangentially placed nutrient agar strip set on a flexible plastic base.

Sterilizable Microbiological Atrium

The unit is a variant of the single-stagesieveimpactor. The unit's cover contains uniformly spaced orifices approximately
0.25 inch in size. The base of the unit accommodates one Petri dish containing a nutrient agar. Avacuum pump controlsthe
movement of air through the unit, and a multiple-unit control center as well as a remote sampling probe are available.

Surface Air System Sampler

This integrated unit consists of an entry section that accommodates an agar contact plate. Immediately behind the contact
plate is a motor and turbine that pulls airthrough the unit's perforatedcoverover the agar contact plateand beyond the motor,
where it is exhausted. Multiple mounted assemblies are alsoavailable.

Gelatin Filter Sampler

The unit consists of a vacuum pump with an extension hose terminating in a filter holder that can be located remotelyin
the critical space. The filterconsists of random fibers of gelatin capable of retaining airborne microorganisms. After a specified
exposure time, the filter isaseptically removed and dissolved in an appropriate diluent and then plated on an appropriate agar
medium to estimate its microbial content.
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Settling Plates
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Thismethod isstill widely used as a simple and inexpensive way to qualitatively assess the environments over prolonged
exposure times. Published data indicate that settling plates, when exposed for 4- to 5-hour periods, can provide a limitof
detection for a suitable evaluation of the aseptic environment. Settling plates may be particularly useful in critical areas where
active sampling could be intrusive and a hazard to the aseptic operation.

One of the major drawbacks of mechanical air samplers is the limited sample size of air being tested. When the microbial
level in the air of a controlled environment isexpected to contain extremely lowlevelsof contamination per unit volume, at
least 1 cubic meter of air should be tested in order to maximize sensitivity. Typically, slit-to-agardevices have an 80-L/min
sampling capacity (the capacity of the surfaceair system issomewhat higher). If1 cubic meter of airwere tested, then it would
require an exposure time of 15 min. It may be necessary to use sampling times in excess of 15 min to obtain a representative
environmental sample. Although some samplers are reported to have high sampling volumes, consideration should be given
to the potential for disruption of the airflow patterns in any critical area and to the creation of turbulence.

Technicians may wish to use remote sampling systems in order to minimizepotential risks resulting from intervention by
environmental samplers in critical zones. Regardless of the type of sampler used, analystsmust determine that the extra tubing
needed for a remote probe does not reduce the method's sensitivity to such an extent that detection of low levels of
contamination becomes unlikely or even impossible.

SURFACE SAMPLING

Another component of the microbial-control program incontrolled environments issurfacesamplingofequipment, facilities,
and personnel. The standardization of surfacesampling methods and procedures has not been as Widely addressed in the
pharmaceutical industry as has the standardization of air-sampling procedures. Surfacesampling can be accomplished by the
use of contact plates or by the swabbing method.

Contact plates filled with nutrient agar are used for sampling regular or flat surfacesand are directly incubated for the
appropriate time and temperature for recovery of viable organisms. Specialized agar can be used for the recoveryof organisms
that have specific growth requirements. Microbial estimates are reported per contact plate.

The swabbing method can be used to supplement contact plates for sampling of irregularsurfaces, especially irregular
surfacesof equipment. The area that will be swabbed isdefined with a sterile template of appropriate size. In general, it is in
the range of 24-30 crn-, Aftersample collection the swab isplaced in an appropriate diluent or transport medium and isplated
onto the desired nutrient agar. The microbial estimates are reported per swab of defined sampling area.

Surfacemonitoring isused as an environmentalassessmenttool in alltypes of classified environments. In ISO 5 environments
for aseptic processing, surface monitoring isgenerallyperformed beside critical areas and surfaces. Component hoppers and
feed chutes that contact sterile surfaceson closures and filling needles can be tested for microbial contamination. Often in
conventional staffed clean rooms, these product contact surfacesare steam sterilized and aseptically assembled. The ability of
operators to perform these aseptic manipulationsare evaluated during process stimulationsor media fills, although true
validationof operator technique in this manner isnot possible. Surfacemonitoring on surfaces that directlycontact sterileparts
or product should be done only after production operations are completed. Surfacesampling is not a sterility test and should
not be a criterionfor the release or rejection of product. Because these samples must be taken aseptically by personnel, it is
difficult to establish with certainty that any contamination recovered is product related.

CULTURE MEDIA AND DILUENTS

The type of medium, liquidor solid, used for samplingor plating microorganismsdepends on the procedure and equipment
used. Anymedium used should be evaluated for suitability for the intended purpose. The most commonly used all-purpose
solid microbiological growth medium issoybean-casein digest agar. As previously noted, this medium can be supplemented
with chemicals that counteract the effect of various antimicrobials.

IDENTIFICATION OF MICROBIAL ISOLATES

Asuccessful environmental control program includesan appropriate level of identification ofthe flora obtained bysampling. A
knowledge of the flora in controlled environments aids in determining the usual microbial flora anticipated for the facility and
in evaluating the effectiveness of the cleaning and sanitization procedures, methods, agents, and recovery methods. The
information gathered by an identification program can be useful in the investigationof the source of contamination, especially
when recommended detection frequencies are exceeded.

Identification of isolatesfrom critical and immediatelyadjacent areas should take precedence over identificationof
microorganismsfrom noncritical areas. Identification methods should be verified, and ready-to-use kits should be qualified for
their intended purpose. .

CONCLUSION

Environmental monitoring isone of several keyelements required in order to ensure that an aseptic processing area is
maintained in an adequate level of control. Monitoring isa qualitative exercise, and even in the most critical applications such
as aseptic processing, conclusionsregarding lot acceptability should not be made on the basisofenvironmentalsampling results
alone. Environments that are essentially free of human operators generally have low initial contamination rates and maintain
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lowlevels of microbial contamination. Human-scale clean rooms presenta verydifferentpicture. Studies conclusively showthat
operators, even when carefully and correctly gowned, continuously slough microorganisms into the environment.Therefore,
it is unreasonable to assume that samplesproducing no colonies, even in the critical zone or on critical surfaces, will always be
observed. Periodic excursions are a fact of life in human-scale clean rooms, but the contamination recovery rate, particularly in
ISO 5 environments used for aseptic processing, should be consistently low.

Clean-room operators, particularly those engaged in aseptic processing, must striveto maintain suitableenvironmental
qualityand must work toward continuous improvementof personnel operations and environmental control. Ingeneral, fewer
personnel involved in aseptic processing and monitoring, along with reduction in interventions, reduces risk from microbial
contamination.

GLOSSARY
Airborne Particulate Count (also referred to as Total Particulate Count): The total number of particles of a given

size per unit volume of air.
Airborne Viable Particulate Count (also referred to as Total Airborne Aerobic Microbial Count): The recovered

number of colony-forming units (du) per unit volume of air.
Air Changes: Thefrequency per unit of time (minutes,hours, etc.) that the airwithina controlled environment isreplaced.

The air can be recirculated partially or totally replaced.
Air Sampler: Devices or equipment used to sample a measured amount of air in a specified time to quantitate the

particulateor microbiological status of air in the controlled environment.
Aseptic: Technically, the absence of microorganisms, but In aseptic processing this refers to methods and operationsthat

minimize microbial contamination in environmentswhere sterilized product and components are filled and/or assembled.
Aseptic Processing: An operation inwhichthe product isassembled orfilled into itsprimary package in an ISO 5 or better

environment and under conditionsthat minimize the risk of microbial contamination.The ultimate goal isto produce products
that are as free as possibleof microbial contamination.

Barrier System: Physical barriers installed within an aseptic processing room to provide partial separation between
aseptically gowned personnel and critical areassubject to considerable contamination risk. Personnel access to the critical zone
is largely unrestricted. It issubject to a high level disinfection.

Bioburden: Total number and identityof the predominant microorganisms detected in or on an article.
Clean Room: Aroom in which the concentration of airborne particles iscontrolledto meet a specified airborne particulate

cleanliness Class. In addition, the concentration of microorganisms in the environment is monitored; each cleanliness Class
defined is alsoassigned a microbial level for air, surface, and personnel gear.

Commissioning of a Controlled Environment: Certification by engineering and quality control that the environment
has been builtaccording to the specifications ofthe desiredcleanliness Class and that, under conditions likely to be encountered
under normal operating conditions (or worst-case conditions), it iscapable of delivering an aseptic process. Commissioning
includes media-fill runs and results ofthe environmental monitoring program.

Contamination Recovery Rate: The contamination recovery rate isthe rate at which environmentalsamplesare found
to contain any level of contamination. Forexample, an incident rate of 1% would mean that only 1% of the samplestaken
have any contamination regardless of colony number.

Controlled Environment: Any area in an aseptic processsystemfor which airborne particulate and microorganism levels
are controlled to specific levels, appropriate to the activities conducted within that environment. -

Corrective Action: Actions to be performed that are according to standard operating procedures and that are triggered
when certain conditions are exceeded.

Critical Zone: Typically the entire area where product and the containersand closures are exposed in aseptic processing.
Detection Frequency: Thefrequency with which contamination isobserved in an environment. Typically expressed as a

percentage of samples in which contamination isobserved per unit of time.
Environmental Isolates: Microorganisms that have been isolated from the environmental monitoring program.
Environmental Monitoring Program: Documented program implemented via standard operating procedures that

describes in detail the methods and acceptance criteria for monitoring particulates and microorganisms in controlled
environments(air,surface, personnelgear). The program includes sampling sites,frequency of sampling,and investigative and
corrective actions.

Equipment Layout: Graphical representation of an aseptic processing system that denotes the relationship between and
among equipment and personnel.This layout is used in the Risk Assessment Analysis to determine samplingsite and frequency
of sampling based on potential for microbiological contamination of the product/container/closure system. Changes must be
assessed by responsible managers, since unauthorized changes in the layoutfor equipment or personnel stations could result
in increase in the potential for contamination of the product/container/closuresystem.

Isolator for Aseptic Processing: An aseptic isolator is an enclosure that isover-pressurized with HEPA filtered air and is
decontaminated using an automated system.When operated as a closed system, it uses only decontaminated interfaces or
rapid transfer ports (RTPs) for materials transfer. After decontamination they can be operated in an open manner with the
ingressand/or egress of materials through defined openings that havebeen designed and validated to preclude the transfer of
contamination. It can be used for asepticprocessingactivities or for asepsis and containment simultaneously.

Material Flow: The flow of material and personnelentering controlled environments should follow a specified and
documented pathway that has been chosen to reduce or minimize the potentialfor microbial contamination of the product/
closure/container systems. Deviation from the prescribedflow could result in increase in the potential for microbial
contamination. Material/personnel flow can be changed, but the consequencesof the changes from a microbiological point
of viewshould be assessed by responsible managers and must be authorized and documented.

Media Fill: Microbiological simulation of an aseptic process by the use of growth media processed in a manner similar to
the processing of the product and with the same container/closuresystem being used.

Media Growth Promotion: Procedurethat references Growth Promotion Test of Aerobes, Anerobes, and Fungi in Sterility
Tests (71) to demonstrate that media used in the microbiological environmental monitoring program, or in media-fillruns, are
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capable of supporting growth of indicator microorganisms and of environmental isolates from samples obtained through the
monitoring program or their corresponding ATCC strains.

Product Contact Areas: Areas and surfaces in a controlled environment that are in direct contact with either products,
containers, or closures and the microbiological status of which can result in potential microbial contamination of the product/
container/closure system.

Restricted Access Barrier System (RABS): Anenclosure that relies on HEPA filteredair over-spill to maintain separation
between aseptically gowned personnel and the operating environment. It is subject to a high level of disinfection prior to use
in aseptic process. It uses decontaminated (where necessary) interfaces or RTPs for materialstransfer. It allows for the ingress
and/or egress of materials through defined openings that have been designed and validated to preclude the transfer of
contamination. Ifopened subsequent to decontamination, its performance capability isadversely impacted.

Risk Assessment Analysis: Analysis of the identification of contamination potentials in controlled environments that
establish priorities in terms of severity and frequency and that will develop methods and procedures that will eliminate, reduce,
minimize, or mitigate their potential for microbial contamination of the product/container/closure system.

Sampling Plan: A documented plan that describesthe procedures and methods for sampling a controlled environment;
identifies the sampling sites, the sampling frequency, and number of samples; and describes the method of analysis and how
to interpret the results.

Sampling Sites: Documented geographical location,withina controlled environment, where samplingfor microbiological
evaluation is taken. In general, sampling sites are selected because of their potential for product/container-closure contacts.

Standard Operating Procedures: Written procedures describing operations, testing, sampling, interpretation of results,
and correctiveactions that relate to the operations that are taking place in a controlled environment and auxiliary environments.
Deviations from standard operating procedures should be noted and approved by responsible managers.

Sterile or Aseptic Field: In aseptic processingor in other controlled environments, it is the space at the level of or above
open product containers, closures, or product itself, where the potential for microbial contamination is highest.

Sterility: Within the strictest definition of sterility, an article isdeemed sterile when there is complete absence of viable
microorganisms. Viable, for organisms, isdefined as having the capacity to reproduce. Absolute sterility cannot be practically
demonstrated because it is technically unfeasible to prove a negative absolute. Also, absolute sterility cannot be practically
demonstrated without testing everyarticle in a batch. Sterility is' defined in probabilistic terms, where the likelihood of a
contaminated article is acceptably remote. .

Swabs for Microbiological Sampling: Devices used to remove microorganismsfrom irregular or regular surfaces for
cultivation to identifythe microbial population of the surface.Aswab is generally composed of a stickwith an absorbent tip
that ismoistened before sampling and isrubbed acrossa specified area of the sample surface.Theswab isthen rinsed ina sterile
solution to suspend the microorganisms, and the solution is transferred to growth medium for cultivation of the microbial
population.

Trend Analysis: Datafrom a routine microbial environmentalmonitoring program that can be related to time, shift,facility,
etc. Thisinformation is periodically evaluated to establishthe status or pattern of that program to ascertain whether it is under
adequate control. Atrend analysis is used to facilitate decision-making for requalification of a controlled environment or for
maintenance and sanitization schedules. .
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(1117) MICROBIOLOGICAL BEST LABORATORY PRACTICES

INTRODUCTION

Good laboratorypractices in a microbiology laboratory consistof activities that depend on several principles: aseptic
technique, control of media, control of test strains, operation and control of equipment, diligent recording and evaluation of
data, and training of the laboratorystaff. Because of the inherent risk of variability in microbiology data, reliability and
reproducibility are dependent on the use of accepted methods and adherence to good laboratory practices.

MEDIA PREPARATION AND QUALITY CONTROL

Media Preparation

Culture media are the basis for most microbiological tests. Safeguarding the qualityof the media istherefore critical to the
successof the microbiology laboratory. Media preparation, proper storage, and qualitycontrol testing can ensurea consistent
supply of high-quality media.

It is important to choose the correct media or components in making media based on the use of accepted sources or
references for formulas. The manufacturer'sformula and instructions for preparation routinelyaccompany dehydrated media
and ready-made media. Because different media types may have differentpreparation requirements (e.g., heating, additives,
and pH adjustment), it is important to follow these instructions to ensure preparation of acceptable media quality. Acertificate
of analysis describingexpirationdating and recommended storage conditionsaccompanies ready-made media, as well as the
qualitycontrol organisms used in growth-promotion and selectivity testing of that media.

Water is the universal diluent for microbiological media. Purified Water is most often used for media preparation, but in
certain cases the use of deionized or distilled water may be appropriate. Waterof lesserquality should not be usedfor
microbiological media preparation. The volume of the water used should be recorded.

Consistentpreparation of media requires accurateweighingofdehydrated mediaor media constituents.Acalibrated balance
with the appropriate weight range for the ingredientsshould be used (See Weighing on an AnalyticalBalance (1251». Clean
weighing containers and tools (such as spatulas)should be used to prevent foreign substances from entering the formulation.
The weight of the components should be recorded.

Dehydrated media should be thoroughly dissolved inwater beforedispensing and sterilization. If heating isnecessary to help
dissolve the media, care should be taken not to·overheat media, because all culture media, to a greater or lesser extent, are
heat-sensitive. Equipment used in the preparation of media should be appropriate to allowfor controlled heating, constant
agitation, and mixing of the media. Darkening of media (Maillard-type reaction or nonenzymatic browning) isa general
indication of overheating. When adding requiredsupplements to media, adequate mixingof the medium after adding the
supplement should be performed.

Preparation of media in poorlycleaned glassware can allow inhibitory substances to enter the media. Inhibitory substances
can come from detergent residueaftercleaningglassware orfrom priormaterials used in the glassware. Be sure that the cleaning
process removes debris and foreign matter, and that the detergent is thoroughly rinsed out with Purified Water. See Cleaning
Glass Apparatus (1051) for additional guidance.

Sterilization of media should be performed within the parameters provided by the manufacturer or validated by the user.
Commercially prepared media should providedocumentation of the sterilization method used. Autoclaving by moist heat is
the preferredsterilization technique, except in instances when boiling is required in order to avoid deteriorationof heat-labile
components of the media. Sterilization by filtration may also be appropriate for some formulations.

The effects of the sterilization method and conditionson the media should be validated by sterility and growth-promotion
testing of the media. In addition, ifsterilized by moist heat, the autoclavecycle should be validated to ensure proper heat
distribution for selected loads and volumes. Typically, manufacturers recommend using an autoclavecycleof 121° for 15
minutes using a validated autoclave. These conditionsapply to time at temperature of the media. As container size and the
load configuration of the autoclaveWill influence the rate of heating, longer cycles may be requiredfor larger loads. However,
the sterilization time will be dependent on the media volume and autoclave load. Sterilization cycles in which the autoclave is
slowto come up to temperature may resultinoverheatingof the media.Therefore,care must be taken to validate a sterilization
cycle, balancing the need for sterile media against the tendency of the media to degrade under excessive heating. Storage of
the media in the autoclave after the liquid cycle iscompleted is not recommended after cooling, as it may damage the media.
Improper heating or sterilizing conditions-for commercially prepared or internally prepared media-may resultina difference
incolorchange, loss of clarity, altered gel strength, or pHdriftfromthe manufacturer'srecommended range, aswell as reduced
growth-promotion activity and/or selectivity.

The pH of each batch of medium should be confirmedafter it has cooled to room temperature (20°-25°) by aseptically
withdrawing a sample for testing. Refrigerated purchased media should be allowed to warm up to ambient room temperature
if it is to be checked for pH confirmation. Aflat pH probe is recommended for agar surfaces, and an immersion probe is
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recommended for liquids.SeepH(791) for guidance with pHmeasurement and instrument calibration.The pHof media should
be in a range of ±0.2 of the value indicated by the manufacturer, unless a wider range is acceptable by the validated method.

Prepared media should be checked by appropriate inspection of plates and tubes for the following:
• Cracked containers or lids
• Unequalfilling of containers
• Dehydration resulting in cracksor dimpled surfaces on solid medium
• Hemolysis
• Excessive darkening or color change
• Crystal formation from possiblefreezing
• Excessive number of bubbles
• Microbial contamination
• Status of redox indicators (ifappropriate)
• Lotnumber and expiration date checked and recorded
• Sterility of the media
• Cleanliness of plates (lidshould not stickto dish)

Media Storage

It is prudent to consider how the manufacturer or supplier transports and stores media before distribution to the end user.
Manufacturersof media should use transport and storage conditionsthat minimize the loss of moisture,controlthe temperature,
prevent microbial contamination, and provide mechanical protection to the prepared media.

Media should be labeled properly with batch or lot numbers, preparation and expiration dates, and media identification.
Mediashould be stored according to the manufacturer's instructions. Mediaprepared in house should be stored under validated
conditions. Do not store agar at or below 0°, as freezing could damage the gel structure. Protect stored media from exposure
to light and excessive temperature. Before prolonged storage, agar plates should be placed into a sealed package or container
to retard moisture loss. . -

Remelting of an original container of solid media should be performed only once to avoid media whose quality is
compromised by overheating or potential contamination. It is recommended that remelting be performed in a heated water
bath or by using free-flowing steam. The use of microwave ovens and heating plates is common, but care should be taken to
avoiddamaging media by overheating and to avoidthe potential injury to laboratory personnel from glass breakageand burns.
The molten agar medium should be held in a monitored water bath at a temperature of 45° to 50° for not more than 8 hours.
Caution should be taken when pouring the media from a container immersed in a water bath to prevent water from the bath
commingling with the poured sterile media. Wiping the exterior of the container dry before pouring may be advisable.

Disposal of used cultured media (as well as expiredmedia) shouldfollow local biological hazard safety procedures.

Quality Control Testing

Although growth media can be prepared in a laboratoryfrom individual components, many laboratories, for ease of use, use
dehydrated media or purchase commercially' prepared media in plasticplates or glass containers. Manufacturers of media
attempt to standardize raw materialsfrom biological sources, but must constantly deal with unavoidable differences in raw
materialsobtained from natural sources, and therefore, lot-to-lot variability of media must be considered. In addition, the
performance of media prepared ina laboratoryor bya manufacturer ishighlydependent on preparation and storage conditions.
Improper media preparation can cause unsatisfactory conditions for microbial growth or recoveryand unreliable results.

Therefore,quality control tests should be performed on allprepared media, including media associatedwith swabsor media
in strips and other nontraditional formats. Tests routinelyperformed on in-house prepared media should include pH, growth
promotion, inhibition,and indicative properties (as appropriate), and periodicstabilitychecks to confirmthe expirationdating.

When in-house prepared microbiological media are properly prepared and sterilized using a validated method, the
growth-promotion testing may be limitedto each incoming lotofdehydrated media, unlessotherwise instructed bythe relevant
compendiaImethod. Ifthe media preparation procedure was not validated, then every batch of media should be subjected to
growth-promotion testing. Test organisms may be selected from the appropriate compendial test chapter. In addition,
microorganisms used in growth-promotion testing may be based on the manufacturer's recommendation for a particular
medium, or may include representative environmental isolates (but these latter are not to be construed as compendial
requirements). .

Expiration dates on media should have supporting growth-promotion testing to indicate that the performance of the media
still meets acceptance criteria up to and includingthe expiration date. The length of shelf life of a batch of media will depend
on the stabilityof the ingredients and formulation under specified conditions, as well as the type of container and closure.

When a batch of media does not meet the requirements of growth-promotion testing, an investigation should be initiated
to identifythe cause. This investigation should include a correctiveaction plan to prevent the recurrence of the problem. Any
batch of media that fails growth-promotion testing is unsuitable for use. [NOTE-Failed growth-promotion test results may not
be used to negate positive test results.] ..

Some reagents are used for diagnostic purposes to helpsupport identification of microbial organisms, e.g., Gram stain and
oxidase test reagents. These may have attributes that can be qualitycontrol tested similar to microbiological media: Select the
correct quality control standard microorganisms, folloyying the manufacturer's instructions, and perform the testing before
unknown sample diagnostic testing. All relevant diagnostic reagents should be subjected to incoming qualityconfirmation "­
before use.

Special care should be taken with media that is used in sterility tests (see Sterility Tests (71) for requirements) and in
environmental monitoring studies. Media used for environmental monitoring of critical areas should preferably be
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double-wrapped and terminally sterilized. If terminal sterilization is not performed, media should be subjected to 100%
pre-incubation and inspection before use within a critical area. [NOTE-Growth-promotion testing for this media must be
performed after the pre-incubation stage.] This will prevent extraneous contamination from being carried into controlled
environments and will prevent false-positive results. A raised agar level for surface contact plates should be verified.

MAINTENANCE OF MICROBIOLOGICAL CULTURES

Biological specimens can be the most delicate standards to handle because their viability and characteristics are dependent
on adequate handling and storage. Standardizing the handling and storage of cultures by the user laboratory should be done
in a way that will minimize the opportunity for contamination or alteration of growth characteristics. The careful and consistent
treatment of stock cultures iscritically important to the consistency of microbiological test results. Cultures for usein compendial
tests should be acquired from a national culture collection or a qualified secondary supplier. They can be acquired frozen,
freeze-dried, on slants, or in ready-to-use forms. Confirmation of the purity of the culture and the identity of the culture should
be performed before its use in quality control testing. Ready-to-usecultures should be subjected to incoming testing for purity
and identity before use. The confirmation of identity for commonly used laboratory strains should ideally be done at the level
of genus and species.

Preparation and resuscitation of cultures should follow the instructions of the supplier or a validated, established method.
The "Seed-Lot" technique is recommended for storage of stock cultures. .

The original sample from the national culture collection or a qualified secondary supplier is resuscitated and grown in an
appropriate medium. Aliquots of this stock culture (the first transfer or passage) are suspended in a cryoprotective medium,
transferred to vials, and frozen at-30° or below, until use.If stored at-70°, or in lyophilized form, strains may be kept indefinitely.
These frozen stocks can then be used to inoculate monthly or weekly working cultures. Once opened, do not refreeze unused
cell suspensions after culturing a working suspension. The unused portion should be discarded to minimize the risk of loss of
Viability and contamination of the stock.

The number of transfers of working control cultures should be tracked to prevent excessive subculturing that increasesthe
risk of phenotypic alteration or mutation. The number of transfers allowable for specific compendial tests may be specified in
that test. One passage is defined as the transfer of organisms from a viable culture to a fresh medium with growth of the
microorganisms. Any form of subculturing is considered to be a transfer/passage.

LABORATORY EQUIPMENT

Most equipment (incubators, water baths, and autoclaves) is subject to standard validation practices of incoming
qualification, operational qualification, and performance qualification. Additionally, periodic calibration (generally annually) is
commonly required. New equipment, critical to the operation of the laboratory, should be qualified according to a protocol
approved by the quality assuranceunit (QAU). In addition, regular cleaning and sanitization of equipment such as incubators,
refrigerators, and water baths should be performed to minimize the potential for contamination in the laboratory. Door seals
of incubators and refrigerators should be cleaned and checked for state of repair.

Instruments (pH meters and spectrophotometers) used in a microbiology laboratory should be calibrated on a regular
schedule and tested to verify performance on aroutine basis.The frequency of calibration and performance verification will
vary based on the type of instrument and the importance of that equipment to the generation of data in the laboratory.

Equipment that is difficult to sanitize (such as refriqerators and incubators) should be dedicated to aseptic operations (such
asstorage of media for testing and incubation of sterility test samples) and live culture operations to minimize the potential for
inadvertent contamination of the tests.

Autoclaves are central to the operation of the laboratory and must have proper validation in place to demonstrate adequate
sterilization for a variety of operations. Autoclave resourcesmust be available (and validated) to sterilize waste media (if
performed in that laboratory) as well as the media prepared in that laboratory. The choice of one or several autoclaves is not
driven by a need to separate aseptic and live operations (everything in the properly maintained autoclave is sterile after the
cycle) but rather driven by resource considerations (see below).

LABORATORY LAYOUT AND OPERATIONS·

Laboratory layout and design should carefully consider the requirements of good microbiological practices and laboratory
safety. It is essential that cross-contamination of microbial cultures be minimized to the greatest extent possible, and it is also
important that microbiological samples be handled in an environment that makes contamination highly unlikely.

In general, a laboratory should be divided into clean or aseptic areasand live culture areas. Areas in which environmental or
sterile product samples are handled and incubated should be maintained completely free of live cultures, if possible. If complete
separation of live and clean culture zones cannot be accomplished, then other barriers and aseptic practices should be employed
to reduce the likelihood of accidental contamination. These barriers include protective clothing, sanitization and disinfection
procedures, and biological safety cabinets designated for clean or aseptic operations only. Procedures for handling spills or
mishaps with live cultures should be in place, and all relevant technical personnel should be trained regarding these methods.

Some samples will demonstrate microbial growth and require further laboratory analysisto identify the contaminants. When
growth is detected, the sample should be taken from the clean section of the laboratory to the live culture section without
undue delay. Subculturing, staining, microbial identification, or other investigational operations should be undertaken in the
live culture section of the laboratory. If possible, any sample found to contain growing colonies should not be opened in the
clean zone of the laboratory. Careful segregation of contaminated samples and materials will reduce false-positive results.

Staff engaged in sampling activities should not enter or work in the live culture handling section of a laboratory unlessspecial
precautions are taken, including wearing protective clothing and gloves and careful sanitizing of hands upon exiting. Ideally,
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staff assigned to sampling activities, particularly those in support of aseptic processing, should not work in the vicinity of live
culture laboratory operations.

It is important to consider that microbial contamination of samples, which leads to false-positive results, is always possible
unless careful aseptic precautions are taken. Facilities should be designed so that raw material and excipient sampling can be
done under controlled conditions, including proper gowning and sterilized sampling equipment. It may not always be possible
to sample utility systems, such as water systems, under full aseptic conditions; however, it should be noted that when samples
are not taken aseptically, their reliability is inevitably compromised.

Environmental sampling methods should require minimal aseptic handling in loading and unloading sampling instruments.
Whenever possible, sampling equipment should be loaded with its microbiological recoverymedia in the environment that is
to be sampled.

All testing in laboratories used for critical testing procedures, such as sterility testing offinal dosage forms, bulkproduct, seed
culturesfor biological production, or cell cultures used in biological production, should be performed under controlled
conditions. Isolatortechnology isalso appropriate for critical, sterile microbiological testing. Isolators have been shown to have
lower levels of environmental contamination than manned clean rooms, and therefore, are generally less likely to produce
false-positive results. Propervalidationof isolators iscritical both to ensure environmental integrityand to prevent the possibility
of false-negative resultsas a resultof chemicaldisinfection of materialsbrought into or used within isolators (see SterilityTesting
-Validation of Isolator Systems (1208».

SAMPLE HANDLING

Viable microorganismsin most microbiology samples, particularly water, environmental monitoring and bioburden samples,
are sensitive to handling and storage conditions. Critical parameters in these conditions include product (or sample)
composition, container composition, time of storage, and temperature of storage. Therefore, it is important to minimize the
amount of time between the sampling event and the initiation of testing and to control, as much as possible, the conditions
ofstorage. Ifthe sample isto be transported to a distant locationfor testing, then the conditions of transport (time, temperature,
etc.) should be qualified as suitable for that test and sample. Guidance for water testing in this regard can be found in Water
for Pharmaceutical Purposes (1231). Product mixing before sampling may need to be evaluated and applied in order to ensure
microbial dispersement and representation in the sample aliquot.

All microbiological samplesshould be taken usingaseptic techniques, includingthose taken insupport of nonsterileproducts.
Ifpossible, all microbiological samples should be taken under full aseptic conditions in specialized sampling areas. The areas
should be as close to the point of use as possible to minimize contamination during transit.

Samplessubmitted to the microbiologylaboratoryshould be accompanied by documentation detailingsource of the sample,
date the sample was taken, date ofsample submission, person or department responsiblefor the submission, and any potentially
hazardous materials associated with the sample. The testing department should acknowledge receipt of the sample and
reconcile the identity and number of samplesas part of this sample documentation.

MICROBIOLOGICAL MEDIA INCUBATION TIMES

Incubation times for microbiological tests-of less than 3 days' duration should be expressed in hours: e.g., "Incubate at 30°
to 35° for 18 to 72 hours". Tests longer than 72 hours' duration should be expressed in days: e.g., "Incubate at 30° to 35° for
3 to 5 days". For incubation times expressed in hours, incubate for the minimum specified time, and exercisegood
microbiological judgment when exceeding the incubation time. Forincubation times expressed in days, incubations started in
the morning or afternoon should generally be concluded at that same time of day.

TRAINING OF PERSONNEL

Each person engaged in each phase of pharmaceutical manufacture should have the education, training, and experience to
do hisor her job. The demands of microbiological testing require that the core educational background of the staff, supervisors,
and managers be in microbiologyora closely related biological science. They should be assigned responsibilities in keeping
with their level of skill and experience.

Acoherent system of standard operating procedures (SOPs) is necessaryto run the microbiology laboratory. These
procedures serve two purposes in a training program. Firstly, these SOPs describe the methodology that the microbiologist will
follow to obtain accurate and reproducible results, and so serve as the basisfor training. Secondly, by tracking the procedures
in which a particular microbiologisthas demonstrated proficiency, the procedure number or title also serves to identify what
training the microbiologist has receivedspecific to his or her job function.

Training curriculashould be establishedfor each laboratorystaff member specific to hisor her jobfunction. Heor she should
not independently conduct a microbial test untilqualified to run the test. Training recordsshould be current, documenting the
microbiologist's training in the current revision to the particular SOP.

Periodic performance assessment is a wise investment in data quality. This performance testing should provide evidence of
competency in core activities of the microbiology laboratory such as hygiene, plating, aseptic technique, documentation, and
others as suggested by the microbiologist's job function. '

Microbiologists with supervisory or managerial responsibilities should have appropriate education and in-house training in
supervisory skills, laboratory safety, scheduling, budgeting, investigational skills, technical report writing, relevant SOPs, and
other critical aspects of the company's processesas suggested in their role of directing a laboratoryfunction.

Competency may be demonstrated by specific course work, relevant experience, and routinely engaging in relevant
continuing education. Achieving certification through an accredited body isalso a desirable credential. Further, it is expected
that laboratory supervisors and managers have a demonstrated level of competence in microbiology at least as high as those
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they supervise. Expertise in microbiology can be achieved by a varietyof routes in addition to academic course work and
accreditation. Each company is expected to evaluate the credentials of those responsiblefor designing, implementing, and
operating the microbiology program. Companies can thus ensure that those responsiblefor the program understand the basic
principles of microbiology, can interpret guidelinesand regulations based on good science, and have accessto individuals with
theoretical and practical knowledge in microbiologyto provide assistance in areas in which the persons responsiblefor the
program may not have adequate knowledge and understanding. It should be noted that microbiology isa scientifically based
discipline that deals with biological principles substantiallydifferentfrom those of analytical' chemistryand engineering
disciplines. Many times it is difficult for individuals without specific microbiological training to make the transition.

LABORATORY RESOURCES

The laboratory management is responsiblefor ensuring that the laboratory has sufficient resources to meet the existing
testing requirements. This requires some proficiency in budget management and in determining appropriate measures of
laboratory performance. A measure of laboratory performance is the number of investigations performed on tests conducted
by the laboratory, but this measure alone is not sufficient. In addition to tracking investigations, the period of time between
sample submission and initiation of testing should be tracked, as well as the period of time between end of test and report
release (or test closure). Significant delays in these measures are also indications of an under-resourced laboratory staff.

The laboratory management should have sufficient budget to meet testing requirements. Particular measures of budgetary
requirements will be specific to the given laboratory, but budgetary considerations related directlyto the need of the laboratory
for sufficientresources must be addressed to ensure reliable testing results.

DOCUMENTATION

Documentation should be sufficient to demonstrate that the testing was performed in a laboratory and by methods that
were under control. This includes, but is not limited to, documentation of the following:

• Microbiologist training and verification of proficiency
• Equipment validation, calibration, and maintenance
• Equipment performance during test (e.g., 24-hour/7-day chart recorders)
• Media preparation, sterility checks, and growth-promotion and selectivity capabilities
• Media inventory and control testing
• Critical aspects of test conducted as specified by a procedure
• Data and calculations verification
• Reports reviewed by QAU or a qualified responsible manager
• Investigation of data deviations (when required)

MAINTENANCE OF LABORATORY RECORDS

Proper recording of data and studies iscritical to the successof the microbiologylaboratory.The over-riding principleisthat
the test should be performed as written in the SOP, the SOPshould be written to reflect how the test is actually performed,
and the laboratory notebook should provide a record of all critical details needed to reconstruct the details of the testing and
confirm the integrity of the data. At a minimum, the laboratory write-up should include the following:

• Date
• Material tested
• Microbiologist's name
• Procedure number
• Document test results
• Deviations (ifany)
• Documented parameters (equipment used, microbial stock cultures used, media lots used)
• Management/Second reviewsignature I

Every critical piece of equipment should be noted in the write-up, and all should be on a calibrationschedule documented
by SOP and maintenance records. Where appropriate, logbooks or forms should be available and supportive of the laboratory
notebook records. Equipment temperatures (water baths, incubators, autoclaves) should be recorded and traceable.

The governing SOP and revision should be clearly noted in the write-up. Changes in the data should be crossed offwith a
single line and initialed. Original data should not be erased or covered over.

Test results should include the original plate counts, allowinga reviewerto recreate the calculations used to derive the final
test results. Methods for data analysis should be detailed in cited SOPs. Ifcharts or graphs are incorporated into laboratory
notebooks, they should be secured with clear tape and should not be obstructing any data on the page. The chart or graph
should be signed by the person adding the document, with the signature overlapping the chart and the notebook page. Lab
notebooks should include page numbers, a table of contents for reference, and an intact timeline of use.

All laboratory records should be archived and protected against catastrophic loss. Aformal record retention and retrieval
program should be in place.
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INTERPRETATION OF ASSAY RESULTS

USP 43

Analytical microbiological assay resultscan be difficult to interpret for several important reasons: (1) Microorganisms are
ubiquitous in nature, and common environmental contaminants-particularly organisms associated with humans­
predominate in many types of microbiological analysis; (2) the analyst has the potential to introduce contaminating organisms
during sample handling or processing in the laboratory; (3) microorganisms may not be homogeneously distributed within a
sample or an environment; and (4) microbiological assays are subject to considerablevariability ofoutcome. Therefore, apparent
differences from an expected outcome may not be significant.

Because of these characteristics of microbiological analysis, laboratorystudies should be conducted with the utmost care to
avoid exogenous contamination as previously discussed in this chapter. Equally important, results must be interpreted from a
broad microbiological perspective, considering not only the nature of the putative contaminant, but the likelihood of that
organism(s) surviving in the pharmaceutical ingredient, excipient, or environment under test. In addition, the growth
characteristicsof the microorganismshould be considered (especially in questions of the growth of filamentous fungi in liquid
media).

When resultsare observed that do not conform to a compendial monograph or other established acceptance criteria, an
investigation into the microbial data deviation (MOD) is required. There are generally two distinct reasonsfor the observation
of microbialcontamination that does not comply with a target or requirement: There may be either a laboratoryerror or
laboratoryenvironmental conditions that produced an invalid result,or the product contains a level of contamination or specific
types of contaminants outside established levels or limits. Ineither case, laboratory management and, in most cases, the Quality
Unitshould be notified immediately.

Afull and comprehensive evaluation of the laboratorysituation surrounding the result should be undertaken. All
microbiological conditions or factors that could bring about the observed condition should be fully considered, including the
magnitude of the excursioncompared to established limits or levels. In addition, an estimate of the variability of the assay may
be required in order to determine whether the finding is significant.

The laboratoryenvironment, the protectiveconditions in placefor sampling, historical findingsconcerningthe materialunder
test, and the nature of the material, particularly with regard to microbial survival or proliferation in contact with the material,
should be considered in the investigation. In addition, interviews with the laboratory analyst(s) may provide information
regarding the actual conduct of the assaythat can be valuable in determining the reliability of the resultand in determining
an appropriate course of action. Iflaboratory operations are identified as the cause of the nonconforming test outcome, then a
corrective action plan should be developed to address the problem(s). Following the approval and implementation of the
corrective action plan, the situation should be carefully monitored and the adequacy of the corrective action determined.

Ifassay resultsare invalidatedon the basisofthe discovery of an attributable error, this action must be documented.
Laboratories also should have approved procedures for confirmatorytesting (retesting), and if necessary, resamplingwhere
specific regulatory or compendial guidance does not govern the conduct of an assay investigation.

(1118) MONITORING DEVICES-TIME, TEMPERATURE, AND
HUMIDITY

. INTRODUCTION

Thischapter provides background information about the science and technology of temperature and humidity monitoring
over time. Itdescribesthe available technologies and performancecharacteristics, and providesrecommendationsfor qualifying
performance. The shelf life of a drug product is a function of the temperature and humidity conditions during storage and
transportation, as well as the drug product's chemical and physical properties. Forthis reason, the ability to monitor those
conditions is important in the shipping and storage of temperature- and humidity-sensitive drug products.Thischapter focuses
strictlyon supply chain temperature- and humidity-monitoring devices, both electronic and chemical.

The storage and distribution temperatures may be different ifjustified by appropriate stability studies and as indicated in the
labeling. The effectsof humidity are typically observed over longer time periods of exposure than are temperature effects due
to the barrier to moisture ingress presented by the primaryand secondary drug product packaging.

The devicesdescribed in this chapter are those most commonly used to monitor the controlled storage and established
distribution of drug products following Good Distribution Practices (GOP).' The chapter does not address measurement of
temperature at extremes, which are temperatures above those that drugs are reasonablyexpected to experience in the supply
chain. The types of devices described are already used in the worldwide distribution of pharmaceuticals and by other similar
industries that require temperature control in distribution (for example, the perishablefood, blood component, and medical
device industries). Devices also may be attached to individual items for the end user (for example, vaccinevials in the World
Health Organization (WHO)/UNICEF global immunization proqrarn).? Appropriate recycling practices should be followedfor
all devices as required by local regulations.

1 PDA Technical Report52 (TR 52) Guidance for Good Distribution Practices (GDPs) For the Pharmaceutical SupplyChain.
2 World Health Organization(WHO)-UNICEF Policy Statement on the Implementation ofVaccineVial Monitors: The Role ofVaccine Vial Monitorsin
ImprovingAccess to Immunization, http://whqlibdoc.who.int/hq/2007/WHO_IVB_07.04_eng.pdf.
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TEMPERATURE-MEASUREMENT DEVICES

Alcohol or Mercury Thermometers

Thesedevices are based on the change in volumeof a liquid as a function of temperature. Both types of thermometers can
be designed to indicate the maximumand minimum temperatures (see General Notices, 6.80.30. Temperature Reading Devices
for more information). Historically, these types of thermometers are used in a laboratorysetting or in a pharmacy, rather than
during supply chain monitoring. Alcohol thermometers can have a precision as good as 0.01°, but they must be quite large to
measure temperatures in ranges of more than a few degrees.

Mercury thermometers are typically used in the rangesfrom 0° to 50° with a precision of about 0.1°. Some local regulations
applyto mercury-basedthermometers, and manystates and local agencies have legislated or developedcollection orexchanqe
programsfor mercury-containing devices. The U.S. Environmental Protection Agency also issues regulations requiring industry
to reduce mercury releases to air and water, and to properlytreat and dispose of mercurywastes to avoid potential health
hazards.' Globally, HealthCareWithout Harm and WHO are co-leadinga Health Care Initiative Products Partnership to reduce
demand for mercury-containing devices by at least 70% by 2017 and to shift production to accurate, affordable, and safer
nonmercuryalternatives."

Both alcohol and mercury thermometers are more fragile than other temperature-measuring devices described in this
chapter.

Infrared Devices

This device isused for measuringthe infrared (IR) radiant heat from the articlewhose temperature isbeing determined, and
the IR reading varies as a function of the object's temperature. The advantage of this type of device isthat the article may be
at some distancefrom the IR sensor. IR devices maygiveinaccuratehigher or lowertemperature readings becauseof the surface
characteristics of packages(e.g., blackvs.whitesurfaces), and they alsohavethe potentialfor operatorerror becauseof incorrect
use of the IR reader (improper angle).

Resistance Temperature Detectors

The resistance temperature detector (RTD) is based on the change in electrical resistance of a material as a function of
temperature. The precision and accuracyof an RTD depend on the qualityof the electronics used to measure the resistance.
Although RTDs are among the most stable and accurate temperature sensors, their accuracymay change with the age and
temperature of the device because its electronic components are affected by age and use. Although all
temperature-measurement devices should be placed on an appropriate calibration program as recommended by the
manufacturer or user of the device, this calibration is particularly important for RTDs.

Solid-State Devices

Solid-state devices are based on the effectof temperature on either an integrated circuit(see Thermistors) or a
micromechanical or microelectrical system.Thesedevices are commonly referredto as data loggers, and can attain high
precision and have the advantage of producing a digital output.

Thermistors

Athermistor is a semiconductor devicewhose resistance varies with temperature. Thermistors are able to detect verysmall
changes in temperature and are accurate over a broad range of temperatures.

Thermocouples

Thermocouplesare based on the change in the junctionpotentialof two dissimilar metalsas a function of temperature. Many
metal pairs can be used, and each pair provides a unique range, accuracy, and precision. Precision and accuracydepend on
the qualityof the electronics used to measurethe voltage across both metals and the type of temperature reference used.

Thermomechanical Devices

Thermomechanical devicesare based on the change in length of a solid material as a function of temperature. An example
of such a device isa mechanical spring, whichexpands or contracts as a function of temperature, thus opening and closing an
electrical circuitor moving a chart pen. Typical examples are chart recorders used in cold rooms.

3 http://www.epa.gov/mercury/.
4 http://www.noharm.org/.
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These recorders use one of the electronic temperature-measurement technologies described above and create a record of
the temperature historyexperienced.

Electronic Tlrne-Temperature Indicators

Electronic time-temperature indicators(Tlls) can be designed to alarmafter a cold excursion,heat excursion, or after multiple
temperature excursionsand can provide a visual alarm by a colored light or LCD. The alarm(s) are generally programmable
and can displayconditions such as date, time, temperature, and duration of the alarm. Acertificateof calibration is issuedfor
individual unitsor lots. Multiple-use devicesshould havea calibration schedule, but single-usedevices can relyon manufacturers'
certificates of calibration.

Electronic Temperature-Data loggers

Electronic temperature-data loggers are recorders that monitor the temperature at programmable intervals and save the
temperature history to a peripheral system, such as a personal computer. In addition, data loggers can record humidity using
sensors described below. Electronic recorders monitor and save temperature values representative of the cumulative
temperature historyover a period of time and therefore have the advantage of being able to calculate the mean kinetic
temperature (MKT)5 based on the measurements. Data loggers equipped with transmitting devices (hardwired or radio
transmission)can be used to monitor the temperature and humidity ofa product while intransit and can download the recorded
data when the data loggers arrive at a destination. Data loggers are increasingly required by worldwide ministries of health as
part of a standard qualitysystemfor GDPs. Based on their communication capabilities, data loggers can be grouped into several
different categories.

Radio-Frequency Data loggers

Inaddition to data loggers that require a hardwiredconnection to a base unit or a computer, in recent yearscompanies have
adapted wireless (radio-frequencyor RF-enabled) temperature and humidity recorders. The effectsof radio-frequency
identification (RFID) use on biologics have been studied on a variety of blood, blood components, monoclonal antibodies, and
vaccines, and have demonstrated no effect.6 These loggers are integrated with chips capable of wireless RF communications
that constitute the RFID sensor tags. The RFID chip inside the tag can be either active, which requires battery power for
operation, or passive, which requiresa nonzero RF field created by the RFID interrogator host unit (commonlycalledthe reader)
in the vicinity of the tag. RFID-enabled sensor tags (temperature and/or humidity) have the added capability of conveying
recorded temperature historywirelessly to a host computer or database for seamless downstream processing. Multiple passive
and active standards exist to control the communication between the tag and the host unit, including ISO-18000-6C,7 ISO­
18000-7,8 ZigBee,9 IEEE 802.11,10 and many proprietary standards.

When choosing between activeand passivetechnologies, one needs to knowthat activetechnologies typically haveextended
communication range and memory capabilities at the expense of a higher price. Currently, reading ranges extend to 100 m
and with repeaters longer distancescan be achieved.Whether the communications circuitry ispassive or active, these RF loggers
still are electronictemperature recorders,which means their sensorcircuitry uses external power from batteriesor other sources.

Acompletely passive wireless RFID tag with an antenna capable of functioning as a sensor has been developed. The tag uses
resonant antenna structures of RFID tags that are coated with specific sensor films. The passive wireless RFID tags act like analog
sensors that, when interrogated by a wireless reader, show the instantaneous temperature. The film changes the antenna's
reflection characteristicsbased on the monitored environmentalvariable (such as temperature and/or humidity), which then
isdecoded by the reader. The sensor film can be designed to workwith different variables such as temperature, humidity, and
variousgas and chemical vapors.Although they lack some of the memoryfunctionality included in electronicrecorders, passive
wireless sensors are relatively cost effective compared to data loggers and can be considered for item-level applications.

CHEMICAL TEMPERATURE INDICATORS

Chemical temperature indicatorsare relatively cost effective compared to electronic data loggers and can be considered for
item-level applicationsThere are two basictypes of chemicaltemperature indicators:1) a threshold indicatorthat responds at a
specific temperature and 2) a ITI that responds to cumulativeheat exposure.

5 The Use of Mean kinetic Temperature (MKT) in the Handling, Storage, and Distribution of Temperature Sensitive Molecules.R. H. Seevers, j. Hofer, P.
Haber, D. A. Ulrich, R. Bishara. Pharmaceutical Outsourcing, May/june, 30-37,2009.
6 Effects of Radio Frequency Identification-Related Radiation on In Vitro Biologics. I. Uysal, C. Hohberger, R. S. Rasmussen, D. A. Ulrich, j. P. Emond, A.
Gutierrez. PDA journal of Pharmaceutical Science and Technology, Vol. 66(4), july/Aug, 333-345, 2012.
7IS0/IEC 18000-6:201 O-ISO/IEC 18000-6:201 O-Information technology- Radio frequency identification for item management-Part 6: Parameters for
air interface communications at 860 MHz to 960 MHz.
8IS0/IEC 18000-7:2009-lnformation technology-Radio frequency identification for item management-Part 7: Parameters for active air interface
communications at 433 MHz.
91EEE 802.15.4-Wireless Medium Access Control (MAC) and Physical Layer (PHY) Specifications for Low-Rate Wireless Personal Area Networks (LR­
WPANs), 2003.
10 IEEE 802.11-Wireless Local Area Networks (LANs), 2007.
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Chemical Temperature Threshold Indicators

These indicators, sometimes referred to as critical temperature indicators, are based on a phase change or chemical reaction
that occurs as a function of temperature. Examples include liquid crystals, waxes, polymers, and lacquers that change phase,
and thereby their appearance, as a function of temperature. Chemical temperature threshold indicatorsare reversible or
irreversible and are suitable for high or lowtemperatures. Temperature threshold indicators do not include any specified time
delay to show a response and typically are single-use devices. These indicators providea signal onlywhen exposed to
temperatures higher than (ascending indicator) or lower than (descending indicator) a predetermined threshold temperature.

Ascending-Temperature Threshold Indicators-Ascending-temperature threshold indicatorsare supplied as
self-adhesive labelsor cards and are normally composed ofa heat-fusiblecompound that meltsat the critical temperature.
Melting of the compound gives rise to a color change or color development. Other types are provided as inks, lacquers,
pellets, or crayons. Ascending-temperature threshold indicators are available from 00 to more than 2000 and as many as
10 temperatures on a single unit. Someascending-temperature threshold indicatorsused to monitor frozen or refrigerated
temperatures require an activationstep (such as a pull tab or a reservoir that is ruptured by pressure).
Descending-Temperature Threshold Indicators-Descending-temperature threshold indicatorsshow a response when
exposed to temperatures below a threshold. These indicators do not include a specific time delay to show a response,
and the response is typically caused by the time required for solidification of a liquidat the threshold temperature.
Solidification of a liquidcauses a visual change in the indicator. Examples include: 1) the expansion of the liquidto crack
an ampule and release a colorant, 2) contraction of the liquid to mix components to develop color, or 3) aggregation of
colloidal particles to change color.

Chemical Time-Temperature Indicators

These indicators, sometimes referred to as time-temperature integrators (TIls), include systems in which a reaction rate or
diffusion process isused to estimate a temperature equivalent integrated over time. Thus,TIls providea measure ofaccumulated
heat rather than instantaneous temperature such as a spike or critical threshold (discussedabove). The reactions generallyare
irreversible-once a color change, color development, or diffusion process has taken place, exposure to low temperatures will
not restore the indicator to its original state, but lower temperatures (refrigeration) will slowthe color change. The accuracy
and precisionof these indicators depend, to some extent, on human interpretation. Some versions of chemical indicatorshave
been prepared in a bar code format and can be read with bar code readers. Other developments include reading a chemical
indicator with an imaging device such as a camera in a smart phone.

TIls do not directly reflect the status of the drugs to which they are attached. In actual practice, the characteristics for
degradation of a particular drug are knownfrom accelerated and real-timestabilitystudies that follow internationallyaccepted
guidelines such as PDA TR 5311 to guide selection of a suitable TII.12 The activationenergy of the TIl is not required to exactly
match the activationenergy of the degradation of the drug being monitored, and the latter, infact, may not be known precisely.
Therefore, the TIl should be chosen to provide an early warning ifthe drug is exposed to an excessive heat load before the
expiration date.

An important characteristic of chemicalTIls is the precisionwith which the end point can be determined. ForTIls that
change color, a reference color normally brackets the active portion of the TIl to show the end point color, which simplifies
TIl interpretation. Accuracy can varywidely with the control and quality of the manufacturing process. Some TIls are
manufactured by procedures that complywith Quality SystemRegulations for Medical Devices. As discussedbelowin Calibration
of Temperature- and Humidity-Monitoring Devices, it isnot possibleto calibrate any individual single-usedevice because the test
is, by the nature of the TIl, necessarily destructive. Thisisanalogous to any pharmaceutical product because each dose cannot
be calibrated or validated, but validated processes should be used in the manufacturing process.

The two types of TTls are partial-history indicatorsand full-history indicators. Partial-history TIls provide a time- and
temperature-dependent response when the temperature exceeds a predetermined value. A partial-history indicator normally
is composed of a dyed, heat-fusiblecompound that diffuses along a porous strip or wickwhen the temperature exceeds the
melting point of the compound. The diffusion processof the compound down the wick istemperature dependent, and therefore
the partial-history TTl provides a time and temperature response above the melting point of the compound. Migration of the
compound down the wickstops when the indicator is moved to a lower temperature at which point the compound solidifies.
These TTls normally have one or more viewing windows to monitor the length the dyed compound has traveled along the
wick. Some indicators are activated by removing a barrierfilm that separates the dyed compound from the wickor rupturing a
reservoir that contains the dyed compound. Other indicators do not require activationand must be stored .belowthe melting
point of the compound before use. These partial-history TIls can have durations (service life) anywhere from several hours to
severalyears. Full-history TIls provide a continuous response to temperature. They change color or physical appearance as a
resultof exposure to time, and the rate ofchange increaseswith temperature so they are sensitiveto cumulativeheat exposure.
Full-history TTls are responsive to MKT (Ref 1079) and typically are single use, irreversible, and disposable because once the
color changes it will not revert to the original color.

Chemical-Physical Time-Temperature Indicators

Thistype ofTIl isbased on a temperature-dependent diffusion or chemical reaction process. Itconsistsof a pressure-sensitive
tape device that is composed of an indicator tape and an activator tape. In one example, the indicator tape contains a dye
precursor dispersed in a polymer carrier.The activator is incorporated into an adhesive on the activator tape. Laminating the
activator tape over the indicator tape causes activation.A color change or readable message occurs as the activator migrates

11 PDA Technical Report53 (TR 53) Guidance for Industry: Stability Testing to Support Distribution of New Drug Products,https://store.pda.org.
12 ASTM F1416-96 (2008) Standard Guidefor Selection of TimeTemperature Indicators.
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into the indicator as a function of temperature and time. Other approaches to develop color changes include the use of a pH
indicator or the etching of aluminum by the activator tape.

Chemical Polymerization-Based Time-Temperature Indicators

This type of TIl uses a solid-state polymerization process in which a color develops intensity as a function of time and
temperature. The color evolution is caused by the polymerization of a colorless monomer to a highly colored polymer. These
TIls can be applied by a print process that permits direct integration into a product label or stand-alone label. Because this type
of TIl does not require activation, it must be shipped from the manufacturer on dry ice or under frozen conditions and stored
at temperatures according to the manufacturer's instructions, normally below -240 before use. Chemical polymerization-based
Tlls can be designed to reach the end point as quickly as weeks at refrigerated temperature or as long as years at controlled
room temperature.

Chemical Enzyme-Based Time-Temperature Indicators

This type of TIl uses an enzyme-catalyzed color-generating reaction that occurs as a function of time and temperature. The
color change is caused by an enzyme reacting with a substrate, accompanied by a change in pH. The enzyme and substrate
are in separate solutions in adjacent compartments. Breaking the barrier between the two compartments and mixing the two
solutions activates the TIL

Chemical-Organic Pigment-Based Time-Temperature Indicators

This type of TIl uses an organic pigment that is activated by exposure to ultraviolet light to develop a dark blue starting
color. A filter is then placed over the label to protect it from deliberate or accidental reactivation. The colored pigment fades
over time as a function of temperature.

RELATIVE HUMIDITY MEASUREMENT TECHNOLOGIES

Relative humidity is the ratio of the partial pressure of water vapor in air to the vapor pressure of saturated air at a given
temperature. In other words, the relative humidity is the amount of water vapor present, divided by the theoretical amount of
moisture that could be held by that volume of air at a given temperature. Extensive tables of relative humidity data are available.
Devices for measuring relative humidity are called hygrometers. Several different technologies exist for measuring relative
humidity.

Sling Psychrometer

The simplest type of hygrometer is based on the temperature difference observed between two identical thermometers, one
ordinary and one with a wet cloth wick over its bulb. The two thermometers are whirled at the end of a chain, and the
evaporation of waterfrom the wick cools (based on evaporative cooling) the wet-bulb thermometer. The temperature difference
between the wet and dry thermometers then is compared to a table specific to that psychrometer based on dry-bulb
temperature, and the relative humidity is determined.

Hair Hygrometer

This type of device is based on the fact that the length of a synthetic or human hair increases as a function of the relative
humidity. This change is used to move an indicator or affect a strain gauge. A hair hygrometer can be accurate to ±3%, but it
is unable to respond to rapid changes in humidity and loses accuracy at very high or very low levels of relative humidity.

Infrared Hygrometer

This type of hygrometer determines relative humidity by comparing the absorption of two different wavelengths of IR
radiation through air. One wavelength is absorbed by water vapor and the other is not. This type of hygrometer can accurately
measure relative humidity in large or small volumes of air. It is sensitive to rapid changes of humidity and can be integrated
with an electronic data-handling system.

Dew Point Hygrometer

This type of device uses a chilled mirror to determine the dew point of an air sample. The dew point is the temperature at
which water vapor in the air begins to condense; that is, the temperature at which the relative humidity is 100%. The relative
humidity can be calculated from this measurement and an accurate measurement of the ambient temperature. The dew point
hygrometer is the standard against which most commercially available instruments are calibrated.
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The principleof this type of hygrometer is that the dielectricof a nonconductive polymer changes in direct proportion to
the relative humidity. Thischange is measured as a change in capacitance. Thistype of hygrometer isaccurate to ±3%.

Resistive Thin-film Hygrometer

This type of hygrometer issimilarto the capacitivethin-film type because it uses the effect of changing relative humidityon
an electric circuit. In the resistive thin-film hygrometer the sensor isan organic polymerwhose electrical resistancechanges in
logarithmic proportion to the relativehumidity. This type of hygrometer is accurate to ±5%.

CALIBRATION OF TEMPERATURE- AND HUMIDITY-MONITORING DEVICES

Thermometers and hygrometers that are used to provide data about the temperature and humidity exposure of a product
must be suitable for their intended use. Specifically, they must be appropriately calibrated. Acalibration program assures the
user of the monitoring device that the device has been tested before use either by the manufacturer or the user to assess the
suitability for its intended use. Calibrations should be performed with appropriate frequencies to support ongoing use. Monitors
used in manufacturing, storage, and transport of drug products should be properly qualified by their users to ensure that the
monitors have been received and maintained in proper working order. It is acceptable to use the calibrationperformed by the
device's manufacturer based on the certificate of calibration and expiration date.

Fortemperature- and humidity-monitoring devices, measurement accuracy refers to the closenessof the value obtained
with a particular device and the true valueof the object or environment under measurement. In practice, this isdetermined by
comparison with a device that has been calibrated against a standard that is obtained from or is traceable to the National
Institute of Standards and Technology or a comparable national metrology organization.

Anymonitor takes time to respond to a change in the temperature or humidity. Measurement responsiveness typically is
defined in a device's specifications for its operating ranqe, Different data recording intervals are appropriate for different
monitoring applications and should be based on supplychain length (forexample, transportation viaocean may require 30-min
intervals, but 15-min intervals may be suitablefor air transport). Mostcommonly, time accuracy isexpressed as a ± percentage
of total duration of the recording period. Forpharmaceutical applications, a ±O.5% time accuracy isadequate.

Single-use electronic and chemical indicatorsshouldfollow Good Manufacturing Practices with appropriate testing controls.
Electronic indicators require proper calibration. Single-use indicator performance can be qualified by the supply chain user by
sampling and testing of multiple production lots. ForTIls that calculate MKT, the performance of a batch can be assessed
statistically bysubjecting an appropriatelysizedsampleto elevated temperature conditionsfor a set periodof time and observing
the results. Manufacturers should adopt appropriate acceptance criteria. It is acceptable to use the release test performed by
the manufacturer of the indicator (based on the-certificate of calibration or the certificateof analysis and the expiration date)
in lieu of calibration or qualification.

THE USE OF HISTORICAL TEMPERATURE DATA

Although historical geographic and seasonal trends may be used as a planning tool in selecting among the types of
temperature- and humidity-monitoring devices, outside ambient temperatures are not necessarily reliable indicators of the
temperatures experienced by different items in the distributionchain. Forexample, studies have reported important departures
from ambient temperatures on summer days for mailboxes, trucks, and warehouses." Therefore, using lane-specific
temperature monitoring is beneficial when manufacturers and shippers develop an ambient profile and can be a valuable
consideration for a risk-based approach to maintain product quallty.!"

Adrug product's quality (identity, strength, and purity)may be notably influencedbyvariationsin temperature and humidity
over the course of its shelf life, so manufacturersshould appropriately monitor those environmental conditions. Pharmaceutical
manufacturers perform stability testing to carefully evaluate the effects of temperature and humidity on their products. The
packaging, shelf life, and storage and transportation conditions recommended for a product are chosen based on the results
of these stabilitystudies. Temperature effectscan happen rapidly; therefore, temperature monitoring should be implemented
on a risk-based approach taking the product stability, distribution route, mode of transportation and potential risks that may
compromise the quality of the product into account. Relative humidity effectsoccur over a much longer time frame; humidity
monitoring can be omitted when the drug product issufficiently protected by the primarycontainer proven by sound stability
studies. Humidity monitoring is recommended when special environmental restrictions concerning the,humidity are defined
for the drug product.

13 Okeke,c.c. Medwick, T., Bailey, L.c.,-and Grady L.T. Temperature and Humidity Conditions DuringShipment in International Commerce, PF 25(2)
Mar.-Apr. 1999.
141STA 7EStandard, http://www.ista.org.
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Raman isa vibrational spectroscopic technique and istherefore related to infrared (IR) and near-infrared (NIR) spectroscopy.
The Raman effect itself arises as a resultof a change in the polarizability of molecularbonds during a givenvibrational mode
and is measured as inelastically scattered radiation.

ARaman spectrum isgenerated by exciting the sample of interestto a virtual state with a monochromaticsource, typically a
laser. Light elastically scattered (no change in wavelength) is known as Rayleigh scatter and is not of interest in Raman
spectrometry, except for marking the laserwavelength. However, ifthe sample relaxes to a vibrational energy level that differs
from the initial state, the scattered radiation isshiftedin energy. This shiftiscommensurate with the energy difference between
the initial and final vibrational states. This "inelastically scattered" light is referred to as Raman scatter. Onlyabout one in 106­

108 photons incident on the sample undergoes Raman scattering. Thus lasers are employed in Raman spectrometers. If the
Raman-scattered photon isof lowerenergy, it is referred to as Stokes scattering. If it is of higher energy, it is referred to as
anti-Stokes scattering. In practice, nearly all analytically useful Raman measurements make use of Stokes-shifted Raman scatter.

The appearance of a Raman spectrum is much like an infrared spectrum plotted linearly in absorbance. The intensities, or
the number of Raman photons counted, are plotted against the shifted energies.The x-axls isgenerally labeled "Raman Shift/
crrr!" or "Wavenumber/cm-1" . TheRaman shiftisusually expressedinwavenumberand representsthe difference inthe absolute
wavenumber of the peak and the laserwavenumber.The spectrum is interpreted in the same manner as the corresponding
mid-infrared spectrum. The positions of the (Raman shifted)wavenumbersfor a given vibrational mode are identical to the
wavenumbersof the corresponding bands in an IR absorption spectrum. However, the stronger peaks in a Raman spectrum
are often weak in an IR spectrum, and vice versa. Thusthe two spectroscopictechniques are often said to be complementary.

Raman spectroscopyisadvantageous becausequickand accurate measurements can often be made without destroying the
sample (solid, semisolid, liquid or, less frequently, gas) and withmlnlrnal or no sample preparation. The Raman spectrum
contains information on fundamental vibrational modes of the sample that can yield both sample and processunderstanding.
The signal is typically in the visible or NIR range, allowing efficient coupling to fiber optics. This also means that a signal can
be obtained from any medium transparent to the laserlight; examplesare glass, plastics, or samples in aqueous media. In
addition, because Raman spectra are ordinarily excitedwith visible or NIR radiation, standard glass/quartzoptics may be used.
From an instrumental point of view, modern systems are easy to use, providefast analysis times (seconds to several minutes),
and are reliable. However, the danger of usinghigh-powered lasers must be recognized, especially when their wavelengths are
inthe NIR and, therefore, not visible to the eye.Fiber-optic probesshould be usedwith caution and with reference to appropriate
government regulations regarding lasers and laserclasses.

Inaddition to "normal" Raman spectroscopy, there are several more specialized Raman techniques.Theseinclude resonance
Raman (RR), surface-enhanced Raman spectroscopy(SERS), Raman optical activity (ROA), coherent anti-Stokes Raman
spectroscopy(CARS), Raman gain or loss spectroscopy, and hyper-Raman spectroscopy. These techniques are not widely
employed in pharmaceutical laboratories, and are not addressed in this general informationchapter.

QUALITATIVE AND QUANTITATIVE RAMAN MEASUREMENTS

There are two general classes of measurementsthat are commonly performed by Raman spectrometry: qualitative and
quantitative.

Qualitative Raman Measurements

Qualitative Raman measurementsyield spectralinformation about the functional groups that are present ina sample.Because
the Raman spectrum isspecific for a given compound, qualitative Raman measurements can be used as a compendial ID test,
as well as for structural elucidation.

Quantitative Raman Measurements

Forinstrumentsequipped witha detector that measuresopticalpower (suchas Fourier transform [Fn-Ramanspectrometers),
quantitative Raman measurements utilize the following relationship between signal, Swat a givenwavenumber,v, and the
concentration of an analyte, C:

S, =KO'v(VL - V~)4poC

in which Kisa constant that depends on laserbeam diameter, collection optics, sample volume, and temperature; o, is the
Raman crosssection of the particular vibrational mode; VL is the laserwavenumber; vp is the wavenumberof the vibrational
mode; and Po isthe laserpower.The Raman crosssection, O'v, ischaracteristic of the nature of the particular vibrational mode.
The sample volume is defined by size of the focus of the laserbeam at the sample, the optic being used for focusing, and the
optical properties of the sample itself. Spot sizes at the sample can range from less than 1 urn for a microprobeto 6 mm for a
large area sample system. ForRaman spectrometersthat measurethe number of photons per second (such as change-coupled
device [CCD]-Raman spectrometers) the corresponding equation is:

S, = KO'yVL(VL - V~)3POC
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From the above equations, it is apparent that peak signal is directly proportional to concentration. It is this relationshipthat is
the basisfor the majority of quantitative Raman applications.

FACTORS AFFECTING QUANTIFICATION

Sample-Based Factors
The most important sample-based factors that deleteriously affectquantitative Raman spectrometry are fluorescence, sample

heating, absorption by the matrix or the sample itself, and the effect of polarization. Ifthe sample matrix includesfluorescent
compounds, the measured signal will usually contain a contribution from fluorescence. Fluorescence will be observed only if
the laserexcitation wavelength overlapswith an absorption band of a fluorescent compound. Fluorescence istypically observed
as a broad sloping background underlying the Raman spectrum. Fluorescencecan cause both a baselineoffset and reduced
signal-to-noise ratio. The wavelength range and intensityof the fluorescence isdependent on the chemical composition of the
fluorescent material. Becausefluorescence isgenerally a much more efficient process than Raman scattering, even very minor
amounts of fluorescent impurities can lead to significant degradation of the Raman signal. Fluorescence can be reduced by
using longer wavelength excitation sources such as 785 nm or 1064 nm. However, it should be remembered that the strength
of the Raman signal is proportional to (VL - Vp)4, so the advantage of using a long-wavelength excitation laser to minimize
fluorescence is at least partiallyoffset by the reduced strength of the Raman signal. The greatest signal-to-noise ratio will be
obtained by balancing fluorescence rejection, signal strength, and detector response.

Fluorescence in solids can sometimes be mitigated by exposing the sample to the laser radiationfor a period of time before
measurement. This process iscalled photobleaching, and operates by degrading the highlyabsorbing species. Photobleaching
is lesseffective in liquids, where the sample is mobile, or ifthe amount of fluorescent material is more than a trace.

Sample heating by the laser source can cause a variety of effects, such as physical form change (melting), polymorph
conversion,or sample burning. The chance for sample heating isgreatest when the spot sizeat the sample is the smallest, i.e.,
when a microprobe is being used. Thisis usually an issue for colored, highly absorbing species, or verysmall particlesthat have
low heat transfer. The effects of sample heating are usually observable either as changes in the Raman spectrum over time or
by visual inspection of the sample. Besides decreasing the laser flux, a variety of methods can be employed to diminish
laser-induced heating, such as moving the sample or laserduring the measurement or improving the heat transfer from the
sample with thermal contact or liquid immersion.

Absorption of the Raman signal by the matrix or the sample itselfcan also occur. This problem is more prevalent with
long-wavelength FT-Raman systems where the Raman signal can overlap with an NIR overtone absorption. Thiseffect will be
dependent on the optics of the system as well as on the sample presentation. Associated with this effect isvariability from
scattering in solidsas a result of packing and particle-size differences. The magnitude of allof these effects, however, istypically
lesssevere than in NIR because of the limiteddepth of penetration and the relatively narrower wavelength region sampled in
Raman spectroscopy.

Finally, it should be recognized that laser radiation is polarized and the Raman spectra of crystalline materialsand other
oriented samplescan differsignificantly depending on the waythat the sample ismounted. Ifthe Raman spectrometer iscapable
of producinq linearly polarized radiation at the sample then a polarization scrambler is recommended for routine sample
analysis.

Sampling Factors

Raman spectroscopy isa zero-background technique, in that the signal at the detector isexpected to be zero in the absence
of a sample. Thissituation can be contrasted with absorption spectrometry, where the signal at the detector is at a maximum
inthe absence ofa sample. Zero-background techniques are inherentlysensitivebecause smallchanges insample concentration
lead to proportionate changes in the signal level. The instrument will also be sensitiveto other sources of light that can cause
sample-to-sample variations in the measured signal level. In addition, a large background signal caused by fluorescence will
lead to an increased noise level (photon shot noise). Thus it may be very difficult to use the absolute Raman signal for direct
determination of an analyte. Other potential sourcesofvariationare changes in the sample opacity and heterogeneity, changes
in the laserpower at the sample, and changes inopticalcollectiongeometry or sample position.Theseeffectscan be minimized
by sampling in a reproducible, representative manner. Careful design of the instrumentation can reduce these effectsbut they
cannot be eliminated entirely.

Use of an internal reference standard is the most common and robust method of eliminating variations caused by absolute
intensityfluctuations. There are several choicesfor this approach. An internal standard can be deliberatelyadded, and isolated
peaksfrom this standard can be employed; or a band due to a moiety such as an aromatic ring, the Raman cross-section of
which does not change with the way the sample is prepared, can also be used. Forsolution spectra, an isolated solvent band
can be employed because the solvent will remain relatively unchanged from sample to sample. Also, in a formulation, an
excipient peak can be used if it is in substantial excesscompared to the analyte. The entire spectrum can also be used as a
reference, with the assumption that laser and sample-orientation changes will affect the entire spectrum equally.

Asecond important sampling-based factor to consider is spectral contamination. Raman scattering isa weak effect that can
be masked by a number of external sources. Common contamination sources include sample-holder artifacts (container or
substrate) and ambient light. Typically, these issues can be identified and resolved by careful experimentation.
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APPARATUS

Components

USP 43

All modern Raman measurements involve irradiating a sample with a laser, collecting the scattered radiation, rejecting the
Rayleigh-scattered light, differentiating the Raman photons by wavelength, and detecting the resulting Raman spectrum. All
commercial Raman instruments therefore share the following common features to perform these functions:

1. Excitation source (laser)
2. Sampling device
3. Device to filter/reject light scattered at the laserwavelength
4. Wavelength processing unit
5. Detector and electronics

EXCITATION SOURCE (LASER)

Table 7 identifies several common lasers used for pharmaceutical applications or Raman spectrometry. UV lasers have also
been used for specialized applications but have various drawbacks that limittheir utility for general analytical measurements.
As more applications for UV lasers are described, it is likely that they may become more common for Raman spectrometry.

Table 1. Lasers Used in Pharmaceutical Applications
Wavelength Range, nm

laser A,nm (nearest TypicalPower (Stokes Region, 100 cm-1

whole number) Type at laser to 3000 cm-1 shift) Comments

NIR lasers

1064 Solidstate Up to 3 W 1075-1563 Commonlyused in Fourier transformlnstru-
(Nd:YAG) ments

830 Diode Up to 300 mW 827-980 Typically limitedto 2000 crrr': Raman shiftbe-
cause of CCD spectralresponse;lesscommon
than the other lasers

785 Diode Upto 500 mW 791-1027 Most widelyused dispersive
Ramanlaser

Visiblelasers

632.8 He-Ne Upto 500 mW 637-781 Relatively small fluorescencerisk

532 Doubled Up to 1 W 535-632.8 Highfluorescence risk
(Nd:YAG)

514.5 Ar+ Up to 1 W 517-608 Highfluorescence risk

488-632.8 Ar+ Up to 1 W 490-572 Highfluorescence risk

SAMPLING DEVICE

Several sampling arrangements are possible, includingdirect optical interfaces, microscopes, fiberoptic-based probes (either
noncontact or immersion optics), and sample chambers (includingspecialtysample holders and automated sample changers).
The sampling optics can also be designed to obtain the polarization-dependent Raman spectrum, which often contains
additional information. Selection of the sampling device will often be dictated by the analyte and sample. However,
considerations such as sampling volume, speed of the measurement, lasersafety, and reproducibility of sample presentation
should be evaluated to optimize the sampling devicefor any given application.

FILTERING DEVICE

_ The intensityof scattered light at the laserwavelength (Rayleigh) ismany orders of magnitude greater than the Raman signal
and must be rejected prior to the detector. Notch filters are almost universally used for this purpose and provide excellent
rejection and stabilitycombined with smallsize.The traditional use of multistage monochromators for this purpose, although
still viable, is now rare. In addition, variousfilters or physical barriers to shield the sample from external radiation sources (e.g.,
room lights, laser plasma lines) may be required depending on the collection geometry of the instrument.

WAVELENGTH PROCESSING UNIT

The wavelength scale may be encoded by either a scanning monochromator, a grating polychromator (in CCD-Raman
spectrometers) or a two-beam interferometer (in FT-Raman spectrometers). Adiscussion of the specific benefitsand drawbacks
of each of the dispersive designs compared to the FT instrument is beyond the scope of this chapter. Any properly qualified
instruments should be suitable for qualitative measurements. However, care must be taken when selecting an instrument for
quantitative measurements, as dispersion and response linearity might not be uniform across the full spectral range.
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The silicon-based CCD array is the most common detector for dispersive instruments. The cooled arraydetector allows
measurements over the spectral range from 4500 to 100 cm-' Raman shift with low noise when most visible lasers, such as
frequency-doubled neodymium-doped yttrium-aluminum-garnet (Nd:YAG) (532 nm) or helium-neon (632.8 nm) lasers, are
used. When a 785-nm diode laser is used, the wavelength range is reduced to about 3100 to 100 crrr". The most commonly
used CCD has its peak wavelength responsivity when matched to the commonly used 632.8-nm He-Ne gas laser or 785-nm
diode laser. FT instruments typically use single-channelgermanium or indium-gallium-arsenide (InGaAs) detectors responsive
in the NIR to match the 1064-nm excitation of a Nd:YAG laser.

Calibration

Raman instrument calibration involves three components: primarywavelength (x-axls), laserwavelength, and intensity
(y-axls),

PRIMARY WAVELENGTH (X-AXIS)

In the case of FT-Raman instruments, primarywavelength-axis calibration is maintained, at least to a first approximation,
with an internal He-Ne laser.Mostdispersive instruments utilize atomic emission lampsfor primarywavelength-axis calibration.
In all instruments suitable for analytical Raman measurements, the vendor will offer a procedure of x-axls calibration that can
be performed by the user. Fordispersive Raman instruments, a calibrationbased on multiple atomic emission linesis preferred.
The validity of this calibration approach can be verified subsequent to laserwavelength calibration by using a suitable Raman
shift standard. Forscanning dispersive instruments, calibration might need to be performed more frequently, and precision in
both a scanning and static operation mode may need to be verified.'

LASER WAVE~ENGTH

Laser wavelength variation can impact both the wavelength precision and the photometric (signal) precision of a given
instrument. Even the most stable current lasers can varyslightly in their measured wavelength output. The laserwavelength
must therefore be confirmed to ensure that the Raman shift positionsare accurate for both FT-Raman or dispersive Raman
instruments. A reference Raman shift standard material such as those outlined in ASTM E1840-96 (2002)' or other suitably
verified materialscan be utilized for this purpose. [NoTE-Reliable Raman shift standard valuesfor frequently used liquidand
solid reagents, required for wavenumber calibrationof Raman spectrometers, are provided in the ASTM Standard Guide cited.
These values can be used in addition to the highlyaccurate and precise low-pressurearc lamp emission lines that are also
available for use in Raman instrument calibration.] Spectrometric grade material can be purchased from appropriate suppliers
for this use. Certain instruments may use an internalRaman standard separate from the primaryopticalpath. External calibration
devices exactly reproduce the optical path taken by the scattered radiation. [NOTE-When chemicalstandards are used, care.
must be taken to avoid contamination and to confirmstandard stability.]

Unless the instrument is of a continuous calibrationtype, the primarywavelength axis calibration should be performed, as
per vendor procedures, just prior to measuring the laserwavelength. Forexternal calibration, the Raman shiftstandard should
be placed at the sample location and measured using appropriate acquisition parameters. The peak center of a strong,
well-resolved band in the spectral region of interest should be evaluated. The position can be assessed manuallyor with a
suitable, valid peak-picking algorithm. The software provided by the vendor might measure the laserwavelength and adjust
the laserwavelength appropriately so that this peak isat the proper position. Ifthe vendor does not provide this functionality,
the laserwavelength should be adjusted manually. Depending on the type of laser, the laserwavelength can vary with
temperature, current, and voltage. Wavelength tolerances can vary depending on the specific application.

SIGNAL LEVEL (Y-AXIS)

Calibration of the photometric axis can be critical for successful quantification by using certain analytical methods
(chemometrics) and method transfer between instruments. Both FT-Raman and dispersive Raman spectrometers should
undergo similar calibration procedures.The tolerance of photometric precision acceptable for a given measurement should be
assessed during the method development stage.

To calibrate the photometric response of a Raman instrument, a broad-band emission source should be used. There are two
accepted methods. Method A utilizes a tungsten white light source.? The output power of such sources is traceable to the
National Metrology Institute (NMI). In the United Kingdom, the National Physical Laboratory also provides calibrated light
bulbs. Several other vendors also provide NIST-traceable irradiancecalibration standards. This method isapplicable to all
common laser excitation wavelengths listed in Table 7. In Method B, NIST standard reference materials (SRMs) are utlllzed.?
Several doped-glass fluorescence standards are currently available.
Method A-The source should be placed at the sample location with the laser off and the response of the detector measured
(using parameters appropriate for the instrument). The output for the source used for calibrationshould be known. The ratio
of the measured response to the true response should be determined and a correction file generated. This correction should

1 ASTM E1840-96(2002) StandardGuide for Raman ShiftStandards for Spectrometer Calibration, ASTM International, 100 Barr HarborDrive, POBoxC700,
West Conshohocken, PA, USA 19428-2959.
2 NIST-traceable tungsten white light source statement: While the calibrationof the Ramanfrequency (or Raman shift,crrr") axisusing pure materials
and an existingASTM standard iswell accepted, techniques for calibrationof the Raman intensity axisare not. Intensity calibrations of Ramanspectra
can be accomplished with certifiedwhite light sources.
3 NIST SRM 2241: Ray KG, McCreery RL. Raman intensitycorrectionstandard for systems operating with 785-nm excitation.Appl.Spectrosc. 1997, 51,
108-116.
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be applied to allspectra acquired with the instrument. Most manufacturers will provide both appropriate calibration sources
and softwarefor this approach. Ifthe manufacturer does not providea procedure or method, the user can accomplish the task
using a source obtained from NIST and appropriate software. If a manufacturer's method is used, attention must be paid to
the calibration procedure and source validity. The user should obtain appropriate documentation from the manufacturer to
ensure a qualified approach.
Method B-The fluorescence standard should be placed at the sample location. With the laseron, a spectrum of the SRM
should be obtained (using parameters appropriate for the instrument). The output of the source used for calibration should be
known. The ratio of the measured response to the true response should be determined and a correction file generated. This
correction should be applied to all spectra acquired with the instrument. Most manufacturers will provide both appropriate
calibrationsources and software for this approach. Ifthe manufacturer does not provide a procedure or method, the user can
accomplishthe task using a source obtained from NIST and appropriate software. Ifa manufacturer's method is used, attention
must be paid to the calibration procedure and source validity. The user should obtain appropriate documentation from the
manufacturer to ensure a qualified approach. [NoTE-Method B is currently appropriate for systemswith 785-nm (SRM 2241),
532-nm (SRM 2242), and both 514.5-nm and 488-nm (SRM 2243) laserexcitation. NIST iscurrentlydeveloping other SRMs
that will be wavelength-specific for 1064-nm (SRM 2244) and 632.8-nm excitation (expected to be available in 2006).]

EXTERNAL CALIBRATION

Detailedfunctional validation employing external referencestandards is recommended to demonstrate instrumental
suitability for laboratory instruments, even for instruments that possessan internal calibration approach. The use of external
reference standards does not obviate the need for internal qualitycontrol procedures; rather, it provides independent
documentation of the fitnessof the instrument to perform the specific analysis or purpose. Forinstruments installed ina process
location or in a reactor where positioning of an external standard routinely is not possible, including those instruments that
employ an internal calibrationapproach, the relative performanceof an internal versusan external calibrationapproach should
be periodically checked. The purpose of this test is to checkfor changes in components that might not be included in the
internal calibration method (process lens, fiber-optic probe, etc.), e.g., photometric calibration of the optical system.

QUALIFICATION AND VERIFICATION OF RAMAN SPECTROMETERS

The suitability of a specific instrument for a given method isensured by a thorough technology-suitability evaluationfor the
application; a routine, periodic instrument operational qualification; and the more frequent performance verification (see
Definitionof Terms and Symbols). The purpose of the technology-suitability evaluation isto ensure that the technology proposed
issuitable for the intended application. The purpose of the instrument qualification is to ensure that the instrument to be used
issuitable for its intended application and, when requalified periodically, continues to function properly over extended time
periods. When the device is used for a specific qualitativeor quantitative analysis, regular performance verifications are made.
Because there are many different approaches to measuring Raman spectra, instrument operational qualification and
performance verification often employ external standards that can be used on any instrument. As with any spectrometric
device, a Raman instrument needs to be qualified for both wavenumber (x-axis and shift from the excitation source) and
photometric (signalaxis) precision.

In performance verification, a quality-of-fit to an initial scan or group of scans (often referred to in nonscanning instruments
as an accumulation) included in the instrumentalqualification can be employed. Insuch an analysis, it isassumed that reference
standard spectra collected on a new or a newly repaired, properlyoperating instrument represent the best available spectra.
Comparison of spectra taken over time on identical referencestandards (either the original standard or identicalnew standards,
ifstabilityof the referencestandards isa concern) formsthe basis for evaluating the long-term stability ofa Raman measurement
system.

Frequency of Testing

Instrumental qualification is performed at designated intervals or following a repair or significant optical reconfiguration,
such as the replacement of the laser, the detector or the notch or edge filters. Full instrument requalification might not be
necessarywhen changing between sampling accessories such as a microprobe, a sample compartment, or a fixed fiber-optic
probe. Performanceverification tests may be sufficient in these cases; instrument-specific guidance from the vendor on
qualification requirements should be followed. Tests include wavelength (x-axis and shift from the excitation source) and
photometric (signalaxis)precision. Instrument qualification tests requirethat specific application-dependent tolerances be met.

Performanceverification iscarried out on the instrument configuredfor the analytical measurements and is performed more
frequently than instrument qualification. Performance verification includes measurement of the wavelength uncertainty and
intensity-scale precision. Wavelength precision and intensity-scale precision tests may be needed prior to any data collection
on a given day. Performance is verified by matching the current spectra to those collected during the previous instrument
qualification.

Instrument Operational Qualification

It is important to note that the acceptance specifications given in both the InstrumentOperational Qualification and
Performance Qualificationsections are applicablefor general use; specifications for particular instruments and applicationscan
vary depending on the analysis method used and the desired accuracyof the final result. ASTM standard reference materials
are also specified, with the understanding that under some circumstances(specifically remote on-lineapplications)calibration
using one of these materials may be impractical, and other suitablyverified materialscan be employed. At this juncture it is
important to note that specific parameters such as spectrometer noise, limits of detection (LOD), limits of quantification (LOQ),
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and acceptable spectral bandwidth for any givenapplicationshould be included as part of the analytical method development.
Specific valuesfor tests such as spectrometer noiseand bandwidth will be dependent on the instrumentchosen and the purpose
required. As a result, specific instrument tests for these parameters are not dictated in this information chapter.

WAVELENGTH (X-AXIS) ACCURACY

It is important to ensure the accuracyof the wavelength axisviacalibrationto maintain the integrityof Raman peak positions.
Wavelength calibration of a Ramanspectrometer consists of two parts: primary wavelength axisand laserwavelength
calibration. Afterboth the primarywavelength axis and the laserwavelength are calibrated, instrument wavelength uncertainty
can be determined. Thiscan be accomplished using a Raman shift standard such as the ASTM shiftstandards or other suitably
verified material. Selection of a standard with bands present across the full Ramanspectral range is recommended so that
instrument wavelength uncertainty can be evaluated at multiple locations within the spectrum. The tolerance of wavelength
precision that is required for a given measurement should be assessed during the method-development stage. [NoTE-For
scanning dispersive instruments, calibration might need to be performed more frequently, and precision in both a scanning
and static operation mode may need to be verified.] .

PHOTOMETRIC PRECISION

Laser variation in terms of the total emitted photons occurring between two measurements can give rise to changes in the
photometric precision of the instrument. Unfortunately, it is very difficult to separate changes in the photometric response
associated with variations in the total emitted laserphotons from the sample- and sampling-induced perturbations. This isone
of the reasons why absolute Raman measurements are strongly discouraged and why the photometric precisionspecification
isset relatively loosely. The tolerance of photometric precision required for a given measurement should be assessedduring the
method-development stage.

PERFORMANCE QUALIFICATION

The objective of performance qualification is to ensure that the instrument is performing within specified limits with respect
to wavelength precision, photometric axisprecision, and sensitivity. In certain cases when the instrument has been set up for a
specific measurement (for example, installed in a process reactor), it might no longer be possible or desirable to measure the
wavelength and photometric (signal) qualification reference standards identified above. Provided instrument operational
qualification has shown that the equipment isfit for use, a single external performance verification standard can be used to
reverify function on a continuing basis (for example, a routinely used process solvent signal, for both wavelength and
photometric precision, following reactor cleaning). The performance verification standard should match the format of the
samples in the current analysis as closely as possible and use similar spectral acquisitionparameters. Quantitative measurements
of an external performance verification standard spectrum check both the wavelength (x-axis and laserwavelength) and the
photometric (signal) precision. Favorable comparison of a series of performance verification spectra demonstrates proper
continued operation of the instrument.

WAVELENGTH PRECISION

The wavelength precisionshould be measured by collecting data for a single spectrum of the selected Raman shift standard
for a period equal to that used in the photometric consistencytest. When appropriate, powdered samples should be repacked
between each set of measurements. Peak positionsacross the spectral range of interest are used to calculate precision. .
Performance is verified by matching the current peak positions to those collected during the previous instrument qualification
and should not vary with a standard deviation of more than ±0.3 crrr", although this specification can be adjusted according
to the required accuracy of the measurement.

PHOTOMETRIC PRECISION

The photometric precisionshould be measured by collecting data for a single spectrum of a suitablyverified reference
standard material for a specified time. After suitable baselinecorrection, the areas of a number of bands across the spectral
range of interest should be calculated by means of an appropriate algorithm. The area of the strongest band isset to 1, and all
other envelopes are normalized to this band. Performance isverified by matching the current band areas to the respectiveareas
collected during the previous instrument qualification. The areas should vary by no more than 10%, although this specification
can be adjusted according to the required accuracyof the measurement.

LASER POWER OUTPUT PRECISION AND ACCURACY

This test is applicable only to Raman instruments with automatic, internal laser power meters. Instruments without laser
power measurement should utilize a calibrated laserpower meter from a reputable supplier.The laseroutput should be set to a
representative output, dictated by the requirements of the analytical measurement and the laser power measured. The output
should be measured and checked against the output measured at instrument qualification. The power (in milliwatts or watts)
should varyby no more than 25% compared to the qualified level. Ifthe power variesby more than this amount, the instrument
should be serviced (as this variation might indicate, among other things, a gross misalignment of the system or the onset of
failure of the laser). .

Forinstruments with an automatic, internal laserpower meter, the accuracy of the valuesgenerated from the internal power
meter should be compared to a calibrated external laserpower meter at an intervalof not more than 12 months. The internally
calculated value should be compared to that generated by the external power meter. Performanceisverified by matching the
current value to that generated during the previous instrument qualification. The manufacturer might provide software to
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facilitate this analysis. Ifthe instrument design prevents the use of an external power meter, then the supplier should produce
documentation to ensure the quality of the instrument and provide a recommended procedure for the above analysis to be
accomplished during a scheduled servicevisit.

METHOD VALIDATION

Validation of Raman methods will follow the same protocols described in Validation of Compendial Procedures (1225) in terms
of accuracy, precision, etc. However, several of these criteria are affected by variables specific to Raman spectrometry.
Fluorescence isthe primaryvariable that can affectthe SUitability of a method. The presence offluorescent impurities insamples
can be quite variable and have littleeffect on the acceptability of a material.The method must be flexible enough to
accommodate different sampling regimes that may be necessary to minimizethe effects of these impurities.

Detector linearity must be confirmedoverthe range of possiblesignallevels. Fluorescence might driveboth the signalbaseline
and the noise higher than that used in the validation,inwhich case the fluorescencemust be decreased, orthe method modified
to accommodate the higher fluorescence levels. This isalso true for the precision, limitof detection, and limitof quantification
of the method, as increased baselinenoise will negatively impact all of these values. Because fluorescencecan also affect
quantification caused by baselineshifts, acceptable quantification at different levels of photobleaching, when used, should also
be confirmed.

The impact of the laseron the sample must be determined. Visual inspection of the sample and qualitative inspectionof the
Raman spectrum for measurements with differing laser powers and exposure times will confirm that the sample is not being
altered (other than by photobleaching). Specific variablesto confirm in the spectrum are shifts in peak position, changes in
peak height and band width, and unexpected changes in background intensity.

Method precisionmust alsoencompass sample position.The sample presentation isa critical factorfor both solidsand liquids,
and must be either tightly controlled or accounted for in the calibration model. Sample-position sensitivity can often be
minimized by appropriate sample preparation or sample holder geometry, but will varyfrom instrument to instrument based
on excitation and collectionoptical configuration.

DEFINITION OF TERMS AND SYMBOLS
Calibration model: isa mathematical expression that relatesthe response from an analytical instrument to the properties

of samples.
Instrument bandpass (or resolution): is a measure of the capabilityof a spectrometer to separate radiation of similar

wavelengths.
Operational qualification: is the process by which it isdemonstrated and documented that the instrument performs

according to specifications, and that it can perform the intended task.Thisprocess is required following any significant change
such as instrument installation, relocation, major repair, etc.

Performance qualification: isthe processof using one or more well-characterized and stable reference materials to verify
consistent instrument performance. Qualification may employ the same or different standards for different performance
characteristics.

Raman spectrar' are plots of the radiant energy, or number of photons, scattered by the sample through the indirect
interaction between the molecularvibrations in the sample and monochromatic radiation of frequency much higher than that
of the vibrations. The abscissa is usually the difference in wavenumber between the incident and scattered radiation.

(Normal) raman scattering:4 is the inelastic scattering of radiation that occurs because of changes in the polarizability,
of the relevant bonds during a molecularvibration; Normal Raman spectra are excited by radiation that is not in resonance
with electronic transitions in the sample.

Raman wavenumber shift:4

is the wavenumber of the exciting line minus the wavenumber of the scattered radiation. SI unit: rrr '. Common unit: crrr ' =
100 rrr".

where ~ is the differential Raman cross section, is positivefor Stokes scattering and negative for anti-Stokes scattering.

(1121) NOMENCLATURE

INTRODUCTION

The US?(or NF) titles for monograph articles are legallyrecognized under the Federal Food, Drug, and CosmeticActas the
designations for use in labeling the articles to which they apply.

The value of designating each drug substance by one and only one nonproprietary' name is important in terms of achieving
simplicity and uniformity indrug nomenclature. In support of the U.S. Adopted Names program (see Mission and Preface in

4 Chalmers,J., Griffiths, P., Eds. Handbook of Vibrational Spectroscopy; John Wiley & Sons, Ltd: New York, 2002.
1 The term "generic" has been widely used in place of the more accurate and descriptive term "nonproprietary" with referenceto drug nomenclature.
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USP-NF), of which the U.S. Pharmacopeial Convention is a co-sponsor, the USP Council of Experts givesconsideration to the
adoption of the U.S. Adopted Name, ifany, as the official title for any compound that attains compendial recognition.

Acompilation of the U.S. Adopted Names (USAN) published from the start of the USAN program in 1961, as well as other
names for drugs, both current and retrospective, is provided in the USP Dictionaryof USAN and InternationalDrug Names. This
publicationservesas a book of names useful for-identifying and distinguishing all kinds of names for drug substances, whether
public, proprietary, chemical, or code-designated narnes.? .

Anonproprietary name of a drug serves numerous and varied purposes. Its principalfunction isto identifythe substance to
which it applies by means of a designation that may be used by the professional and lay publicfree from the restrictions
associated with registered trademarks. Teaching in the health sciences requires a common designation, especially for a drug
that isavailable from several sources or is incorporated into a combination drug product; nonproprietary names facilitate
communication among healthcare providers; nonproprietary names must be used as the titles of the articles recognized by
official drug compendia; a nonproprietary name is essential to the pharmaceutical manufacturer as a means of protecting
trademark rights in the brand name for the article concerned; and, finally, the manufacturer isobligated by federal lawto
include the established nonproprietary name in advertising and labeling.

Underthe terms of the Drug Amendments of 1962 to the Federal Food, Drug, and CosmeticAct, which became lawOctober
10, 1962, the Secretaryof Healthand Human Services isauthorized to designate an official name for any drug whereverdeemed
"necessaryor desirable in the interest of usefulness and slrnpllcity."!

The Commissionerof Food and Drugs and the Secretaryof Health and Human Services published in the Federal Register
regulationseffective November 26, 1984, which state, in part:

"Sec. 299.4 Established names of drugs."
"(e) The Foodand DrugAdministration will not routinelydesignate official names under section 508 of the act. As a result,
the established name under section S02(e) of the act will ordinarily be either the compendial name of the drug or, ifthere
is no compendial name, the common and usual name of the drug. Interested persons, in the absence of the designation
by the Food and Drug Administration of an official name, may relyon as the established name for any drug the current
compendial name or the USAN adopted name listed in USAN and the USP Dictionaryof Drug Names/"

Itwill be noted that the monographs on the biologics, which are produced under licenses issuedbythe Secretaryof the U.S.
Department of Health and Human Services, represent a special case. Although efforts continue toward achieving uniformity,
there may be a differencebetween the respectivetitle required byfederal law and the USP title. Suchdifferences are fewer than
in past revisions of the Pharmacopeia. The USP title, where differentfrom the FDA Center for Biologics Evaluation and Research
title, does not necessarily constitute a synonymfor labeling purposes; the conditions of licensing the biologicconcerned require
that each such article be designated by the name appearing in the product license issued to the manufacturer. Where a USP
title differs from the title in the federal regulations, the former has been adopted with a viewto usefulness, simplicity, and
conformitywith the principlesgoverning the selection of monograph titles generally.

MONOGRAPH NAMING POLICY fOR SALT DRUG SUBSTANCES IN DRUG PRODUCTS AND
COMPOUNDED PREPARATIONS

The titles of asp monographs for drug products and compounded preparations formulated with a salt of an acid or base use
the name of the active moiety, as defined below.The strength of the product or preparation is also expressed in terms of the
active moiety.

Anactive moiety isthe molecule or ion, excluding. those appended portions of the molecule that cause the drug to be a salt
(includinga salt with hydrogen or coordination bonds), or other noncovalent derivative(such as a complex, chelate, or
clathrate) of the molecule. The active moiety is responsible for the physiological or pharmacological action of the drug
substance, without regard to the actual charged state of the molecule in vivo. Forexample, the activemoietyof a hydrochloride
salt of a base isthe free base and not the protonated form of the base. The active moiety of a metal saltof an acid isthe free acid.

This Policy isfollowed by USP in naming drug products and compounded preparations that are newlyrecognized in the
USP. Revising existing monographs to conform to this Policy is not intended, except where the USP Council of Experts
determines that, for reasons such as safety, a nomenclature change is warranted.

labeling

The labeling clearly states the specificsalt form of the active moiety that is present in the product or preparation because
this information may be useful to practitioners and patients. The names and strengths of both the active moiety and specific
salt form (when applicable) are provided in the labeling.

Exceptions

Inrare cases in which the use of the specific saltform of the active moiety in the title providesvital informationfrom a clinical
perspective, an exception to this policy may be considered. In such cases, when the monograph title contains the specific salt
form of the active moiety, the strength of the product or preparation also is expressed in terms of the specific salt form.

2 USP Dictionaryof USAN and tniemational Drug Names is obtainable on order from U.S. Pharmacopeia, Customer Service Department, 12601 Twinbrook
Parkway, Rockville, MD 20852.
3 F.D.&C. Act, Sec. 508 [358].
453 Fed. Reg. 5369 (1988) amending 21 CFR§ 299.4.
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List of the specific drug products with extensive examples can be found in the USP Nomenclature Guidelines
(www.usp.org). USP also developed some general practices for drug product nomenclature:

• The [ROUTE OF ADMINISTRATION] is omitted for those dosage forms for which the route of administration is understood.
The general form then becomes simply [DRUG] [DOSAGE FORM].

o Thus, oral will not be included asthe route of administration for orally administered capsules, tablets, and lozenges.
o The route of administration is omitted for topically applied products-creams, ointments, lotions, and pastes.

However, if some other route of administration is intended (e.g. ophthalmic), it will be included in the monograph
title.

• In some instances, the drug issupplied in one dosage form for the preparation of the intended dosage form. In such cases,
the dosage form provided in the container is named first and the word "for" appears, followed by the final dosage form
that is suitable for administration. The general format becomes [DRUG] [DOSAGE FORM] for [ROUTE OF
ADMINISTRATION] [DOSAGEFORM]., e.g. Aspirin Effervescent Tablets for Oral Solution.

• The term "for" is included in the names of solid preparations which must be dissolved or suspended in a suitable liquid
to obtain a dosage form suitable for administration, and the general format becomes [DRUG] for [ROUTE OF
ADMINISTRATION] [DOSAGE FORM]. e.g. Ampicillin for Oral Suspension, Cytarabine for Injection.

• The term "Vaginallnserts", rather than "Vaginal Tablets", "Vaginal Capsules", or "Vaginal Suppositories" is used in the
title of this type of vaginal preparation to decrease the potential formisadministration of these products.

• The term "Suppositories" is used in the titles of solid preparations that are intended for rectal administration.
• Solutions administered by injection are officially titled Injections (see Injections and ImplantedDrug Products (1». The route

of administration is omitted for drugs that are injected, becausethe route (e.g. intravenous, intramuscular, subcutaneous,
etc.) must appear on the labels and in the labeling. USP defines seven types of injections:

1. [DRUG] Injection-Liquid preparations that are drug substances or solutions thereof.
2. [DRUG] for Injection-Dry solids that, upon the addition of suitable vehicles, yield solutions conforming in all

respects to the requirements for Injections.
3. [DRUG] Injectable Emulsion-Liquid preparations of drug substances dissolved or dispersed in a suitable emulsion

medium.
4. [DRUG] Injectable Suspension-Liquid preparations of solids suspended in a suitable liquid medium.
5. [DRUG] for Injectable Suspension-Dry solids that, upon the addition of suitable vehicles, yield preparations

conforming in all respects to the requirements for Injectable Suspensions.
6. [DRUG] Extended-Release Injectable Suspension-Liquid preparations of solids suspended in a suitable liquid

medium and formulated in a manner that allows the contained API to be available over an extended period of time.
7. [DRUG] for Extended-Release Injectable Suspension-Dry solids that, upon the addition of suitable vehicles, yield

preparations conforming in all respects to the requirements for Extended-Release Injectable Suspensions.
Injections intended to be administered through an intravenous secondary line ("piggyback") formulated in vehicles other

than Water for Injection shall be named [DRUG] in [VEHICLE]. Examples of Vehicle formats which currently appear in USP
monograph titles are: .

1. [DRUG] in Dextrose Injection
2. [DRUG] in Dextrose and Sodium Chloride Injection
3. [DRUG] in Lactated Ringer's and Dextrose Injection
4. [DRUG] in Sodium Chloride Injection

POLICY FOR IMPLEMENTATION OF NOMENCLATURE REVISIONS

It is the practice of USP to set the official dates of nomenclature revisions (change of the established name or nomenclature
aspects of the labeling sections in the monographs) to allow a reasonable time for product label changes to be made and to
allow health practitioners and consumers time to become familiar with the new terminology. The assignment of an
implementation schedule is handled by the USP Expert Committee. USP's implementation schedule, shown below, isautomatic,
unless an exception is sought.

18 Months

Implementation period of 18 months is usually applied when only one or a small number of products is affected.

30 Months

Implementation period of 30 months is usually applied when names or labeling of multisource products or multiproduct
lines of a firm's preparations are being changed. '

www.webofpharma.com

https://nhathuocngocanh.com/



USP 43

60 Months

General Information / (1125) 7865

Implementation period of 60 months is usually applied for title and labeling changes that affectexcipients, because such
changes would require relabeling of very large numbers of prescription-only and OTC preparations.

There may be exceptions to this schedule where a shorter time is needed in order to specify nomenclatureand labeling .
changes in caseswhere public health and safetyare a concern. Extensions to the implementationschedule are rarely made,
and must havesuitable justification as well as the approval of the USP ExpertCommittee. Any questionsor concerns regarding
this postponement schedule may be addressed to the USP staff liaison assigned to the Expert Committee.

(1125) NUCLEIC ACID-BASED TECHNIQUES-GENERAL

SCOPE

Nucleic acid-basedassays are used in a variety of settings, the most common of which include the detection of infectious
agents (viruses, bacteria, etc.), and cellular materials, aswell as diseaseprofiling. More recentlysuch assays havealso been used
for forensic purposes and for the detection of trace contamination in biological materials. The latter include pharmaceutical
development applications, such as viral clearanceand adventitious agent testing in vaccineseed lots and tissue culture cell
banks.This chapter introduces a series of general information chapters that provide techniques that support proceduresfor the
detection and analysis of nucleic acids (see Figure 1).The assays using these techniques may be presented in a USP general
chapter or in a privatespecification.

<1126> Nucleic Acid-

r------=- BasedTechniques-
Extraction, Detection,

and Sequencing

< 1127> Nucleic Acid-
- BasedTechniques-

Amplification

<1125> Nucleic Acid- <1128> Nucleic Acid-
BasedTechniques- BasedTechniques-

General Microarray

<1129> Nucleic Acid-
- BasedTechniques-

Genotyping

<1130> Nucleic Acid-
BasedTechniques-

'--- Approaches for Detecting
Trace Nucleic Acids

(Residual DNA Testing)

Figure 1

The major requirement for any nucleic acid analytical procedure is the availability of pure, intact nucleic acidsfor analysis.
The information in Nucleic Acid-Based Techniques-Extraction, Detection, and Sequencing (1126) discusses procedures available
for nucleic acid extraction and handling. Hybridization is the core mechanism underlying many molecular biologytechniques,
and in addition to the detection of nucleic acidsby absorbance and fluorescence measurements and size measurement by gel
electrophoresis, this chapter alsocoversblotting and identification of nucleicacid speciesby hybridization assays using labeled
probes. Hybridization probes are oligonucleotides that havea sequence that iscomplementary to the target of interest. Probes
contain radioactive, fluorescent, biotin, digoxigenin, or other tags that, upon binding of the probe to the target, allow
visualization and identification of the target. Probes arecapableofdetecting target sequences that are present inconcentrations
too lowto be detected by absorbance measurementsor gel electrophoresis.

These analytical procedures require a minimum quantity of nucleic acid, typically in the nanogram to microgram range.
However, in the vast majority of cases, e.g., in the detection of viruses or rare cellular RNA species, the nucleic acid under assay
ispresent in minute quantities (in the picogramto femtogram range), and an amplification step must be performed beforethe
nucleic acidcan be detected and identified. Theamplification step may be directed either at the signal usedfor detection (signal
amplification), such as the branched DNA assay (bONA assay), or at the target as in nucleicacid amplification technologies
(NAT).
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In1983 a revolutionaryyet simpleprocesstermed polymerasechain reaction (PCR) wasdevelopedfor amplifying the number
of specific nucleicacid fragments present ina sample, and in just a few years after itsdiscovery PCR became the most frequently
used procedure for amplifying nucleicacids, especially DNA. Sincethe inception of PCR, the number of applications has
expanded rapidly, and the technique, which now includesquantitative and multiplexassays, iscurrently used in almost every
fieldof research and development in biologyand medicine. Numerous variationsof assayprocedures have been developed for
specific analytes.The general informationchapter, Nucleic Acid-Based Techniques-Amplification (1127), describes amplification
procedures used for DNA and RNA analysis as well as qualitative and quantitative NAT assays. Signal amplification procedures
in which the signals, typically fluorescent signals, are used to detect the nucleic acid of interest, are not very common. The
major signalamplification procedure, the branched DNA or bDNA assay, is used predominantlyfor viral nucleicacid detection.

Qualityassurance aspects of the methodology are alsocovered, together with a summaryof current regulatory requirements
for NAT assays. The need for globallycomparable, accurate, and reliableresults in the diagnosticsfield has driven the quest for,
and development of, national and internationalstandards within an increasingly sophisticatedand metrologically sound, highly
developed international regulatory environment devoted to the highest standards of regulatoryscience. Because NAT has
become the most widely used of nucleicacid techniques, the majorityof guidance documents and standards are related to
NAT. The general information chapter, Nucleic Acid-Based Techniques-Microarrays (1128), addressesa still-emerging field that
is of increasing relevance to molecular DNA analysis. Detailed treatment of various microarrays, including data analysis and
validation, are excluded from (1128) at this time. The general information chapter, Nucleic Acid-Based Techniques-Genotyping
(1129), focuses on the specific modifications of the techniques that are necessaryto enable detection of single base differences
and common genetic variations, e.g., single nucleotide polyrnorphlsrns (SNPs). The final general information chapter in the
series, Nucleic Acid-Based Techniques-Approaches for DetectingTrace NucleicAcids (Residual DNA Testing) (1130), describes
residual DNA testing in the context of pharmaceutical manufacturing. Applications relevantto viral adventitious agents,
however, are discussed in the general information chapter Virology Test Methods(1237).

Twomajorusesof nucleicacid testing are excludedfrom thisfamily of NAT chapters: viral testing for blood and blood product
safety and genetic testing. The traditional perspective of USP is to develop public standards that can be applied to a particular
final product without expressively defininga product and/or its production details.This chapter aimsto specify when traditional
methodologies or existing standards can be adapted. Novel methodologies for amplification and detection by NAT are also
highlighted. As these new methodologies become mature and properlyvalidated, they will be included in subsequent revisions.

Due to rapid development in the field, compendial and regulatory affairs scientistsare advisedto consult the current edition
of USP and its Supplements regularly.

GLOSSARY
3'-5' Exonuclease activity: Enzymatic activity to remove a mispaired nucleotide from the 3' end of the growing strand.

The reaction is a hydrolysis of a phosphoester bond. The presence of a 3'-5' exonuclease, or proofreading, activity improves
the fidelity of the polymerization.

5'-3' Exonuclease activity: Enzymatic activity to remove a mispaired nucleotide from the 5' end of a polynucleotide
strand. Thisactivity isactuallythat of a sinqle-strand-dependent endonuclease and isneeded to remove RNA primersof Okazaki
fragments, the RNA strand in the intermediate DNA-RNA heteroduplex during reverse transcription, and during DNA repair.

Absorbance: [Symbol: A]The logarithm,to the base 10, of the reciprocalof the transmittance (T). [NoTE-Descriptive terms
used formerly include optical density, absorbancy, and extinction.]

Accuracy: The accuracy of an analytical procedure is the closeness of test resultsobtained by that procedure to the true
value. .

Allele: One of two or more alternativeformsof a gene at a given position (locus)on a chromosome, caused by a difference
in the sequence of DNA. .

Amplicon: Ashort segment of DNA generated by the PCR process whose sequence isdefined by forward and reverse
primers. Sometimes referred to as an amplimer.

Amplification: The enzymatic in vitro replication of a target nucleic acid.
Annealing: Hybridizing or binding of complementary nucleicacids, usually at an optimal temperature.
Concatenation: The process in which a DNA segment composed of repeated sequences is linked end-to-end.
Complementary dna (edna): DNA synthesized from an RNA template in an enzymatic reactioncatalyzed by the enzyme

reversetranscriptase.
Denaturation: The process of separating double-stranded DNA into single strands by breakingthe hydrogen bonds. This

is typically accomplished by heating the DNA solution to temperatures greater than 900 or by treating it with strong alkali.
Deoxyribonucleic acid (dna): The genetic material that is passed from parent to daughter cells and propagates the

characteristics of the species in the form of genes it contains and the proteins for which it codes. DNA contains the following
four deoxyribonucleosides: dA, dC, dT, and dG.

Deoxyribonucleotide triphosphate (dntp): Abase that isadded to a primer during the PCR that comprises the newly
synthesized strand. Examples of dNTPs are dATP, dUTP, dCTP, dGTP, and dTTP.

Detection limit: It isthe lowestamount ofanalyte in a sample that can be detected, but not necessarily quantitated, under
the stated experimental conditions. .

DNApolymerase: An enzyme that can synthesize new complementary DNA strands using a DNA template and primer.
Several of these enzymes are commercially available, including Taq DNA polymeraseand rTth DNA polymerase.

Endonuclease: An enzyme that cleaves phosphodiester bonds in a polynucleotide chain.
Energy transfer: Thisdescribes the process in which an excited state of one molecularentity (the donor) is deactivated

to a lower-lying state by transferring energy to a second molecular entity (the acceptor), which is thereby raised to a higher
energy state.

Extension: Refers to the elongation of the DNA chain that isbeing synthesized usingthe parent DNA strand as the template
for synthesisof that daughter strand. This isa natural process that occurs during DNA replication. Extension occurs during the
PCR process with DNA polymerases.
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Extinction coefficient: [Symbol: e]-The quotient of the absorbance (A) divided by the product of the concentration,
expressed in moles/L, of the substance and the absorption path length, in em. [Nora-Terms formerly used include molar
absorbancy index; molar absorptivity; and molar absorption coefficient.]

Fidelity: Fidelity is a measure of the accuracy of nucleic acid replication. The polymerase enzyme used is only one of the
elements that influences fidelity. Other elements include buffer conditions, thermal cycling parameters, number of cycles,
efficiency of amplification, and the sequence of the DNA being copied.

fluorophore: A functional group in a molecule that makes the molecule fluorescent by absorbing energy of a specific
wavelength and re-emits the energy at another wavelength.

Fluorescence: The emission of one or more photons by a molecule or atom activated by the absorption of a quantum of
electromagnetic radiation. X-rays, UV, visible light, and IR radiations may all stimulate fluorescence. For details on the
spectroscopic measurement of fluorescence, see Fluorescence Spectroscopy (853).

Genome: The complete genetic complement or the complete set of instructions for reproducing an organism and carrying
out its biological function in life. The DNA in our cells comprises our genome. When our cells divide, the complete genome in
our cells is duplicated for transmission to each of the remaining daughter cells.

Genotype: The genetic constitution of an organism as revealed by genetic or molecular analysis, i.e., the complete set of
genes, both dominant and recessive, possessed by a particular cell or organism.

Genotyping: The process of assessing genetic variations present in an individual.
Hairpin: Antiparallel duplex structure that forms by pairing of inverted repeat sequences within a single-stranded nucleic

acid. The helical section is called the stem and the unpaired base segment at the end of the structure is called the loop.
Hot-start PCR: Technique that is commonly used to improve the sensitivity and specificity of PCR amplification. A hot start

is performed by withholding from the reaction mix a key component necessaryfor amplification until the reaction reaches a
temperature above the optimal annealing temperature of the primers. The component withheld from the reaction mix can be
primers, DNA polymerase, MgCI 2, or dNTPs.

Hybridization: The process of forming a double-stranded nucleic acid molecule, for example between a nucleotide
sequence (probe) and a target.

Ligation: The process of joining two or more DNA fraqrnents.
Melting temperature (Tm): The temperature at which 50% of the DNA becomes single-stranded.
Microarray: Setsof miniaturized chemical reaction areasthat are used to test DNA fragments, antibodies, or proteins.

Usually the probes are immobilized on a chip and hybridized with target.
Mismatch: Unconventional base pairing (other than C with G, and A with Tor U). A mismatched base pair has lower

bonding energy and decreasesthe stability of the DNA molecule.
Nucleic acid: Linear polymers of nucleotides, linked by 3', 5' phosphodiester linkages. In DNA, deoxyribonucleic acid, the

sugar group is deoxyribose, and the basesconsist of adenine, guanine, thymine, and cytosine. RNA, ribonucleic acid, has ribose
as the sugar, and uracil replaces thymine.

Oligonucleotide: Linear sequence comprising as many as 25 nucleotides joined by phosphodiester bonds, generally used
as a DNA synthesis primer. .

Photobleaching: Photobleaching is the irreversible destruction of a fluorophore in the excited state. Different fluorophores
have different rates of photobleaching. For example, fluorescein photobleaches very easily. Often the rate of decomposition is
proportional to the intensity of illumination. A simple and practical way to overcome this is to reduce the incident radiation.

Polymerase: An enzyme that catalyzes the synthesis of nucleic acids on pre-existing nucleic acid templates, assembling
RNA from ribonucleotides or DNA from deoxyribonucleotides.

Polymerase chain reaction (PCR): A laboratory technique that rapidly amplifies a specific region of double-stranded
DNA, predetermined by the pair of primers used for amplification. Generally involves the use of a heat-stable DNA polymerase.

Precision: The degree of agreement among individual test results when the procedure is applied repeatedly to multiple
samplings of a homogenous sample.

Primer: Nucleic acid polymerases link a mononucleotide to a chain of nucleic acids, which is called the primer. RNA
polymerases are able to use a single nucleotide as a primer, but DNA polymerases always require an oligonucleotide.

Probe: A specific DNA or RNA sequence that has been labeled by radioactive, fluorescent, or chemiluminescent tags and
is used to detect complementary sequences by hybridization techniques such as blotting or colony hybridization. In addition,
probes can also be used for quantitation of amplicons as described for quantitative PCR assays. A more detailed description of
such probes is given in the general information chapter, Nucleic Acid-Based Techniques-Amplification(1127).

Processivity: The ability of an enzyme to repetitively continue its catalytic function without dissociating from its substrate.
Proofreading activity: Literally to read for the purpose of detecting errors for later correction. DNA polymerase has a 3'

to 5' exonuclease activity that is used during polymerization to remove recently added nucleotides that are incorrectly paired.
Quantitation limit: It is the lowest amount of analyte in a sample that can be determined with an acceptable precision

and accuracy under the stated experimental conditions.
Quenching: The process of extinguishing, removing, or diminishing a physical property such asheat or light. Fluorescence

quenching can be either collisional or static.
Reverse transcriptase: An enzyme that requires a DNA primer and catalyzes the synthesis of a DNA strand from an RNA

template. An enzyme that can use RNA as a template to synthesize DNA.
Reverse transcription (rt): The process of making cDNA using an RNA template.
Real-time PCR: May often be referred to as Quantitative PCR or Real-Time Quantitative PCR but not RT-PCR and is a

procedure for simultaneous DNA quantitation and amplification. The generation of amplicons monitored asthey are generated
by the use of a fluorescent reporter system and captured by sophisticated instrumentation.

Real-time (RT-PCR): The combination of real-time PCR and reverse transcription PCR.
Reverse transcrlptase polymerase chain reaction (RT-PCR): A variation of the PCR technique in which cDNA is made

from RNA via reverse transcription..The cDNA is then amplified using standard PCR protocols.
Ribonucleic acid (RNA): A type of nucleic acid composed of a specific sequence of ribonucleotides linked together. RNA

contains the following four ribonucleosides: A, C, G, and U.
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Robustness: The robustness of an analytical procedure is a measure of its capacity to remain unaffected by small but
deliberate variations in procedural parameters listed in the procedure documentation and provides an indication of its suitability
during normal usage.

rTth dna polymerase: Recombinant thermostable DNA polymerase originally isolated from the bacterium Thermus
thermophilus. rTth has optimal activity at 70°-80° and survives the denaturation steps of PCR. In addition to DNA polymerase
activity, it has efficient reverse transcriptase activity in the presence of manganese.

Specificity: The ability to assess unequivocally the analyte in the presence of components that may be expected to be
present, such as impurities, degradation proeducts, and matrix components. .

Taq dna: Thermostable DNA polymerase that is originally isolated from the bacterium Thermus aquaticus, Taq has optimal
activity at 70°-80° and is not degraded during the high-heat denaturation steps of PCR.

Template: A master copy used to start the DNA or RNA replication process.
Transcription: The synthesis of RNA using a DNA template.

APPENDICES

Appendix 1: Regulations and Standards

Nucleic acid-based techniques have rapidly transformed almost every field of research, pharmaceutical development, and
diagnostics. The need for globally comparable, accurate, and reliable results in the diagnostic field has driven the development
of national and international standards aswell asfostered a highly developed regulatory environment. Because NAT has become
the most widely used of nucleic acid techniques, the majority of guidance documents and standards are related to NAT.'
Virus-specific regulations and reference standards will be addressed in the Appendix to General Information chapter Virology
Test Methods (1237). The following is a selective list of national guidance documents. For application-specific quidance the
compendial user is referred back to the relevant regulatory agency for the most current guidance.

• FDA Center for Biologics Evaluation (CBER) "Nucleic Acid Based In Vitro Diagnostic Devices for Detection' of Microbial
Pathogens" (2005)

• FDACenter for Biologics Evaluation (CBER) "Guidance for Industry: Content and Format of Chemistry, Manufacturing and
Controls Information and Establishment Description Information for a Biological In Vitro Diagnostic Product" (1999)

• FDA Center for Biologics Evaluation (CBER) "Guidance for Industry: In the Manufacture and Clinical Evaluation of In Vitro
Tests to Detect Nucleic Acid Sequences of Human Immunodeficiency VirusesTypes 1 and 2" (1999)

• FDA Center for Biologics Evaluation (CBER) "Guidance for Industry: Use of Nucleic Acid Testson Pooled and Individual
Samples from Donations of Whole Blood and Blood Components (including Source Plasma and Source Leukocytes) to
Adequately and Appropriately Reduce the Risk of Transmission of HIV-1 and HCV" (2004)

Appendix 2: Abbreviations

AABB American Association of Blood Banks

ACD acid citrate dextrose

ASO allele-specific oligonucleotides

bDNA branched DNA assay

BMA bone marrowaspirate

CE-L1F capillary electrophoresis and laser-induced fluorescence

CCD charge-coupleddevice

eDNA complementaryDNA

CPR cyclic probe reaction

CsCI cesiumchloride

Ct cyclethreshold

DEPC diethylpyrocarbonate

DHPLC denaturing high-performance liquidchromatography

DNA deoxyribonucleic acid

DNase deoxyribonuclease

dNTP deoxyribonucleotide triphosphate

DMSO dimethylsulfoxide

dNTP dinucleotidetriphosphate

DOP-PCR degenerated oligonucleotide primed PCR

, Reference materials for nucleic acid-based techniques are available from National Institute of Standards and Technology (NIST), http://ts.nist.gov/
measurementservices/referencematerials/index.cfm.
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dsDNA double-stranded DNA

ssDNA single-stranded DNA

dUTP 2'-deoxyuridine 5'-triphosphate

dTIP 2'-deoxythymidine 5'-triphosphate

ESI electrospray ionization

EDTA ethylenediaminetetraacetic acid

FDA Food and Drug Administration

FEN flap endonuclease

FISH fluorescent in situ hybridization

FFPE formalin-fixed paraffin embedded

FRET fluorescence resonance energy transfer

GLP good laboratory practice

HCV hepatitis C virus

HIV human immunodeficiency virus

ICH International Conference on Harmonization

LAPS light-addressable potentiometric sensor

LCR ligase chain reaction

LED light-emitting diode

LNA locked nucleic acid

MALOI matrix-assisted laser desorption-ionization

MDA multiple-displacement amplification

MOPS 3-[N-morpholino]propanesulfonic acid

MS mass spectrometry

mRNA messenger RNA

NAT nucleic acid amplification technologies

NASBA nucleic acid sequence-based amplification

NTP nucleotide triphosphate

aLA oligonucleotide ligation assay

PAGE polyacrylamide gel electrophoresis

PCR polymerase chain reaction

PEP primer-extension-preamplification

PPi pyrophosphate

QA quality assurance

QC quality control

RCA rolling circle amplification

RFLP restriction fragment length polymorphism

RNA ribonucleic acid

RNAse ribonuclease

RT reverse transcriptase

RT-PCR reverse transcription-polymerase chain reaction

rTth recombinant Thermus thermophilus

SDS sodium dodecyl sulfate

SNP single nucleotide polymorphism

3SR self-sustained sequence replication

SSCP single-strand conformation polymorphism

STR short tandem repeat

Taq Thermus aquaticus
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Tm melting temperature; the temperature at which 50% of the double-stranded nucleicacid moleculebecomes single-stranded

TMA transcription-mediated amplification

TOF time-of-flight

UNG uracil-N-glycosylase

WGA whole-genome amplification

(1126) NUCLEIC ACID-BASED TECHNIQUES-EXTRACTION,
DETECTION, AND SEQUENCING

NUCLEIC ACID EXTRACTION

Introduction

The basic principlesof nucleicacid amplification technology (NAT) and definitionsof the varioustechniques are covered in
Nucleic Acid-Based Techniques-General (1125). The current chapter covers general steps in the extraction and purification of
nucleicacidsfrom a variety of samples.

The expanding disciplineof molecularbiologyin pharmaceutical and biomedical research and development ischaracterized
by the rapid discoveryof new markers for diseaseand technologies for their detection. Nucleic acid targets are isolatedfrom a
wide varietyof specimens, and the quality and quantity of the extracted target are highly affected by specimen collection,
handling, and choice of extraction procedure.

The analysis of complex organisms by molecularbiological techniques requires the isolation of pure, high molecularweight
genomic DNA and intact full-length RNA. The application of these techniques then allows the detection, identification, and
characterization of the associated organism or adventitious agent. Recently developed tests employing purified human DNA
enable genetic testing for the presence, predisposition, or carrier status of inherited diseasessuch as cystic fibrosis, hereditary
hemochromatosis, or Tay-Sachs disease, to name a few examples, or the analysis of single nucleotide polymorphisms (SNPs).

DNaseand RNase are the major sources of nucleicacid instability. Although both enzymes are ubiquitous and are easily
released during nucleic acid extraction, RNases are far more stable and harder to inactivate than are DNases because they
generallydo not require co-factors in order to function. Minute amounts of RNase are sufficient to destroy RNA, so great care
should be taken to avoid inadvertently introducing these enzymes into the sample during or after the isolation procedure. If
RNA is collected for the specific application of gene expression analysis, researchers should keep in mind that the sample
collection process itselfcan alter the resulting expression profile.

Because of the ubiquity of RNases, measurement of intracellular RNA targets has lagged behind that of DNA targets in
contributing to patient management and characterization of targets for pharmaceutical purposes. However, RNA represents
the current status of the organism and isan important tool for correlating a phenotype with its associated genetic activity. The
unstable nature of RNA has made standardization of NAT tests difficult, and false negative resultscan easily arisefrom a poorly
handled sample because of target degradation rather than from the absence of disease or regulation of gene activity.
Nevertheless, commerciallyavailable isolation and detection systems provide a high level of standardization and robustness,
resulting in the implementation of RNA-based assays in recent years. The following sections discuss general steps in the
extraction and purification of nucleicacidsfroma varietyofsamples,focusingon (1) collection,handling and storage ofsamples;
(2) disruption of samples; (3) subsequent extraction and purification of nucleicacids; and (4) storage of purified nucleicacids.

Sample Source

The broad diversity of possible specimens requiresdifferent procedures for collection. Forexample, blood samples are
collected in an appropriate anticoagulant- or additive-containingtube. Ethylenediaminetetraacetic acid (EDTA) and acid citrate
dextrose (ACD) are the recommended anticoagulants for tests that require plasma or bone marrow aspirate (BMA) samples.
When extraction from tissues isappropriate, the optimal amount of tissue is usually 1 to 2 g, depending on the type of tissue,
because the amount of DNA and RNA per weight of tissue varies greatly from tissue to tissue. In general, more than 10 mg of
tissue is required to obtain>10 IJg of DNA or RNA. Because of the highlyvariable amounts and types of proteins and other
contaminants present in differenttissues, nucleic acid isolation protocols are tissue-specific, and a broad range of ready-to-use
isolation systems are available from different manufacturers of kits for nucleicacid extraction. The tissue type also influences
the stabilityof both DNA and RNA in specimens, and the two types of nucleicacid differ importantly with respect to sample
preparation and downstream analysis. These issues are described later in the chapter.

Pre-Analytical Steps and Sample Collection

Although the genetic makeup of the organism remains mostly unchanged over time, the mRNA population represents the
current status of a cell under any given set of conditions, and thus is highlydynamic. To prevent degradation of mRNA and/or
to preserve the original transcription pattern of the cellular mRNA, tissue should be placed immediatelyon ice or snap-frozen
in liquid nitrogen. However, freezing disrupts the cellular structure and releases RNases. Hence, for RNA isolation in general
(mRNA, ribosomal RNA, viral RNA, etc.), thawing in an RNase-inactivating buffer is essential.A more convenient procedure
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employs a stabilizing agent at ambient temperature. Several reagents for different types of sample material (e.g., tissue or
bacteria) are commercially available. Vanadium salts were once used to inhibit RNase activity, but they have been superseded
by the use of chaotropic agents for the inhibition of RNase and stabilization of RNA. The sample can easily be collected in such
reagents and stored for several days to weeks prior to RNA isolation.

For reliable gene-expression analysis, the immediate stabilization of the RNA expression pattern and of the RNA itself is an
absolute prerequisite. Directly after the biological sample is harvested or extracted, changes in the gene-expression pattern
occur because of specific and nonspecific RNA degradation as well as transcriptional induction. Such changes in the .
gene-expression pattern should be avoided for all reliable quantitative gene-expression analyses, such as biochip and array
analysesand quantitative reverse transcription-polymerase chain reaction (RT-PCR).

The use of gloveswhile handling reagents and RNA samples is mandatory to prevent RNase contamination arisingfrom
contact with the surface of the skinor from laboratoryequipment. Inorder to create and maintain an RNase-free environment,
laboratory personnel should treat water or buffersolutions with diethylpyrocarbonate (DEPC), which inactivates RNases by
covalent chemical modification.Care should be taken because DEPC is irritatingto the eyes, skin, and mucous membranes and
is also a suspected carcinogen. Alternatively, commercially available RNase-free solutions and reagents may be used.
Commercially available RNase inhibitor proteins are also available for use in reactions but with different levels of effectiveness
with respect to various RNase types. However, it should be noted that DEPC cannot be used with Tris-buffered solutions. Many
scientistsrecommend the use of disposablevessels when workingwith RNA. Nondisposableglasswareshould be cleaned with a
detergent, thoroughly rinsed, and oven baked at 2400 for 4 or more hours before use (autoclavingalone will not fully inactivate
many RNases). Alternatively, glasswarecan also be treated with DEPC. Nondisposable plasticwareshould be thoroughly rinsed
with 0.1 M sodium hydroxide and 1 mM EDTA, followed by RNase-free water. Alternatively, chloroform-resistantplasticware
can be rinsedwith chloroform to inactivate RNases. The use of aerosol-resistantfilter tips is also important for avoiding RNase
contamination. These issues are not critical for DNA, and following the rules of Good Laboratory Practice(GLP) is generally
sufficient for successful isolation of DNA.

As a general precaution, staffshould follow all applicable safety precautions when handling tissue or body fluids (human or
other). Some of these precautions (e.g., the use of disposable gloves) also prevent contamination of the sample. Applicable
guidelines and standards for the collectionand processing of human-derived materials have been published by the American
Association of Blood Banks, the International Conference on Harmonization, and the FDA.

Sample Disruption and Homogenization

Priorto extraction, source material is disrupted and homogenized. Disruption is the complete breakage of cellwalls and
plasma membranes of solid tissuesand cells in order to releaseall DNA and RNA contained in the specimen. Thisis usually done
using a lysis buffer that also inactivatesendogenous nucleases. In addition to disrupting tissues, homogenization shears high
molecularweight DNA and cellularcomponents. During RNA isolation, scientistsoften must reduce the viscosity of celllysates
(caused by the presence of high molecularweight DNA molecules) prior to final isolation in order to make the subsequent
extraction steps easier and more efficient. Incomplete homogenization may interfere with subsequent RNA purification steps
(e.g., inefficient binding of RNA to silica membranes) and therefore result in significantly reduced yields. Atypical procedure
to shear high molecularweight DNA and homogenize the sample isto repeatedly pass the lysatethrough a small-gauge needle.
However, this procedure is time-consuming and is not suitable for high throughput of samples. Better procedures to achieve
complete disruption and homogenization of cells and tissue include rapid agitation in the presence of beads and lysis buffer
(bead milling) or rotor-stator homogenization:

During the bead milling process, disruption and simultaneous homogenization occur by the shearing and crushing action
of the beads as they collidewith the cells. Disruption efficiency is influenced by the size and composition of the beads; the
speed and configurationof the agitator, the ratioof bufferto beads, the disintegration time, and the amount of starting material.
These parameters must be determined empirically for each application. Fordisruption with mortar and pestle, the samples
should be frozen in liquid nitrogen and ground to a fine powder under liquid nitrogen. Standard safety precautions and the
use of safety clothing to protect the skin and eyes should be employed when working with liquid nitrogen. Rotor-stator
homogenizers are able to disrupt and homogenize animal and plant tissues within 5 to 90 seconds, depending on the sample.
The rotor turns at veryhigh speed, causing the sample to be disrupted by a combination of turbulence and mechanicalshearing.
Other alternatives are commercial spin-column homogenizers in combination with silica-membranetechnology, which
provide a fast and efficientway to homogenize celland tissue Iysates without cross-contamination of samples.

Inorder to achieve complete disruption, differentsample types require different procedures. Cells from tissue culture grown
as a monolayer or in suspension are easily disrupted by the addition of a lysis buffer that typically contains a mixture of an
anionic detergent, a protease, and a chaotropic agent in a buffered salt solution. Incontrast, nucleicacid isolation from fibrous
tissues such as skeletal muscle, heart, and aorta can be difficult to disrupt because of the abundance of contractile proteins,
connective tissue, and collagen. Fresh or frozen tissue samples should be cut into small pieces to aid lysis. Blood samples,
including those treated to remove erythrocytes, can be efficiently lysed using a lysis buffer and a proteinase.

In general, the same procedures are applicablefor extraction of DNA and RNA. For DNA isolation more gentle procedures
are preferable, but during RNA isolation, cells and tissuescan be disrupted using a mixer mill because there isno risk of shearing
the RNA. Certaindownstream applications require high molecularweight DNA, and care should be taken not to shear the DNA
moleculesand thus render the DNA unsuitable for further analysis.

Extraction and Purification

Although several procedures are available for nucleic acid extraction, the suitability of a procedure depends on the starting
material, the type and purity of nucleicacid isolated, and possibly the downstream application. The principal procedures are
described below; several commercial kits are available to accommodate different sample types and applications.
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The original technique for extraction of DNA and RNA from lysed samples is phase extraction, which involves nucleic acid
extraction using a mixture of phenol and chloroform. Depending on pH and salt concentration, either DNA or RNA partitions
in the aqueous phase. At neutral/basic pH, the DNA remains in the aqueous phase, and RNA remains in the organic phase or
in the interphase (with the proteins). However, at acidic pH, DNA in the sample is protonated, neutralizing the charge and
causing it to partition into the organic phase. RNA, which remains charged, partitions in the aqueous phase. The two phases
are separated by centrifugation, and the aqueous phase is re-extracted with a mixture of phenol and chloroform, followed by
extraction with chloroform to remove any residual phenol. The nucleic acid is recovered from the aqueous phase by precipitation
with alcohol. For RNA, this procedure is often combined with a protease digestion, alcohol or lithium chloride precipitation,
and/or cesium chloride (CsCI) density gradients. A potential problem is contamination of the recovered DNA or RNA with
organic solvents that may interfere with enzymatic downstream applications or spectrometry readouts.

CESIUM CHLORIDE DENSITY GRADIENT CENTRIFUGATION

For the isolation of high molecular weight genomic DNA, CsCI density gradient centrifugation is the traditional procedure.
Cells are lysed using a detergent, and the DNA is isolated from the lysate by alcohol precipitation. The DNA is then mixed with
CsCIand ethidium bromide and centrifuged for several hours at a high g force (typically 100,000 x g). The DNA band, which
can be visualized under UV light as a result of the intercalation of the ethidium bromide with the DNA, is collected from the
centrifuge tube, extracted with isopropanol to remove the ethidium bromide, and then precipitated with ethanol to recover
the DNA. This procedure allows the isolation of high-quality DNA, but it is time consuming and also a safety concern because
of the high quantity of EtBr involved.

ANION-EXCHANGE CHROMATOGRAPHY

An alternative procedure for the purification of high molecular weight genomic DNA is anion-exchange chromatography
based on the interaction between the negatively charged phosphate groups of the nucleic acid and positively charged surface
molecules on the anion-exchange resin. Binding occurs under low-salt conditions, and impurities such asRNA, cellular proteins,
and metabolites are washed away using medium-salt buffers. Pure DNA is eluted with a high-salt buffer and is desalted and
concentrated by alcohol precipitation. This procedure yields DNA of a purity and biological activity equivalent to two rounds
of purification in CsCI gradients, but in much less time. The procedure also avoids the use of toxic substances, and it can be
adapted for different scalesof purification. DNA up to 150 kilobases (kb) in length may be isolated using this procedure. Several
kits are available for the isolation of DNA based on anion-exchange technology, and procedures vary in processing times and
the quality and size of the isolated DNA.

SILICA TECHNOLOGY

The current procedure of choice for most applications is based on silica technology and can be usedfor isolation of full-length
RNA or DNA with an average size of 20 to 50 kb. However, higher molecular weight DNA exceeding 100 kb is not efficiently
extracted by this technology. The procedure relies on the selective adsorption of nucleic acids to silica in the presence of high
concentrations of chaotropic salts. Althouqhboth types of nucleic acid adsorb to silica, the use of specific buffers in the lysis
procedure ensures that only the desired nucleic acid is adsorbed while other nucleic acids, cellular proteins, and metabolites
remain in solution. The contaminants are washed ~way, and high-quality RNA or DNA is eluted from the silica using a low-salt
buffer. The silica matrix can be used asparticles in suspension, in the form of magnetic beads, or asa membrane. This technique
is suitable for high throughput, and several kits and automated systems are commercially available. However, these aqueous
lysis buffers (in contrast to lysis buffers based on an organic solvent such as phenol) are not ideally suited for difficult-to-Iyse
samples (e.g., fatty tissues). Kits designed to facilitate lysis of fatty tissues and to inhibit RNases are available. Silica-based kits
provide a fast and reliable procedure for both DNA and RNA purification and are commonly used for nucleic acid extraction.

Although these procedures yield pure nucleic acids, for some applications in which even trace contaminations with either
RNA or DNA may interfere, pretreatment with DNase or RNase may be necessary. Alternatively, procedures that use specific
probe capture may be used. Relevant applications requiring such ultra-pure nucleic acids are discussed in Nucleic Acid-Based
Techniques-Amplification (1127).

Specific Applications for Hard-to-Extract Materials

EXTRACTION FROM FORMALIN-FIXED AND PARAFFIN-EMBEDDED BIOPSIES

The nucleic acids in formalin-fixed paraffin embedded (FFPE) biopsies are usually heavily fragmented and chemically modified
by formaldehyde. Although formaldehyde modification cannot be detected in standard quality control assays such as gel
electrophoresis, formaldehyde modification does interfere with enzymatic analyses. Sufficient extraction and demodification
for DNA can be achieved by prolonged digestion with protease, but this will lead to heavy fragmentation and degradation of
RNA. Some isolation systems have been optimized to reverse as much formaldehyde modification as possible without further
RNA degradation. Nevertheless, RNA purified from FFPE samples should not be used in downstream applications that require
full-length RNA. Some applications may require modifications to allow the use of fragmented RNA (e.g., designing small
amplicons for RT-PCR).
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EXTRACTION FROM BACTERIA AND PATHOGENS

Although Gram-negative bacteria are relatively easyto lyse, Gram-positive bacteria or yeasts typically need an enzymatic
pretreatment to remove the cell wall for efficient lysis. This methodology can be applied only to DNA isolation because the
enzymatic treatment will influence the expression profile of the organism, and therefore RNA isolation requires a more rapid
lysis procedure. Another factor to consider is that microorganisms normally occur against the background of a host or an
environmental matrix (e.g., soil), which makes detection by polymerase chain reaction (PCR)often difficult because of inhibitory
components. This means that the isolation procedure has to be carefully adapted and optimized for the specific organism and
sample type. Commercial kits are available,and most are based on the use of lysozyme for the removal of cell walls.

SPECIAL CONSIDERATIONS FOR LIMITED SAMPLE AMOUNTS

Multiple genetic testing techniques, including SNPanalysis, short tandem repeat analysis, sequencing or genotyping using
arrays, real-time PCR, and other procedures depend on the availability of high-quality DNA. Because human genomic DNA or
samples of individual genotypes are often limited, a process to immortalize nucleic acid samples can overcome this limitation.
Procedures applicable to genotyping are discussed in Nucleic Acid-Based Techniques-Genotyping (1129). Whole-genome
amplification (WGA) has recently been employed to amplify limited genomic DNA from already purified DNA or directly from
clinical or casework samples without any DNA purification. Two basic technologies for WGA are available and are PCR-based
or rely on isothermal multiple-displacement amplification. These applications are described in more detail in Nucleic Acid-Based
Techniques-Amplification (1127).

Sample Handling and long-Term Storage

DNA is a relatively stable macromolecule, and once isolated it can be kept at 2° to 8° for at least 1 year. However, where
DNA is present in very small quantities, such as in a test of residual DNA, it may be advisable to store the DNA at less than or
equal to -20°. Generally, DNA is stored in solution. Distilled water can be used if DNA will be used for PCR and/or endonuclease
digestion within a few days after its isolation. However, Tris-EDTA at pH 7.5-8.5 is the preferred bufferfor DNA storage because
DNA degradation can occur in water because of the limited buffering capacity of this medium. Purified nucleic acids retain
recognizable characteristics during long-term storage, provided the samples are stored as frozen solutions. The DNA solution
should be stored as a primary stock solution frozen at -80°. DNA can also be lyophilized and stored dry without the need for
refrigeration. In some cases DNA can be stored for years on special filter papers that bind DNA and allow storage in a dried
state at ambient temperature.

The ubiquity of RNases requires extra precautions when handling RNA. Isolated RNA should be kept on ice when aliquots
are pipetted. Filter tips that prevent RNase carry-over from the pipette and sterile, disposable polypropylene tubes are
recommended throughout the procedure because these tubes are generally RNase-free and do not require any pretreatment
to inactivate RNases. Purified RNA can be stored at -20° or -80° in water. Under these conditions no degradation is normally
detectable. Unlike DNA, RNA does not benefit from basic buffer solutions during long-term storage because of its sensitivity to
alkaline conditions. Generally, if nucleic acid samples are required for multiple testing, RNA and DNA samples should be frozen
in multiple allquotsat -80° for subsequent analysis in order to avoid repeated freeze-thaw cycles that can lead to degradation,
and also to minimize the possibility of contamination, which could result in analytical inaccuracy.

QUALITATIVE AND QUANllTATIVE EVALUATION OF NUCLEIC ACIDS

Introduction

This section describes procedures that assess the purity, integrity, and quantity of purified nucleic acids, including
spectroscopic procedures, electrophoresis of nucleic acid fragments, and probe-based techniques. Detection and quantitation
by amplification are discussed in Nucleic Acid-Based Techniques-Amplification(1127).

ABSORBANCE SPECTROSCOPY

The basic principles of spectroscopy are addressed in Ultraviolet-Visible Spectroscopy (857). For nucleic acids, absorbance is
determined at 260 nm, but this procedure does not distinguish between DNA and RNA.Absorbance can also be used to estimate
protein contamination in nucleic acids. Proteins maximally absorb at 280 nm, and nucleic acids maximally absorb at 260 nm.
Thus the calculation of the A260/A280 ratio is used as an estimation of protein contamination in nucleic acid preparations. A
ratio of 1.8 to 2.0 is considered desirable. As an example, double-stranded DNA has an extinction coefficient of 20 for 1 mg
per mL of DNA at 260 nm and a coefficient of 10 at 280 nm. In contrast, for 1 mg per mL of protein, the extinction coefficients
are on the order of 1 at 280 nm (depending on tyrosine and tryptophan content) and 0.57 at 260 nm. Thus a large protein
contamination could exist at a 260/280 ratio of greater than 1.8 because of the lower sensitivity of protein absorbance. In
addition, the change of absorbance of DNA with wavelength (fl.A/fl./....) is steep at 280 nm, and this could lead to an incorrect
determination if the spectrophotometer is out of calibration. The peak at 260 nm is broad, and thus readings are less sensitive
to calibration issues.

Information on contamination by nonproteinaceous materials can be provided by a scan of DNA from 220 nm to 320 nm.
Pure DNA has a mostly symmetric peak around 260 nm, zero absorbance at 320 nm, and a minimum at 230 nm. Absorbance
rises again from 230 nm to 220 nm. Interfering substances can co-purify with DNA and absorb in the lower UV range (around
230 nm). These substances can interfere with and lead to an overestimation of DNA content, thus showing the utility of a scan
-or at least a measurement of absorbance-at 230 nm in addition to 260 nm and 280 nm. Absorbance above 300 nm can
arise from other contaminants and particulate matter. Common reagents used in the isolation of DNA, particularly solvents
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such as phenol and alcohols if they are not completely removed, can interfere with DNA absorbance measurements. Analysts
should be aware of the limitations of this type of measurement. Finally, the absorbance of DNA and the 260/280 ratio is
dependent on ionic strength-a difference as large as 30% can exist. Absorbance of genomic DNA is higher, and the 260/280
ratio is lower in pure water when compared with the same DNA in a buffer or a salt solution.

For the purposes of quantitation of nucleic acids, the respective extinction coefficients for DNA and RNA are used. An
absorbance of 1 in a t-ern cuvette corresponds to 50 ~g per mL of double-stranded DNA [E (specific absorption coefficient) =
0.02 (~g per mL)-l crrr']. The specific absorption coefficient for RNA at 260 nm is E= 0.025 (~g per rnl.)' ' cm- 1 (absorbance
of 1.0 corresponds to 40 ~g per mL), and for single-stranded DNA E= 0.027 (absorbance of 1.0 corresponds to 37 ~g per
mL). A solution of DNA is read against a blank of the same buffer solution in which the DNA is dissolved. Ideally, readings should
fall within a range of 0.1 to 1.0 absorbance for adequate linearity. Absorbance above 1.0 becomes increasingly nonlinear as
the absorbance rises.The accuracy of readings below 0.1 (5 ~g per mL DNA) depends on the quality and noise level of the
spectrophotometer.

Fluorescence Protocols for DNA and RNA Quantitation

Cyanine dye derivatives are used for the quantitation of nucleic acids because they specifically interact with nucleic acids
(DNA, RNA, and oligonucleotides) and fluoresce only upon binding. The exact mechanism of interaction is not always fully
understood but may involve intercalation in double-stranded DNA and surface binding.

Measurements can be performed using a fluorometer or a plate reader. The sensitivity of fluorescence with these dyes is
much higher than that of absorbance, which gives these dyes great utility when DNA concentration is low (down to 25 pg per
mL). The dye must be protected from light to avoid photobleaching. Linearity is maintained over three to four orders of
magnitude. Calf thymus and Lambda phage DNA are often used as calibrants to construct a standard curve. Some of these
dyes have been optimized to bind double-stranded DNA or single-stranded RNA and oligonucleotides. A DNA-binding dye will
also bind to single-stranded DNA and RNA but at low ionic strength, and the signal is about 10% or less than that seen with­
double-stranded DNA for an equivalent massof material. Thus, this methodology is preferred for DNA measurements when no
effort has been made to remove RNA from the preparation. Another fluorescent dye is available and is optimized for RNA
measurements. Using two different concentrations of this dye, analysts can detect RNA in amounts as low as 1 ng per mL and
as high as 1 ~g per mL. The dye also fluoresces with DNA but does not display an equivalent ability to minimize binding by the
useof particular conditions (e.g., with DNA and the double-strand binding dye). Quantitation may be affected by contaminating
nucleic acid (e.g., DNA in an RNA preparation and vice versa). Treatment with a DNase is needed if DNA is present in the RNA
preparation. Proteins are unlikely to interfere with these dyes, but some detergents aswell asphenol result in lossof fluorescence.
Nucleic acid extraction reagents should thus be checked for effect on subsequent fluorescent assays.

Bisbenzimide fluorochrome dyes such as (2'-[4-hydroxyphenyl]-5-[4-methyl-l-piperazinyl]-2,5'-bi-l H-benzimidazole)
represent another option for measuring DNA. Researchers have studied the binding of these dyes to the minor groove of DNA
and have found that sequences of adenine or thymine in the DNA sequence provide a minor groove dimension that binds the
dyes best. Thus the fluorescent signal can show DNA sequence dependence, and the calibrant DNA should have a nucleotide
composition that is similar to that of the DNA to be measured. These dyes are not as sensitive as cyanine dyes but are more
sensitive than absorbance measurements. Low dye concentrations and high ionic strength are required in order for analysts to
distinguish double-stranded DNA from RNA. Low ionic strength conditions are required in order to differentiate double-stranded
DNA from single-stranded DNA.

.Detection by Size

AGAROSE GEL ELECTROPHORESIS

Agarose gel electrophoresis provides a simple and accurate procedure for separating nucleic acids by fragment size. The
technique can be adapted to separate fragments over a large range of sizesand can be used in a preparative or analytical
fashion. For example, gel electrophoresis can be used to verify that a product of a PCR reaction is of the correct size. DNA
fragments can be retrieved from a gel slice and provide a sufficiently pure PCR product for cloning or sequencing. The general
integrity of an RNA preparation can be determined by gel electrophoresis aswell. The stoichiometry of the nucleic acid fragment
size(in base pairs) and negative charge from the phosphate provide the basisfor the separation. With the exception of plasmids,
electrophoresis is generally free of DNA conformation-induced effects. Supercoiled plasmid DNA will migrate ahead of linear
or open-circle/nicked plasmid, which is useful for determining the conformation of a plasmid preparation. In contrast,
denaturing gels are used for RNA because of RNA's tendency to form inter- and intramolecular secondary structures.

Agarose gel electrophoresis utilizes a horizontal setup wherein the gel is cast in a box and placed on a bridge between two
buffer compartments that are filled with the buffer of choice. The gel is also covered with a thin layer (-1 mm) of buffer. Although
the main electrical resistance resides in the gel itself, there is sufficient charge on the nucleic acids to move fragments through
the gel toward the anode. The fragments move in proportion to size, the smallest moving the fastest. The parameters that most
affect electrophoresis are gel pore size, buffer concentration, and the voltage gradient. The ability to separate the fragments of
choice is largely a function of the gel pore size, which depends on agarose con~entration. G~nerally the agar<:>se ~oncentration
is in the range of 0.5% to 1.0% for DNA fragments of <100 to 25,000 base pairs, and the higher concentration IS used when
it is important to distinguish the smallest fragments. Lowering the agarose concentration in the gel results in the resolution of
larger fragments but also in a loss of resolution of small fragments. For the largest fragments pulsed, (reversed)-field
electrophoresis is utilized. .

To achieve uniform electrophoresis, all of the agarose must be completely melted. Electrophoresis-grade agarose is dissolved
in the same buffer that will be used for electrophoresis. The buffers most commonly used for DNA separations are TBE
(tris-borate-EDTA) or TAE(tris-acetate-EDTA). TBEhas a higher buffering capacity than TAE, but TAEshould be used if the DNA
is going to be retrieved from the gel. Denaturing RNA gels use MOPS buffer (40 mM MOPS, 10 mM sodium acetate, 1 mM
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EDTA, pH 7.0). Melting the agarose is conveniently achieved with the assistance of a microwave oven. The agarose will easily
come to a boil, but this may not result in complete melting of the agarose, which may require bringing the solution to a boil
several times, with intermittent mixingand holding periods, until the agarose iscompletely melted. Agarose particlestransform
from white to transparent before melting. Anypartially melted agarose can be detected by swirlinq the flask while holding it
up to the light. Ifthe solution does not appear uniform, then it requiresadditional heating. The agarose is poured into the gel
box after partialcooling but beforesetting up. Commercially available ready-to-usegels suitablefor a particularapplicationcan
also be used. ForRNA-denaturing gels,formaldehyde isadded under a fume hood to the melted agarose to a final concentration
of 2.2 M or 6.7%. Before the agarose has hardened, the analyst places a comb in the gel to provide wells for the samples and
size standards. Once solidified, the gel is placed in the electrophoresis box, and buffer is added until both sides are filled and
there isa layerof bufferacross the surface of the gel. Then lOXtracking buffer (40% sucrose with 0.25% bromphenol blue or
0.25% xylene cyanol or both) isadded to each DNA sample to increasethe sample density and to provide a tracking dye that
is used to assesswhen the electrophoresis isfinished. The increased density allows the sample to be transferred into the well
and to remain there until it migrates into the gel during electrophoresis.

One or more lanes should be used for a DNA sizestandard containing fragments in the range that is relevant to the samples
and agarose concentration. Size standards in various ranges are readily available. Bracketing the samples in wells between
standards is useful to determine whether the electrophoresisgradient has been uniformover the width of the gel. However, in
the case of eukaryotic RNA preparations, the 18S and 28S ribosomal RNAs that are co-extracted from prominent bands
(corresponding to 1900 and 4700 nucleotides) can also be used as sizestandards. In addition, the rRNA provides information
on the RNA integrity because missing or fuzzy rRNA bands indicate problems with the quality of the RNA preparation. Once
the wellsare filled, the cover is placed over the gel box, and the box is connected to the power supply. The indicator dye in
the tracking bufferadded to the samples and sizestandard allows the easy determination of how far the electrophoresis has
proceeded. Bromophenol blue will migrate with DNA fragments of <500 base pairs, and xylene cyanolwill migrate with
fragments of 5000 base pairs.

The power supply isfrequently run under conditions of constant voltage (1 to 10 v per cm) of gel length. Elevated voltage
can cause high current, resulting in the generation of damaging heat and exhaustion of the buffer.

PULSED-FIELD ELECTROPHORESIS

Thisvariation on agarose gel electrophoresis is used to separate a range of large DNA fragments and is most useful when
resolutionof 50,000 to 200,000 base-pairfragments isneeded, The main differenceisthe addition ofan alternating-field device
that controls the power supply operating under constant voltage. Large fragments of DNA change conformation in order to
move through the agarose pores, and the larger pieces take longer to readjust when the field is reversed and thus move more
slowly than do smallerfragments. Thisallows resolutionof fragments over the period of hours that the pulsed-field procedure
operates. A commonly used ratio of forward to reverse is 3:1, and, in addition, the procedure typically calls for a stepwise
increase in the unit time between reverses of the field. Electrophoresis may continue for 10 to 16 hours to avoid fluctuation in
gel temperature, viscosity, and other properties that may cause artifacts.

POLYACRYLAMIDE GEL ELECTROPHORESIS (PAGE)

The format for performing PAGE isquite differentfrom that for agarose gel electrophoresis.The general procedure for PAGE
isdescribed in Biotechnology-Derived Articles-Polyacrylamide Gel Electrophoresis (1056). Forresolutionofsmallfragments of DNA
in the 10 to 500 base-pair range, nondenaturing polyacrylamide gel electrophoresis is more suitable than agarose gel
electrophoresis because separation of fragments of this size requires much smaller pore size than isachievable in agarose gels.
The gel is prepared by polymerization of acrylamidemonomers. The percentage of acrylamide dictates the range of fragment
sizesthat can be best resolved. Forexample, 20% acrylamide issuitable for the 10-100 base-pair range, and 5% acrylamide is
useful in the 100-500 base-pair range. Commercially available ready-to-use polyacrylamide gels suitablefor the particularsize
discrimination can also be used. The separated nucleicacids are visualized by staining with, for example, silver nitrate solution
rather than with ethidium bromide or cyanine dye. However, staining with silver nitrate is laboriousand time-consuming and
not suitable for preparations that contain a large amount of protein, because proteins will also stain with silver nitrate.

CAPILLARY ELECTROPHORESIS AND LASER-INDUCED FLUORESCENCE (CE-L1F)

CEF has been used for many years to separate DNA fragments (for the general principles of CE, see Capillary Electrophoresis
(1053»). The procedure relies on a principlesimilar to that underlyingagarose gel electrophoresis.CE can utilize the cross-linked
buffer systems applied in gel electrophoresis, but the technique can also use polymer-containing solutions (e.g.,
polymethylcelluloses) that are designed to create pores that entangle proteins. These polymer solutions may be added to the
capillary between injections, allowing a "fresh" gel prior to each run. In addition, capillaries can be used for more injections
than are possiblefor polymerized gel-filled capillaries. The resolving power of the separation depends on the size of the pores,
which is based on the composition of the gel. Kits are available to separate fragments into the desired size ranges. Fragment
sizesoutside the resolution window can possibly be separated, but the separation may not be reliable or reproducible when
the gel capability isexceeded.

Fragments can be detected by a variety of mechanisms. Detection utilizing UV absorbance is possible, but the preferred and
most common detection procedure is laser-inducedfluorescence (L1F). Fluorescence offers improvements over UV detection in
terms of selectivityand sensitivity. Inaddition, the detection limits for fluorescence are two to three orders of magnitude better
than those for UV. Although DNA is intrinsically fluorescent, the background fluorescence and complex laserspectroscopy
required preclude routine use. The most common way to label DNA isdescribed in the section above on fluorescent protocols
for RNA and DNA quantitation. Thissystem is widelyemployed because of its simplicity (the dyes are added to the sample or
into the reaction buffer) and effectiveness. The advantages of CE include speed of analysis, sensitivity using minimum sample
volumes, and the potential for automation. These are achieved mainlyby the inherent miniaturization of the gel. Automated

www.webofpharma.com

https://nhathuocngocanh.com/



7876 (1126) / General Information USP 43

systems allow robust analysis of the quality, quantity, and fragment size of both RNA and DNA. CE applications have been
especially important for evaluating the integrity of RNA because of the instability and progressive degradation of RNA caused
by ubiquitous RNases, and new technologies that compare the ratios of 28S and 18S are improving the capabilities of these
procedures. •

FILTER HYBRIDIZATION AND IN VITRO LABELING Of PROBES

Introduction

Hybridization techniques were used early in molecularbiologyto identifyindividual nucleicacidsand to estimate the degree
of similarity between species. Hybridization iswidelyused in the procedures described in this and other chapters to visualize
and identifynucleicacid sequences (see Nucleic Acid-Based Techniques-Amplification (1127), Nucleic Acid-Based Techniques­
Genotyping (1129), and Nucleic Acid-Based Techniques-Approaches for Detecting Trace Nucleic Acids (Residual DNA Testing)
(1130)). With the advent of restrictionendonuclease digestion of DNA and electrophoretic separation by molecular mass,
hybridization using labeled probes provided a way to visualize the organization of genes within a specific genome.

The hybridization techniques described are dot and slot blotting, Northern blotting, Southern blotting, in situ hybridization,
and fluorescent in situ hybridization (FISH). All these techniques rely on the use of nucleic acid probes. Probesare
oligonucleotideswith specific DNA or RNA sequences that have been labeled with radioactive, fluorescent, chemiluminescent,
chemical tags or enzymes (reporter molecules). Hybridized probes bind to complementary sequences on the target nucleic
acids and are used to visualize and characterize targets, as described below.

Dot and Slot Blotting

Dot blotting isthe simplest and quickest of the hybridization techniques. The nucleic acids are directly applied to a support
membrane, which may be a nitrocellulose or nylon membrane, without prior separation of the nucleic acid species byagarose
gel electrophoresis.The nucleicacids are spotted onto the filter using a micropipettor or an apparatus such as a dot blot or slot
blot apparatus. Thisconsists of a membrane frame with a membrane sandwiched in between the two piecesof the frame. The
bottom frame plate isconnected to a vacuum manifold, and the top piece of the frame has slots through which the nucleic
acids are loaded. The samples are loaded under vacuum and pulled through the membrane by vacuum, with the nucleicacid
binding to the membrane, and then the filter is air-dried. The nucleicacids are fixed to the filtereither by heating to 800 for
nitrocellulose membranes or by exposure to UV light for a predeterrmined time for nylonfilters. Hybridization with a labeled
probe providesconfirmation of the identity of the nucleicacid but does not provide any information about the number or sizes
of the species. The nucleicacid species of interest can be quantitated by spotting known concentrations of the purified nucleic
acid on the filterand comparing the signal generated by the unknown samples with those of the standard preparations.

Southern Blotting

Southern blotting refersto the transfer of DNA from an agarose or polyacrylamide gel to a nitrocellulose or nylon membrane.
Small, single-stranded DNA probes can then be used to visualize and identifythe DNA speciesof interest.Southern blot analysis
is based on a transfer and immobilization methodology developed in 1975, coupled with the electrophoretic separation of
fragmented DNA. More specifically, the procedure typically is used to identifyspecific nucleicacid sequences in the context
of a defined genetic topography, such as a restriction endonuclease map. The position of genes within the viral genome can
be accurately mapped using a varietyof restriction endonucleases in combination with Southern blot analysis. The procedure
requires that DNA be obtained in sufficientquantity for analysis. Fragmented DNA isseparated according to size using agarose
gel electrophoresis. Double-stranded DNA fragments must be denatured before they are transferred and immobilized on a
membrane by capillary action. The immobilized DNA isthen cross-linked to the filter, which may be composed of nitrocellulose
or nylon, as described above. However, the use of positively charged nylon membranes eliminates the need to fix the DNA to
the nylon membrane. Nitrocellulose membranes are more fragileand may be probed up to 3 timeswithseparate probes. Nylon
membranes are more robust and may be probed 10 to 12 times, but they may present more background noise, particularly
when they are used with chromogenic probes.

Northern Blotting

Northern blot analysis comprises a series of steps for the separation, transfer, and immobilization of RNA in a manner similar
to the treatment of DNA using Southern blot analysis. Denaturation of the RNA is required to reduce secondary structure to
ensure that the RNA separates in the agaroseuniformly according to length. Denaturation of RNA isaccomplishedeither prior
to electrophoresis using glyoxal or dimethyl sulfoxide (DMSO) or during electrophoresis by means of gels that contain
formaldehyde. Transfer is achieved in a manner identical to that used for Southern blotting. However, in the case of Northern
blotting, it is unnecessary to denature the RNA prior to transfer because denaturation isaccomplished before electrophoretic
separation of the RNA species. The immobilized RNA iscross-linked to the membrane in a manner similar to the cross-linking
of DNA.

In Situ Hybridization and Fluorescent In Situ Hybridization (FISH)

Hybridization of a nucleicacid in situ classically refers to determining the location of that nucleic acidsequence in its natural
state-in tissue, in individual cells, or on a chromosome. In situ hybridization probes are designed to bind to complementary
nucleicacid sequences, whether they be DNA or RNA. The purpose of these hybridization procedures isto discoverwhere in a
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tissue a gene is being expressed, in which case the target is RNA, or to map a specific DNA sequence to its location on a
chromosome, in which case the target is DNA.

Chromosome mapping of DNA sequences isaccomplished by chemically attaching silver grainsto the probe sequencesand
then counting the density of the grains in a metaphase chromosome spread. Although, historically, these proceduresworked
well, sensitivity was always an issue. Thesolutionwasto usea reporterthat was more sensitive and saferthan the other reporters,
namely, fluorescence used in the technique offluorescent insitu hybridization (FISH). FISH has an additional benefit in that the
differentcolorsavailable influorescence afford the ability to observemultiple hybridization events simultaneously, a feature not
available with other detection systems.

Detection of DNA and RNA in Hybridization Assays Using Labeled Probes

Visualization and location of individual nucleic acid speciesof interest are achieved by the specific hybridization of DNA or
RNA probes that are labeledfor easyvisualization. Thefilter or sample (fixed cells or tissues in the casesof in situ hybridization
and FISH) is incubated with the labeled probe at an appropriate temperature and salt concentration that allows hybridization
of desired stringency. This isfollowed by. washingwith buffers of varying detergent and salt concentrationsand at varying
temperatures in order to minimize background signal due to nonspecific hybridization. The labeling and types of probes are
discussed below.

Probescan be RNA probes generated invitroor DNA probes, either double-strandedfragments, plasmids, or single-stranded
oligonucleotides containing moieties to facilitate detection of fragments that contain portions of the gene of interest. Probes
can be labeled with radioactive tracers such as 32p or 35S by incorporation of a labeled nucleotide in the probe sequence or
with a nonradioactivelabelsuch as biotinbyincorporation ofa modified base, such asadenine monophosphate linked to biotin.
Radioactive probes are visualized with X-ray film placed over the blot. Biotin-labeled probes are detected with a conjugate of
streptavidin-alkaline phosphatase. Anenzymaticreaction is run with alkaline phosphatase and a substrate that yields an
insoluble colored product at the site of the probe. Variations on nonradioactive probes utilize other modifications to the DNA
and linked antibody-alkalinephosphatase, as well as chemiluminescent probes that are detected on film.

Nucleic acids can be synthesized and manipulated by either enzymatic or chemicalmeans. Thesesame systems can be used
to modifynucleicacid structure and to introduce foreign moieties' to create unique molecules that can provide an advantage
to the detection of limiting viral nucleic acidsagainst a backgroundof host nucleic acids.The chemical synthesis of nucleic acids
and their purification has become routine,and high-quality synthesis and purification are commonlyachieved. Moreover, larger
segments can be synthesized, and when even largersegments are required,the subsectionscan be designedfor concatenation
and ligation.

Custom synthesisof DNA oligonucleotides is readily achievable in the laboratoryusingcommercially available reagents and
equipment. Alternatively, probes can be custom ordered from numerous commercial providers. Size-exclusion proceduresfor
purification generallyare used to eliminate incomplete oligonucleotides. RNA oligonucleotides also may be chemically
synthesized or generated in vitro using complementarycloned DNA fragments under the control of various prokaryotic RNA
polymerasepromoter sequences. The use of DNA probes ismuch more common.'but there may be some applications inwhich
the increased association of RNA-RNA or RNA-DNA hybrids isadvantageous.

The principal procedures of labeling DNA are direct labeling usinga kinase reactionto attach a labelednucleotide to the end
of each DNA strand, by incorporatinglabelednucleotides into a nicked DNA by utilizing the DNA repairfunction of the Klenow
fragment of Eschericia coli DNA polymerase Ienzyme (nick translation), and by PCR. This last procedure generates a relatively
higher yield of internally labeled probe because each round of thermal cycling doubles the amount of labeled probe, whereas
the former procedures result in a ratioof less than one probe molecule per template molecule. The PCR procedurealso isused
to generate unique probes with a variety of moietieslocated at the termini. .

NUCLEIC ACID SEQUENCING

Introduction

Thefirst DNA sequencing procedure, describedin 1977, utilized chemical cleavageto specifically introducechain breaks in a
DNA sequence (Maxamand Gilbert sequencing).The procedure provedto be ofsignificant utility in the early yearsof molecular
biology, but it has not been used to performhigh-volume sequencing and therefore isnot discussed indetail here.The majority
of sequencing performed today is based on the dideoxysequencing procedure, also described in 1977 (Sangersequencing).
This procedure fundamentallychanged sequencing by exploiting the enzymaticspecificity of polymerases that introducestrand
interruptions at specific bases. This is the most Widely recognized sequencing procedure and isconsidereda routine assay in
molecular biology laboratories. Innovations in instrumentation, sample preparation and collection, data management, data
analysis, and sequence assembly have relied on this sequencing procedure as their fundamental sequence generator.

High-throughput sequencing takes all the elements of the sequencing procedures and applies them to a masscollection of
sequence data, typically for largergenomes, but high-throughput sequencing certainlymay be usedfor smaller projectsaswell.
Obtaining the final sequence information includes all processes associated with sample preparation,sequencing,data assembly,
and data finishing. The technology to achievethese individual objectives includes the instrumentation,disposables, protocols,
and procedures.

Sequencing Reaction

The dideoxysequencing procedure takes advantage of specificity of the Klenow enzyme to introduce chain-terminating
nucleosides, calleddideoxynucleotides, intermittentlyduring the polymerase extensionprocess. Thesequencingofeach sample
requiresfour separate reactions (one for each base).The resulting mixtureof various nucleotidechain lengths isthen separated
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on the basisof individual molecular masses.The incorporation of radioactively labeled nucleotides during the sequencing
reaction permits the detection of the nucleotide chains.

Improvements in biotechnology have led to the discovery of more robust enzymes with high fidelity, improvedstability, and
other attributes that have led to longer reads and improvedsequence fidelity. These improvements have made possiblethe
introduction of cyclesequencing, which is now commonly used. The principle of the cyclesequencing procedure is a
combination of Sanger sequencing and aspects of PCR amplification, whereby dideoxynucleotides are incorporated into the
amplified DNA. Cycle sequencing leads to a higher concentration of labeled fragments covering a wider range of sizes than
does Sanger sequencing, leading in turn to a higher read length.

Separation Procedures for DNASequencing Fragments

The previoussections ofthis chapter deal with the treatment of intact DNA and RNA'molecules; the following sectionsaddress
the challenges of separating the fragments that resultfrom the sequencing reactions, notably slab gel sequencing and capillary
electrophoresis. Subsequent sections address detection technologies and sequence integrity.

Slab Gel Sequencing

Polyacrylamide gel electrophoresis,frequently referred to as slab gel electrophoresis, was the first separation mechanism
employed for the separation of DNA sequencing fragments. As described above, the electrophoretic separation of DNA
fragments isdriven by the sizeof the fragments in the reaction mixture. However, for slab gel sequencing the pore sizes are
chosen so that single-base resolutionfor many hundreds of bases is possible. In addition to the polyacrylamide in the gel, a
denaturant such as urea isfrequently included to ensure denaturation of the fragments. Until the implementation of
multicapillary sequencing systems, the separation power and throughput of slab gel separation mechanisms were often
considered state of the art.

Capillary Electrophoresis Sequencing

As noted above, capillary electrophoresisoffers significant advantages over gel-based separations. However, as with slab gel
sequencing, the pore sizesare chosen so that single-base resolution for many hundreds of bases is possible. Multicapillary
systems that utilize 8 to 384 capillaries are commercially available. These systems are the primarysystems used for large-scale
DNA sequencing, and, theoretically, they yield more than 1.1 billion base pairs of DNA sequences per year.

Detection

RADIOACTIVITY

The first detection strategies for DNA sequencing reactionsutilized radioactive isotopes such as 32p or 35S, primarily because
these were practicalfor gel separations. The advantages are that detection is universal, low limits of detection are possible,
mobilityshifts are eliminated, and fidelity differences for the DNA polymerases do not occur. Disadvantages include the high
disposal and safetycosts, the inability to multiplex (ultimately limiting throughput), and the need for 24 to 36 hours ofexposure
time (l.e., no real-time detection).

FLUORESCENCE

, Fluorescence dyes have largely replaced radioactive isotopesas detection tools during DNA sequencing, mainlybecause they
do not have the disadvantages of radioactive probes. Because the dyes can be discriminated by means oftheir emission maxima,
multiplexingispossible, so four sequencing reactionsper sample can be replaced by a single reaction usingfour different labels.
Thus a single lane can be used rather than the four separate lanes that were necessarywith radioactive probes. Additional
advantages are higher throughput and automated data collection in real time.

MASS SPECTROMETRY

Massspectrometry (MS) has revolutionized the field of biochemistry and has significantpotential in the area of nucleicacid
sequencing. Soft-ionization techniques such as electrosprayionization and matrix-assisted laserdesorption-ionization have
expanded the potential applicationof MS to DNA sequencing. MS offers some advantages overother detection methodologies,
includingspeed of fragment detection (signalacquisition is in the range of microseconds versus hours for conventional
approaches) and accuracy (e.g., the molecularmass of each fragment can be determined with a high degree of accuracy).The
Sanger procedure makes use of mass differences of the fragments generated as part of the polymerization reaction. MS is
sufficiently precise to resolvefragment sizes that differby only one base pair. Unfortunately, the sensitivity of MS detection
suffers as fragment length increases, and the 1OO-base-pair barrier has yet to be crossed.

More recently, other sequencing technologies have emerged that are based on massively parallel sequencing techniques
that attempt to achieve low-costsequencing. Thesetechniques are based, for example, on solid-phasesequencing or they make
use of highlyparallel and miniaturized pyrosequencing,which isdescribed in Nucleic Acid-Based Techniques-Genotyping (1129).
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Aprerequisite for automated data collectionand interpretation is that the data must be of good quality, which means
minimizing human intervention and allowing the system to make base identifications following detection steps. It is a critical
step to ensure accurate base identification by minimally sequencing both strands of the DNA several times. In addition, other
tactics may be employed, such as using primersat differentsequence positions, which can improve the accuracy of the
developed consensus sequence. This task can be facilitated by the use of specialized software packages that are commercially
available. More recent technology developments have produced alternative sequencing platforms that are more amenable to
large-scale sequencing projects. These techniques include array-based platforms on which short stretches of target are
sequenced on a chip that supplies raw data to sophisticated computational programs that reconstruct the sequence. Other
sequencing approaches have been developed for the rapid sequencing of short nucleicacid sequences such as oligonucleotides
of short PCR products. These technologies include MS-based and pyrosequencing platforms, the latter of which isdescribed in
Nucleic Acid-Based Techniques-Genotyping (1129).

(1127) NUCLEIC ACID-BASED TECHNIQUES-AMPLIFICATION

INTRODUCTION

The basic principles of nucleicacid amplification technologies (NAT) and definitions of the various techniques are covered
in Nucleic Acid-Based Techniques-General(1125). The current chapter covers major techniques that result in amplification of
targeted nucleicacid sequences. The most common NAT assayisthe polymerase chain reaction (PCR), which wasfirstdescribed
by Kary Mullis. Thisprocedure has been further refined to amplify a DNA fragment starting from RNA (reversetranscription-PCR,
or RT-PCR). Initially, PCR was used in a qualitative manner to amplify and detect DNA moleculesbecause its exquisite sensitivity
paired with its high specificity made it a useful tool for the detection of nucleic acid targets. Since its inception, the number of
PCR applications has expanded rapidly, and the technique, which now includes quantitative and multiplexassays, is currently
used in almost everyfieldof research and development in biologyand medicine. Inaddition to the changes and improvements
to the original design of the PCR procedure, alternatives to PCR are techniques used to amplify target nucleicacids to generate
RNA instead of DNA amplicons. The most commonly used techniques are nucleicacid sequence-based amplification (NASBA)
and the transcription-mediated amplification (TMA) which are described here in detail. In contrast to PCR, which relies on
incubating the sample at three different temperatures, NASBA and TMA are based on isothermal conditions.

In addition to amplification of the target nucleicacid, the amplification step also can be directed at the signal used for
detection (signal amplification). The most commonly employed technique is the branched DNA (bDNA) assay, in which the
signal, typically a fluorescent probe that binds to the target sequence, is amplified.The bDNA assay is used predominantly for
viral nucleic acid detection and quantitation. .

This chapter describes the main assaycomponents necessaryfor a PCR procedure and includes a discussion of the general
optimization of PCR assays. ThevariousPCR assayformats, includingPCR, nested PCR, and RT-PCR are covered, and a discussion
of the detection of the resulting ampliconsfollows. Although all these assays are essentially qualitative procedures, they can be
modifiedfor semiquantitation, and the variousmodifications are described. Foraccurate and reliable quantitation, real-time
PCR has now replaced the methods listed above; real-time PCR and real-time RT-PCR are described in the NATAssays section.
The same section includesa discussion about probesand dyesthat are an essentialcomponent of real-timePCR and the methods
of quantitation using the generation of standard curves. The next PCR technique discussed is multiplex PCR, which is used for
simultaneous detection of multipletargets or for normalization of assay results.Apartfrom PCR, the major alternative NAT tests
that are used routinely, primarily in blood screening and clinical diagnostic screening are NASBA and TMA. The final technique
described is whole-genome amplification, wherein the complexitiesof amplification require modifications to the PCR
procedures. The chapter concludes with a discussion about the evolution of instrumentation used in NAT assaysand the quality
assurance and quality control issues associated with NAT because this is probably one of the most highly regulated biological
techniques, especially when applied to blood screening.

ASSAY COMPONENTS

Enzymes

The essential components for NAT assays-polymerases, reaction bufferswhich include desoxynucleotides, ions, primers,
probes, and fluorescent dyes-can be chosen from a broad selection of commerciallyavailable NAT reagent kits and vendors.
Polymerases suitable for NAT applicationscan, in principle, be grouped into Taq DNA polymerasesor DNA I polymerasesfrom
other Thermus species that are polymerases with features that are similarto those of TaqDNA polymerase. Inaddition, so-called
proofreading polymerases are available (e.g., from Pyrococcus species) that display a 3'-5' exonuclease activitycapable of
removingwrongly incorporated DNA basesfrom the growing DNA strand under amplification conditions. TaqDNA polymerase
is the standard NAT enzyme and is the one most often used in NAT assays. Modifications of Taq DNA polymerase, such as
deletions of the 5'-3' exonuclease domain (Klenow fragment, Stoffel fragment) or point mutations for improved incorporation
of dideoxynucleotides are also employed (e.g., for PCR-based sequencing reactions). Proofreading DNA polymerases or
mixtures of Taq DNA polymerase with a proofreading polymerase are used ifeither fidelity of the NAT product is critical (e.g.,
for DNA cloning experiments) or longer NAT products are to be amplified. For RT-PCR, a reverse transcriptase is necessaryto
first convert the RNA target to copy DNA (cDNA) that can subsequently be amplified. ForTMA reversetranscriptase with an
RNAse Hactivityis needed to convert the RNA target to double-stranded template DNA, whilefor NASBA exogenous RHAse H
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is added to the reaction mixture. Depending on the reaction environment, two types of enzymes can be used to generate
cDNA: a reversetranscriptase isolatedfrom retroviral sourcesor a DNA polymerasethat can function both as reverse transcriptase
and DNA polymerase. Finally, chemical modification of the polymerase, resulting in an inactiveenzyme at temperatures below
90°, is now typically used to prevent mispriming of templates at sub-optimal temperatures (see section on Assay Optimization).

Reaction Buffers

Reaction buffers varywith respect to ion composition,pH,and additivesand are sometimes specifically adopted for particular
applications such as multiplex PCR, real-time PCR, RT-PCR, TMA and NASBA. An important component of the reaction mixture
is Mg2+ ions, or, in the case of polymerases with both reversetranscriptase and DNA polymerasefunctions, such as Thermus
thermophilus (Tth), Mn2+ ions. Other additives that enhance the sensitivity and specificity of the assaymay be present. The
concentration of the four deoxynucleotide triphosphates (dNTPs) must be optimized.

Primers

Primersets are oligonucleotides with sequences that are designed specifically to prime the amplification of a portion of a
target nucleicacid of interest. Synthetic oligonucleotide primersfor both standard PCR and for real-time or quantitative PCR
are designed for the specific recognition of and binding to a single DNA or RNA sequence. Suchspecificity isachieved through
design that involves both the length and the sequence of the primers. Lengthand sequence specifications haveseparate criteria
that must be simultaneouslymet in order for the primers to perform properly. The length of a primer isa statistical issue that
relates to the issueof the minimum length of a specific sequence necessaryto guarantee that the desired target sequence is
unique, regardlessof the size or complexity of the genome. As an example, in the case of the human genome, with its 3.2
billion DNA bases, that length is 17 bases. Forthis reason the vast majorityof PCR primers are between 20 and 25 bases long.
The specificity of a primer should be determined by comparison with sequences in all known databases. Tools available on the
Web facilitate such comparisons.

In terms of primer sequence, the issues to consider are Tm(th~ temperature at which 50% of the double-stranded nucleic
acid molecule becomes single-stranded) and secondary structure. Every DNA has its own characteristicTm' determined by
length, sequence composition, and reaction environment. PCR primersare designed to bind to a perfectly complementary DNA
sequence viaguanine-cytosine (G-C) and adenine-thymine (A-T) base pairing.The Tmof the two PCR primersused in a reaction
should be as close as possible. In terms of secondary structure, the formation of secondary structures by intra- or
intercomplementarity should be minimized. Interaction between different primers can result in primer-dimers that will
compromise assaysensitivity and specificity. All of the design issues presented are accounted for in anyone of the dozens of
primer design software packages that are available and can be found on the Internet.

Assay Optimization

NAT assayoptimization is necessaryfor successful amplification that is sensitiveand specific. Parametersthat should be
optimized include the thermocycling conditions, both temperatures and cycling times (that depend to a large extent on the
target, primer, and probe sequences), concentrations of template, concentrations of NAT reagents, sample matrix and the
number ofamplification cycles. Inthe case of multiplex PCR, a compromiseamong elements of the reactionconditions isusually
necessary because of the difficulties in optimizing the conditions for all the primer and probe sets. Recentchanges have been
made to improve sensitivity and specificity of NAT assays. One change is hot-start PCR, in which the addition of one of the
essentialcomponents of the NAT assay, typically the DNA polymerase, istemporarilywithheld. When thisoccursduring reaction
setup, the initial nucleicacid denaturation step prevents nonspecific amplification due to mispriming at suboptimal
temperatures. Early hot-start procedures made use of wax barriers that effectively separated essential components into two
liquid phases that were mixed onlywhen the wax melted. However, this procedure has been replaced bytwo important hot-start
technologies that do not require physical separation of the components by inconvenient additional handling steps. In the first
procedure, antibodies directed against the DNA polymeraseare complexed with the enzyme and losetheir binding avidity at
elevated temperature at the start of the reaction.Thesecond procedure useschemical modification of the polymerase, resulting
in an inactiveenzyme. At temperatures above 90°, typically in the first denaturation step, the modifier dissociates from the
enzyme, and the enzymatic activity is restored. The advantage of an antibody-mediated hot start is the immediate releaseof
enzyme activityat the start of the reaction by a veryshort heat incubation step. However, antibody-mediated hot-start
chemistries tend to be lessstringent when compared with chemically activated enzymes ifthere isa large excess of active
polymerase molecules.

NAT ASSAYS

This section describes the basic techniques of PCR, nested PCR, and RT-PCR and procedural modifications that allow
semiquantitation.

Polymerase Chain Reaction

The PCR technique is based on a three-step process: denaturing double-stranded DNA (dsDNA) into singlestrands (ssDNA),
annealing primers to the ssDNA, and enzymatic extension of primers that are complementary to the ssDNA templates. Each
step is usually carried out at a different temperature. By cycling the temperature steps many times (usually 30 to 45 times), a
billion-fold amplification of the target nucleicacid can be achieved, but the optimal number of cycles should be determined
empirically. Insome cases, especially where sensitivity is more important than false positive results due to excessive cycling,
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such as in blood screening, extra sensitivity can be gained by increasing the number of cycles to 60 to ensure that extremely
low levels of target are detected. In a typical reaction, PCR product (amplicon)doubles at each cycle of amplification
(exponential amplification). The increasein amplification in the earlycycles follows a sigmoidal curve. In later cycles, the
concentrationsof the template strands and amplicons favor template strands re-annealing insteadof PCR primerannealing to
the template. Atthis point the concentration of the PCR product no longer doubles after each cycle, and the curve begins to
plateau. Athermostable enzyme such as Taq-polymerase is a prerequisite because temperature cycling at 95° (the typical
temperature step used to denature double-stranded templates) would inactivatea thermolabile polymerase.

NESTED PCR

An earlyvariation of the PCR assaywas nested PCR, which was designed to increasethe assay's sensitivity and specificity. In
this procedure amplicons from the initial PCR reactionare subjected to a second round of amplification usinga differentset of
primers. This set of primers isspecific to the ampliconsequence but iswithin the firstset of primers (nested primers). The
advantage of amplification with two sets of target-specific primers is increasedspecificity (any nonspecific amplification during
the firstamplification round would be reduced) and increased sensitivity (due to initial amplification of the target in the first
amplification round). Inaddition, amplification ofa product of the expected sizeistaken as confirmation of the presence of the
target. However, a major drawback of this procedure is the high likelihood of cross-contamination due to the increased
manipulation of ampliconsgenerated in the first round of amplification. The use of highlyspecific primers and probes and the
optimization of reaction conditions have resulted in the diminished applications of this procedure for routine testing, but the
procedure is sometimes used for samples that are difficult to amplify by conventional PCR.

RT-PCR

In amplifying RNA targets, analysts prepare cDNA before the amplification step (RT-PCR). One-step and two-step RT-PCR
proceduresare available. Inone-step RT-PCR the reverse transcription of RNA into cDNA and the subsequent amplification step
are carriedout ina singlereactionwithout intermediateprocedures.Therefore the reactionmixtureforone-step RT-PCR includes
the gene-specific amplification primersthat are used for both reverse transcription and amplification. The advantage of this
procedure isthe overall reduction in handling time, increased throughput, and reduced contamination risk because reopening
the reactionvessel is not necessary. Incontrast, in two-step RT-PCR the reverse transcriptionand amplification are performed
as two separate steps. Ingeneral, random primersor oligo-d(T) primerrather than gene-specific primers are usedfor the reverse
transcription step. An aliquot of the cDNA synthesis reaction is then transferred into the NAT reaction for subsequent
amplification. The advantage of this procedure is the standardization of the reverse transcription reaction, which can be used
as a singlesource for the analysis of multipletranscripts in gene expression analysis.

DETECTION OF AMPLICONS

Following amplification, analysts can employ a variety of proceduresfor detection of the amplicon as described in detail in
the general information chapter, Nucleic Acid-Based Techniques-Extraction, Detection, and Sequencing (1126).These include
agarose gel electrophoresis with ethidium bromide or other dyes, capillary electrophoresis, and laser-induced fluorescence and
hybridization followed by chromogenic detection such as streptavidin horseradish peroxidasedetection, chemiluminescence,
or fluorescentdetection using labeled probes.
Quantitation-The original PCR and RT-PCR assays were qualitative and detected ampliconsat the end of the reaction. Such
detection is not easy to quantitate because at this stage the amplification is in a plateau phase at the end of the assay, and the
amount of amplicon is not necessarily directly related to the quantity of the starting template. Several approaches have been
deployed to attempt to overcome the shortcoming of PCR to produce reliable, quantitative results. Initial attempts at
quantitation relied on assessing the amount of amplified DNA during the earlyor exponential part of the assay, but this
procedure wasfraught with problems because the aliquotshad to be takenfrom the reaction mixtures at regular intervals, thus
greatly increasing the risk of cross-contamination. One of the earliestand most straightforward approaches to quantifying PCR
products was to measure the amount of amplicons that were generated during the exponential phase of the reaction by
comparing this to a serially diluted external control. Several aspects, including variability in sample preparation and variations
in reaction conditions, however, hampered this approach. Because of the exponential amplification of NAT procedures, even
small errorsor variances can lead to distinct differences.

Compared with dilution procedures, competitive PCR proved to be a much more preciseapproach to achieving reliable
estimates of the originally present target molecules. This procedure relies on the simultaneousco-amplification of a specific
target sequence inthe presenceof increasing concentrationsofan exogenous target molecule(control) whichsharesthe primer
binding siteswith the target sequence but whose sequence isslightly modified or shortened in order to facilitate discrimination
from wild-type amplicons. Inaddition, the concentration of the control is known.The close sequence homologyand similar
sizeof the control and target ampliconsare designed to ensure that the template and internal control are amplified with
comparable efficiency. The relative strength of the amplicon bands of template and control can be assayed, for example, on
ethidium bromide-stained agarose gels, giving a relatively precisequantitation of the wild-type target. Adrawbackof this
approach isthat the internal control and the template should be present in the reaction in approximately the same quantity in
order to yield correct results. The development of real-time, quantitative PCR has eliminated the variability associatedwith
quantitative PCR, thus allowing the routine and reliable quantification of PCR products.

REAL-TIME PCR AND REAL-TIME RT-PCR

Although gene quantitation by quantitative PCR was a widely used procedure, its applications were expanded bythe advent
of real-time PCR and real-time RT-:-PCR. Real-time PCR displays the same advantages as standard quantitative PCR-sensitivity,
specificity, and a wide dynamic range-but the real-time procedure offers the additional advantage of requiring no post
amplification processing because it combines amplification and detection in a singlestep. Real-time PCR collects data
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throughout the amplification process by measuring a fluorescence signal created as amplification progresses.A multitude of
fluorescencechemistries allows the correlation of generated PCR product to fluorescence intensity. In principle, fluorescence
intensity will increase with every cycle performed. Once the intensity isgreater than background fluorescence, the so-called
cycle threshold (Ct) value isachieved. Thisvalue, which represents the first cycle in which there isa detectable increase in
fluorescenceabove the background level, is used to measure relative or absolute target quantities. The C,value is inversely
proportional to the number of target molecules in the sample and thus provides a means to quantitate the amount of target
in the starting material (Le., the greater the number of target molecules present, the lower the C,value).

The reactionconditions for real-time PCR applicationshave to take into account the presence of the probe(s) and will require
optimization.The most commonly used probes currentlyare hydrolysis probes, although hybridization probes are an alternative.
In most cases, the amplification and detection steps can be combined into a two-step cycling reaction, but these conditions
have to be optimized. In contrast, DNA-binding dyes which may also be used for amplicon detection require separation of the
annealing and extension steps since the dye binding occurs during the extension step which is usually done at 72°.

Afluorescent DNA intercalating dye is used for detection of the PCR product in real-time mode. This dye emits light when
bound to double-stranded DNA and the subsequent increase in fluorescence can be detected by real-time PCR instruments.
Dyes that bind to dsDNA bind not only to the specific PCR product but also to artifactssuch as nonspecific PCR products and
primer-dimers. Analysts have observed substantialdifferences in the specificity of dsDNA-binding dyes in use with real-time
PCR kits. Therefore, some analysts recommend verifying the presence of a singlePCR product by gel electrophoresis to
determine the correct size of the PCR product. Also, a melting curve analysis isadvisableto ensure the absence of artifactsthat
could contribute to the fluorescent signal and thereby lead to misinterpretation of quantitative data. Alternatively,
sequence-specific labeled probes can be employed. Awide varietyof fluorescence-labeled probes and primers existfor use in
real-time PCR and are described in the next section.
Real-Time PCR Probes-The difference between conventional PCR and real-time PCR is the presence of a third chemically
synthesizedoligonucleotide, the probe, which,for the most basichybridization probes, contains sometype of reporter molecule,
usually a fluorescent molecule or fluorophore. Non-nucleic acid materialscan be added to chemically synthesized DNAs that
are then incorporated into oligonucleotide probes for real-time PCR. Other applications include hybridization probes such as
those used for fluorescence in situ hybridization (FISH) and microarrays and probes designed to capture other nucleicacids.A
challenge arises in using fluorescent probes for real-time PCR because the unbound or free probe is not removed before
detection, thus requiring a means to distinguish between signal obtained from bound and free probe. In contrast, FISH assays
involve washing away free probe following hybridization.

All of the issues associated with primer design for conventional PCR apply to real-time PCR primers as well as to the probe
sequence. As a general rule only two additional considerations apply to the probe sequence. One of these is thermodynamic,
and the other specifically concerns the reporter moieties themselves.Thermodynamically, a good probe molecule that is
designed to bind in the sequence somewhere between the two PCR primers will have a Tm that isabout 5° higher than that of
the two primers. In the large majorityof cases the amplicon will be between 100 and 500 DNA bases in length, although for
real-time PCR a smalleramplicon between 100 and 150 bases long resultsin a more efficient reaction.Thus it israrely a problem
to find a sequence inside a PCR amplicon that meets the necessary criteria.

Current probe designs overcome the problems of background from unbound probe using simple hybridization probes. In
the originaldesign, two probes that hybridizeto adjacent sequences on the target nucleicacid are labeled.The reporter moiety
isa fluorescent molecule attached to the 3' end of the upstream probe sequence, and a second fluorescentmoleculeisattached
to the 5' end of the second probe. Excitation of the 5' fluorophore with light energy of the proper wavelength results in
absorption of that energy, followed by emission of light energy of a slightlylonger or lessenergetic wavelength (Stoke's Law).
Thisemitted energy then excites the 3' fluorophore if it isclose enough to the emitter and compatible with it in the sense that
the emitted energy from the 5' fluorophore can excite the 3' fluorophore. When this occurs, the observed fluorescent light
wavelength will be that of the acceptor moleculearid not that of the donor. Fluorescence absorption and emission spectra are
readilyavailable for allof the commonly used fluorophores, and the onlyapplicable rulesare that the two fluorescent molecules
must be fewer than 40 DNA bases apart and that the emission spectrum of the donor must overlap the absorption spectrum
of the acceptor. Thus hybridization of the two probes, also known as hybridization probes or FRET probes (Fluorescence
Resonance Energy Transfer), results in the emission of a fluorescentsignal by the acceptor, and the latter signalcan be detected.
In the absence of hybridization, the probes are sufficiently separated in solution so that energy transfer cannot occur, and only
background fluorescence is emitted by the donor.

Issues of fluorophore compatibility have been resolved by the increased use of a special class of moleculecalled a quencher.
Quenchers are fluorescent moleculesthat absorb fluorescence energy over a wide range of wavelengths. Instead of re-emitting
that energy as light they simplydissipate it as heat. Thus, ifa quencher molecule is placed at the 3' end of a probe and a
fluorophore at the 5' end, the probe will remain dark even when excitation energy is present so long as the molecule remains
intact (hydrolysis probes). These probes utilize the 5' nuclease activity of the DNA polymerase to hydrolyze a probe bound to
its target amplicon. Cleavage results in separation of the reporter and quencher and permits fluorescence of the reporter. This
reduces much of the work of optimization of the assayconditions (since only a single probe is used) and background noise
generated with two probes.

Avariationon hydrolysis probes involves placing the reporter and quencher molecules on a singleoligonucleotide that is
constructed so that, in the unbound state, the quencher and reporter are in close proximity, resulting in efficientquenching of
the reporter. When the probe hybridizes to its complementary sequence on the amplicon, the probe undergoes a
conformational change that forces the quencher and reporter apart, permitting fluorescenceof the reporter. Avariation on
these kinds of probes is a combined primer and probe in which, again, the quencher and reporter are in close proximityin the
native probe, thus resulting in no signal. Priming and subsequent elongation of the primer-probe results in hybridization to
the newlysynthesized DNA strand, causing spatial separation of the quencher and reporter and resulting in the generation of a
signal.
Probe Labeling-Modern synthetic oligonucleotide modification chemistriespermit the manufacture of oligonucleotideswith
non-nucleicacid materials. Placement of modifications iscarried out in one of two ways: during synthesis or after synthesis. For
the former, modifications are constructed in such a way that they behave like the four DNA or RNA bases that are routinely
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placed in the sequence. The modification isthen presented in the desired location during the synthesisas ifit were just another
base in the series. In the latter, usually employed when more than one modification occurs, the synthesiscontains a linker, such
as an amino group, to which the desired modification is then attached. This process isoften called "hand-tagging."

Perhaps the best-known example of hand-tagging is the conventional dual-labeled probe used in real-time PCR. The
quencher is placed at the 3' end of the sequence during synthesis, and the fluorescent reporter molecule is hand-tagged to an
amino modification at the 5' end of the sequence after the synthesis isfinished and has undergone purification. Some
modifications, such as biotins, are designed so that multiple modifications can be carried out in a single synthesis. Thus, it is
possible to modifya synthetic DNA or RNA sequence to contain a number of different non-nucleic acid molecules. Acost is
associated with such modifications insofaras alterationsoften are achieved with a loss of mass due either to an inherently lower
efficiency of modificationsto bind to the oligonucleotideas compared,with standard DNA or RNA bases or to the requirement
that the synthesis must be purified before modification, after modification, or both.

The benefits of modifyingsynthetic DNAs or RNAs usually outweigh the costs. The standard, quenched, dual-labeled,
real-time PCR probe has permitted precisequantification of gene expression. Fluorescently labeled DNA oligonucleotidesare
also essential components of insitu hybridizations and microarrays. Some modifications confer increasedthermal stabilitywhen
synthetic DNAs or RNAs are hybridized to complementary DNAs or RNAs by comparison with unmodifiedDNA-DNA and DNA­
RNA duplexes. These analogues include peptide nucleicacids, 2'-fluoro N3-P5'-phosphoramidates, and 1', 5'-anhydrohexitol
nucleicacids.Although such analogues succeed to varying degrees inachieving increasedthermal stabilities, they fail to provide
enhanced target recognition. Another approach isto use base analogues such as locked nucleicacid, which isan analogue that
contains a 2'-0, 4'-C methylene bridge. This bridge restricts the flexibility of the ribofuranose ring and locks the structure into a
rigid bicyclic formation, conferring enhanced hybridization performance and stability.

The modification of a probe typically isgoverned by its intended use. Generally, fluorescent reporters are used in real-time
PCR and for in situ hybridization. The range of available fluorescent reporters covers the spectrum from 517 nm to 778 nm.
For hybridization probes, base modifications are preferred because these primarily alter thermodynamic interactions between
bases, leading to improved specificity. Amino attachment groups, both with and without C-spacers, are used to attach other
modifications to DNA sequences and to attach DNA sequences to solid surfacessuch as glassslides. Anexample is the
attachment of biotin molecules to DNA sequences. Biotin forms a strong bond with streptavidin-coated materialssuch as
magnetic beads, allowing capture of specific nucleicacids that may themselves be hybridized to other molecules.
Quantitation-PCR products may be quantified using a standard curve drawn from replicate serial dilutionsof a reference
reagent or standard for the nucleicacid sequence of interest. The concentration of the nucleicacid in the reference reagent is
known. Real-time PCR quantitation based on a standard curve may utilize plasmid DNA or other forms of DNA. However, the
efficiency of PCR must be the same for the standards and the target samples. Performing PCR from purified targets can in some
cases be more efficientthan performing PCR with complex nucleicacid mixtures. The cyclethreshold (Ct) values and
concentrations of the dilutionsof the reference reagent can be used to construct a standard curvefrom which the concentration
of the unknown sample can be estimated. When the assayrun conditions have been well standardized and the standard curve
for a particular target has been well calibrated, in subsequent assay runs it may be sufficient to co-amplify only two dilutions
of a reference reagent (usually dilutionscontaining known amounts of nucleic acid at high and low concentrations). These
dilutions, or calibrators, can then be used to quantitate any unknown samples by comparison of the C,values.
Multiplex PCR-Multiplex PCR describesthe simultaneousamplification ofseveralnucleicacid targets ina singleassayreaction.
This is a particularly demanding variationof PCR because it requires the use of a single set of reaction conditions for the
amplificationof multiple targets with differentsequence characteristics. Additional complicationscan arisedue to the increased
chance of nonspecificamplification products arislnq from multipleprimer interactions. Inaddition, the differing individual target
amplification efficiencies can result in weaker reactions being out-competed by stronger, more efficient reactions.

Both qualitative and quantitative applications of multiplex PCR have been described in the literature, as have multiplex
RT-PCR assays. Quantitative multiplexPCR relies on either the generation of multiplestandard curvesto enable quantitation of
each target in the assay, or the inclusion of internal competitor sequences that can be used as calibrants.

Hybridization kinetics of primersand probes may be significantly different, even when designed using the same algorithm.
This leavesthe analyst with very limited room to optimize reaction conditions. However, optimization may include adjustment
of DNA polymerase amount, Mg2+ to increase hybridization efficiency, or primer concentration. Especially in real-time PCR,
optimization of primer concentration is critical for quantitative co-amplification of target genes. These are contained in the
sample at significantly different amounts. Increasing hybridization efficiency of the primer-probe system can be achieved by
providing sufficientreagents, such as Mg2+, as well as adding a "molecular crowding" reagent that increases the effective
concentration of all reaction components in the mixture. Multiplex PCR is not only used for genotyping applications, but also
for quantitative real-time PCR because it offers several advantages over standard single real-time PCR reactions. Some of these
advantages are a minimized amount of sample used, increased precision through the use of an internal control (e.g.,
housekeeping gene) co-amplified with the target gene in the same reaction, no separate pipetting steps, and cost-effectiveness.

Most PCR assays, however, sufferfrom a common problem-that of minimizing differences in extractions or amplifications
between differentsamples. Multiplex PCR isuseful incaseswhere it iscritical to ensure that variability in quantitation ofdifferent
samples is not due to differences in nucleicextraction or amplification measurements (usually when one measures the
production of an mRNA species). Certain precautions and techniques can be employed to minimize these challenges; they are
discussed in the next section on normalization of assay results.
Normalization of Assay Results-To minimize the effectsof assayvariables, analystssometimes use a relative quantitation
procedure that normalizesthe target transcript level to a control that can be employed and compared for all samples included
in the gene expression study. Probablythe most reliable and most frequently used relative quantitation procedure relies on the
measurement of "housekeeping" or control genes to normalizethe expression of the target gene in a multiplex PCR format.
This procedure is preferred because the quantitation of both the housekeeping gene and the target gene are influenced by
varying cDNA synthesis efficiencies or the presence of enzyme inhibitorscontained in the sample. However, it should be noted
that the efficiency of conversion of target RNA to cDNA is not necessarily consistent even within a single-tube reaction but isa
function of primer design, target sequence, etc. which may differ between target and housekeeping genes. The selection of
appropriate control genes can cause problems because they may not necessarily be equallyexpressed across all unknown
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samples and may vary under experimental conditions. Normalizing measurements to a set of housekeeping genes in order to
avoid the problem of variability may circumvent this concern. Alternatively, analysts can establish a thorough evaluationof
housekeeping genes that do not alter gene expression levels under the experimental conditions.

All the NAT techniques described thus far are variations on the PCR assay, which is the most widelyused of the NAT
techniques. However, isothermalassays that are based primarily on the amplification of RNA are used for routine purposes.This
is known as the transcription-mediated amplification (TMA) assay, which isclosely related to the nucleicacid sequence-based
amplification (NASBA) assay. Bothassays are described in more detail in the following section.

NUCLEIC ACID CEQUENCE-BASED AMPLIFICATION AND TRANSCRIPTION-MEDIATED AMPLIFICATION

Both NASBA and TMA relyon in vitro isothermal amplification for detection and amplification of nucleic acids, also referred
to as self-sustained sequence replication or 3SR. The major difference between the assays is that NASBA uses three enzymes­
reversetranscriptase (RT), RNA polymerase, and RNase H-whereas TMA usesonly two enzymes: RT and RNA polymerase. The
complete procedure generallyis performed at 41° to 42° using two primers. Both NASBA and TMA are especially suited to
amplifying RNA analytes, including rRNA, mRNA, pathogens that have RNA as their genetic material, as well as DNA targets.

One of the primers that has a promoter sequence for the RNA polymeraseat the 5' end binds to the RNA target and is
extended via the DNA polymeraseactivity of the RT. The product of this reaction isan RNA-DNA hybrid. RNase Hactivity then
specifically digests the RNA strand of the hybrid, leavingonlythe cDNA to which the second primercan bind. Acomplementary
strand of DNA is then synthesized by the RT, resulting in a dsDNA moleculewith a T7promoter at the 5' end. The T7 RNA
polymerase then transcribes multiplecopies of the RNA amplicon. The RNA copies may undergo the same cycleto create new
duplex DNA moleculeswith a T7 promoter from which many moleculesof RNA are transcribed. Thus, unlike the action of PCR,
the amplicon amplified in this case isof an RNA species. .

Some of the characteristics of this technology are that only relatively short target sequences can be amplified efficiently
(around 100-250 nudeotides); it uses a single temperature, which eliminates the need for special thermocycling equipment;
the fidelity of the technique iscomparable to that of other amplification processes; and the RNA amplicons are exponentially
amplified. Carryovercontamination is minimized because of the labile nature of the RNA amplicon in the laboratory
environment. Containment procedures built into the assay procedure further help to minimizecontamination. Detection of
amplicons is typically achieved by the use of labeled probes and, in TMA technology, a common method isdetection of
chemiluminescent signalsfrom hybridized probes that remain intact during the subsequent alkaline hydrolysis step used to
destroy free probe.

The NAT techniques described, both PCR and TMA, are optimized for amplifying specific, smallfragments of a genome. In
cases when whole genome amplification isdesirable, such as for mutation analysis or identity testing, modifications of the PCR
procedure are necessaryin order to ensure adequate sequence representation of genetic loci, as described in the following
section.

WHOLE GENOME AMPLIFICATION

Historically, whole genome amplification (WGA) has been performed using modified PCR procedures.Theseprocedures have
relied on the nonspecific amplification of the genome using primersthat bind under low-stringencyconditions to the DNA
template. PCR-based approaches differmainlyin terms of the type of primer employed in the reaction: in
primer-extension-preamplification (PEP), short 15 base random primersare used in an initial cycling reaction at lowstringency
to make multiple random copies of segments of the genome. This product is then used as target for the specific PCR reaction.
Amplification bias of favorable sequence contexts leading to uneven representation of the genome is the major drawback of
this technique. The generation of increasingly shorter fragments during each round of amplification is a further drawback.
Another procedure calleddegenerate oligonucleotide primed-PCR (DOP-PCR) uses tagged primersand low stringency
amplification for the firstfew cycles of amplification followed by an increase in annealing stringency in later cycles. The tagged
primers are characterized by defined sequence tags at the 3' and 5' ends and a random sequence in the centre of the primer.
Under the later, more stringent conditions, the target DNA fragments generated during the first cycles containing the
amplification tag sequences are amplified preferentially without anyfurther shortening of the fragment length. PCR-based WGA
typically employs Taq-Iike polymerases that possessthe disadvantage of introducing variations into the amplified DNA due to
their relatively low processivity and fidelity which become compounded by the very high number of amplification cycles used
in these methods. This may cause problems in downstream applicationssuch as genotyping analysis. These limitations as well
as the relatively poor sequence representation of genomic loci inherent to PCR-based WGA can be overcome by an isothermal
reaction called multiple displacement amplification (MDA).

The enzyme that is used for MDA comprises a high processivity polymerasewith proofreading and strand-displacement
activity. The isothermal reaction is performed at 30° without any change in reaction temperature. The reaction starts with the
annealing of multiple random primers to the target DNA and elongation of the primers using a DNA polymerasefrom the
Bacillus subtilis phage Phi29. Because the polymeraseisable to displace DNA strands ina 5'-3' direction, the polymerasereaction
is not stopped when the elongating strands meet downstream DNA strands. The displaced DNA strand serves again as a target
for multipleprimed elongation reactionsso that the DNA template isamplified exponentially ina branched-like manner, yielding
high molecular weight DNA with a good representation of the genomic loci. Compared with PCR-based WGA, the error rate
is very low. In particular, the mutation rate of repetitivesequence structures is low because of the limitedstrand-displacement
activityof Phi29-polymerase. This permits reliable genotyping of genomic DNA (e.g., SNP analysis, mutation analysis, identity
testing, or analysis of case work samples) on different platformssuch as real-time PCR or array analysis.
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Thedevelopment of the numerousand varied NAT techniques described in this chapter has been facilitated bythe evolution
of instrumentation that has served to automate these complex procedures.Ageneral description of the majorchanges in
instrumentation isdiscussed in this section. .

The continuous control of the temperature steps necessary to achieveexponential amplification for PCR assays iscarriedout
by fully automated thermocyclers that consistof a heating blockin which the temperature can be rapidly cycled. Temperature
changes are induced by water, or more recently, by usingthe Peltier effect. Theseinstruments maybe coupled to a fluorometer
apparatus ifthey are used for real-time PCR analysis. Inthe latter casecertain instrumentsare equipped with a rotor devicethat
is heated and cooled by air instead of a metal block that typically is used as a heating module. In the case of endpoint PCR,
PCR products are usually analyzed according to size on agarose or polyacrylamide gels, or by capillary electrophoresis using
fluorophore-Iabeled primers. They may also be analyzed by an array-based approach or other hybridization procedures.

Because no post-PCR processing or label-separation steps are required, real-time PCR assays are simple to perform, making
them useful for high-throughput applications. Real-time PCR instrumentscombine the propertiesof a thermocycler and a
fluorometer to allow determination of PCR products by fluorescence measurement. In each PCR cycle, either one or several
fluorescence readouts are taken to monitor the PCR reactionfor generation of amplicons, usually at the extension step of the
PCR reaction.

Real-time PCR instruments vary with regard to simultaneous sample throughput (32-384 reactionvessels), sample volume
(5-100 ut), excitationsource, and detector used.Thesecompositions definethe suitablerange offluorescent dyesfor multiplex
real-time PCR as well as sizeand heating/cooling principle (see above). The excitation source of real-time thermocyclers is
either a laser-based system, halogen bulbs, or light-emitting diodes (lED). Opticalfilters are used to select the wavelength of
interest. In most instruments, the emitted light isdetected by a charge-coupled device (CCD) that consists of an array of
light-sensitive cells. Light projected onto the CCD isconverted to an electriccharge, resulting in a signal that isproportional to
the light intensity.

Theversatility of the PCR assay has resulted in the widespreadand diverse use of this technique. With the advent of real-time
PCR, it has been possible to design high-throughput instrumentationfor automated testing. Similarly, the TMA assay has also
been automated. Such technology is used by laboratories doing high-throughput, highlyregulated testing, typically blood
screening for hepatitis C virus (HCV) or human immunodeficiency virus-1 (HIV-1) because automated tests are ideal in a
regulated environment where minimum human intervention isrequired.The use of NAT in a highly regulated environment has
resulted in the development of guidancesfor managing the qualityassurance(QA) and qualitycontrol (QC) aspectsof testing,
as well as the validation of systems and assays as described in the following section.

QUALITY ASSURANCE AND QUALITY CONTROL FOR NAT

This section servesas a general guidance for the development of laboratory- and procedure-specific QCand QA procedures
for NAT. Aspects such as waste management, management of radioactive material, or working with hazardous material are not
covered. NAT isa technology that offers extreme sensitivity with its ability to generate millions of amplicons from as little as a
single nucleicacid template, resulting in a detectable signal. The advantages of this technology can be offsetby the necessity
of establishing complex assayprotocolsand the requirement to follow carefully verystringent QC/QA protocols. Deviation from
these protocols can cause major problems, such as false positive results due to the contamination of templates by amplicons
generated in previous assayruns. Similarly, failure to control inhibitors could lead to suboptimal amplification and possible false
negative results. Given the myriad factors that can greatly influence the outcome of a NAT assay, all aspects concerning NAT
need to be covered byappropriate and stringent QC/QA procedures.This requires careful facility design,workflow, and selection
of equipment suitable to the purpose. Data recording, record keeping, and data interpretation are other aspects that should
be covered byQC/QA. Thus,QA for NAT assays includes assayvalidation, establishmentofacceptance criteria and specifications,
and adherence to good manufacturing/laboratory practices. Theseaspects are alsodescribed in this section. Inaddition,
referenceshould be made to other published quidelines such as the ICH Guideline Validation ofAnalytical Methods:
Methodology (Q2B) and the NCClS Guidelines.

laboratory QC/QA

An NAT laboratory should be designed and operated in a manner that prevents contamination of reactions with products
from previous amplifications (carry-over) as well as cross-contamination between samples. Historically, the application of PCR
required strict separation of the various steps of the assay in order to prevent cross-contamination of PCR by amplicons. This
was necessary because earlyproceduresfor analysis of PCR products involved the transferof the product, which potentially
could lead to contamination. Therefore, in an open system the best measure to prevent contamination has been the strict
separation of working areas for individual processsteps. This includes individual areas for template preparation, master mix
setup, distribution of the master mix to individual reactionwells and addition of template, space for cycling the PCR assays and,
optionally, a separate work space for PCR product analysis. These requirements are not necessary with closedsystems. With
both open and closedsystems it isstill necessary to take additional precautions.Thesesafetymeasures include UV illumination
of workspaces overnight to inactivate residual DNA by crosslinking. Incase of contamination, laboratory benches and pipettes
can be decontaminated by cleaning with a 10% solutionof commercial bleach, which usually containsabout 5% sodium
hypochlorite, taking appropriate safetymeasuressuch as wearing gloves and eye protection. Afterwards, benches and pipettes
should be rinsed with distilled water. Aunidirectional workflow will reduce the opportunity for contamination to occur. Also,
no materials, supplies, or equipment should be exchanged between designated working areas or rooms.
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Other good laboratorypractices that are relatedto the prevention of carry-over contamination include the use of suitable
and cleanequipment. Generally, disposable consumables (tubes, pipette tips, etc.) are highlypreferable to reusable equipment.
The use of disposable tips containing hydrophobicfilters is another veryeffective measure to minimize cross-contamination.
All samples, primer, probes, etc. must be labeledwith relevantinformation such as identityof the content, date of use or
preparation, expiration date, concentration, and storage information. Dedicatedlaboratorycoats or disposable labcoatsshould
be available in each room (or section) of the NAT laboratory. Appropriate gloves should be used during all processing steps to
preventsamplecontamination.Theglovesshouldbe changed frequently. Because heat sterilization does not completely destroy
DNA, PCR products may lead to detectable contamination of, for example, glasssurfaces. Following unique sterilization
procedures for differentmaterials such as waste and glass laboratory equipment isadvisable.

Carry-Over Prevention with Uracil-N-Glycosylase

Contamination by PCR product carry-over can be mitigated by usingthe commercially available uracil-N-glycosylase (UNG)
procedure. The procedure involves substituting 2'-deoxyuridine 5'-triphosphate (dUTP) for 2'-deoxythymidine 5'-triphosphate
(dTTP) in the PCR setup and treating all PCR mixtures with UNG priorto PCR amplification, which can be easily incorporated
as a firststep into PCR cycling programs. Incorporating dUTP into the ampliconmakesthe PCR products biochemically distinct
from the native DNA template. The enzyme UNG cleaves the deoxyuridine-containing PCR products by opening the
deoxyribose ring at the C1 position. When thedeoxyuridine-containing DNA is heated during the first thermal cycle, the
amplicon DNA chain breaks at the positionof the deoxyuridine at the alkaline pH of the PCR reaction mixtureand thereby
renders the carried-over PCR product nonamplifiable. Thus, any previously generated U-containing amplicon that might have
contaminated another sample will become nonamplifiable. As a consequence, false positive results can be avoided. However,
it should be noted that UNG has concentration limits above which it does not fully remove PCR carry-over products.

VALIDATION OF ,NAT SYSTEMS

Assay validation isachieved by
1. ensuring the qualityand consistency of assay components, including primers, probes, and enzymes; (including shelflife

and contamination control) and
2. establishing the performance characteristics of the NAT assay in terms of reproducibility, accuracy, ruggedness,

robustness, specificity, precision, and analytical and clinical sensitivity.
The analytical sensitivity of an assayisdefined as the minimum concentration of a referencereagent or standard detected

by the test whilethe clinical sensitivity of a test isdetermined by testing clinical specimensand determiningthe 95% LOD. The
clinical sensitivity of a test is not necessarily the same as the analytical sensitivity. The closerthe reference or standard material
is to the samples being tested the closerthe correlation.

The principal steps of assayvalidation are
1. sample preparation;
2. consistent production of critical reagents;
3. use of controls, calibrators, and quantitation standards;
4. specimen and reagent stability;
5. functionality of instrumentsand software;
6. operator training; and
7. laboratorysurveillance for proficiency.
Following assay validation, further QA is necessary to monitor specifications and functional characteristics that have been

established by the use of well-characterized reagents of known potency.

Quality Control of Reagents

DNA TEMPLATES

The test specimens used are usually, but not limited to, whole blood, plasma,and serum. Specimen preparation isa key step
in the NAT assayand has a major influence on the performanceand variability of the assay. Specimen collection isthe first step
in sample preparation. QC/QA staffshould carefully evaluate the effects on the integrityof DNA of collection tubes and
temperatures during sample transport. To prevent cross-contamination during specimen collection, aseptictechniques should
be used along with closedsamplingsystems inorder to avoidspecimen contamination.Theuse ofappropriatesample handling
techniques, temperature conditions, and anticoagulantsor preservatives should help reduce the risk of contamination.
Anticoagulants such as heparin or EDTA may interfere with the NAT assay.

SAMPLE EXTRACTION

The buffers, reagents, and detergent or chaotropic agents usedfor nucleic acid extractionshould be evaluatedfor inhibitory
effectson the NAT assay. Extraction controls, including spiked materials, should be included to monitor the efficiency and
reproducibility of the extraction method. Reproducibility of the sample preparation method should be determined under the
specimen processing conditions, including sample handling, storage, and shipping conditions. DNA isgenerally stable, but
personnel should take care to avoid storage at refrigerated temperaturesfor extended periods of time to avoid sample
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degradation. Repeatedfreeze-thaw cycles can sometimescause DNA fragmentation. Inthe casethat the target isRNA, it should
be noted that RNA isvery unstable and specimensshould be frozen.

PRIMERS

Primers and probes should be qualified in terms of purity, identity,and functional potency. Purity can be assessed by use of
HPLC or massspectrometry; identitycan be established by sequencing; and functionality can be established by the use of
referencereagents. However, in many cases,these methods may not be available for in-house testing. Inthese cases, it may be
sufficient to compare lot-to-Iotvariation of purityand functional potency using relevantmethods available in-housecoupled
with the use of reference reagents.

DNA POLYMERASES

The functionality of enzymesshould be determined using reference materials. Enzyme preparationsshould be tested for
other enzymaticactivities; for example, exonucleases and DNA- and RNA-dependent polymerase activities and specifications
should be established.Lot-to-lot comparison,as well as comparisonwith the manufacturer'sCoA should also be done. Storage
conditions recommended by the manufacturershould be strictly followed, and appropriate controlsshould be used to monitor
the stability of enzymes.

Run Controls

Theuseofcontrolsaffords the operator assurancethat the assayhas performedwithinaccepted specifications. In PCR testing,
several steps in the testing process, as outlinedabove, shouldbe monitored and verified. Multiple controlsor controlsthat serve
multiplepurposes may be needed for a PCR assay. Controls should reflectthe specific technology under development but
should typically allowmonitoring of ultracentrifugation, extraction, amplification, hybridization, quantitation, contamination,
etc. Controls should be similar to the specimen type wheneverfeasible, although spikedcontrols may be acceptable.

Anegative control is one that does not contain the target sequence or pathogen that is being tested. It should resembleas
closely as possible the sample matrixunder testing. Multiple negative controls should be examined, including nontarget
sequences and nucleicacid-free controls to monitorfor false positives resulting from contamination. Because of the high
sensitivity of amplification assays, QC/QA personnelhighly recommend that sponsors includecontrol measuresfor the
prevention of contamination events.

Apositive control isone that contains the target sequence of interest. It should resembleas closely as possible the specimen
matrix being tested and should contain an appropriate and defined amount of target sequences. (e.g., kitcontrol).

Specifications for both positive and negativecontrolsshould be provided,as well as validation data supporting the proposed
assaycut-off/reportingthreshold valueor the assay's limit of detection. The laboratoryshould define the source of the controls
and calibrators and have a plan for their continued renewal. Controlscan be infectious or non-infectious. In the latter case,
validation of viral inactivation should be provided.

Reagentcontrols are often referred to as blanks and could includesamples that have no target sequence, no enzyme, no
primers, etc. These controls provideadditional information about problems encountered in PCR assays.

An internal control isadded to each specimen to ensure the overall validity of the individual test results. Internal controlsare
used to verify sample extraction, amplification, .and detection.

External Quality Assessment and Proficiency Testing

Quality assessment of the laboratory isachieved by participation in periodic competency assessmentand laboratory
proficiency programs. The latter should include the testing of referencereagents and well-characterized panels to measure the
technical proficiency of operators. Therefore, care should be taken to prevent cross-contamination, to monitor workflow, and
to ensure careful specimen and test sample handling. Evaluation of operator proficiency should include participation in
competency and quality assessmentprograms. Each operator in a particular laboratoryshould participate in such programs
and should demonstrate comparable results.

Data Management

Completeand consistent documentation of all activities performedand alldata generated isnecessary. Suchdocumentation
does not only require the maintenance of recordsof the data generated through sample testing but also information about
reagents and equipment calibration and maintenance. Moreover, any alteration in the assay procedure needs to be introduced
through a planned change control processand documented in such a way that change can be assessed by an independent
party.

(1128) NUCLEIC ACID-BASED TECHNIQUES-MICROARRAY

INTRODUCTION

Microarrays are microscopic spots of DNA (measured in micrometers) arranged in an ordered manner (columnsand rows)
on a planar surfaceso that each DNA spot can be uniquely identified to facilitate an accurate analysis of the data. The DNA
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spots, also calledarray elements, are specific DNA moleculesof known or unknown sequences and can be of similar or different
nucleotide lengths. Samples of these mixtures are placed in fixed locations on the microarray.

Unlike conventional probes, which are a specific DNA or RNA sequence labeled with radioactive, fluorescent, or
chemiluminescent tags (see Nucleic Acid-Based Techniques-General(1125), Glossary), the array elements are referred to as
probes when the sequence information of the array elements is known, despite not being labeled. In this context, the target
refers to labeled nucleic acids in solutionsthat are hybridized to the array elements or probes. The purpose of a microarray
experiment is to identifythe sequence of these labeled nucleicacids and/or determine their content. Compendial applications
at this time are limited but may increasewith wider use of microarrays in diagnosticsand in drug discovery, development,
registration, and control applications. When used for compendial purposes, standard assaydevelopment and validation
approaches with availability of suitable referencematerialsare likely to apply.

Microarrays can range from hundreds to thousands of array elements (low density), tens to hundreds of thousands of array
elements (high density), to millions ofarrayelements (veryhigh density). Inaddition to the useof planarsurfacesfor microarrays,
the array elements can also be immobilized on individual support particles,such as beads. In these cases the arrayelements are
identified by the particlesthemselves rather than specific locationson an array.The advantages of using microscopic spots on
the array include high density, fast hybridization kinetics, and lowsample volumes. Microarrays greatlyspeed up the acquisition
of data, and in some cases increasethe predictive power of results, by comparison with conventional nucleicacid-based assays.
This isachieved by miniaturization, multiplexing, and parallel execution of nucleic acid-based tests that traditionally are
performed in tubes, plates, or capillaries as described in general chapter (1125) (see also Nucleic Acid-Based Techniques­
Extraction, Detection, and Sequencing (1126), Nucleic Acid-Based Techniques-Amplification (1127), Nucleic Acid-Based Techniques
-Genotyping (1129), and Nucleic Acid-Based Techniques-Approaches for Detecting Trace Nucleic Acids (Residual DNA Testing)
(1130».

The principleof microarrayanalysis isthe specific binding of the target DNA molecules to the probes or array elements. The
ordered arrayof rowsand columnsofspots allows highlyautomated detection and analysis. DNA microarrays are manufactured,
processed, detected, and analyzed in a number of different ways and have many applications. With the aid of computers,
laboratory automation, and high-resolution detection devices,microarrays produce largeamounts ofdata and are the analytical
tool of choice to unravel the molecularcomplexityof DNA or expressed RNA.

The basic principlesof nucleicacid amplification technologies (NAT) and definitions of the various techniques are described
in chapter (1127). The present chapter coversthe general field of microarrays, but detailed treatment of various
application-specific microarrays, including data analysis and validation,are excludedfrom thischapter at this time. Thefollowing
sections address the major applicationsof microarrays, sample processing, labeling, workflow, detection, and analysis of data.
Several of these sections, for example, sample preparation and labeling, overlap with chapters (1126) and (1127), and cross
references are made accordingly. Finally, regulatoryaspects of microarrays will be discussed.

GENERAL PRINCIPLES OF MICROARRAY EXPERIMENTS

Types and Applications

Microarrays are most widely used in three types of analysis: gene expression, microarray-based comparative genomic
hybridization (or array comparative genome hybridization, aCGH), and single nucleotide polymorphism (SNP). In brief, gene
expression microarrays generallymeasure messenger RNA in a cell; aCGH analyzes DNA copy number variations, chromosomal
additions, and deletions in genomic DNA; and SNP microarrays are used in genotyping to analyzesingle nucleotide
polymorphisms(see (1129». Within each type of microarray, various platforms, both manual and with various levels of
automation, are available. Table 1 summarizes the three major types and most common applications, as well as the target for
each application, the probe, and the complementary nucleic acid techniques (see (1126), (1127), and (1129».

Table 1. Major Types and Applications of Microarrays
Complementary

Types Application Target Probe Technology

Gene Expression Gene Expression mRf'JA Oligonucleotide/eDNA qRT/PCR, Northern Blotting

aCGH aCGH DNA Oligonucleotide/ Cytogenetic chromosome
CNV eDNNPae, analysis

Yae, Bae

SNP SNP Genotyping DNA Oligonucleotides Sequencing

SNP Amplicons Oligonucleotide Sequencing

SNP Oligonucleotide Amplieon Sequencing

GENE EXPRESSION MICROARRAYS

Gene expression microarrays are used to measure the relative level at which a certain gene isexpressed. Theyare a powerful
tool for target gene discovery, moleculartumor characterization,diagnosis,classification, treatment, and monitoring ofdiseases.
Underlying molecular subgroups that are active in diseases have been identified by observing distinct and recurring gene
expression subsets found within diseased tissues. Gene expression microarrays are also used to measure changes in gene
expression over a given period of time, e.g., within variousstages of a cell cycleor by identification of gene mutation(s) that
lead to cancerous growth. Another application for gene expression microarrays is the development of new drugs, e.g. by
measuring the down-regulation ofa gene associatedwith a particulardisease to monitor the effectiveness of a new drug. When
the expression levels from a set of genes are measured, the term gene expression signature (biomarkeror classifier) is used.
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Other examplesof biomarkers or classifiers are drug activity classifiers that are used to diagnose the mechanism of action of a
drug or toxicity classifiers that are used to diagnose and developdosage parameters for a patient.

ACGH MICROARRAYS

Incontrast to gene expression microarrays, aCGH microarrays target segments of DNA rather than individual genes (this is,
similar to chromosomal banding and traditional comparative genomic hybridization). In an aCGH microarray, the array
elements, which are large piecesof genomic DNA or specially designed oligonucleotides, are used to identify a known
chromosomal location or changes. The primaryadvantage of aCGH is the ability to detect DNA copy changes at multiple loci
in a single assay and to do so at a much greater resolution compared to traditional CGH. Dependingon their design, aCGH
microarrays providedistinct advantages over conventional cytogenetic analysis such as karyotyping and fluorescence in situ
hybridization (FISH) because they have the potential to detect the majority of microscopic and submicroscopic chromosomal
abnormalities. Compared to aCGH, these conventional cytogenetictechniques have lowthroughput, are labor-intensive, and
often requirespecially trained staffto perform tests in a consistentmanner. aCGH microarrays are alsouseful for the detection
of cancer by monitoringthe loci of oncogenes and tumor suppressorgenes.

SNP MICROARRAYS

SNP microarrays identify the presence of known sequence polymorphisms by analysis of the pattern of hybridization to a
series of probesthat are specifically complementaryeitherto wild-type or mutant sequences. If the SNP or set of SNPs associated
with a particulardisease are known, SNP microarrays can be usedto identify a diseaseinan individual. SNP microarrays provide
an efficient and inexpensive tool for simultaneously studying multiple genetic variations in multiple samples.

Design of Microarrays

Thefollowing sectionsdiscuss the designof the three typesof microarrays describedabove and the suitability ofthe materials
used for the microarray probes for each of the three types.

GENE EXPRESSION MICROARRAY

These microarrays are the most common type of microarray in use today. The arrayelements consistof either eDNA derived
from mRNA of known genes but of unknownsequence,oroligonucleotides for whichdetailedsequence information isavailable.
Oligonucleotides are preferred array elements because of the affordable cost of synthesis and the largeamount of sequence
information now available for specific genes or gene fragments. These can be arrayed in specific patterns to enable accurate
analysis of related gene sequences and gene families in a singlehybridization assay. The following general principles apply to
oligonucleotide design for gene expression microarrays:

1. Oligonucleotides should be 25-70 mers..
2. Oligonucleotides should includeappropriate controls (l.e.,oligonucleotides corresponding to sequencesfrom a different

organism).
3. All oligonucleotides should map to within 1000 nucleotides of the 3' end of cDNAs and shouldcorrespondto the coding

strand. .
4. Sequence repeats, stretches of polyA, G, C, and Tand extremes of TmS should be avoided.
5. Oligonucleotides should be compared to sequences in existing databases to avoid cross-reactivity (less than 70%

sequence identity with nontarget sequences is preferable).
In addition to oligonucleotides, PCR amplicons and double-stranded DNA (dsDNA) are also used as probes. However, the

PCR amplicons require purification to remove enzymes, salts, nucleotides, and other contaminants from the amplification
processthat could interfere with the binding of the probesand could also inhibit hybridization. In addition, the preparation of
dsDNA probes for spotting is labor intensive and expensive. Moreover, dsDNA probes can have repetitive sequences that
compromise hybridization specificity. When sequence information is unavailable, dsDNA remain the probes of choice because
unknown dsDNA probes can still be used to study gene expression.

ACGH MICROARRAYS

These microarrays traditionally use bacterial artificial chromosomes (BACs) of 100-200 kilo-base pairs per DNA segment as
the arrayelements. However, the large-scale DNA isolations or PCR amplifications of such large-insert clonesare elaborate and
time consuming. As isthe case in expression profiling applications, aCGH microarrays have transitioned from dsDNA targets to
oligonucleotide targets. Oligonucleotide libraries or ready-made microarrays can now be purchased, saving considerable time
and effort.

SNP MICROARRAYS

Depending on the application, SNP microarrays can use both ampliconsand oligonucleotides as probes. In one of the most
common formats to detect mutations in a gene sequence, the probe isthat of a singlegene in whichthe sequence differs by a
single nucleotide polymorphism from the sequence of the other probes for that gene in the same microarray. Forthe
discrimination of only one mismatch, short oligonucleotide probes (15-30 bp) maximize the destabilization caused by
mispairing and are therefore used for the detection of SNPs.
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Microarray elements are deposited onto a solidsupport, the most widely used of which isglass. Microarray manufacturing
can be divided into two main categories, direct synthesis of the probes on the microarray (in situ) or synthesisof the probes
before spotting on the microarray(ex situ). Insitu synthesis isgenerally used for higher density microarrays but is limitedto
nucleotides of approximately 25-100 bases. With increasing nucleotide length, the likelihood of truncated products increases
because of the limitedstabilityof building oligonucleotides in situ. In contrast, ex situ microarray manufacturing can put any
premade material into a microarrayformat, including oligonucleotides, PCR products (amplicons), complementary DNA
(cDNAs), and BACs.

The main techniques for in situ synthesis are photolithography, maskless lithography, and ink jetting. Microarrays are
generally manufactured commercially, although for a small number of low-densitymicroarrays, the end user can manufacture
the microarrays using a low-throughput microarray manufacturing robotic instrument (a personal microarrayer). However, only
maskless lithographyand inkjetting are available for end user manufacturing. Inphotolithography, a glasssubstrate containing a
photomask, which is chemically prepared so that particularnucleotides bind to specific positions, is used to synthesizethe
oligonucleotides on the substrate. The masks predetermine which of the nucleotides are activated when flooded with one of
the four types of nucleotides. The process is repeated until the required number of bases is synthesized. The manufacture of
these microarrays usescomputer algorithms and multiplespots to cover the gene of interest. Maskless lithography usesa digital
micromirrordevice that uses a solid-state array of miniature aluminum mirrors to create virtual masks that replace the physical
photomasks. Acomputer controls the desired pattern of UV lightvia individual mirrors. Each digitalmicromirror in turn controls
the pattern of UV light projected onto the glass in the reaction chamber, which is coupled to a DNA synthesizer. The UV light
selectively cleavesa UV-Iabile protecting group at the precise location where the next nucleotide will be coupled. The patterns
are coordinated with the DNA synthesis chemistry in a parallel, combinatorial manner so that hundreds of thousands of unique
oligonucleotides can be synthesized in a single microarray. Ink jetting is accomplished by bUilding up the nucleotides,
base-by-base, in repetitive print layersusing standard phosphoramidite chemistry. Inkjet heads similar to those used in
commercial inkjet printers are connected to bottles that contain the four different phosphoramidite nucleotides that make up
the building blocks of insitu nucleicacid synthesis. Theadvantages of inkjettingand maskless lithographyare flexibility indesign
and the abilityto make small batches of arrays quickly. -'

The two main types of ex situ manufacturing techniques are microspotting pins (contact printing) and piezoelectric printing
(noncontact). The technology excels at printing multipleprobes many times over numerous surfaces with one small-volume
loading of probe. Spot sizeand delivery volume are controlled by the sizeof the end of the tip, and manytip sizes are available. A
piezoelectric printing mechanism uses a small dielectric crystal in contact with a glass capillary that holds the sample fluid.
Application of the voltage resultsin ejection offluid from the tip, resultingin drop volumesfrom hundreds of picoliters to several
microliters.

General Experimental Considerations

Regardless of the type and application, all microarray experiments have a similarworkflow: amplification step, labeling,
hybridization, and wash steps, followed by scanning, quantitation, and reporting. The experimentaldesign determines the type
of microarrayused, number of spots required, and the specific sets of nucleicacids on the microarray. The experimental design
also influences the platform used, such as the number of spots, surface type, nucleicacid type, throughput, resolution, and
number of colors that can be detected in a single assay. Platforms can be open (support isavailable from multiplevendors) or
closed (support from a single vendor). In general, experimental designs that require a high density of spots and quantitation
are more difficult and expensive to implement than qualitative assays.

Microarray Sample Considerations

Sampleextraction, isolation, and preparation should be carefully chosen in order not to alter the ability of the resulting target
to hybridizeto the microarray. In general, sample preparation issuesare the same for microarrays as for other laboratory
techniques such as qPCR (quantitative PCR) and sequencing (described in chapters (1126) and (1127»). RNA, eDNA, genomic
DNA, and PCR products are some of the sample types analyzed with microarrays. In some genotyping applications, specific
alleles are used both as array elements and targets.

As with any nucleicacid technique, the qualityof the nucleicacid is critical for the microarray experiment. The nucleic acid
should be pure, intact, and accurately quantitated before use (1126). In particular, the presence of contaminating DNA in total
RNA samples may cause problems in microarrayanalysis because some labeling methods label both RNA and DNA with equal
efficiency. Forsome applications in which even trace contaminants with either RNA or DNA may interfere, pretreatment with
DNaseor RNase may be necessary. Forexample, contaminating, labeled DNA can hybridize with microarray targets leading to
high-level hybridization signalsthat are not derivedfrom RNA transcripts, thus resultingin an inaccurateestimation of the target
RNA concentration because both nucleic acid species are quantitated at the same wavelength.

Amajorconsideration inany microarrayexperiment isthe availability of adequate amounts ofsample nucleicacidfor analysis.
Forexample, sample from laser-capture microdissection, needle tissue biopsies, or other small clinical samples do not yield
sufficient RNA (for expression mlcroarrays) or DNA (for aCGH microarrays) and must be amplified before analysis. It is critical
that the amplification procedures for amplification of mRNA be so designed that the final mixtureofampliconsaccuratelyreflect
the distribution of mRNA species in the sample. Uniform amplification of genomic DNA for aCGH microarrays can be achieved
by the use of multipledisplacement amplification (MDA), which overcomes the nonuniformamplification of genomic DNA that
occurs in PCR-based amplification methods that use degenerate oligonucleotide primed PCR (DOP·PCR). ForSNP arrays where
specific alleles are the target of interest, nonuniform amplification is not an issue, and samples can be amplified (and labeled)
by PCR, multiplex PCR, and WGA (see (1127»).
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The targets for a microarray are a population of nucleic acidsthat are extracted from a sample and are appropriately labeled.
Many methods can be used for labeling targets (see (1127»), but fluorescent labeling isthe most widely used because it offers
high sensitivity and a superior dynamic range. An added advantage is the ability to detect two or more signals in a single
experiment. The method of labeling depends on the microarray type. The two methods used to fluorescently label targets for
gene expression microarrays, direct and indirect labeling, have been described in (1127). In general, the second method
(indirectlabeling), in which the label isadded viaa linker, requires less starting material and is less expensive. Published reports
have shown that this method yields results similar to those obtained from directly labeledsamples. In microarray aCGH, a
patient's DNA and reference DNA (300-1000 ng) are typically fluorescently labeledwith red and green fluorescent dyes,
respectively, often using a random priming protocol. Random prime labeling usesa high concentration of Klenow enzyme
whereby genomic DNA isdigested with restriction enzymes and hybridized with random primers. The primers are extended
by the 5'-3' polymerase activity of Klenow, resulting in a strand displacementactivity with the direct incorporation of labeled
nucleotides. SNP microarrays using oligonucleotides as arrayelements are labeled usingfluorescently labeled nucleotides in
both single and multiplexed PCR reactions, followed by a purification step to remove unincorporated dyes. Where amplicons
are used as array element, labeledoligonucleotide probes are synthesized using phosphoramidite chemistry.

Hybridization and Wash

Hybridization should be carried out under conditions that minimize annealing of noncomplementaryfragments. The wash
steps following a hybridization reaction are optimized to providethe highest possible specificity, signal-to-noise ratio, and
reproducibility (see (1126»). Before hybridization, double-stranded probes and targets should be denatured, and nonspecific
sitesshould be blocked. Microarray surfacechemistries are designed to capture all nucleic acidswith high efficiency, so the
free-binding groups on the surface must be blocked or inactivated to prevent nonspecific binding of labeledmaterial that could
compromisethe signal-to-noise ratio.Surfaces are blocked and washedwithvarious aqueous-based buffers that typically include
salts, detergents, and blocking agents such as lowmolecular welqht, hydrolyzed proteins.The purpose of the posthybridization
washes isto remove all unattached and nonspecifically bound label from the surfaceand probes. In general, both automated
and manual washes are done in salinesodium citrate/sodium dodecyl sulfate(SSC/SDS) buffers of various concentrationsand
at differentelevatedtemperatures depending on the stringencyrequired.After the final washstep, microarrays using fluorescent
targets are dried immediately by centrifugationor in a nitrogen stream. Hybridized microarrays must be stored in the dark and
should be scanned as soon as possible. Somefluorescentdyes used in microarray analysis are subjectto degradation by
environmentalozone, and in these cases ozone levels in the experimentalenvironment must be less than 5 parts per billion.
Specialized ozone-free hoods are made to protect microarray dyes.

Microarray Detection

Regardless of the microarray type, each spot on a microarray representsa unique probe sequence to which a single, labeled
target is bound, and this specific binding allows detection and quantitation of the target. This is achieved by the emission of
light (photons) at a particularwavelength by the fluorescently labeledduplexes when the microarray isexposed to light of
specific wavelengthfrom an excitationsource..The emitted fluorescentlight isconverted to electrical energy bya detector. The
detector iseither a photomultipliertube (PMT) or a charge-coupled device(CCD) with specially designed opticalpaths that
collectthe rawdata from microarrays (scanning). Thedetector filters and opticalpaths are designed to detect specific fluorescent
dyes at sufficient resolution whileeliminating crosstalk when two or more dyes are used on a single microarray. The resulting
signal is proportional to the number of photons emitted by the microarray. Thesesignals are used to create a digitized image
showing the presence and quantitation of specific targets.

Samples can be scanned from a singlewavelength channel or can be sequentially scanned from two channels.Forinstance,
for a single-channel microarray platform,a sample istypically labeledwith a fluorophore that emits a signal in the red channel.
For a dual-channel microarray format, a second sample can be labeledwith a dye that emits in the green channel. Dual labeling
isused insome experimentaldesigns,such asexpression microarrays, to measurethe overexpression of a gene associated witha
diseasestate. Insuch experiments, cDNAs derived from the mRNA of normal and diseased tissuesare differentially labeled,
mixed, and tested on the same slide in a competitive hybridization reaction.The resulting ratiosof the two colors reflect the
relative abundance of the labeled materialwithin each sample. Similarly, calculating the fluorescentratiosfrom each target on
an aCGH microarray allows the mapping of gains and losses for a chromosome of interest.

Microarray Image Processing

Most microarray scanners detect and acquireone, two, or more colors(via one, two, or more channels).The opticalpath of
the system minimizes overlapbetween the spectra (crosstalk) and allows acquisition of two spectrally separate images. Inmany
cases, the imagesare represented as a red and a green image. When two colorsare used, the ratio of the two fluorescence
imageseliminates artifacts caused by regional biasand irregular spot size. Whenone color isused, the fluorescence signals from
two or more microarrays are normalized and can be compared with each other. Diameters of spots printed on the arrays range
from 10 IJm to just under 1000 IJm, and the resolution of scanners ranges from 1 to 50 IJm. Thus, depending on scanner
resolution, variable amounts of pixel data can be collected per scan over an entire microarray.
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The analysis of scanned images usually involves three tasks: spot finding or gridding, image segmentation, and spot
quantification.

Spots are initially assigned specific coordinates, and the process of spot finding or gridding can range from manual to fully
automatic, depending on the image-processing software used. This takes into account thelndividual size and shape of each
spot and adjusts for uneven rows and columns that may be produced by the printing process.

The process of segmentation partitions the entire image to foreground or background pixels and relies on the spatial and
intensity properties of each pixel. There are four main types of signalsegmentation that have been used for spotted arrays.The
simplest method isspatial segmentation which placestwo circles (inner and outer circles) of fixed but differentsizesover each
spot to demarcate probe signalfrom the immediate background signal. On the one hand, because of the irregularity of spot
sizes on some microarrays, the actualarea innercircle may be largerthan the diameter ofa spot and thus will contain background
pixels. On the other hand, artifactsand signal can be found in the area between the inner and outer circles and contribute to
the background signal. The second method, intensity-based segmentation, distinguishes signal pixels from background pixels
based on the spot intensitieswithin a target region. Inthis case, a certain percentage of pixels within the top-ranked intensities
may be classified as signal pixels. The advantages of this method are simplicity and speed, but the drawback is the inability to
distinguish between artifactsand signaland the tendency to detect lowsignalsthat are closeto background. The third method
is a statisticalapproach known as Mann-Whitney segmentation that combines informationfrom spatial and intensity-based
analysis. Here, background pixels located outside the inner circle setare used to determine a threshold intensitylevel for a signal
within the inner circle. The limitation of this method is that a large amount of spot irregularities and artifactscan reduce its
accuracy. The fourth method, the trimmed measurement segmentation method, also combines spatial and intensity
information and measures signal distributions insideand outside the inner circle. The method trims the upper and lower
extremes of each distribution to allowremoval of signalfrom artifacts and incorrectlylocated background or foreground signal
pixels.

The main assumption of spot quantification isthat the total fluorescent intensityfrom a spot isproportional to the expression
level of the labeled transcript. This is highlydependent on a number of factors, includingtarget preparation, hybridization
conditions, and signal detection within the lineardynamic range. Ifthe amount of probe deposited during the microarray
manufacturing procedure varies from spot to spot and Irom array to array, thus resulting in different sized spots, the sum or
total signal intensitycan be variable and inaccurate.Tocorrect for this variation,microarrays should be spotted viahomogenous
surfacechemistry that has a fixed binding capacity.This ensures the same amount of probe at each spot location.Alternatively,
spots can be quantified by taking the mean, median, or mode of intensitiesof allsignal pixels determined to be foreground
signal.The more robust methods that protect against outlier signalsare the trimmed mean (where a certain percentage of top
and bottom signalsare trimmed beforecalculation of the mean) and median signal intensities. When two differentfluorophores
are used, the intensity ratio can be used to correct for variableprobe amounts and can be calculatedfrom mean, median, and
mode intensitiesfrom each channel. '.

MICROARRAY DATA ANALYSIS

Particularly dense formats of microarrays that contain tens of thousands to millions of probes per chip or slide generate a
large volume of raw data per array, which requiresthe use of specialized data-analysis software. Microarray software programs
are designed to extract primarydata, normalize the data to remove the influenceof experimental variation, and linkprobes to
relevant gene and sequence-derived targets. Softwareprograms are alsoavailable to apply statistical methods, analyze,visually
display, and manage data in order to extract biologically meaningful information.The major parts of data analysis are
normalization, background correction, and ratio calculation.

Normalization systematically adjusts microarray raw data in an effort to reduce the variability brought about by differences
in the manufacture and processing of the microarrays and by technical variables so that true biological differences between
samples can be detected. The wide range of normalization methods precludes a detailed discussion of the topic in this chapter,
and currently there are no standards for normalization. Commonly used algorithms are selected based on the microarraytype,
the number of fluorophores used, and the samples being studied. Some methods are built into the manufacturer's software,
but others are available from commercial sources or open-source software providers.

Backgroundcorrection eliminateslow levels of noise in microarrays stemming from both the inherent noise of the detection
instruments and from the surfacechemistry used in manufacturing. Several contarnlnants acquired from microarrayprocessing
can cause high levels of background that must be corrected before data analysis.

In two-color microarrays, the ratio of signal intensities of array elements of two co-hybridized samples is used as a relative
measure of gene expression. In single-channel systems, the ratio can be calculated between signals taken from two different
samples (one sample is a reference sample) hybridized on individual microarrays. Thus, the resulting data from microarrays
does not represent an absolute quantification but rather a relative level of RNA or DNA against a reference sample or control.

Quality Control and Quality Assurance

As with any diagnostic assay, quality control and quality assurance are critically important. Microarrays must demonstrate
robustness and reproducibility. The general qualitycontrol and assurancesteps outlined in chapter (1127) for nucleicacids and
NAT also apply to microarrays. Unlike other diagnostic tests, no reference reagents are available at present for quality control
of microarrays, and regulatory guidance isemerging. FDA has issued a draft guideline titled "In Vitro DiagnosticMultivariate
Index Assays." Thisguidance addresses the definition and regulatorystatus of a class of in vitro diagnostic devices referred to
as in vitro diagnostic multivariate index assays (IVDMIAs), and microarrays fall into this category. The guidance addresses
premarket pathways and postmarket requirements with respect to IVDMIAs.
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Several unintended sources of variability that are specific to microarrays can extensively affectsignal intensities and the
accurate derivation of a true signal that accuratelyreflects the labeled transcript. Amajorsource of variability isspot quality.
Measurements of spot qualityat the processing stage permit removal of spots with poor or questionablequality. Other sources
of variability are artifacts, for example, regional shifts (rise or fall) in an array's overall signalthat can be visualized withinsingle
chips or in-composite data derivedfrom multiple chips.Thesechanges can be distinguished from actual variability because
they are nonrandom, and patterns can be detected byvisualizing signals over the entire area of the chip.Whendyesof different
spectralpropertiesare used to labeltwo differentsamplesina competitivehybridization reactionusinga singlearray, differences
may arisebecause of labeling bias rather than gene expression level. Forinstance, the green channel may appear consistently
brighter than the red channel despite the fact that there are no real differences in expression. Hybridization with reverse dyes
can ensure detection and elimination of dye biaseffects. Aswith any quantitative assay for RNA, the integrityof the sample
affects its measurement, and sample qualityisan important determinant for accuracy. Forinstance, because labeling isdirected
from the 3' to the 5' end but RNA degrades from the 5' end, degraded RNA leads to high 3'/5' ratios, resulting in nonuniform
labeling acrossthe entire transcript. Finally, variability can be introduced during the processing of microarrays, which isa
relatively complex procedure that involves multiplesteps such as labeling, hybridization, washing, and staining (technical
variables). Suchvariability can masktrue differences in the samples tested.

When used as a diagnostic test, the microarray shoulddemonstrate robustness, reproducibility, a high degree of correlation
to the original format, and reliable prognosisprediction. The microarray ideally should contain at least 2-3 replicatespots for
each reporter gene to ensure intra-assay reproducibility. With a two-channel microarray, a referencesample pool can be
hybridized in the complimentaryfluorescentchannel so that data can be expressed as log ratios, which reduces the need for
extensive normalization. Interassay reproducibility of test results and stability over time can be tracked by using a number of
referencesamples that, when labeled and hybridized, represent a spectrum of predictive endpoints (for instance, high risk,
borderline risk, low risk) and that should fall within a predetermined range of results. Failure of these controlsshould resultin
rejection of results of samples in the same assay run. If the assay is performed at many sites, site-to-site reproducibility is
imperative and must be assessed. The reproducibility of the assaywith regard to tissueextraction also must be determined,
and the qualityoftissuespecimensor RNA shouldbe specified clearly (forinstance,percentage oftumor cells withina specimen).

In conclusion, microarray experiments should be carefully designed and conducted in order to minimize variability and to
yielddata that accurately relate to the samples analyzed. Inaddition, biomarkers of interest should be analyzed and verified
using an alternative platformsuch as qRT-PCR that should be shown to be reproducibly detected in the same and different
samples.The development of reference standards, especially when microarrays are used as diagnostic tests, is the next step to
ensuring the qualityand validation of microarray results. With the shiftfrom custom-built to commercial microarrays, issues
with reproducibility, standardization, and qualitycontrol have been largely addressed by the stringent qualitycontrols used in
commercial manufacturing.

(1129) NUCLEIC ACID-BASED TECHNIQUES-GENOTYPING

INTRODUCTION

This chapter outlinestechniques for detecting single-base DNA differences and other types of polymorphic DNA sequences
that occur in the three billion basesthat makeup the human genome. The most common genetic variation isa singlenucleotide
polymorphism (SNP), which is a simplechange in one base of the gene sequence. SNPs occur on average every1000 bases
and account for a significant amount of inter-individual variability. SNPs can predispose individuals to diseaseor influence their
response to a drug. Approximately 1.8 million human SNP loci have been identified, and more are likely to be discovered in
the coming years.'

Common approaches for detecting SNPs and other types of polymorphic DNA sequences are described in the following
sections.These approaches encompass a variety of techniques, such as nucleicacid amplification techniques (NAT), real-time
NAT, and microarrays, the principles ofwhichare coveredin more detail in related chapters. This chapter focuses on the specific
modifications of the techniques that are necessary to enable detection of single base differences. ,

SNP GENOTYPING TECHNOLOGIES

Although the usefulness ofstudyingSNPs for gene mapping and diseaseassociation studies isapparent, a singlestandardized
procedure for SNP genotyping has not been adopted. Various approachesfor performingSNP genotyping havebeen developed
to meet a wide range of needs, including throughput capacity, ease of assaydesign, accuracy, and reliability. Available
procedures can also be dividedaccording to whether they are based on identifying known SNPs or whether they can be used
to screen for unknown SNPs. To identify the most appropriate SNP genotyping procedure for a specific application, the
throughput requirements in terms of the number of SNPs to be analyzed per sample (multiplexing level) and the sample
throughput need to be determined because different approaches may work best depending on these requirements.

Mostproceduresusedfor genotyping SNPs depend on polymerase chain reaction(PCR) amplification ofthe genomic regions
that span the SNPs followed by the actual genotyping reaction. PCR provides the required sensitivity and specificity for
dlstlnqulshlnq between heterozygousand homozygousgenotypes in large, complex genomes. The difficulty of designingand
carrying out multiplex PCR reactionslimits the throughput of manyof the current SNP genotyping assays. Thefollowing-sections
outline several of the major approaches currentlyin usefor SNP genotyping. In many cases the underlying technology can be
modified to meet the specific application requirementsinterms ofsamplethroughput and number ofSNPs detected. Ingeneral,

, Database of Single Nucleotide Polymorphism (db SNP) Build 128 is available from National Center for Biotechnology Information (NCBI), http://
www.ncbi.nlm.nih.gov/projects/SNP/index.html.
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real-time PCR-based procedures are better suited to higher sample numbers, and array-based procedures are better suited to
the simultaneous detection of many SNPs. Newertechnologies based on multiplexed arrayformats are also emerging and will
be suitablefor high sample numbers and many SNP applications.

Sequencing

Sequencing is the definitive procedure for DNA analysis, and its use for SNP detection allows unambiguous identification of
base changes (see Nucleic Acid-Based Techniques-Extraction, Detection, and Sequencing (1126)for nucleicacid sequencing). The
standard technology is expensive, and the procedure is time consuming and labor intensive and suffers from low sample
throughput. Sequencing is a useful confirmatory tool, and it has applications in situationswhen other technologies are not
appropriate, but is not the most cost-effective solutionfor the majorityof SNPgenotyping applicationsthat require the
identification of only one or a few bases. .

Restriction Fragment length Polymorphism Analysis

The firstwidely used procedure for the detection of polymorphisms exploited alterations in restriction enzyme sites caused
by SNPs, leading to the gain or lossof cutting events. PCR-restriction fragment length polymorphism (RFLP) analysis comprises
PCR amplification of a fragment of interest and subsequent digestion with a restriction enzyme. The fragments produced are
typically analyzed by a sizefractionation procedure, usually gel electrophoresis. Because of its simplicity, the procedure has
been and still is extensivelyused, although it entailscertain limitations: only a subset of polymorphisms that residein an
endonuclease restrictionsite can be studied with the conventional procedure; incomplete digestion due to suboptimal
processingcan produce misleadingdigestion patterns; and the procedure is lessamenable to automation than are other SNP
genotyping procedures.

Probe Hybridization

The basisof many SNP genotyping proceduresare DNA hybridizations that make use of the stronger binding of a DNA probe
to a perfectlymatched complementary target than to a target that contains a single base mismatch.The ability of hybridization
with allele-specific oligonucleotides (ASO) to detect a single base mismatch was firstshown in the late 1970s and subsequently
was used to detect the sickle-cell mutation in the beta-globin gene by Southern blot hybridization. The invention of PCR
facilitated the further development of probe-based assays for genotyping SNPs in complex genomes.

The thermal stabilityof a hybrid between an ASO probe and its SNP-containing target sequence is not only determined by
the stringencyof the reaction conditions but alsobythe secondary structure of the target sequence and the nucleotidesequence
flanking the SNP. Therefore, prediction a priori of the reaction conditions or the sequence of the ASO probe that will allow
optimal discrimination between two alleles usingASO hybridization is difficult. These parameters should be established
empirically and separately for each SNP. Consequently, there is no single set of reaction conditions that would be optimal for
genotyping all SNPs, which makes the design of multiplex assays based on hybridization with ASO probes an extremely
difficult task.

One approach to counter the problem of assaydesign is to carry out multiplexASO hybridization reactions on arrays that
carry multiple probes for each SNP that will be analyzed. This involves using probe sets in which the SNP occurs at different
positionsalong the probes. It becomes feasible to include large numbers of ASO probes per SNP when one uses high-density
arrays that can carry as many as 106 probes per crn-.

Anotherapproach isto use base analoguessuch as locked nucleicacid (LNA), which isdescribed in detail in Nucleic Acid-Based
Techniques-Amplification (1127). Forapplications that involve few SNPs but many samples, homogeneous real-time PCR
approaches have been developed. These includethe use of fluorescent probe chemistries such as hydrolysis probes, stem-loop
probes, and FRET (fluorescence resonance energy transfer) hybridization probes. The principle of these assays is discussed in
more detail in Nucleic Acid-Based Techniques-Amplification (1127). ForSNPdetection, the basisof many assays is the selective
binding of the ASO probe to its perfectlymatched target sequence, resulting in energy transferand generation of a fluorescence
signal. Probes designed with specific secondary structures tend to form a stem-loop structure that destabilizes mismatched
hybrids, increasing their power of allele distinction as c.ompared with that of linearASO probes. Hydrolysis probes modified
with minor groove-binder moleculesthat increase target affinity show improved powersof allele discrimination. The use of two
probes, each labeled with a different reporter fluorophore, allows both SNP alleles to be detected in a single tube. Limited
multiplexing can be achieved by using probes labeled with different fluorophores. In the fluorescent probe-based assays, the
increase in fluorescence due to accumulating PCR product is usually monitored in real time in 96-well or 384-well microtiter
plates. Alternatively, the fluorescence generated from the two alleles can be measured after completion of the PCR. In this case
the resultsare expressed as a signal ratio that reflects the hybridization of the two oligonucleotides to the target sequence, and
so differences in amplification efficiency between samples do not affect interpretation of the genotyping results.

Athird approach involves heating the reaction after PCR has been completed in order to disassociate the probe from the
target. Each duplex has its own specific Tm' which isdefined as the temperature at which 50% of the DNA becomes single
stranded. The Tm depends on the stability of the probe-target duplex. Perfectly matched probe-target duplexes have a greater
stabilityand hence a higher Tm than does the same duplex containing a single base mismatch. By continuously monitoring the
fluorescenceduring the heating phase, analysts generate a "melt curve" that measures the changes in fluorescence that result
when the probe denatures, or "melts," awayfrom the amplicon. Thisapproach can be used onlyfor systems that do not rely
on hydrolysis of the probe to generate a signaland is therefore not suitable for hydrolysis probe assays.

Because no post-PCR processing or label-separation steps are required, homogeneous real-time PCR assays are simple to
perform, making them useful for high-throughput genotyping applications. The optimal probes must be designed individually
for each SNP, and the assays are therefore most efficient when a limitednumber of SNPs isanalyzed. Thecost of probes modified
with fluorescent and quenching moieties may also be a limiting factor in the high-throughput application of the assays.
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In this technique, an oligonucleotide is used to prime DNA synthesis by a polymerase enzyme, as performed in a standard
PCR or sequencing reaction. Variations of the technique exist. Allele-specific PCR uses two primers, each fully complementary
to one of the SNP alleles, with the SNP position being at the 3' end of the primer, and with a common reverse PCR primerto
selectively amplify the SNP alleles. Because only perfectly matched oligonucleotides will prime DNA polymerase extension,
product will be detected onlyfrom the reaction containing the perfectly matched primer.

Agarose gel electrophoresis is used to detect the amplified products, although homogeneous, real-time, allele-specific PCR
approaches have also been developed using primers labeledwith differentfluorophores or a fluorescentdye that intercalates
with the double-stranded PCR products or by performing amplicondetection usingprobessuchas hydrolysis and hairpin (stem­
loop) probes.Whenusingintercalating dyesor labeledallele-specific PCR primerswithouta consecutive target-specific detection
reaction or size-separation step, one mayfind that the specificity of the procedure may be compromisedowing to primer­
dimers and other spuriousamplification products that will not be distinguished from the actual PCR product. Alimitation of all
variantsof allele-specific PCR isthat the reactionconditionsor primerdesignforselective allele amplification must be optimized
empirically for each SNP. Like the hydrolysis and hairpin probe assays, the homogeneous allele-specific PCR proceduresare best
suited for the analysis of a limited number of SNPs in large sample collections. Array-based approaches for greater SNP
multiplexing have also been developed.

In procedures based on singlenucleotide primerextension (sometimesknown as minisequencing), allele discrimination is
based on the high accuracy of nucleotide incorporation by DNA polymerase. A primer is used, and its 3' end is positionedon
the base just preceding the SNP to be tested. The DNA polymerase is then used to incorporate labeled ddNTPs, each labeled
with different fluorescentdyes. After the labeled oligonucleotides are separated from the nonincorporated ddNTPs, the results
can be scored on a fluorescence plate reader. Inaddition to fluorescenttags, ddNTPs may be labeled with biotin or haptens
and then detected indirectly through antibodies conjugated to alkaline phosphatase or peroxidase using colorimetric or
chemiluminiscent markers in ELISA formats.

Multiplexing of this procedure has also been described to reduce costs and improve throughput. In these procedures, the
different loci genotyped simultaneously are separated either by gel electrophoresis or by hybridization to arrayed tags. Primer
extension directly on a solidsupport such as a niicroarray isalso possible. The immobilization of the single-stranded primers on
the solid support may be through biotin-avidin-streptavidin reaction or covalently via5' disulfide groups.

Mass spectrometry using techniques such as matrix-assisted laserdesorption-ionization time-of-flight massspectrometry
(MALDI-TOF MS) can also be used to determine the identityof the ddNTP incorporated based on mass.Adifficulty with
MALDI-TOF MS isthat the primerextension products must be rigorously purified before measurement to avoid background
from biological material present in the sample.Suchenzyme-assisted procedureshaveprovento be more robustand to provide
more specific allele discrimination than does ASO hybridization at similar reactionconditions. Thesefeaturesare advantageous
for high-throughput applications because the effort requiredfor assaydesign and optimization is minimized.

ligation

Inthe oligonucleotide ligation assay(OLA), oligonucleotides are designed so that they meet at the position of the SNP to be
tested. Enzymatic joining,usinga DNA ligase, occursonlywhen the match isperfect.Thetest isusually performed bydesigning
two oligonucleotides specific for each allele and labeled differently on one side of the SNP, and one common oligonucleotide
on the other. Detectionof the alleles can be performeddirectly inthe microplatewells bycolorimetric approaches. Multiplexing
and the use of gel separation have also been described.

OLA has alsobeen used in microarray formats with one of the ligation probes immobilized or with immobilized singlestem­
loop probes. Alternatively, ligation can be carriedout in solutionfollowed by capture of the ligation products on microarrays
or on microparticles that carrya generic set of oligonucleotides that are complementary to a "tag" sequence on one of the
ligation probes. In practice, thermostable Iigases are frequently used for genotyping SNPs in combination with PCR before
allele-specific ligase detection reactions. Because the reaction mechanisms for PCR and ligation are different, the reagents for
both reactions can be combined. This feature is used in a homogeneous, real-time PCR assay with ligase-mediated genotyping
and detection by FRET. Compared with DNA-polymerase-assisted primerextension procedures,a drawbackof the OLAs isthat
detection of each SNP requires three oligonucleotides, which increases the costs of these assays.

Padlock probes are linearoligonucleotides, the ends of which are complementary to the target and have a central stretch of
random sequence. When perfectly hybridized to their target sequence, padlockprobescan be circularized by ligation, whereasa
mismatch with the target sequence prevents ligation. Circularized oligonucleotides can act as templates for
DNA-polymerase-assisted rolling circle amplification (RCA). RCA can be used to amplify the ligatedcircularized padlockprobes
to a level requiredfor detecting single-copy sequences. Ahomogeneous, isothermal assay for genotyping individual SNPs in a
microtiterplate format has been devised by combining exponential amplification of ligated padlockprobes using a branched
rolling circle amplification reactionwith detection by energy-transfer-Iabeled hairpin primers.

Displacement

The invader assay uses the property of flap endonucleases(FENs) for removing redundant portions (flap) from the 5' end
of a downstream DNA fragment overlappingan upstream (invader) DNA fragment. An invaderoligonucleotide isdesigned
with its 3' end on the SNP to be tested. Twooligonucleotide signal probes are alsodesigned, overlapping the polymorphic site
and each corresponding to one of the alleles. After displacementof the signal probes by the invader probe, FEN-mediated
cleavageoccursonlyfor the perfectly matched allele-specific signal probe. Generationof the cleaved fragment ismonitored by
using it in a second reaction as an invader probe to cleavea FRET probe. This assay does not require PCR amplification of the
locus to be tested, and scoring can be done usinga simplefluorescence plate reader.
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In the pyrosequencing procedure, primer extension is monitored by enzyme-mediated luminometric detection of
pyrophosphate (PPi), which isreleased on incorporation of deoxynucleotide triphosphates.Thegenotype of an SNP isdeduced
by sequential addition and degradation of the four nucleotides using apyrase in a dedicated instrumentthat operates in a
96-well or 384-well microtiterplate format. Using pyrosequencing, the apparatus can determine short 30 to 50 bp sequences
of DNA that flank an SNP. Alimitation of the procedure is that the sequential identification of bases preventsgenotyping of
several SNPs per reaction in diploid genomes. An advantage of the procedure isthat any new polymorphism will be detected.
However, specific equipment isneeded for the injection of the nucleotides.

Single-Strand Conformation Polymorphism and Heteroduplex Analysis

Single-strand' conformation polymorphism (SSCP) and heteroduplex analysis were among the first procedures established
for the detection of SNPs. Conventional SSCP analysis involves denaturing PCR-amplified fragmentsand subsequent formation
of sequence-specific secondary and tertiarystructuresof the singlestrands during nondenaturing gel electrophoresis. The
electrophoretic mobility then depends on the 3-D shape of the single-strandedmolecules. One single base difference in DNA
fragments of up to 300 bp will usually change the conformation in a way that can be detected by nondenaturing PAGE.

The traditional polyacrylamide gels and 32P-labeled fragments are frequently being replaced by fluorescently labeled
fragments and automated capillary electrophoresis. The simplicity of the procedure, combined with automation and short
analysis time, contribute to high-throughput analysis at relatively lowcost. If the denatured PCR products are allowed to slowly
re-nature, they form DNA duplexes. The duplexeswith the same sequence on both strands (homoduplexes) or with a single
base pair mismatch on one strand (heteroduplexes) havedifferent electrophoreticmobility ina native gel. Inthe caseofa single
base pair substitution, the heteroduplex can easily be separated from a homoduplex.

Inother versions of the technique, denaturing high-performance liquid chromatography (DHPLC) isused for the separation
of the heteroduplex and homoduplex strands. The mutation analysis with DHPLC can be almost totally automated with an
autosampler on one end and a fraction collectoron the other. Analysis is rapid (about 5 minutes per sample), and simple
evaluation of data distinguishes between simpleand multiple peaks in the elution profiles, allowing lengths as large as 1.5 kb
of DNA to be analyzed. Adisadvantagemay be the recommended use of Pfu DNA polymerase, which, asa high-fidelity enzyme,
allows sharper peaks but may be less successful in amplifying some regions.

Short Tandem Repeat Profiling

Ashort tandem repeat (STR) isa type of DNA polymorphism that occurs when a pattern of two or more nucleotides is
repeated and the repeated sequences are directly adjacent to each other. The pattern can range in length from 2 to 10 bp
(e.g., CATGn in a genomic region) and is typically in the noncoding intronic,or upstream/downstream regions. By examining
several STR loci and counting how many repeats of a specific STR sequence there are at a given locus, one can create a unique
genetic profile of an individual. Currently more than 10,000 STR sequences in the human genome have been published. STR
analysis has become the prevalentanalysis procedurefor determining genetic profiles in forensic cases. STR analysis in the field
of forensics came into popularity in the mid to late 1990s. The STRs in use for forensic analysis are tetra- or penta-nucleotide
repeats (4 or 5 repeat units) because these givea high degree of error-free data while being robust enough to survive
degradation in nonidealconditions. Shorter repeat sequences tend to sufferfrom artifacts such as stutter and preferential
amplification; several genetic diseases are associated with tri-nucleotide repeats, including Huntington'sdisease. Longer repeat
sequences suffer more highlyfrom environmental degradation and do not amplify by PCR as well as do shorter sequences.

The analysis is performed by extracting nuclearDNA from the cells of a forensic sample of interestand then PCR amplifying
specific polymorphic regions of the extracted sample. Once these sequences have been amplified, they are resolved either by
gel electrophoresis or capillary electrophoresis, which allowthe analyst to enumerate the repeats of the STR sequence in
question. Ifthe DNA is resolved by gel electrophoresis, the DNA can be visualized either by silver stainingor an intercalating
dye such as ethidium bromide or, as in most modern forensics labs, by fluorescentdyes. Instruments built to resolve STR
fragments by capillary electrophoresis also use fluorescent dyes. In the United States, 13 core STR loci have been selected as
the basis by which an individual genetic profile can be generated. These profiles are stored in local, state, and national DNA
databanks such as the Combined DNA IndexSystem (CODIS).

Forensic reference materials are available. The DNA Profiling Standard iscomposed ofwell-characterized human DNA intwo
forms: genomic DNA and DNA to be extracted from cells spotted onto filter paper.

ASSAY VALIDATION CONSIDERATIONS

The difficulty in reproducing and validating existing and emerging SNP genotyping assays due to factorssuch as variation
in performanceof PCR thermal cyclers, efficiency of different enzymes, personnel, and the presenceof PCR inhibitors in the
sample matrix (discussed in more detail in Nucleic Acid-Based Techniques-Amplification (1127) for general NAT assays) can
hamper appropriate implementation of. the technologies. Also, in the clinical laboratory the use of in-house assayformatsoften
makescomparisons between laboratories difficult. Incorrect diagnosis of a genetic mutation can havesignificant consequences,
so accuracyof 99.99% or higher isessential for such assays. To determine the accuracy of a technology, the new procedure
should be validatedon multiplesamplesinwhichthe genotype hasbeen previously determinedwitha goldstandard procedure,
such as sequencing. Even with the most accurate procedure of analysis, sample preparation and amplification and detection
procedures must be optimized to eliminateany potential inaccuracies.

Some genotyping errors can be minimized by careful planning of the laboratoryprocedures, the inclusion of well-defined
controls, and increased automation. However, errors due to the processes used for genotyping are sometimesdifficult to
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overcome and need to be taken into account. The types of errorsand the frequency with which they occur differ between
differentapproaches. Situations in which preferential amplification of one allele or nonspecific probe hybridization occur can
all result in SNP miscalls. Additional unanticipated polymorphisms present within the primer/probe sequences can lead to
amplification bias, highlightingthe need for careful assay design and validation using alternative techniques. Limited and
degraded samples can also result in preferential allelic amplification due to chance PCR priming events at low copy number.

It ispreferableto have a no-call result, which would require the test to be repeated, than a miscall that provides incorrect
results that are subsequently reported. Performance of replicate assays may also help to ensure accuracy. Data interpretation
can alsoaffect accuracy. Wild-type, heterozygous, and homozygous mutant results should be clearly distinguished from one
another, and a well-defined measure of uncertaintyshould be attributed to them. Proficiency testing schemes and ring-trials
go some way toward ensuringthat individual assays are fit for the purposefor which they are intended for specific applications
and that the staffperforming them are competent. Sharing of technical information for assaydesign and sample preparation
will also help. The availability of reference panels of well-characterized samples aids assaydesign and evaluation and allows
sound interlaboratorycomparisonsto be made.

(11 30) NUCLEIC ACID-BASED TECHNIQUES-APPROACHES FOR
DETECTING TRACE NUCLEIC ACIDS (RESIDUAL DNA TESTING)

INTRODUCTION

The basic principles of nucleic acid amplification technologies (NAT) and definitions of the various techniques are covered
in Nucleic Acid-Based Techniques-General (1125). This chapter covers the analytical procedures used to quantifyresidual DNA
in biopharmaceuticals.

Process characterization and the theoretical safetyconcernsassociated with process-related impurities highlightthe need for
residual DNA testing in biopharmaceutical products. The ability of a manufacturing processto remove residual DNA from a
biopharmaceutical product is an indicatorof the quality and consistency of the processand that the process is under control.
Additionally, the cells used to produce a biopharmaceutical can be sourcesof a range of complex, heterogeneous, and
potentiallyunsafeimpurities, with host cell DNA among these impurities. Forcontinuous cell lines, the potential risk of residual
DNA arises from both of its biological activities, namelyinfectivity and oncogenicity. Infectivity could be due to the presence
of an infectious viral genome in the cellular DNA of the cell substrate. The oncogenicityactivity of residual DNA could arise
through itscapacityto inducea normalcell to become transformed,which may leadto tumorigenicity. Although animal testing
has shown that extraneous DNA can cause tumors or infections, no reports to date have demonstrated this risk in humans.
Residual DNA content, up to 10 ng of residual DNA per parenteral dose, may be considered for DNA originating from
mammaliancellcultures, but the acceptable residual DNA content mayvarydepending on the source of the residual DNA and
the route of administrationof the product. One can address residual DNA in biopharmaceutical processes in two ways: 1) by
validating clearanceduring processvalidation; and/or 2) by monitoringresidual DNA levels through routinetesting of the drug
substance. Generally, 10 ng per dose isthe accepted limit, by healthauthorities, of host residual DNA derived from mammalian
cell cultures.The level of concern regarding residual DNA can be tied to its source and the route of administration, so the
residual DNA specification and procedureformonitoringDNA clearancefora givenproduct should be developedinconsultation
with regulatoryagencies. Regardless of whether routinetesting of a drug substance is used to determine residual DNA content
or whether DNA clearance isdemonstrated by process validation, analytical procedures for the quantification of residual DNA
are required. DNA amplification techniques, such as quantitative PCR (qPCR), are used most often for residual DNA testing
because of their superior sensitivity and unique advantages (e.g., high specificity). The expectation isthat the analytical
procedure used to quantify residual DNA in biopharmaceuticals has a detection limitwell below the DNA level allowed by
regulatorsfor biopharmaceuticals (often 10 ng/dose). Assays based on hybridization, DNA-binding protein, and qPCR are
typically the techniques of choice because they can meet the sensitivity expectation.

SAMPLE PRETREATMENT

Analysis of residual DNA requires accurate quantification of picogram levels of DNA in mg (or larger) quantitiesof product,
which may be in a varietyof matrices. In certain circumstances, the sample can be analyzed neat in the analytical procedure
with acceptable recovery and precision. Whenthe product or other samplecomponents interferewith the assay sample,dilution
may be all that is required to overcomethe interference, so long as the specified DNA content of the sample remains within
the useful range of the analytical procedure. When sample dilution is not effective in reducing assayinterference, it may be
necessary to use more extensive sample pretreatment procedures, such as proteolytic digestion, chemical dissociation, or
extractions. It may be necessary to use a combination of differentpretreatment steps to remove interference to an acceptable
level. Extensive sample manipulation can lead to losses of DNA or introduction of environmental DNA, and should be a
consideration when using one or more sample pretreatment steps. Contaminationwith environmental DNA may only be a
concern when using a residual DNA procedure that is not sequence specific.

Protein samples may only requiredigestionwith proteinase (e.g., Proteinase K, Pronase) to allowthe analytical method to
quantitativelyrecoverthe residual DNA. Itmayalsobe possible that the DNA isbound to the sample components, and chemical
dissociation (e.g., detergents) may disrupt the binding, allowing sufficient recovery in the residual DNA assay. Residual DNA
test procedures often use protein reagents and the use of a chemical dissociation reagent. These materials must be used at a
sufficiently low level or removed so that the analysis isnot compromised.

It may be necessary to extract the DNA from the sample to removethe inhibitory substances that are causing the reduced
DNA recovery. Extraction proceduresare typically based on precipitating the DNA from the sample or DNA-specific binding
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to a matrix (e.g., magnetic beads). Historically, extraction methods based on phenol and chloroform,followed by ethanol
precipitation, have been applied to the purification of DNA in molecularbiology research. The phenol/chloroform extraction
technique may be a useful pretreatment for residual DNA samples before analysis, but the phenol/chloroform extraction
technique might not be the best choice for the low levels of DNA typically found in biopharmaceuticalsamples. Because of
these low levels, quantitative DNA recovery with ethanol precipitationmay be difficult. Forthis reason, a carriermolecule(e.g.,
glycogen) may be necessaryto aid in DNA recoveryifthe phenol/chloroform extraction technique is used. Commercial kits are
available and have been used successfully for pretreatment of residual DNA samples for improved recovery in the residual DNA
assay. Forexample, some kits use a chaotrope (sodium iodide) and a detergent (sodium N-Iauroyl sarcosinate)to disrupt the
associationof the DNA with the sample. The DNA is then co-precipitated using glycogen as the carriermoleculein the presence
of isopropanol. Extraction of DNA from the sample, based on binding to a solid matrix, can be found in various formats. One
of the most popular formats uses magnetic beads, where the beads are added to a sample with a binding solution to capture
the sample DNA on the beads. The beads are then captured and held in the sample tube using a magnetic stand while the
supernatant containing the interferingsubstances is removed and discarded. The beads are washed repeatedlyusinga magnetic
stand and a wash solution. Finally, the DNA iseluted from the beads for the assay using an elution buffer, with the beads being
removed from the sample preparation using the magnetic stand.

The sample manipulation involved with pretreatment may reduce the recovery of the residual DNA or introduce
environmental DNA into the sample. Great care must be taken during any sample manipulations to avoid DNA losses or
contamination. The addition of target DNA-spiked samples in the residual DNA assay is a common practice.The target
DNA-spiked sample should not be confused with the internal positive control (IPC), which is typically a nontarget DNA added
after the sample pretreatment step to detect the presence of PCR inhibitorsand to evaluate DNA amplification during the
analysis. The IPC may also be introduced before the extraction to improve the control of this step. A recovery of 50%-150%
of the spiked target DNA isoften applied to residual DNA assays to ensure that the assayyieldsacceptable results. When sample
characteristics (e.g., matrix effectsor sample preparation method) make achieving a recoveryacceptance criterion of 50%­
150% impractical, then correcting the observed DNA concentration by using the load recoverypercentage isalsoan acceptable
approach.

HYBRIDIZATION-BASED RESIDUAL DNA ASSAY

The first residual DNA assays were based on DNA hybridization, wherein a DNA probe created from host cell DNA detects
and quantifiesthe amount of complementary DNA present in the product under assay. Double-stranded host cell DNA consists
of two complementary strands of DNA that are held together by hydrogen bonding. The double-stranded DNA in the test
sample isdenatured to singlestrands and immobilized to a membrane, typically a nitrocellulose or nylon membrane. Thesample
is probed using host cell DNA that has been denatured and labeled. The host cell DNA probe is not a specific sequence but is
prepared by a random labeling procedure during which a radioactive or fluorescent label is introduced into the host cell DNA
to produce the probe. When the denatured, labeled DNA probe isbrought into contact with the membrane-immobilized DNA,
the probe will bind to complementary sequences of the host cell DNA. Ifthe probe is radioactive, the membrane is placed
against autoradiography film for a sufficient length of time, the film isdeveloped, and a dark spot will be observed where the
test DNA was immobilized. The level of hybridization can be measured using a phosphor-imaging system. Ifthe probe has a
fluorescent label, the intensityof the spots isdetermined using a fluorescence-imaging system. The intensityof the spot is
proportional to the amount of probe that was hybridizedto the test DNA and therefore isproportional to the amount of residual
DNA in the sample. The intensityof the spot can be compared visually with the intensityof spots that correspond to a standard
curve yielding semiquantitative results (Le., visual quantitation), or the intensity can be determined using an instrument (e.g.,
densitometer) to create a quantitative value that iscompared with the values obtained from the standard curve.

DNA-BINDING PROTEIN-BASED RESIDUAL DNA ASSAY

Instrumentation is commercially available for the quantitation of residual DNA in biopharmaceuticals.The instrumentation
requires reagents that use DNA-binding protein and antibodies targeted for DNA in a four-step analytical procedure.

1. The first step requires that the DNA be denatured into single-stranded DNA by sample heating. The denatured DNA is
mixed with a single reagent that contains DNA-binding protein that is conjugated with streptavidinand a monoclonal
anti-DNA antibody that isconjugated to urease. The DNA-binding protein and the monoclonal antibody are specific for
single-stranded DNA but do not have any sequence specificity. This liquid phase facilitates the formation of reaction
complexes that contain DNA, streptavidin, and urease.

2. During the second step, the sample isfiltered through a biotinylated membrane that binds to the streptavidin and
captures the complexeson the membrane, which iswashed to removeany reagents that are not bound to the membrane.

3. During the third step, the membrane is inserted into a sensor on the instrument, where the urease in the DNA complex
reactswith a urea solutioninthe sensor, producing ammonia and a change in pHthat isdetected usinga light-addressable
potentiometric sensor (LAPS). The change in pH directlycorrelates with the amount of DNA in the sample.

4. Inthe fourth step, the rawdata from the instrument are analyzedusing the appropriate softwareto determine the residual
DNA content of the sample.

POLYMERASE CHAIN REACTION TECHNIQUES

Real-time qPCR isa procedure that iswell adapted to fast sample throughput and has applications in many areas of
biopharmaceutical manufacture (e.g., copy number detection, virus detection). The technique can quantify the amount of a
nucleicacid target sequence in DNA from a varietyof samples. The DNA probe and primers used in the analysis are keyto the

www.webofpharma.com

https://nhathuocngocanh.com/



USP 43 General Information / (11 30) 7899

procedure. The most common qPCR method for detection of this amplification is referred to as the 5' nucleaseassay. In this
format, the probe has a reporter dye attached to one end and a quencher dye attached to the other end. Apairof DNA primers
isalsoadded to the reaction. During the amplification reaction, a thermostable DNA polymerase initiates DNA synthesis where
the DNA primer binds to the single-stranded sample (template) DNA and moves along the sample DNA, synthesizing new
complementary DNA. While following the template DNA, DNA polymerase Icleaves any complementary DNA in the path. If
DNA polymerase Iencounters the labeled DNA probe, DNA polymerase Iwill cleave the probe. The reporter dye is released
into the solutionand, in the absence of the quencher dye, the resulting fluorescence ismeasured. Repeating the reactioncycle
results in an amplification of the fluorescence signal. The number of cycles requiredfor the fluorescence measurement to
exceed a threshold value correlatesto the amount of starting residual DNAin the sample. By comparing the fluorescence
obtained from a sample to a standard curve, analysts can quantify the residual DNA in the sample.

Alternative Detection Strategies

Anumber of innovative detection strategieshave been developed and commercialized beyond that described above.Afew
of the most common are as follows:

1. Intercalating cyanine dyesfluoresce after binding to double-stranded DNA. The amount of dye incorporated is
proportionalto the amount of target amplicongenerated. Thesedyes are inexpensive and easyto use.The disadvantage
of this technique is the lack of a specific probe to confer sequence specificity beyond that afforded by the primers, and
the dye will also bind somewhat to single-stranded DNA and RNA molecules. Consequently, primerdimersor nonspecific
products may affect the quantification. However, it is possible to checkfor the specificity of the system by running a
meltingcurveat the end ofthe PCR run, basedon the principle that everyproduct hasa differentdissociation temperature
and depending on the sizeand base content.

2. Other sensitive probes existthat contain a stem-loop structure with a fluorophoreand a quencher at their 5' and 3' ends,
respectively. The stem is usually sixbases long, mainlyconsistingof cytosines and gua_nines, and holds the probe in the
hairpinconfiguration.The "stem" sequence keepsthe fluorophore and the quencher in closeproximity, but only in the
absence ofa sequence complementaryto the "loop" sequen,ce. Inthe presenceofa complementarysequence, the probe
unfolds and hybridizes to the target, leadingto separation between the fluorophore and the quencher, and the probe
fluoresces. The amount of signal isproportional to the amount of target ampliconsequence. The increaseinfluorescence
that occurs is reversible, because there isno cleavageof the probe. It isalso possible to design the stem structure to add
specificity to this type of probe. However, these probes are often expensive, and the signalcan be weakdue to the limited
possible physical separation between the fluorophore and the quencher.

3. Avariation on the second exampledescribedabove usesa single-strandednucleic acid sequence containing the specific
PCR primers, the specific probe with a stem-loop tail separating a fluorophore and a quencher, and a blocking group.
The stem-loop tail isseparated from the PCR primersequence by a "PCR blocker", a chemicalmodification that prevents
the polymerasefrom copying the stem-loopsequence of the primer. After extension of the primerduring PCR
amplification, the specific probe sequence isable to bind to its complement within the same strand of DNA. This
hybridization event opens the hairpin loop so that fluorescence is no longer quenched, and an increase in signal is
observed. Covalent attachment of the probe to the target amplicon ensures that each probe has a target in close
proximity. Enzymatic cleavageisnot required, nor a separate probe hybridization step, thereby reducingthe time needed
for signaling. Thiscan resultin stronger signals and lowerbackground with fastercycling; however, these probes can be
quite expensiveand complicated to design.

4. Fluorogenic minor groove binder probes are short linearprobes that have a minor groove binderwith a nonfluorescent
quencher on the 5' end and a fluorophore on the 3' end. The minor groove binder prevents the exonucleaseactivity of
the DNA polymerasefrom cleaving the probe. Quenching occurswhen the random coiling of the probe in the free form
bringsthe quencher and the fluorophore closetogether. The probe iselongated when bound to itstarget and quenching
isdecreased, leading to an increase in fluorescent signal proportional to the amount of accumulated amplicon. These
probes are also expensiveand can produce a lowsignal-to-noise ratio.

Quantitative Multiplex peR-Based Residual DNA Assay

An evolutionof qPCR is quantitative multiplex PCR, where several pairsof primersand the corresponding probes are
introduced in the reaction medium to simultaneously detect multipletargets. Benefits include higher throughput and better
control of false-negative results, whereas disadvantages come from amplification and detection interferences, as outlined in
Nucleic Acid-Based Techniques-Amplification (1127). One of the applications of this technique isa duplex qPCR, where the
introductionof an exogenous DNA, calledIPC (internal positive control, see Sample Pretreatment above), enhances confidence
in the accuracyof the analysis when appropriately amplified. Multiplex qPCR isnot used as often as single-targetqPCR to assay
host cell residual DNA in biopharmaceuticals.

RESIDUAL DNA TESTING POINTS TO CONSIDER

When developing a residual DNA assay, one should consider how the assaywill be used, the structure of the DNA available
(e.g., fragment length), and regulatoryissues. Thecost of analysis can be significant and should be consideredwhen evaluating
an assay format. Inaddition, environmental, health, and safetyaspects should be considered.Traditionally, hybridization assays
were performed using phosphorus (32P)-labeled DNA and autoradiography. Because 32p decays quickly, probes prepared
with 32p have a limited shelf life, and the precautionsnecessary for handling radioactive material can be cumbersome. These
issues with 32p labeling may makefluorescence labeling of the hybridization probe a more desirableoption. Ifthe hybridization
assay isassessed visually, this processrepresentsa semiquantitativeassay, but ifthe intensity of the spots isdetermined using a
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densitometer or other imaging system, the results may be quantitative. DNA-binding protein assays and qPCR givequantitative
results. Quantitative assaysare typically preferred instead of semiquantitative assays (e.g., older hybridization-based methods),
because the resultsare considered more accurate and precise,which allows better process monitoring and control. Because of
sample matrix interference, a sample pretreatment step is often required to obtain accurate and reproducible results.
Pretreatment steps can influencethe recovery of DNA, so it isusually necessaryto design the assaywith a spike-recovery control
with an acceptance criterion to ensure assay performance. .

In-housecontrols are usually prepared in the laboratoryand qualified by ultraviolet spectroscopy, usingstandard techniques
employed in molecular biology,to determine the DNA content and purity. The hybridization assay usesgenomic and/or vector
DNA, labeled randomly throughout the DNA, as the hybridization probe reagent. Forthis reason, the hybridization assayis
specific for the source of DNA but is not specific for a given sequence. Asynthesized probe, specific for a specific sequence, can
be prepared and used in the hybridization assay ifthis level of specificity is desirable. The DNA-binding protein residual DNA
assay is not sequence specific and hence not specific for the host DNA. Therefore, laboratory personnel should avoid
contaminating samples for this assaywith environmental DNA before denaturing the DNA; otherwise, the DNA result may be
falsely elevated. The qPCR probe has the advantage of being sequence specific, but this creates some special challengesfor
development of a qPCR residual DNA assay. The qPCR-specific sequence must be a stable sequence within a suitable region of
DNA. The recoveryof the target sequence must consistentlyrepresent the recoveryof all the residual DNA. Biopharmaceutical
manufacturing processes may typically include operations that shear DNA into smallerfragments, and this must be taken into
consideration when selecting an assay. Proceduresexist to determine whether the DNA fragments in a sample are too smallfor
adequate residual DNA recoverywith a given assay. When bridging from one DNA assaytechnique to another, a thorough
understanding of the DNA analyte iscritical. Some assays can detect both single-stranded and double-stranded DNA, whereas
some can only detect double-stranded DNA (e.g., some fluorescent dye-binding assays). There are assays that are not sequence
specific, and those assays that are sequence specific can be influenced by the copy number of the target sequence present in
the DNA. There are assaysthat require two or more antibody molecules to bind to the DNA fragment (e.g., DNA-binding
protein-based residual DNA assay), and ifthe DNA fragments are too small and present in sufficientquantity, they can saturate
the reagents and inhibit the assay (hook effect).

Although safety concerns regarding residual DNA impurities are not as prominent as they once were, the levels of residual
DNA in any bioprocess remain a keyquality attribute and providesvaluablecharacterization of the manufacturing process.

(1132) RESIDUAL HOST CELL PROTEIN MEASUREMENT IN
BIOPHARMACEUTICALS

1. INTRODUCTION AND SCOPE

Many medicinalproducts are produced through recombinant technology viaa host cell(e.g., bacteria,yeast, or mammalian,
insect, or plant cell lines). Duringthe manufacture of such products, some amount of non-product, host cell-derived material
will inevitably be introduced into the processstream. This processresultsina mixtureof the desired product and hostcell-derived
impurities, including host cell proteins (HCPs), and other process-relatedimpuritiesthat will be targeted for clearancethrough
bioprocessing. .

Residual HCPs have the potential to affect product quality, safety, and efficacy; therefore, the quantity of HCPs should be
low.The product purification processes must be optimized to consistentlyremove as many HCPs as feasible, with the goal of
making the product as pure as possible.

The primary concern with HCPs in biopharmaceutical products is their potential to induce anti-HCP antibodies that could
induce a clinical effect in patients. Inaddition, HCPs may possibly act as adjuvants, which can induce anti-drug antibodies that
can affect the safety or efficacy of the drug. A more extensivediscussion of immunogenicity and its effecton preclinical and
clinical studies isdescribed in USP general chapter Immunogenicity Assays-Design and Validation of Immunoassays to Detect
Anti-DrugAntibodies (1106). HCPs can also have a direct effect on the quality of the product itself. Forexample, proteolytic
HCPs, even in minute quantities, can cleave the desired protein product over time, reducing or eliminating biological potency
or altering stability.

Thischapter focuses on HCP immunoassays for recombinant therapeutic products. It does not address products such as
vaccinesor gene-, cell-, or tissue-based therapies, although the general principles discussed may apply to the measurement of
HCPs in these products. The design and validation of immunoassaysfor HCPs involve unique and significant challengesdue to:
1) the wide varietyof possible HCPs in medicinal products; 2) the general use of polyclonal antibody reagents to detect them;
3) the lackof exactly matched standards for quantitation; 4) in some cases, a considerable effect from sample dilution effects;
and 5) inherent limitations to measure single HCP species. . .

The chapter includes assaydevelopment strategies throughout the product and process development lifecycle, and it
describes approaches to demonstrate that the assayisfit for use (e.g., illustrates unit operation clearance of HCPs, lot release).
Because of the complexity of HCP immunoassays, careful development and characterization of critical reagents are required,
particularly for the immunogen used to elicitthe anti-HCP antibodies, the antibody reagent(s), and the assayHCP standard.
Because HCP testing is an essential part of process development and product quality control, HCP testing isalso discussed in
conjunction with regulatory requirements and other considerationsfor guidance on an overall control strategyfor HCPs. Abrief
outline of the general chapter follows:

1. Introduction and Scope
1.1 Considerations for Manufacturing, Characterization, and Consistency

2. Terminology
3. HCP Immunoassay Methods
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3.7 The Assay Development Cycle
3.2 Development and Characterization of HCP Reagents
3.3 Immunoassay Method Development and Qualifying as Fit for Use

4. HCP Immunoassay Method Validation
4.7 Accuracy
4.2 Sensitivity and Assay Range
4.3 Sample Linearity
4.4 Specificity

5. Supporting Technologies for Residual HCP Detection, Identification, and Measurement
5.7 Considerations for Electrophoretic Methods
5.2 Considerations for Western BlotMethods
5.3 Considerations for Chromatographic and Proteomic Methods
5.4 Concluding Remarks on Supporting Technologies for HCPs

6. Use of HCP Immunoassays for Process Development, Characterization, and Validation
6.7 Assays for Individual HCPs
6.2. ControlStrategy

7. Summary and Conclusions
8. Bibliography

1.1 Considerations for Manufacturing, Characterization, and Consistency

Different cell-based expression systemsare used to manufacture medicinal products, such as bacteria (Escherichia coli,
Pseudomonas f/uorescens), yeast (Saccharomyces cerevisae, Pichia pastoris), mammaliancells (e.g., Chinesehamster ovary(CHO),
mouse myeloma cell line NSO, and others), insectcells (baculovirus-infected Spodoptera frugiperda cells), and plant cells
(tobacco,Arabidopsis, rice). The particularHCP profile is unique and specific to the particular host cells under specific culture
conditionsand manufacturing processes. HCPs can varyin pi (- 3-11) and hydrophobicity, and HCPs displaya wide range of
molecular weights (from-5 kDa to at least-250 kDa), depending on the host cell and manufacturing processused. The number
of HCPs in upstream samples can run anywherefrom several hundred to more than one thousand proteins, depending on the
host cell and cultureconditions.Although manycellular hosts have been used in biopharmaceutical manufacturinghistorically,
the most experience has been gained using E. coliand the mammalian cells CHO, NSO, SP2/0, and human embryonic kidney
cell lineHEK293. The guidance in this chapter drawsmost heavily from the experiencewith these expression systems;however,
general principles apply broadly to any host cell system.

In mammalian cells, the recombinant protein istypically secreted from the cells into the cell culturefluid (CCF), along with
many of the HCPs. However, it has been observedthat intracellular protein trafficking may not proceed in a normal fashion in
production cultures. Forexample, proteins usually associated with intracellular organelles, such as Iysosomes, may be found in
the CCF of largely viablecell cultures,becausethe cloneshave been selected for maximum proteinexport. Inaddition, as some
of the cells die, their soluble, intracellular proteinsare released into the CCF. Some harvestoperations also lyse cells; therefore,
the resulting harvested CCF typically contains both secreted and intracellular HCPs. While this mixtureof proteins incubates in
the fermenter, additional changes in the HCP population may occur, for example, as the resultof enzymaticactivity (e.g.,
proteinases or sialidases).

HCP assays provide important information about the compositionof the material entering the downstream recovery process
and how each purification step affects HCP clearance. In some cases, HCPs can even bind to, and co-purify with, certain
products. Process characterization and validation studies are needed to show which process steps remove HCPs and also to
demonstrate the robustness of these steps for consistently removing HCPs. As such, HCP assays are an essentialpart of
purification processdevelopment and help ensure manufacturing consistency. Lastly, reproducible and reliable HCP assays may
be required to measure residual HCPs remaining in the drug substance (OS) used to makedrug product (DP) that isdelivered
to the patient. HCP levels should be measured in: 1) preclinical lots used in toxicology assessment, 2) all lots during clinical
development, and 3) processvalidation samplesfromthe final manufacturing process. After approval, HCP monitoring may be
required as an element of the control system. Subsequent sectionsof this chapter discuss in more detail the use of HCP assays
in process validation and in a good manufacturing practices (GMP) control system.

2. TERMINOLOGY

To help establish a common nomenclature in the literature and with regulatoryagencies, Table 7 lists common terms with
their definitions (indicating how they are used in this chapter) in addition to synonyms that have been used historically. Note
that the term "platform" indicatesthat the same set of standards and reagents is used withina company to test a variety of
products made from the same type ofexpression system (e.g., CHO cells) grown under similar upstream conditions. Inthe case
of platform HCP assays, the antibodies to HCP are obtained from animals immunizedwith HCP antigens generated from a
common upstream processthat isapplicable to manyproducts,even ifthe downstream purifications are different. This approach
allows the knowledgefrom prior products to be leveraged. Justification that an assay issuitablefor a new product, using the
same expression system and common upstream conditions, istherefore often relatively straightforward.

The HCP immunogen used to generate platform anti-HCP antibodies and used often as the assay calibration standard is, by
design, comprisedof a broad set of HCPs. In contrast, the qualifier "process-specific" indicates that the immunogen/standard
has been prepared from a set of HCPs unique to a given process(either a unique upstream cellculture process or a unique
downstream purification process). Process-specific assays are, therefore, limited in their utility, and each must be fully qualified
for each process. Process-specific immunogens and calibration standards are, by intent, more narrowand specific to a given
process. "Commercially available" assays produced by vendors are often derivedfrom a combinationof strains and harvest/
purification procedures, and these assays are intended to havea broad application; but these commercially available assays are
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not specifically designed for a given manufacturer's proprietary cell line, and users do not have control over reagent availability
and lot-to-lot consistency.

Table 1. HCP-associated Terminology
Term Definition HistoricalSynonyms

Commercially Available to the publicfor commercial sale; typically a combinationof upstream isolates and Generic
available correspondingantibodiesmade by the vendor and sold as reagentsor kits.

Platform Thesameset of an HCP standard and antibodiesisdevelopedwitha company's proprietaryhost Custom, in-house, proprietary
cellstrain and used broadlywithina type (e.g., CHO) acrossseveral products when the up-
stream conditionsare similar.

Upstream Anassaydesigned from material where the upstreamcultureprocess deviatessignificantly from Custom, in-house, product-specific,
processspe- the platform. proprietary
cific This isgenerallybeforeany purification and may be applied to more than one product ifthese

parametersare similar.

Downstream Anassaydesignedfrom materials where the downstreamunit operationsare used to enrich the Custom, in-house, product-specific,
processspe- HCP population. proprietary
cific This may be appliedto more than one product ifthese parametersare similar. Thisisrarely used

today a!1d is not recommended except for certainproducts with exceptionaldownstream
processing.

Assay for an Anassayusing a standard composed of an identified, single, known HCP and itsspecific anti- Singleanalyteassayor Custom,
individu- body/antibodies. HCP-specific
al HCP

Coverage Describes the assessmentof howcompletelya populationof polyclonal antibodiesrecognizethe
population of HCPs.
The coverage assessmentmay be made on the HCP populationused as the HCP antigen or
from the product productionculture.

Qualification Demonstration of suitability of analytical methods (including reagents used in these methods)
for their intended application to a given processand in-process samples.

ProteinA/ Affinity purification of antibodieswith immobilized Protein Aor Ga Affinity chromatography
G-affinity pu-
rification

HCP-affinity Affinity purification of antibodiesusing immobilized HCP (antigen)a Affinity chromatography,immunoaffinity chro-
purification matography

Null cell The cellstrain usedfor production that does not contain the product-specific genetic elements; Parental, blank, or mock-transfected cell
includesuntransfected parental cells and cells transfectedwith the expression vector but with-
out the product gene.

ng/mg The numerical quantity (ratio)of HCP per product, where ng represents HCP massand mg ppm"
represents the product mass.
Itiscalculatedbydividing the HCP concentration(ng/mL)bythe product proteinconcentration
(mg/mL).

a Insome cases, both purifications are performed, typically the protein A/G first, then the HCP affinity.
bAlthoughppm has been used historically, it is not advisedbecausethis term isused to reflectmass per unit volumefor other types of tests. It is recognized that
ng is used conventionally as a valuederivedfrom interpolation from an HCP standard curve(in units of ng/mL),where the signalis reflective of antibody binding
and, unlike the therapeutic protein concentration measurement,does not strictly reflectthe massof HCP that may be present.

3. HCP IMMUNOASSAY METHODS

Immunoassay methods rely on antibodies that recognize, as broadly as possible, the population of HCPs entering the
downstream purification process; therefore, the sandwich immunoassay, designed with polyclonal antibodies, is the workhorse
of HCP monitoring and quantitation. This assay format offers a combination of high sensitivity, specificity, throughput,
automation potential, rapid turnaround, quantitative results, and low cost per assay that is unmatched by any other currently
available assay technology. Other immunoassay formats (e.g., competitive immunoassays) mayor may not be suitable, because
they lack either the specificity or the sensitivity afforded by the sandwich format. Although these methods result in a single HCP
value for a given lot, the number can give greater weight to HCPsfor which high-affinity antibodies are present in the reagent(s)
-and no or low weight to HCPswhich are either not recognized or recognized by low-affinity antibodies in the assay. For these
reasons, orthogonal measures of product purity are often needed. More details on these methods can be found in 5. Supporting
Technologies for Residual HCP Detection, Identification, and Measurement.

The basic principles and design of immunoassays are discussed in USP chapter Immunological Test Methods-Enzyme-Linked
Immunosorbent Assay (ELISA) (1103). The format that is most commonly used for HCPtesting is the sandwich immunoassay
with detection systems such as colorimetric, electrochemiluminescent (ECl), chemiluminescent, radioactive, or others.
Homogeneous immunoassays, including competitive assays, where all of the reagents are combined at once and the binding
occurs in a single step without washing, may be problematic due to antigen excess leading to antibody insufficiency issues
(discussed later in the chapter); therefore, these formats should be used with caution. The heterogeneous sandwich
immunoassay format described in chapter (1103) is generally preferred, because the dynamic range and sensitivity may be
reduced in the homogeneous format. The formats, with their advantages and disadvantages, are discussed further in chapter
Immunological Test Methods-General Considerations (1102). Data analysis is typically performed with a nonlinear fit of the
sigmoidal curve generated by a wide range of standard concentrations, although some analyses may focus on the low end of
the curve for greater sensitivity.
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Figure 7 illustrates common assay development plans,depending on the reagents available at various stages. Fewer bridging
studies are required when: 1) platform reagents are available, and 2) upstream processes are historically consistent. Figure 7A
illustrates a scenariowhere platform methods are not available, and a commercially available assay is used up to the stage of
process validation with appropriate assay qualification. For phase III and beyond, either a platform or upstream, process-specific
method is preferred.A bridging study should be performedto support assay replacement. If the commercial assay is intended
for phase III and post-approval, care must be taken to fully demonstrate that the assay reagents are applicable to the process
HCPs. An additional consideration isthat the reagents are from an outside vendor overwhom the biopharmaceutical
manufacturer has less control.

Post-Approval >
B

[ Preclinical

V

I CrossoverforAssayChange I
~ I PhaseII ~ha~:I:~:.':~;e>r Posi-Approval >

PialformAssay Ie "'I Plalfolll1Assay I
J",i;"J UpstreamProcess-Specific Assay I

Figure 1A. If there is no platform assay before product development starts. Figure 1B. If there isa platform assaybefore
product development starts.

Figure 78 suggests that a platform assay can be used through all stages of product development ifalready available when
product development starts. The platform assay should be qualified for each new product. Switching to an upstream,
process-specific assaymay be necessary for phase III or processvalidation and beyond, ifthe cell culture processissignificantly
changed from the platform process, and may introduce significantly different HCP populations.A bridgingstudy should be
performed to support assay replacement.

The limitations of a downstream-specific HCP assay should be considered, because it may be tempting to think that HCP
assays are improved by taking the HCPs from null expression through the first column(s) and immunizing animals with a
downstream column pool. Historically, the logic was that the immunogen and standard would be enriched in those HCPs most
likely to enter the recovery processand be in the final product. This strategy was based on the assumptionthat, rather than
havingthousands of irrelevant proteins in the immunogen, onlythose most likely to be in the processwill be present in the
immunogen; thus, the resulting assay will be focused on those HCPs of greatest interest. Potential concernsthat may ariseas a
resultof this approach are:

1. Ifonly HCPs from a null cell run pool from the first column are used, then later changes during process development
(e.g., changes in column run conditions) could invalidate the HCP assay.Thus, processdevelopment becomes very
restricted and involves the risk of needing to develop multiple HCP assays for slight processchanges (or the need to
manage the uncertainty).

2. HCPs that co-purify with a product may do so because they bind directlyor indirectly to the product protein. Anull cell
run of a column without the product protein would miss these HCPs.

3. Nonspecific adsorption to chromatography resins is not uncommon and, often, is not a reproducible phenomenon.
Compared to the firstpassage,subsequent passageofthe null cell run material overa columnwill likely produce a different
set of HCPs after passage over a new column resin.

3.2 Development and Characterization of HCP Reagents

3.2.1 PREPARATION OF ANTIGEN/HCP STANDARD

As described in 7.7 Considerations for Manufacturing, Characterization, and Consistency, the total HCP "antigen" isa complex
population of proteins; therefore, when generating the HCP antigen/standard reagent, it is important to ensure that: 1) the
calibration standard is representative of the cell lineand manufacturing process, 2) its protein concentration isaccurately
quantified, and 3) the immunogen isadministered in a way that generates polyclonal antibodies with reactivity to as many
differentHCPs as possible. The HCP antigen composition should also be comprehensiveenough to tolerate normal process
manufacturing changes during the life cycle of the product(s).

In addition to the uses above, the HCP antigen may also be needed to prepare the affinity columnfor purification of the
antisera. Ifaffinity purification isused, the quantity of HCP antigen needed should be carefully planned. The amount produced
should be large enough to providesufficient inventory for manyyears (often 10-20 years); ideally, for the whole life span of
the product. However, the antigen preparation process should be performed and documented in a way that facilitates a
potential resupply. .

Because the HCP assay is used to test DS samplesthat contain trace HCP impurities, any cross-reactivity of the anti-HCP
antibodieswith the product may compromisethe test method and yield biased results. Therefore, any contamination of the
HCP antigen with product must be avoided to prevent the generation of anti-product antibodies.
3.2.1.1 Preparation of Hep antigen from mammalian cells: The majority of biopharmaceutical products produced today are
expressed in mammaliancells, e.g., CHO cells. Atypical processfor the preparation of CHO HCP antigen isoutlined in Figure 2.
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Figure2. Example of mammalian HCP antigen preparation.

The first step isto establisha nullcellthat does not express the product gene, either by using non-transfected (l.e., parental)
cells with a common origin to those used to make product alone, or to transfect them with the vector used to create the
production cell linewithout the product coding gene (historically described as a "mock" transfection).The main advantage to
the latter isthat selectivemarkers(e.g., dihydrofolate reductase or glutamine synthetase) are expressed.Alternatively, antibodies
can be raisedto selective markersindependently. Anotheradvantage isthat mock-transfectednullcells expressselectionmarkers
and may be grown in cellculture conditions more closely resembling the manufacturing process. Using pools of mock
transfected null lineswhich have not been cloned allows for the maximum potential genetic diversity and therefore givesthe
highest potential of generating a broad host cell protein population. However, these cultures,which are seeded with cell pools
(not cloned), may demonstrate more variability from run to run. Both approaches [non-transfected (parental) and mock
transfected] are commonly used. Both are also subject to the following issues: the cell culture process optimized for the
production clone may not lead to similarviability and celldensity of the null cells. In addition, in the absence of the stresses
experienced by cells producing large quantities of product protein, the null cell lines may exhibit a different HCP profile. These
changes in viability, cellular metabolism, and celldensity may alter the HCP profileof the antigen, making it less representative
of the manufacturing process. More about choosing appropriate HCP antigen preparation conditions isdiscussed below.

Once the null cells have been established, the HCP antigen is prepared in a bioreactor, cellculture flask, or cell culture bag
reflective of the product or process cell culture conditions. Aplatform cell culture process may be applied, which represents a
common manufacturing process for several products (e.g., CHO-derived monoclonal antibodies). Typically, the resulting HCP
antigen is minimally processed to ensure a broad HCP spectrum, making the antigen suitable for HCP monitoring of multiple
products generated from the platform process. A platform HCP antigen also may be produced by combining several nullcell
runs with slightlydifferentcellculture conditions (e.g., allowing the culture to remain in the bioreactor for longer periods of
time to vary the cellviability). Thisapproach is used to obtain a broader HCP spectrum, and antisera raised against this
immunogen may be suitablefor HCP detection in products generated from a varietyof slightly different processes.These
reagents also may increasethe robustness of the HCP immunoassaytoward process changes.

Alternatively, the HCP antigen may be prepared using an upstream, process-specific approach in which the cell culture
process is tailored to mimicthe production process for a unique product or specific process. The advantage of this approach
may be the high relevanceof the resulting HCP antigen to a particularupstream process. As with platform reagents, because
no additional processing purification steps are included, the antigen contains a broad range of HCPs, and the antigen will often
remain suitable for HCP monitoring after downstream production-process changes. The disadvantage of this approach is that
the use of the reagents typically will be limited to a single (or few) product(s) or process(es).

The HCP antigen can be produced from a representativesmallscale, pilot scale, or production scale run. There are pros and
cons for each approach. Pilot or production scale may mimicthe actual process best; however, normal variation between cell
culture runs may not be reflected ifonly one run at large scale isapplied. Conversely, several small-scale preparations can be
pooled and may better reflectthe run-to-run variability of the cellculture process. Regardless of the scale, the presence of
product should be aggressively avoided, because its presence in the HCP immunogen will compromise the quality of the
resulting immunoassayantisera.

Afterperformingthe null cellrun, the HCP antigen can be prepared from the celllysate, the concentrated CCF, or as a mixture
of both as shown in Figure 2. Ifthe antigen is prepared from CCF, the cells may be harvested at a time when production line
harvest is performed or some days later, to allowfor some of the cellsto lyseand release HCPs into CCF and thereby broaden
the HCP spectrum.

To prepare immunogen from cell lysate, the cells are harvested by centrifugation, and the cell pelletsare washed and lysed
(e.g., by using repeated cycles of freeze/thaw, or high pressure homogenization). Conditions are typically selected to mimic
the production process (i.e., to prepare immunogen from CCF, cells and debris are removed by centrifugation, and the CCF is
then treated by ultrafiltration/diafiltration). The bufferisexchanged (e.g., into PBS or HEPES), and the CCF isconcentrated. The
cut-off for filtration should be chosen to minimize loss of Hep, e.g., 10 kDa or less.
3.2.1.2 Preparation of HCP antigen from bacterial cells: Manyof the above-described principles used in the preparation of
mammalian HCP antigens also apply to prokaryoticcell culture. However, some unique challenges should be considered. In
particular, manufacturing processesfor bacterial expression systemcome in more varieties, such as those yieldingconcentrated
protein deposits known as inclusion bodies, which can represent up to 95% of the total cell protein. HCP impurities are also
present in the inclusion bodies, including bacterial membrane proteins, ribosomal subunit proteins, and cytoplasmicproteins,
such as small heat shock proteins or chaperones. The formation of inclusion bodies in the production strain makes it more
difficult to generate a representative HCP preparation from a null cellfermentation process.The nullcell may not have the same
HCP profile, and it will not generate inclusion bodies with whichspecific HCPs may co-purify, as described above. Inother cases,
HCPs have been created from periplasmic secretion systems, ifthe production process can be replicated in the null cell.

Because there is no obvious approach for overcoming these limitations, in practice the bacterial HCP antigen is usually
generated from the Iysates of washed cells, using null cell fermentations, that are grown and induced under conditions
representing the upstream manufacturing process as closely as possible. As for any HCP antigen, it is necessaryto demonstrate
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that the HCP profile is representative of the manufacturing process before use in assaydevelopment. This approach yields the
full complement of HCPs expressed and hence isvery broad.

Because most animals have been exposed to bacterialantigens and may have pre-existing antibodies to many bacterial cell
proteins, it is important to characterize the pre-existing antibody responses, and ifappropriate, consider the use of specific
pathogen-free (SPF) animals. The presence of significant levels of pre-existing anti-HCP antibodies may confound the analysis
of the antibody responses; therefore, it is important to screen preimmune sera from animalsfor pre-existing antibodies prior to
immunization.

Null bacterial cells transfected with the expressionvector contain chaperone genes that may be expressed at high levels
(e.g., 5% of the total HCPs). Such overexpression of particular HCP impurities might necessitate the development of
single-analyteassays for these particular impurities (see 6.7 Assays for Individual HCPs).
3.2.1.3 Characterization of the HCP antigen: Several analyses are recommended before immunization: 1) protein content
(total protein assay); 2) absence of product (as shown by Western blotting, immunoassay, and/or MS analysis); and 3)
characterization by 1-D or 2-D-polyacrylamide gel electrophoresis(PAGE). Protein concentration is measured to establish the
standard concentration for future use and to determine the overall amount of the prepared antigen. The most commonly used
methods are the bicinchoninicassay (BCA), the Bradford assay, and amino acid analysis (AAA), although the colorimetric
methods require a standard (e.g., BSA) that is not well matched to the (HCP) analyte. Absorbance at 280 nm (A280)may also
be used although it is lessspecific for protein (e.g., nucleicacids will also be measured). These methodologies often provide
similarresults, but some methods may be more significantly affected by the presence of interferingsubstances than others.
One should consider using two orthogonal methods to exclude a gross over- or underestimation of the protein concentration
by one particular method. For more information, see general chapter Biotechnology-Derived Articles-Total Protein Assay
(1057), which discusses the advantages and disadvantages of various protein analysis methods. The HCP concentration must
be assigned with a scientifically sound approach that is used consistentlyfor its lifetime. The lackof product can be assessed
with gels, anti-product Western blots, or other suitable methods. Lastly, the 1-D and 2-D gels help characterize the pattern of
HCPs, show that a broad spectrum of proteins ispresent, and show that a reasonable match to production is present. However,
this can be challenging because of the presence of large amounts of the product, which can obscure HCP detection.
Comparisons may be made between the specific populations of host proteins produced in the null cultures and production
cultures using the orthogonal methods discussed in 5. Supporting Technologies for Residual HCP Detection, Identification, and
Measurement.
3.2.1.4 HCP standard reference reagents: Frozen HCP material is usually stable for a very long time, but stability of the HCP
standard reagents should be monitored over time because the assaylifetime can be very long. HCP standard stabilitycan be
confirmed by monitoring the HCP standard performance in the HCP immunoassay as well as in orthogonal methods.

Appropriate controls within the assay range may be established to monitor assay performance. Controls may be prepared
from independent dilutionsof the HCP standard, product samples or intermediate pools, or spiked product samples. However,
there isa slight risk that control samples prepared as a dilutionfrom the same HCP standard materialcan degrade at the same
rate as undiluted HCP standard, and degradation of the standard will not be detected. To mitigate the risk, data from several
standard curve parameters (e.g., signal, background, slope, coefficient of determination) are often assessed for each assayand
used to support HCP standard stability. Using material differentfrom the reference to prepare controls will help ensure that the
degradation rate will be independent, and HCP standard degradation can be detected easily.

Assay control charts can be establishedand used to record referencecurve parameters, control samplevalues, and lot-specific
information for the critical reagents, such as labeled HCP antibodies. Acceptable ranges for the controls should be established
on the basisof multiple runs (usually 20-30) and may be used as part of routine assayacceptance criteria. Inaddition, the values
for % coefficientof variation (CV) of standard and control replicates are often a part of the assayacceptance criteria. Differences
over time in HCP standard curve performance or HCP control levels, or an increase in assay variability, may indicate a lackof
HCP standard stability. .

3.2.2 PREPARATION AND CHARACTERIZATION OF ANTIBODIES

3.2.2.1 Preparation of antibodies to HCPs: The anti-HCP antibodies prepared are often used for many applications (Western
blots, immunoassay) over a long period of time (e.g. the anticipated life of a product or platform). Therefore, material needs
should not be underestimated. The recommended antisera quantity will depend on many factors including the intended use,
the predicted quantity purified from a given volume of antisera, the amount coated on microtiter plates, and many other
considerations. The choice of animal species used to generate anti-HCP antibodies isdriven by the immunogen, the
requirements for the particular method, and the preferencesof the individual investigator. Rabbits, sheep, and goats are often
chosen for immunization programs. In some cases, multiple animal species have been used. In such cases, using species more
phylogeneticallydistant from mammals (e.g., chickens) have helped to generate anti-HCP antibodies to conserved mammalian
HCP proteins. The choice of animal species may also be driven by a desire to either increase the amount of antisera available
from one or severalanimals (goats or sheep), or to use a strategy to obtain a greater diversity of responses provided by the use
of many more individual animalsfrom a singlespecies (e.g., rabbits).The number of animalschosen to generate the antiserum
pool(s) depends on the species used and the duration of the immunization protocol. Ifsmalleranimalsare used to generate
the antiserum, more individual animalsare generallyneeded (e.g., 10-20 rabbits). Incontrast, iflargeranimals(goats or sheep)
are used, investigatorsusually will immunize 3-10 animalsper protocol.Typical immunization protocolsprovideapproximately
100-150 mLofantiserum per rabbit or approximately500 mLofantiserum per goat, and the total yieldof ProteinAor ProteinG
purified antibody isapproximately1 gram per rabbit or 5 grams per goat. Animals should be screened for pre-existing antibodies
against drug substance prior to immunization. Ifpositive resultsare found, then these animals should be excluded from
immunization. .

Aportion of the prepared HCP antigen is mixed with an appropriate adjuvant (most commonly, Freund's adjuvant or in
combination with incomplete adjuvant) and used for the immunizationof animals. Each animal receives an initial priming
immunization, followed by multiple (often 4 to 8) booster immunizations, to mature the immune response and generate
high-titer, high-affinity antibody responses. Antiserum is collectedfrom each animal before the initial priming immunization

www.webofpharma.com

https://nhathuocngocanh.com/



7906 (11 32) / General Information USP 43

(time 0) and at appropriate intervals (usually 10-14 days)after booster doses. Fourto six bleeds are usually collectedfrom each
animal. However, the duration of the immunization protocol may be extended by increasing the number of booster
immunizations, making it possible to collect additional high-titer antisera. Other immunization strategies may also be helpful
(e.g., cascade immunization or sizefractionation of the HCP immunogen).

Investigators should perform titer or Western blot analyses of the individual test bleeds before antiserum pooling to screen
for and remove sera that 1) have low titer, 2) displayan immunodominant immune response to a small group of HCPs, or 3)
have nonspecific binding characteristics or anti-product reactivity. Thisevaluation should also be performed on the final
antibody pools to demonstrate broad coverage of HCPs and a lack of binding to the therapeutic product. In addition, some
laboratorieshavefound it useful to evaluate antibodiesfor aggregates usingsizeexclusion chromatography as described below.
Acid elution conditions may cause some antibodies to aggregate, and multimers of this type, particularly when labeled with
either biotin or horseradish peroxidase, may lead to increased assay background. In addition, some laboratories include a final
process-scale size-exclusion chromatography step to reduce aggregate levels to low levels (e.g., <5%).

Multipleapproaches to the purification of antibodies from antiserum pools have successfully generated antibodies suitable,
for use in HCP immunoassays. Antibody purification isoften performed by Protein A, Protein G, or HCP column affinity
chromatography. The applicationof coated magnetic beads can alsoprovide benefits in some scenarios. Thechoice of Protein A
or Protein G isdriven by which animal species was used to generate the antibody. Manufacturers provide standard protocols
for these routine antibody purifications. When affinity purifying anti-HCP antibodies, materialssuch as chromatography resins,
which may have been used previously for other products, should be avoided, and additional cleaning cycles should be in place
to minimizecarryover. Ideally, manufacturers should use a resin that has never been exposed to a DP. Before the affinity
purification step, some laboratories also includean initial 50% ammonium sulfate precipitation of the crude antiserum to enrich
and concentrate the antibody fraction and thereby extend the performance and duration of use of affinity columns. The use of
ProteinA or Protein G purification strategies generates reagents in which the anti-HCP-specific antibodies compose a smaller
proportion of the total antibody. In contrast, HCP affinity purification strategies selectively purifyanti-HCP-specific antibodies
from the antisera or antibody-enriched preparations. In this case, the HCP antigens are coupled to an activated resin, and the
antiserum is purified over the column following established protocols or the resin manufacturer's instructions. The purified
antibodies may be further purified by size-exclusion chromatography to remove aggregates, then dialyzed, concentrated,
divided into aliquots, and stored frozen (typically -70° or colder). Neat antisera should also be stored frozen (see (1106) for
additional information regarding storage of serum samples).

Affinity purification of specific antibodies using HCP immobilized on a column requires careful management of the column
preparation and use so that it can be reproduced reliably for future purifications. Inaddition, ifreused, appropriate resinstorage
and regeneration procedures should be evaluated and controlled to avoid degradation during storage. Done properly, it is a
reliable, reproducible process that has led to consistent anti-HCP antibodies and HCP immunoassays. After loading the column
with antisera, an optimized wash procedure iscritical. Because the preparation isa mixture of antibodies with differing affinities,
extensive washing may remove low-affinity antibodies. Similarly, loading large amounts of anti-HCP antisera onto the column
may result in high-affinity antibodies, displacing low-affinity antibodies ifthey recognize epitopes that are in close proximity.
In either case, the low-affinity antibodies may be removed. In theory, higher affinity antibodies may also be more challenging
to elute. Whatever load and wash conditions are initially selected for the antigen-specificaffinity purification, these conditions
need to be maintained in future production lots of the antibodies. Acomparison between these two purification strategies is
shown in Table 2. Both approaches are commonly used.

Table 2. Antibody Purification Strategies

Type of Purification Pros Cons

Protein A or G Affinity Column Chromatography Robust arid reproducible for quickly separating IgG lower proportion of antibodies specific to HCPsand
fraction from other serum proteins may havea higher amount of low affinity antibod-

ies

HCPAffinity Column Chromatography Enriches for specific high affinity anti-HCP antlbod- More skill and documentation required to make and
ies;excludes nonspecific antibodies and serum pro- maintain resins consistently. Some high affinity an-
teins ti·HCP antibodies may not be eluted in usableform

and may not be recovered

3.2.2.2 Characterization of antibodies to HCPs: Antibodies prepared for capture and detection are assessed independently
and as part of the sandwich immunoassay pair.The concentration of the unmodified antibody isdetermined most commonly
by absorbance at 280 nm, AAA, or BCA. Each approach isacceptable, provided it is applied consistentlyand (ifcolorimetric) is
standardized similarly. It is important to determine the concentration of the capture and detection antibodies in each batch
because they will be diluted to a certain concentration in the optimized immunoassay method. The detection and capture
antibodies are characterized by their performance in the immunoassaymethod(s). The best label to antibody conjugation ratio
should also be empirically evaluated primarily based on the best performance in the assay. Thisoptimal ratioshould be targeted
in the future when new labeled antibodies are made. Finally, although antibodies are generally verystable when stored frozen
(e.g., -70°), investigators should ensure storage integrityand determine a defined period of use. This can be accomplished by
continuous monitoring with trending charts or by requalification experiments at specified time intervals.

The quality of the antibody pair (capture and detector) is often evaluated in two ways:
1. Show that the antibody pairsare specific and sensitive in an immunoassayformat for the HCPs present in a seriesof

samples taken from the unit operations of a given purification scheme, including the OS. This topic is also addressed in
more detail in 4. HCP Immunoassay Method Validation. In concept, the abilityto detect and measure HCPs
(immunoreactivity) in a seriesof actual processsamples from a given process for a product in development is
demonstrated with data showing: 1) sequential clearance as the product is purified, 2) sample linearity throughout a
dilution series, and 3) lack of cross-reactivity to product or matrix.The reduction of HCPs during the purification process
isdetermined byclearancefactors where the HCP content (in ng/mg) at each step in the process isdivided bythe amount
in the prior step. Typically, starting samples from the cell culture may have HCP levels ranging from several hundred
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thousand to several million ng/mg, and final products may have HCP levels ranging from <1 to 100 ng/mg (showing
many logs of clearance). When these trends are observed, they suggest that the process and the assayare functioning
effectively, and the antibodies used in the immunoassayhave suitable quality attributes. If these trends are not observed,
it may not necessarily reflecta problem with the antibodies, because it isalso possiblethat the purification process is not
effective.

2. Showthat a broad range of HCPs in the calibration standard is recognized (i.e., that the coverage of the HCP population
isadequate). Coverage is evaluated for at least the capture antibodies using 2-D gel Western blots or immunoaffinity
fractionation of the total HCP population by immobilizing the anti-HCP antibodies on a column. In addition it is
recommended to test the coverage of the detection antibody ifdifferent coating and detection antibodies are used. The
benefits and limitationsof using either 2-D gels or immunoaffinity fractionation to demonstrate coverage is discussed
more fully below. Whichever method is used, the extent of coverage must be addressed in qualifying the
lmmunochernlcal reagents.

HCP coverage evaluations help assessthe ability of the antibodies to recognize a wide range of HCPs in the calibration
standard and those present in in-processand OS samples. Two methods (2-D gels followed by Western blot analysis and
immunoaffinity purification followed by 2-D gel analysis) are in fairly common usage, and both have the limitation that they
tend to underestimate the true antigen binding in immunoassay methods but may have value in comparing two preparations
head-to-head (or a platform to a commercial reagent). Both procedures use reducing 2-D gel electrophoresisto separate HCPs
in the HCP standard or in early processsample(s)(e.g., harvest). Numericalcoverage comparisonsshould be used with caution
because of the many method variables and the art required to reproduce results, even with the same reagents in the same
laboratory. Because of this variability, the results are best evaluated qualitatively. Comparisons of batches (or sources) of
antibodies should be done side by side as much as possible to determine ifantibody lots are comparable or ifone is superior
to another. One approach, the 50S-PAGE/Western, isessentially a comparison of the number of spots present in the
immunologically stained membrane versusthe number in aduplicate gel (or blot) stained for total protein (e.g., by fluorescent
dye or silver; see also USP chapter Immunological Test Methods-Immunoblot Analysis (1104». Differential staining of each
antibody preparation may power the analysis, because it can be used to analyze the same 2-D gel. The second approach,
immunoaffinity binding/50S-PAGE, involves comparing the flow through and eluate to the load from the HCP calibration
standard (or early process sample) passed over a resin to which the capture antibodies have been covalently immobilized. The
resiniswashed after loading and before elution to remove nonspecifically bound HCPs. Forthe purpose of sample comparison,
difference gel electrophoresis (OIGE) technology could be helpful. Table 3 lists the advantages and disadvantages of these two
coverage methods.

Table 3. Comparison of Coverage Methods
Pros Cons

Good separation of individual HCPs allows for individual spot HCP antigens are denatured, maynot representwhat isseen in
counting. immunological assays (e.g., ELISA).

Highvariability-numerical "percent coverage"valuesvary
widelywith the same material tested withina singlelab and
between differentlaboratories.

2-0 50S-PAGE/Western blot Transferefficiency of a broad range of HCPs difficult to opti-
mize, leading to underestimates due to over-transfer through
the membrane or failure to transferfrom the gel, dependent
on molecularweight.

Matchingspots between blotsand gels are difficult and not
standardized.

HCPs bind to antibodyresinin solutionunder nativeconditions Mayunderrepresent some HCPs ifthey are bound too tightly
similar to the sandwich immunoassay. and do not elute, resulting in an underestimation of coverage.

Immunoaffinity binding/ Analysis of spots in gelsdoes not requireimmunoblotting and Preparationof the anti-HCP resin must be done carefully and
issimplerbecause the problemsof transferare avoided. may be difficult to reproduce. Results can be dependent on

1- or 2-0 50S-PAGE resin loadingand elutionconditions.

Proteinsat lowconcentrationthat onlyshowup inWesterns will
not be detected.

More information about the appropriate use of 50S-PAGE/Western blot methods and ways to minimize the disadvantages
above can be found in the later section 5.2 Considerations for Western Blot Methods.

Anexample of a suitable use of this approach isshown in Figure 3.
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Figure 3. Left panel: 2-0 IEF/SOS-PAGE analysis of representative CHO HCP calibrationstandard stained with a sensitive
fluorescent stain. Right panel: Western blot analysis of the same gel shown in the left panel.

3.2.3 GENERATION ANO QUALIFICATION OF REPLACEMENT REAGENTS

When the supply of HCP reagents are depleted or if their performance declines, new reagents may be needed. Often, new
HCP antigens and new HCP antibodies are both generated at the same time. In theory, the new set of reagents should be
created by following the same protocol that was used for the previousset of reagents to match the performance of the new
and old assaysas closelyas possible and produce consistent data for a given program. In practice, however, it is not always
possible(nor advisable) to generate the assay reagents exactly the same way that they were originally made. Forexample, if
the manufacturing process has been optimized over time and the original platform assay reagents are no longer relevant, a
carefulassessment should be made. When such changes are required, the ideal way to confirm the quality of the replaced
reagents is through characterization of antibodies (see below) and demonstrating that they can detect similaror greater HCP
log reduction, from harvest to OS, using the same samples tested head to head with the originalassay reagents.

When replacing an HCP antigen in which the current production process isessentially the same as the old process, the new
HCP antigen should be prepared as similarly to the old as possible. It is important to compare the protein concentrations of the
old and new HCP antigens side byside, usingthe same method to correctlyassign the protein concentration for the newantigen
and to ensure that the protein concentrations are comparable in the new and old HCP calibrationstandard. Characterization
by 1-0 and 2-0 SOS-PAGE should also be performed as a side-by-side comparison of the old and new HCP antigens (seeabove)
to be sure that gross changes in protein composition have not occurred.

Forantibody replacement, the same animal speciesshould be used, ifpossible. Incases where a better antibody response is
desired, antibodies produced by differentspecies may be evaluated. The selection of the species should take into account all
the points discussed in this chapter. Aside-by-side comparison of resultsfrom processsamples using old and new antibodies
in a sandwich immunoassay format should be included to demonstrate suitability of the replacement antibodies. Additional
characterization by orthogonal methods (e.g., coverage using 1-0 and 2-0 SOS-PAGE) is recommended, as described above.
Assay qualification or validationshould also be considered after changing reagents.

Tofully understand the effectof replacingHCP critical reagents on assayresultsrequirestesting of processsamplesin bridging
studies using multiple samples from harvest, process intermediates from all appropriate purification steps, and the final OS.
These studies can be very resource intensive, which underscores the importance of making sufficient quantities of HCP critical
reagents at the outset (and minimizing replacement).

3.3 Immunoassay Method Development and Qualifying as Fit for Use

Asnoted in 1. Introduction and Scope, HCP immunoassaysserve two important functions in the development and control of
biopharmaceutical manufacturing processes. HCP immunoassaysserve as a measure of product purity, and therefore are
potentiallyrelated to patient safety. Theyalsoserveas a measure of manufacturing consistency, and therefore they are reflective
of process control. To meet these requirements, HCP assays are often validated and incorporated into the cGMP controlsystem,
which includes specific reject limits (in the OS as a Certificate of Analysis (C of A) method or as an in-process control). Ifthe
final OS isa conjugated protein, the testing should be done on the protein intermediate (before conjugation). Inaddition, HCP
assays are used to guide process development and are often used to demonstrate robust process performance in the context
of formalized process validation activities.

HCP immunoassays are often formatted as a sandwich ELISA, and multiple antibody labeling options are available (see
(1103». Oepending on the label chosen, appropriate conjugates and substrates are selected; examples are described in
(1103). Most proteins can be biotinylated because of their lysine content and, because biotin is small, it is less likely to affect
the protein's binding activity. Because antibodies are large and have many lysine residues, the conjugation ratio of biotin to
antibody can be higher than that of smaller proteins. However, it is important to not over- or under-label the antibody (e.g.,
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with biotin or HRP), because this might lead to either less antigen binding or lowersignal/sensitivity, respectively. Controlling
and definingthe labeling stoichiometry(e.g., mole of biotin to mole of IgG) is useful for makingfuture batches consistently.
Multiple ratiosofanyantibody labelshould be tested and optimizedfor performancein the immunoassay. Excess unconjugated
reagents should be removed, either by dialysis, affinity purification, or by using a suitable desalting column.

Often, the standard isfirstscreened to see whether a dose-response curvecan be generated, and ifso, inwhichconcentration
range of analyte. The results can also reveal a starting point for initial reagent concentrations that can be optimized further. If
more than one antibody pair has been prepared, then each is tested to find the best performance (see USP chapter (1103) for
more information). The signal (lowcalibration standard) to noise(background) ratiosgenerated with each antibodycandidate
can be used to select the best pair. Typically, HCP immunoassays do not always possessa full dose-response curvewith both
asymptotes; therefore, for the purposes of residual HCP detection, the assay for DS release should focuson the lowend of the
curve.

3.3.1 QUALIFYING A NEW MANUFACTURING PROCESS WITH A PLATFORM HCP ASSAY

As noted earlier, if the upstream/isolation procedure is matched, then a new product produced in that system can benefit
from a platformassay approach that can decrease qualification time and effort. However, in caseswhere there are variations
that occur in optimizing the production cultures and the cell culturedesign space is not completelydefined, it is important to
understand whether these variations are significant enough to renderthe platform assayunsuitable. Inthese cases, the platform
assayshould be qualified experimentally to demonstrate that it issuitablefor measuring HCPs from the new process. Assay
accuracy, precision, sensitivity, linearity, range, and specificity must be evaluated (see 4. HCP Immunoassay Method Validation).
Inaddition, the range of HCPs in the platform HCP standard should be compared to those present in the new process. The
antibodiesshould alsobe characterizedusingsamplesfromthe new process or product usingapproaches discussed previously.

Thefollowing approaches and concepts may be useful indeterminingifa platformassayissuitablefora product made witha
new process:

1. Conduct a representative, small-scale null cell rungrown underconditionsused inthe newcultureprocess, and determine
the protein concentration of the null cell run CCF. Assay the null cell run CCF at the same nominal concentrationas the
assay HCP standard using the HCP sandwich immunoassay, and compare the dilution curvefrom the null cell run CCF
to the standard used inthe assay. If the standard and new null cell run CCF curvesare similar (e.g., inshapeand amplitude,
and the calculated HCP concentrations are withina factor of two), then the new process isconsidered not differentfrom
the platform, and a process-specific HCP assay is not usually needed.

2. With the CCF from the above null cell run from the new process, make a comparison to the HCP calibration standard
using 2-D gel electrophoresis. Thiswill compare the diversity of proteins produced by the two processes. However, be
aware that new "spots" may appear in the 2-Dgels that may not reflect immunochemical differences in the assay, for
example, post-translational modifications or limited proteolysis. Assuch, the appearance of a few new spots or
up-regulated or down-regulated spots in the process-specific null cell run is not a basis for invalidating the application
of the platform assay. Aqualitativeassessment (e.g., versus a Western blot) is recommended.

3. Comparison of HCP levels at harvest in actual production runs (CCF samples)with the same product produced in the
original versus the "new" process isalsovaluable. Ingeneral, immunoassay results within a factor of two are often
considered similar, thereby confirming the platform HCP reagents.

4. HCPs inCCF from productionculturesmayalsobe estimatedon the basis of total protein measurements. Thetotal protein
in the CCF isthe sum of product (measured usinga product-specific titer assay) and HCPs. Samples from harvests of the
manufacturing run cell culture can be dialyzed, as long as they are sufficiently concentrated to makemembrane losses
negligible, to removesmall peptides and amino acids, and then the total protein isdetermined (e.g., by amino acid
analysis). Subtraction of the product concentration from the total protein providesan estimate of the non-product
protein, HCP, in mg/mL.This value may be compared with the HCP concentration from the immunoassay. Comparable
values (e.g., within 2x) indicate that the HCP platform isconfirmed for the new process.

3.3.2 NEED FOR NEW REAGENTS AFTER PROCESS CHANGES

Major changes, such as substantialand unambiguous changes in cell culture conditions (e.g., moving from a
serum-containing processto a serum-freeproduction process), typically require production of new reagentsand development
and validation of a new HCP assay. In this example, the HCP reagents created using the old process recognize a number of
serum proteins but may not recognize many new HCP proteinsin the serum-free process. Because of both the processchange
and the assaychange, differentHCP levels will be observedwhen the same samples are measured for HCP in the old and new
assays (l.e., the samplesfrom the serum-containing process may havea high level of HCP measured by the old assay and low
level of HCP measured by the new assay, whereas the samplesfrom the serum-free process may have much lowerHCP results
by the old assaybut more with the new assay).

Ifthe assaywasdevelopedasa downstream, process-specific assay, changes inthe purification steps canalsorequirereplacing
the assaywitha new one that isrelevantto the new downstreamprocess. This is the biggest problem withthese veryspecialized
assays and why platform-based assays are usually preferred, because they often do not require a new assay when the :
downstream steps are changed.

3.3.3. SAMPLE STABILITY

It is important to demonstrate that the sample handling proceduresdo not affect the assay results. This is particularly true
when comparing results for various intermediate process pools. Occasionally, HCPs can precipitate duringfreezing or when
the sample pH isadjusted from acidicto neutral. Inaddition, storage at 2°_8° or multiplefreeze-thaws may result in loss of
reactivity. Theanalystmay need to add specific stabilizing components (e.g., divalentcations)to the samples to ensurestability.
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4. HCP IMMUNOASSAY METHOD VALIDATION

USP 43

HCP immunoassaysfor product purity assessment typically are part of the cGMP control system, either as an in-process test
or on the C of A, and need to be validated appropriately.The validationapproach depends in part on the types of samples that
will be tested with the method. All validation parameters for a quantitative impurity test are needed when used for the final
DS, whereas validationfor in-processsamples usually focuses on dilution linearity, interference, and precision. Regardless of
whether the assayisan in-processor releaseassay(DS), action limits are valuableas a part of an overall control strategy. Readers
are referred to ICH Q2(R1) guidelinesand chapter Validation ofCompendial Procedures (1225) for general expectations for assay
validation, particularly those requirements for cGMP assayvalidation, and to chapter (1103) for sandwich immunoassays.
Although the main focus of this section is on cGMP assayvalidation, many of the same principles apply to the assays used to
demonstrate that process purification steps are suitablefor their intended purpose. .

Thissection will focus on those aspects of HCP immunoassays that are unique or requirespecial attention and documentation.
HCP immunoassaysdifferfrom more conventional immunoassays in that they are multi-analyte assays. There are potentially
thousands of proteins in the immunogen and standard, and a correspondingly diverseset of antibodies is produced, yet only
upstream CCF will contain a diversity of proteins that approximate the HCP calibrationstandard. Intermediate pools and final
products typically contain progressively fewer of the HCP proteins that are present in the standard. Asdiscussed previously, this
is the aspect of accuracy that is compromised by HCP immunoassays, and why the mass unit ratios (ng of HCP per mg of DS)
are not a literal "mass" relationship. However, below are common industry approaches that address these limitations as much
as possible.

The validationsummary below isfor the final DS or a penultimate process step, whicheverischosen for the C of Amethod.
It should be noted that for in-processtesting, the focus ison method accuracy (spikerecovery), dilution linearity, and precision.
In the case of accuracy, some samples will have more potential interferingsubstances (other process impurities or additives)
that may need to be confirmed as non-interfering (e.g., residual DNA, leached protein A, virus inactivators, chaotropes, and
low pH buffers).

4.1 Accuracy

To assessHCP assayaccuracy in the DS, at a minimumthe analytical assaystandard should be added to appropriate samples
and accurate spike recoverydemonstrated over the range of the assay. Matrix interferencecan come from buffercomponents
and product, and the minimum dilution required for acceptable spike recovery (typically between 70% and 130%) needs to
be determined for each sample type. Typically, spike recovery experiments are conducted with spikes using at least three and
potentially as many as fivedifferent levels. Because samples are assayed at multiple dilutions, the investigator may spikeand
then dilute the sample, or dilute the sample and then spikethe diluted samples. Spikes near the quantitation limit(QL) help to
evaluate the accuracyand repeatabilityof the assaynear the QL, which iswhere the measurement isoften the most variable. A
spike recoveryof 50%-200% may be acceptable for a spikeat or near the QL.

Although these are minimum requirements for assayvalidation, they should not be interpreted as demonstrating accuracy
for anyone specific HCP that may co-purify with the product. To accomplish that, comparison to a standard of that particular
HCP species is needed; however, because this HCP is rarely known, this may not be possible. Tips for discerning these situations
are provided below in the dilution linearity section and in 5. Supporting Technologies for Residual HCP Detection, Identification,
and Measurement.

4.2 Sensitivity and Assay Range

HCP sandwich immunoassays often achieve standard curve sensitivity in the low single digits of ng/mL. Forsample protein
concentrations where the test dilution is 10 mg/mL, this implies that a sensitivity of about 1 ng of HCP per mg of product is
possible. However, this sensitivity may be difficult to achievefor products with lower protein concentrations. It is important to
highlight that the reported HCP ratio (ng of residual HCP relative to mg of product) is not really the ratio of masses impliedby
the unit ng/mg but rather "immunological equivalents" per mg of product.

The first aspect of determining QLis typically determined experimentallyfor each product in a given sample buffer matrix
inspike recoverystudies. The minimum recommended dilution (MRD) for the DS should be established by spiking the HCP
standard in a sample dilution series. Forexample, an HCP spikeof 10 ng/mL added to each of a seriesof solutions containing
undiluted (e.g., 10 mg/mL) protein and serially diluted DS. Those dilutions in which the spike recovery is 70%-130% (50%­
150% isalso commonly used for levels near the QL) are considered acceptable. Typically, a proposed DS MRD is tested further
to ensure that spike recovery is consistentlyachieved.

Forthe second part of the QLdetermination, the DS is tested at the MRD (ifthe DS samples have high levels of detectable
Hep, a formulation buffer may be used). The QL isgenerallydetermined by the analysis of spikedconcentrations of HCP and
by establishing the minimum level at which the HCP can be determined with acceptable accuracyand precision. This study is
typically performed at least three times, preferably by differentanalystsor on different days. Forexample, a spikeof 3 ng/mL
of HCP in a product protein concentration of 5 mg/mL has a QL of 0.6 ng/mg or 3 ng/mL ifspikerecovery isachieved in, e.g.,
at least four of six tests or if mean spike recovery criteriaare met.

Typically, assaysare set up to measure the range from a few ng/mL to >100,000 ng/mL. This range allows the analyst to
test a varietyof samples at multiple dilutions (see discussion of 4.3 Sample Linearity) and allows for a practical assaythat can
accommodate in-process pools with highlydiffering HCP levels. Forexample, upstream samplesmay contain>100,000 ng/mL
of HCPs and require large dilutions to obtain results in range of the standard curve.

For routine commercial DS manufacture where the protein product concentration is known and the process impurities are
well understood, testing at a single dilution may be used for release. The resultsare reported as the ratio of measured HCP (ng/
mL) to the product concentration (mg/mL) resulting in units of ng/mg. When the DS has undetectable levels the resultsare
reported as "less than" the assay QL (ng/mL) divided by the product concentration (mg/mL; e.g., <0.6 ng/mg in the example
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above). Before setting this target concentration for testing, however, the dilution linearityof the samples should be well
understood and a robust manufacturing process established. In the event that the level or species of HCPs vary run-to-run it
may be necessary to test each sample at multiple dilutions (see below).

4.3 Sample Linearity

HCP assay nonlinearity is not uncommon for some samples and should be assessedfor multiple batches of a given sample
type (e.g., from several clinical OS lots or process validation batches) to ensure consistency and proper reporting of results.
Becausea single HCP (or a few individual HCPs) may co-purifywith product, it is possible that particular HCP(s) will be present
in excessof the available antibodies in the HCP immunoassay.Thisispossiblein multi-analyteassayswhere only a limitedsurface
area is availableon assay microtiter plates or beads, and because thousands of different anti-HCPs are needed, antibodies to
anyone HCP will, of necessity, be limited. Furthermore, the relativeamount of antibody to each separate HCP is also not
controlled, so the binding capacity for each separate HCP differs. Forsamples exhibiting this behavior, the analyst must dilute
the sample into the range of the assay, i.e., to a point where nonlinear behavior is no longer observed because the HCP has
been diluted to a concentration where it no longer exceeds the available antibody. In some cases, the sensitivity of the assay
becomes limiting, and one never reaches a dilution where the assay result is independent of the sample dilution. In such cases,
the highest HCP ratio value (corrected for sample dilution) within the validated assay range should be reported. Adetailed
example of how to handle nonlinear dilutions arising as a result of antibody insufficiency follows.

Table 4 and Figure 4 show data for three differentsamples tested inan ELISA that has a range of 1-1 00 ng/mL. Inthis example,
allsamples were diluted initially to 10 mg/mL (the MRO, where spike recoveryhad been previously confirmed), and then serially
diluted using a twofold dilution series to below the assay QLof 1 ng/mL. Whereas Sample 7 (diamonds) dilutes linearly over
the full range tested, both Sample 2 (squares) and Sample 3 (triangles) HCP results plateau at higher concentrations of the
sample. Saturation of the antibodies reflectsantigen excess, and determination of the HCP value is made by diluting the sample
into the range of lineardilution; Visually estimated as <2 mg/mL for the squares and <1 mg/mL for the triangles. [NOTE-If large
sample dilutions are required to get into the range of the HCP assay, consider making intermediate dilutions to limit
dilution-related errors.]

Table 4. Raw Data for the Graph in Figure 4a

Product Sample 1 Sample 2 Sample 3

Cone. HCPcone. HCPratio % max ratio HCP cone. HCP ratio % max ratio HCPcone. HCP ratio % max ratio
(mg/mL) (ng/mL) (ng/mg) value (ng/mL) (ng/mg) value (ng/mL) (ng/mg) value

10.00 (neat) 49 (neat) 4.90 83% 20 (neat) 2.00 <20 3.2 (neat) 0.32 22%

5.00 28.5 5.70 96% 16.5 3.30 54% 2.5 0.50 35%

2.50 12 4.80 81% 10 4.00 66% 1.5 0.60 42%

1.25 7.4 5.92 100% 7.4 5.92 97% 1.1 0.88 61%

0.625 3.1 4.96 84% 3.3 5.28 87% 0.9 1.44 100%

0.3125 1.6 5.12 86% 1.9 6.08 100% <1 <6 NA

0.15625 <1 <6 NA <1 <6 NA <1 <6 NA

Reported HCP
ratio value
with guide Guide 1 =5.2 (n =6); Guide 1 =5.8 (n =3); Guide 1 =1.2 (n =2);.
and n Guide 2 =5.2 (n =6) Guide 2 =5.3 (n =4) Guide 2 =1.4 (n =1)

a Numericaldata for three samples (alsographed in Figure 4) show differing degrees of saturation of the response at higher concentrations of product (and HCP
impurity)tested. Twoguides on how to interpret these data (guides 1 and 2) illustrate how the "linear range" of the assayis limitedto the most dilutedata points
shown in Table 4 and Figure 4. Note-Samples are alwaysdiluted until the HCP concentration isbelow the QLof the assay(in this example the QLis1 ng/mL).
Guide1: All valueswithin20% of maximumvalueare averaged. Guide2: Values are averagedas long as the CV of the valuesis<20%, removinglessdilutedsamples
first.Athird guide might also be used that reports the highest value measured above the QLbut the suitability of this approach should be verywelldemonstrated
by method validation.
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Figure4. Twofoldserialdilution of the three samples listed in Table 4. HCP concentration resultsare plotted against the
product concentration in the samples, which servesas a measure of sample dilution.
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Because measurements near the QL may have higher variability and-less reproducibility than measurementsfarther from the
assaylimit, usually (if possible)valueswithinthe sample linear HCP concentration response range are averaged. The procedure
for which data points may be averaged must be specified in advance of running the assayand is typically documented as part
of the test procedure. In the example shown in Table 4, two different guidelines are illustrated. Guide 7 averages allvalues
within 20%-25% of the maximum HCP ratio value. Guide2 averages values only ifthe CV for the resulting averaged values is
<200/0-25%. Although their data sets are not identical, both rulesare justified, based on the argument that variations of 20%­
25% are within the variation seen in assay replicates and reflectthe underlying reproducibility of immunoassaymethods. In
this example, both methods givevery similar results. In contrast, the third potential guide, which reports the highest value
measured above the QL, would yield results that are at least 10% higher. In addition, the validity of the third guide would
depend highlyon the quality of the method development.

Homogeneous (one-step incubationswithout washes between reagent additions) sandwich immunoassays are more prone
to antigen excessand resultingdilution nonlinearity problems and may exhibit "high-dose hook effects" in which samples with
large amounts of antigen give inaccurately low readings, because the antigen excess prevents formation of the complete
sandwich. Suitable use of this format should be confirmed experimentallyfor each sample type and could be acceptable if the
samples are diluted to assay QL and lackof hook effects is confirmed.

Historically, some companies have used spike-recovery data produced in the validation of accuracyto demonstrate linearity.
Although this demonstrates the lineardilution of the standard, it does not demonstrate the lineardilution of the HCPs in the
samples. Forthe reasons of antigen excessdiscussed above, the lineardilution of the standard isa necessary condition but not
sufficient to demonstrate linearity of the assayfor different sample types.

Finally, although antibody insufficiency isgenerallybelieved to be the primary cause of a lackof dilution linearity, other
potential causes are: 1) reactivity of the antibodies with product protein, 2) the presence of non-specific antibodies ("sticky"
antibodies), 3) reactivityof the antibodies to non-HCP proteins present in samples (such as peptones or BSA), 4) HCP
aggregation, 5) HCP standard dilution profile that is not representative of the in-processor final product HCP, and 6) sample
matrix interference. Cross-reactivity and matrix interference are discussed below.

4.4 SpecifiCity

Assessment of potential matrix interference in samples isaddressed in section 4.7 Accuracy and is primarily used to establish
the lackof formulation interference (in the OS) and other impurities that are normallypresent (for upstream process samples).
Another specificity issueto evaluate isthe potential cross-reactivity of the anti-HCP antibodies with the product itself. Although
this is possible, antibodies to HCPs that cross-reactwith product epitopes are rarely observed.

In those cases where cross-reactivity is observed, more false-positive assay signals are risks that must be managed. If
cross-reactivity is suspected, it should be carefully and scientifically established. In the vast majorityof cases, signals in HCP
immunoassays are real, indicating the presence of HCP impurities. In particular, instances where the HCP(s) are noncovalently
associated with product, and they co-purify, may givethe appearance of cross-reactivity. However, because of the tremendous
varietyof antibodies in a polyclonal anti-HCP pool,when measuring residual HCP in the presence of excessive levels of product,
some antibodies may still bind product, yielding a false-positive signal. In this case, it may be necessaryto modify the assayor
the anti-HCP reagent. Ifa platform HCP assay is used to test multiple batches (for the same program), and different levels of
HCP between batches are observed, this is strong evidence that the HCP-positive signal is real and not due to cross-reactivity.

Evidence for cross-reactivity isoften seen in a product that has been purifiedin a sequence of steps and where the HCP levels
are not reduced by typical purification processes. The HCP/product ratio (ng/mg) should be used so that changes in the HCP/
product ratio during purification can be compared. First, Western blots of OS are usually probed with anti-HCP antibodies to
determine if HCP(s) are noncovalentlyassociatedwith product. Ifbands are detected that are unrelated to the product, this
suggests that cross-reactivity isnot occurring, and further processdevelopment may be required iflowerHCP levels are sought.

Alternatively, if the anti-HCP is recognizing a product-associated band, this suggests cross-reactivity. Caution should be
exercised, however, because the product isdenatured (by SOS-PAGE), and binding may be to epitopes not accessible when in
the native, solution phase (Le., in the immunoassay). In this case, a positiveWestern blot could be an artifact (conversely, a
negative Western blot could also miss cross-reactivity, but this is lessprobable). Regardless, ifcross-reactivity is suspected, it
can be confirmed and corrected by either: 1) addition of a high-purityproduct (or related structures, such as human IgG from a
differentsource, for a monoclonal antibody) to blockthe cross-reactingantibodies in the assay, or 2) depletion of the anti-HCP
in the reagents using a product-affinity column made from highlypurified product. Ineither case, it isimportant to ensure that
the antigen used to block or deplete the serum is itself free of residual HCPs. This information is available from the Western
blots probed with anti-HCP. IfHCP bands are present, this indicates that a higher-purity product may be needed and can be
prepared with orthogonal, lab-scale purifications. Sometimes reversed-phase HPLC can be effective in making this material,
although this is not useful during product production because of its denaturing properties.

5. SUPPORTING TECHNOLOGIES FOR RESIDUAL HCP DETECTION, IDENTIFICATION, AND
MEASUREMENT

Biopharmaceutical manufacturers need an integrated control system that offers assurance of overall product purity and
manufacturing consistency.Typically, product purityisdemonstrated by using a combination of methods, and this isverymuch
the case for HCPs. In addition to the most common sandwich immunoassayformat, other assaytypes provide valuable
complementary information. Tables 5, 6, and 7 provideoverviews for commonly used methods for HCP detection, quantitation,
and characterization. Table 5 discusses electrophoretic methods; Table 6 discussesWestern blot methods; and Table 7 discusses
chromatographic and proteomic methods. Gelelectrophoresisand lrnmunoblots are also discussed in 3.2.2.2 Characterization
of antibodies to HCPs.

Orthogonal assay methods used to provide additional assurance of purity and the lackof HCPs may be used in any of three
modes: "detection", "identification", or "quantitation". In the case of detection, orthogonal assays address the question, "Is
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there any protein other than a form of the product that the immunoassay may have missed?" Ifthis is the case, as knowledge
accumulates regarding the identity of the HCP(s), it becomes possible to perform a specific protein risk assessment and, if
necessary, generate a standard and separate test for that particular HCP impurity.The orthogonal method may then be used
in a "quantitative" mode by comparing the product sample with the appropriate HCP standard for the known HCP. For
example, a quantitative HPLC-MS/MS method may be developed, based on monitoring peptides that ionizewellfrom digests
of the analytical standard protein and the sample.

5.1 Considerations for Electrophoretic Methods

Three electrophoretic methods that are useful in impurity analysis are l-D and 2-D SDS-PAGE and SDS-capillary
electrophoresisusing non-gel sieving (CE-SDS). Inall these methods, excesssample isloaded to ensure detection of trace protein
impurities. The drawback is that excess product obscures impurities that migrate close to the product and cause interference.
However, l-D gels or CE-SDS may already be part of the GMP control system for monitoring product-related fragments;
therefore, extending these methods for HCP monitoring does not involve additional testing. 2-D gels have been used to
investigate the purity of the final product and to identify minor spots in the gels associated with either product variantsor HCP
impurities. The presence of a new band in the gel, or a new peak in the CE-SDS electropherogram, may represent either a new
product-related substance/impurity or may reflectthe presence of an HCP impurity ("process related"). In either case, an
investigation is warranted. Ifnot part of the routine control system, a l-D gel is still an excellent method for extended
characterization of important lots, such as registration lots, and for manufacturing investigations. Gelsand CE-SDS are useful
for confirming the absence of gross levels of HCPs (should they be present and missed in the immunoassay). Gelsare typically
stained with a high sensitivity stain, such as a fluorophore or silver. Ideally, the stain should be compatible with in-gel proteolytic
digestion and subsequent analysis by mass spectrometry to identifythe protein.

Proteinsdiffer in their staining intensitywith silver or fluorescent dyes; therefore, only semiquantitative estimates of the
amount of protein in a band or spot are possible (e.g., glycosylatedforms may not stain as intensely). Nonetheless, because
these methods do not relyon anti-HCP antibodies, they provide an important orthogonal measure of purity.

Some proteins may appear in gels as multiple bands or spots that result from post-translational modifications or proteolytic
clipping.Tothe extent that a singlegene product isdistributed to multiple locationsin the gel, thisfurther reduces the sensitivity
of gels to detect impurities.

Asdiscussedfollowing Table 7 on proteomic methods, it isoften possibleto excisebands or spots from the gels.Theseexcised
gel fragments may then be incubated with proteases to provide in situ digestion of the protein into peptides. These peptides
may then be fractionated and sequenced using LC-MS/MS and compared with databases to identifythe origin of the peptides
as either product-related or HCPs.

Table 5. Analytical and Characterization Electrophoretic Methods for HCP Testing

Approximate
Sensitivityfor HCPs and Abil-

Method Use Advantages Disadvantages ity to Quantify

I-D gel, either reduced or Screeninga large number of Highresolutionseparation; Large excessof product pro- 100 ng/mg.
nonreduced, stained with sil- samplesfor consistency and provides approximate molec- tein mayobscure HCP bands. Semiquantitative unless used
veror high-sensitivity fluores- presence of nonproduct pro- ularweight (MW) informa- Different proteinsshow dit- with an analytical standard
cent dye. tein bands. Maybe used as tion; relatively simpleto run. ferencesinstainingintensities for a known HCP.

part of GMP control system. Side-by-side analyses of sam- so only semi-quantitative.
piesprovidepowerfulcom- Limited capacityof gel lanes
parlsons for manufacturing for total protein load.
consistency.

Large-format 2-D gel (e.g., 20 Screening a smallnumber of High-resolution separation of Largeexcessof product pro- 100 ng/mg of total pro-
x 25 cm) stained with silver samplesfor consistency and trace HCP impurities from tein may obscure HCP spots. tein load).
or a high.sensitivity fluores- presenceof unknownprotein product. Provides approxi- Different proteinsshow dlf- Semiquantitative unless used
cent dye. spots. Not suitablefor routine mate MWand pi information ferencesinstainingintensities with an analytical standard

use in lot releasebut may be on protein spots. so onlysemiquantitative. for a known HCP.
used for characterization of Highly technique-dependent
specific lots or HCP stand- resultsrequiring skilled staff
ards, and sophisticatedequip-

ment.

CE-SDS with laser-induced flu- Screeninga large number of Rapid, high-resolution meth- Sensitivity may not be as high 1000 ng/mg (0.1% of total
orescence (L1F) detection. samplesfor consistency and od to separate fluorescently asa l-D gelwitha highlysen- protein load).
Fluorescently labeledsamples presenceof unknownprotein labeledproteins. sitivestain. Fluorescent labels Semiquantitative unless used
are separated as either re- peaks.Maybe used as part of are not specific for HCP pro- with an analytical standard
duced or nonreduced sam- GMP control system. teins, so there is no distinc- for a known HCP.
pies. tion between HCP and prod-

uct-relatedpeptides. Difficult
to extend to other measures,
such as Westernblots,or to
identify protein peaks.

5.2 Considerations for Western Blot Methods

The Western blot technique is complementary to the sandwich immunoassay for demonstrating product purity and for
characterizing the immunochemical reagents used in the immunoassay (see 3.2.2.2 Characterization ofantibodies to HCPs).
When the anti-HCP antibody is used as a probe, it may be useful to: 1) detect HCPs that are noncovalentlyassociated with the
product and (potentially) missed in immunoassay, or 2) monitor an individual HCP. Inother cases, a protein that reacts well in
the immunoassay may not be detected in Western blot because a conformational epitope was lost followlnq denaturation.
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Immunoblots require only one antibody to a given protein, whereas sandwich immunoassays require two. Previous work has
shown that high-affinity antibodies that react with a given HCP can be more sensitive than silver or fluorescent dye staining
of gels.

1-0 Western blots of final product providea simple reliable orthogonal method for demonstrating product purity. Although
the same antibody preparation may be used in both the immunoassayand Western blot, for the reasons noted above, the blot
may provide additional information on trace proteins (and missothers), hence its orthogonal nature. Table 6 presents the
advantages and disadvantages of 1-0 and 2-0 Western blot methods for these purposes.

Below is a listof the major considerationsfor optimization of SOS-PAGE/Western methods:
• 2-0-gel format and size: The largerformats (18-cm length or longer) resolve proteins better and come in a varietyof

isoelectric focusing (IEF) application modes and molecularweight dimensions (e.g., gradients). Total protein staining of
variousformats can be studied to optimize the separation in both dimensions and thereby find the balance that separates
most (or the maximum number) of HCPs.

• The load on 2-0 gels should be optimized to balance sensitivity needed (higher load) versus resolution desired (lower
load). The protein load, ioniccontent of the sample, and speed of separation need to be balanced to avoid over-heating
and to optimize resolution. The stains or substrates to be used will influence this choice. Typically, more is loaded for the
immunoblot (e.g., 200 I-Ig) than for the total protein-stained gel or blot (e.g., 50 I-Ig for silver stains).The difference in
load may confound the separation to some extent; therefore, finding the right balance will require experimentation.

• Signal development for both the total protein (gel or blot) and the Western blot requiressignificant experimentation (e.g.,
dye types, exposure times, bufferconditions) to optimize. Forexample, because it is important to detect as many bands
as possible, sometimes the signal isamplified so much that the most abundant species obscure the others, or the
background increasesand contrast is lost.Arelated issueisstandardization and calibrationof the densitometer or imager,
which must be fine-tuned to achieve consistencyunder experimentallydetermined conditions. Both reagent and
instrument optimization can require significant time to reproduciblyestablish the optimized conditions where signal is
maximizedand background is minimized (see also (1104».

• The transfer and blocking reagents require experimentation to identifythe best conditions (such as buffers, instrument
power/time, temperature, and blockers).

Table 6. Analytical and Characterization Western Blot Methods for HCP Testing

Approximate
Sensitivityand Abilityto

Method Use Advantages Disadvantages Quantify HCPs

1-0 gel, Westernblot Screeninga large number of High-resolution separation; Requires high-quality an- Not quantitativefor HCPs un-
samplesfor consistency and provides approximate MW ti-HCP antibodysource. lessa specific proteinstand-
bresence of unknownprotein information; relatively simple Large excessof product inthe ard is used. Sensitivity de-

ands that react with an- to run. Side-by-side analyses gel can lead to nonspecific pends entirely on the quality
ti-HCP antibodies.Maybe of samplesprovidepowerful stainingof product bands. of the antibody.
used as part of GMP control comparisons of lots. SDS-induced denaturation of
system. proteins leadsto lossof con-

formational epitopes.

Large-format 2-Dgel (e.g., 20 Screening a small number of High-resolution separation of Requires high-quality an- Not quantitativefor HCPs un-
x 25 cm) Western Blotwith samplesfor consistency and trace HCP impurities from ti-HCP antibodysource. lessa specific proteinstand-
chemiluminescence or similar presenceof unknownprotein product. Provides approxi- Large excessof product pro- ard is used.
high-sensitivity detection. spots reactingwith HCP anti- mate MWand pi information tein mayobscure HCP spots. Sensitivity depends entirely

bodies. Not suitablefor rou- on protein spots. SOS-denaturation of proteins on the qualityof the anti-
tine use but may be usedfor leadsto lossofconformation- body, but 100 ng/mg is pos-
characterization of specific al epitopes. Produces highly sible.
lots of product or characteri- technique-dependent results
zation of antibody reagents. requiring skilled staffand so-

phisticatedequipment.

5.3 Considerations for Chromatographic and Proteomic Methods

Mass spectrometric techniques for the detection, identification, and quantitation of individual HCPs are rapidly evolving and
leverage much of the technology developed for proteomics: Furthermore, as new genomic databases become available (e.g.,
the CHO genome), mass spectrometric approaches are more useful. These methods (see alsoApplications of Mass Spectrometry
(1 736) for additional information) often combine sample preparation such as reduction, alkylation, and proteolyticdigestion,
followed by separation (e.g., with reversed-phase chromatography RP-HPLC) before introduction into a massspectrometer that
fragments allproteins thus providingan amino acidsequence for each peptide. The resultingsequence information iscompared
to the product sequence to identifyproduct-related fragments and to a database related to the host (e.g., E. coli, CHO) to
identifyHCPs.

Achallenge for MS analysis stems from the overwhelmingnumber of product-derived peptides relative to impuritypeptides.
One approach to address this issueof competitive ionization of the peptides (also called ion suppression of the HCP peptides
by the product peptides), is to apply LC-MS/MS analysis on partially resolved HCP preparations (e.g., HPLC fractions). This
purification reduces the product contribution to total ions in the mass spectrometer. Other approaches are in development.
Recenttechnological improvements such as 1) chromatography resinsable to resolve effectively using MS-friendly mobile
phases, 2) improved interfaces to front end LC and/or IEF separation systems, and 3) mass spectrometers with higher mass
resolution, accuracy, and faster scan rates, now make it possibleto identifyand quantifyspecific HCPs in OS with a high degree
of confidence. Major challenges in terms of sensitivity and quantitation of sufficiently large sets of heterogeneous HCPs, cost,
and QC-related issues remain to be met before this technology can replace immunoassays for the control of HCPs in OS.

As a characterization method orthogonal to the HCP immunoassay, LC-MS/MS data may be used in two ways. First, if the
MS-based method does not find HCPs in samples that were also below QLin the immunoassay, then these orthogonal
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techniques can increase confidencethat the HCP ELISA did not miss an HCP that has co-purified. The detection limit for many
LC-MS/MS methods iscurrentlyinthe range ofabout 10 to 100 ng of HCP per mg of product. It isthereforesufficiently sensitive
to rule out a single HCP being present at a high level and is more sensitive than gels. Second, ifan impurity is identified at a
high level or one that isa safetyconcern, then one can assess whether the purification processneeds to be improvedto remove
it, whether the current control system isadequate, and whether development of a specific assay is required.Absence of signal
does not prove absence of HCPs, but once an HCP is identified, the sensitivity of LC-MS/MS can be enhanced. LC-MS/MS is
complementaryto other HCP technologiesand is increasingly valuable as an orthogonal method. Detailed discussion of all the
proteomicapproaches to the analysis of HCPs isbeyond the scope of this chapter, in part because the field isevolving so rapidly
that any review would become out of date quickly. '

Intact HCPs also may be separated using HPLC with UV detection. The profile has been used for comparing differentlotsof
null cell runs, for example. Readers are referred to Chromatography (621) for the core science behind HPLC chromatographic
methods. Because HCPs differ in abundance, and the chromatography may not provideunique resolution of all proteins, an
individual HCP must constitute about 1% (or less with good resolution) of the total protein population for possible detection
(eventhen, a givenHCP may be obscured by product, depending on its retention time). Nonetheless, investigation of unknown
peaksas a general practiceand comparisons of the chromatographic profiles of null cell run HCPs may be useful indetermining
the similarity of HCPs produced under different culture conditions.

Aswith the electrophoretic methods discussed in this chapter, reversed-phase separation of proteolytically cleaved product
sampleswith UV detection may already be included in a GMP control system as part of product testing. The presence of new
or unexpected peaks in the UV chromatogram may indicate the presence of an HCP impurity, although this method is not
overly sensitive (-1 % impurityifnot obscured by other peaks). However, because no new testing or sample preparation is
required, this opportunity to use an orthogonal method for determining purityshould be considered.

Table 7. Analytical and Characterization Chromatographic and Proteomic Methods for HCPTesting

Approximate

Method
Sensitivityand Abilityto

Use Advantages Disadvantages Quantify

MassSpectrometry Identification of individual Allows identification and mon- low-throughput method re- 100 ng/mg and semi-quanti-
- HCPs. Maybe applied to the itoringof individual HCPs. quiring significant sample tative ifused in the discovery
HPlC/electrospray ionization characterization of a purified Maybe combined with gels preparation, skilled staff,and mode for unknown HCPs.
(ESI)-MS/MS or clEF/ product lot, or nullcell run to identify the individual pro- sophisticatedinstrumenta- 10 ng/mg (or better may be
ESI-MS/MS or MALOI-TOF of HCP standards. teins seen in gels. tion. possible) and quantitativeif
protein digests usedwith an analytical stand-

ard for a known HCP.

RP-HPlC/UV or RP-UHPlC/UV. Suitablefor comparing null High resolution, separates Difficult to find a stationary 10,000 ng/mg (1%).
Maybe applied to intact pro- cell run standards ifproteins HCPs based on hydrophobic- phase and mobilephase Semi-quantitative unlessused
teins or proteolytic digests are wellseparated. larger ityand size; direct compari- combinationable to resolve with an analytical standard

proteins may need limited son of nullstrainand product and eluteallHCPs. Co-elution for a known HCP.
proteolysis or reduction to strain is possible viaoverlays. may hinderquantitation of
improveresolution. specific proteins. Highcon-

centration of product peak(s)
may interferewith detection
of trace HCPs.

5.4 Concluding Remarks on Supporting Technologies for HCPs

Anumber of various hybrid analytical techniques have been attempted over the years. One example isfractionation of HCP
standards byion exchange, followed by RP chromatography,and then an immunoassay or MS analysis (2-DMS) on the proteins
in the final fractions. Alternatively, "product subtraction" has been evaluated to removethe bulkof the total proteinfrom final
product samples before gel electrophoresis of LC-MS/MS analysis. These hybrid methods for coverage determination are very
labor intensive, and they may introduce artifacts or biases of their own (e.g., antibodies to product do not typically removeall
the myriad of heterogeneous forms). As such, they have not found widespread application, although in individual cases they
may provide insight into the nature of product impurities.

Electrophoresis, Westernblotting, and immunoassay remainthe most widely used methods for HCP reagent characterization
and for demonstration of HCP clearance by purification processes, because they are robust, sensitive, and can cover a broad
range of protein impurities. Immunoassay and (increasingly) massspectrometry are highly complementary and the most
powerful methods for monitoring residual HCP levels in samples and confirming their absence in final DSs.

6. USE Of HCP IMMUNOASSAYS fOR PROCESS DEVELOPMENT, CHARACTERIZATION, AND
VALIDATION

As described previously, although HCP testing has limitations as quantitative assays, if the immunoassay can rapidly and
robustly detect most of the HCPs, then it is extremely valuable during processdevelopment, characterization, and validation.
HCP clearanceat each intermediate processstep under a variety ofconditionsisvaluable data. Application to processvalidation
requires that the assay be demonstrated to be scientifically sound, suitablefor its intended purpose, and appropriately
documented. As stated earlier, process poolscan differ widely in terms of buffercomponents, product concentration, and HCP
composition.Ata minimum,acceptable spikerecovery of the HCP standard into in-process pool samples isnecessary to qualify
test dilutions of the various pools in the assay. In addition, testing each sample type at multipledilutions is helpful during
development to verify that: 1) results are within the range of the assay, and 2) nonlinearity in sample dilution isconsidered. In
caseswhere the process is shown to clear HCPs robustly, processvalidation may also be used to justify not havinga routine
HCP test as part of the cGMP control system.
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Figure 5 illustrates data gathered during processdevelopment and validation and shows the dilution dependence for a
number of in-processpools (Pool1 isafter the first CCF purification step, Pool2 the next, and so on) through the process.Figure
5 shows HCP ratio (in ng/mg) on the y-axis plotted against the product dilution in the test wellon the x-axis. Each sample is
serially diluted through three or four twofold dilutions. The starting dilution isdetermined by both the need to dilute samples
with high levels of HCP into the range of the assayand the need to test only at dilutionswhere acceptable spike recovery has
already been demonstrated. In Figure 5, the CCF has slightlymore than 1 million ng of HCP per mg of product, meaning that a
little lessthan one-half of the total protein in the CCF is product. The first column pool reduces the HCP level to just over
10,000 ng/mg. The second column has minimal HCP clearance; the third column reduces the HCP ratio to 1,000 ng/mg. The
final column in the process reduces the HCP level by an additional 2 logs, resulting in a final HCP ratio of lOng/mg. All of the
intermediate pools show HCP ratio valuesthat are independent of the dilution of the sample.
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Figure 5. Example of HCP clearance by each purification step. Withina sample set, the first value is the most dilute in its
dilution series.

Figure 6 presents a set of data for a different recovery process:As in Figure 5, the HCP ratio data for a serial twofold dilution
seriesof each in-process pool sample are plotted. ForCCF and the column 1 and column 2 pools, the HCP ratio (ng/mg) is
independent of sample dilution (dilutionlinearity isachieved as in Figure 5). Butafter processingover the third column, distinct
dilutiondependence is apparent in the assay. This nonlineardilution is likely associatedwith antigen excessrelative to available
antibodyfor the particularset of HCP(s) in the sample(i.e.,a singleor limitednumber of HCP speciesco-purify with the product).
Withproduct purification, more product must be put in the assaywell for residual HCPs to be detectable in immunoassay. The
product concentration in the assay may be increasedwith each purification step, and thus there isa similar increase in the
concentration of the co-purifying HCP impurity. By column 3, the amount of the impurity likely exceeds the capacity of the
available antibodies. Thisphenomenon is repeated in the final pool, which involves no HCP clearance but only bufferexchange
by UF/DF. The reported value for these pools is the one obtained by diluting the sample to near the QL of the assay(the most
dilute sample in the series) using a method described in Table 4, which is about 300 ng/mg in this case. Additional discussion
of assay nonlinearity isfound in the 4.3 Sample Linearity subsection of 4. Hep Immunoassay Method Validation.

Dilution

6.1 Assays for Individual HCPs

Figure 6. Example of HCP clearance with a purification process. Within a sample set, the first value is the most dilute in its
dilution series.
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In some cases, a manufacturing process might result in production of relatively high levels of a single HCP that can result
in a bias in the reported results. As discussed above, in this situation the concentration of antibodies present in the total HCP
assay may not be sufficientto capture all of-that particular HCP present. In such cases, where a single, known HCP is. present,
another assayfor that single HCP may be needed. Forexample, in the case of E. coli production cultures, co-expressing
chaperones or other processing enzymes that aid in folding or disulfide formation can be produced in very high levels. In
addition, these chaperones may be present in the immunogen used to develop the HCP assayreagents, in a conformation that
isdifferent from the way the protein is presented in samples. Thus, antibodies produced to chaperones not bound to product
may not recognize, or may poorly recognize, product-bound HCPs. In this case, separate assays using appropriate antibodies
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may need to be developed.The existenceof high levels of a single HCP is not unique to bacterial cell culturesand is possible
with any cellular expression system.Another example iswhen a protein is intentionally added as part of the processing, then
it is treated as a single HCP, and a specific assaywill providebetter data (than the total HCP immunoassay).

6.2 Control Strategy

6.2.1 TARGETS, ALERT LIMITS, AND REJECT LIMITS

In both UnitedStatesand European Union regulations, and generally inother markets, HCPs are described as process-related
impurities, and guidances state that their presence should be minimized by the use of appropriate, well-controlled
manufacturing processes. U.S. 21 CFR 610.13 requires biological products to be "...freeof extraneous material except that
which is unavoidable...", ICH Q6B indicates that biologic product manufacturers should assess impurities that may be present
and develop acceptance criteria for the impurities based on their preclinical and clinical experience. However, regulatory
guidance also recognizes the inherent challengesinvolved in using assay-specific data and product- and process-specific
reagents. Guidancestates "The absolute purityof biotechnological and biological products is difficult to determine and the
results are method-dependent" (ICH Q6B), and, "In the same manner, standardization of the analytical methods would be
problematic since the reagents used are product and production system-related" [European Agency for the Evaluation of
Medicinal Products(EMEA) 1997].

Although FDA guidance describesthe need to test for HCPs, it alsoallows, through validation, removal of the release testing
requirement, once clearance has been shown to be consistent.An expectation existsthat, whenever possible, impurities that
were introduced by manufacturing processes and remain in products should be below detectable levels based on a highly
sensitive analytical method. However, an appropriately conducted clearancestudy performed as part of process validation can
be an acceptable substitute for lot-to-lot(C of A) testing (FDA 1997), even when low levels of HCPs are present in the OS. In
addition, "Ifimpurities are qualitatively and quantitatively (Le., relative amounts and/or concentrations)the same as in the OS,
testing of the DP is not necessary" (ICH Q6B). This is the case for HCPs, the concentration of which in the DP may be inferred
from the OS, because the manufacturingprocessdoes not introduce, or clear, HCPs when the OS isconverted to the DP. Thus,
in these instances, HCP testing of the DP isgenerally not required.

The overarching goal is to develop processes that minimize the quantities of residual HCPs in DSs. When using HCP
immunoassays as part of a manufacturingcontrol system, limits for acceptable results need to be established. The"target" for
HCP infinal product gives the purification developmentgroup an objective for the process, which mayor maynot be achievable.
Antibodyprocesses with highly selective affinity chromatographysteps (e.g., using Protein A) are sometimesable to achieve a
sensitivity of 1 ng of HCP per mg of protein. Target HCP levels determine the design criteria that are then used to develop the
process.

Preclinical toxicology lotsare the first lotsfor whichofficial HCP values should be determined, becauseat this point in product
development, the investigator is building the data set that will be used to support the safetyof subsequent clinical studies. As
the moleculeadvancesthrough clinical development, the preceding studies are used to support the projected safety(and risk)
associatedwith subsequent studies. Ideally, changes in HCP level and thus clinical exposure should decrease as the product
moves through clinical development.

As part of an overall control strategy, the "reject limits" are those levels which, ifexceeded, render the product no longerfit
for use. During product development, knowledge about the processand the product increases; therefore, it is expected that
rejectlimits can be tightened as one movesfromtoxicologymaterial to phase 1/11 material, to phase III, and finally to commercial
material. Each drug candidate profile and its clinical program are unique; hence, no single numerical limit is applicableto all.

Reject limits are primarily concerned with patient safety. Typically, one does not have specific data documenting "unsafe"
levels of HCPs. Rather, acceptable levels for earlystage products should be determined through a risk assessment(including
non-clinical data, available literature, previous experiencewith products manufactured usingthe same or a similar cell line,
etc.). Forcommercial products, the acceptable levels are also based on the experience gathered during clinical trials. Because
the HCP impurityprofiles may be influenced by the purification process, the registration batches used in the pivotal clinical
trials must be representative of the to-be-marketed process. Reject limits for commercial product should be set to exclude HCP
valuesthat are outsidethe range ofclinical experienceupon whichthe risk/benefit decision wasmadefor the biopharmaceutical.

Alert limits, trend limits, or action limits (different companies use differentterms) reflect considerations of manufacturing
consistency. Ina commercial process, there should be sufficient manufacturinghistoryto be able to defineout-of-trend results.
However, earlyin product development, where there islittle or no manufacturinghistory, action limits maybe usedto set upper
limits on the expected HCPs, based on experiencewith similar products for which there isa history, or in comparison to the
target value. Exceeding these limits should trigger an investigation to determine whether the lot is releasable. Orthogonal
measures of product purityare valuable in such investigations.

With the emergence of orthogonal measures of purity, any non-product related atypical signals should be evaluated. Efforts
should be made to revise the purification processto removeany unwanted HCPs present at higher than desirable levels (based
on, for example, clinical and non-clinical data, available literature, etc.), or a specific justification of itsacceptability must be
provided.This is accomplished as part of a risk analysis that considers the clinical exposure similar to that described above for
immunoassays.

In caseswhere HCP assays are improved or changed due to unforeseen events, the reject limits may need to be modified,
even increasedinsome cases(ifthe new assay has broader coverage).However, it isessential that samplesbe tested in bridging
studies to ensure that no changes in quality would be missed in the new, improved assay. In some cases, improvedassays give
higher values, so bridging studies (head-to-head with original versus improved assay) will be needed to justify the new
specification limit.
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HCP specification limits in units of ng/mg are typically set usingprocesscapabilities and alsoon the basisofclinical experience
(Le., the levels used in trialswhere the clinical outcomes are known). Although there are several theoretical safety concerns
about HCP impurities, the immunogenicity of the impurity is a primary consideration. An immune response may include
formation of antibodies directed against the HCP or directed against the therapeutic protein, where the HCP isbelievedto have
acted as an adjuvant. Readers are referred to (1106) for a more in-depth discussion of factors influencing immunogenicity.
When patients receive more than one biotherapeutic protein with their associated impurities, immunogenicity isan even greater
concern. Although high-dose products may contain a higher mass of residual HCPs per dose and this should be considered
during risk assessments, the potential effect is not necessarily predictable of a clinical outcome. Insome cases, very low levels
of certain HCPs have been shown to have clinical effects, whereas high levels of other HCPs have had none.

Different limits may be set, depending on whether the product has only one or a very limitednumber of co-purifying HCPs
or it has a multiplicity of HCPs, each present as a smallfractionof the total HCP level in the product. This could lead to a separate
assayand specification for individual HCP(s) that cannot be cleared from the process and are expected to be present in the DS
and may have bioactivity. .

The host cellorigin can also be a consideration. It is possible that HCPs from human cell lines (e.g., HEK293 cells) may pose
less immunogenicity risk than HCPs from more distantly related species because of sequence homology. However, ifthese
proteins are normally intracellular, then they might still be immunogenic and seen as "foreign" bythe patient's immune system.
Ifsuch antibodies develop, then they could cross-reactwith endogenous human proteins and neutralize or render ineffective
one or more necessary biological systems. As a consequence, arguments can be made on both sides; hence, the risks based on
production cell line (microbialversus mammalian) are generallybelievedto be the same and cannot be practically informative
a priori.

In addition to considering immunogenicity, the HCP may be bioactiveand a risk. Forexample, a hamster homolog of a
therapeutic protein expressed in CHOcells could be sufficiently similar to the product to co-purify. Alternatively, an anti-human
cytokineantibody product expressed in CHO cells could bind to the homologous hamster cytokine, and the complex could
co-purify with the antibody product. In both cases, the homologous hamster proteins could be biologically active when
administered to patients.

7. SUMMARV·AND CONCLUSIONS

Biopharmaceutical products should be as free of residual HCPs as reasonably possible. The industrystandard for measuring
HCPs is a sandwich immunoassay using polyclonal antibodies directed against the broadest possible spectrum of potential
impurity proteins. Becausethe diversity and proportion of HCPs in the calibration standard is never matched exactlyto the
HCPs inanysample and due to the broad range of antibodies inthe immunochemical reagents, differentHCP assays will quantify
individual HCPs to a differing extent. Thus, the single numericalvalue readout of the HCP immunoassay is "immunologically
weighted". Highly immunogenic proteins will overquantify relative to the average population, and weakly immunogenic
proteins will underquantify. Some proteins may not induce an immune response in the animal species used to generate
antibodies, and the HCP immunoassaywill be blindto those proteins. Becauseof this possibility, orthogonal methods for judging
product purity also should be included in the control system. The best strategy is to use the HCP immunoassay in conjunction
with other analytical tools. .

Finally, one should use caution in extrapolating safe HCP valuesacross products. No singlespecification limitwill suffice.
Differences in the biological properties of particular HCPs that co-purify with product, the route of administration, the patient
population, and product/HCP dose all contribute to possiblefactors influencing patient risk. Over the historyof recombinant
biologictherapeutics, there have been examples where individual co-purifying proteins have been immunogenic, acted as
adjuvants to increasethe patient immune response to the therapeutic protein, or had biological activities themselves.Although
these examples exist, they are rare, and overall there is an excellent safety record for biologics. Inspite of the limitations and
complexitiesof HCP assays, careful and diligent development and application of these assays have helped to ensure patient
safetyfor millions of doses. HCP analysis continues to be a complex problem demanding time, resources, and careful thought
by biopharmaceutical manufacturers with the goal of ensuring that products consistentlymeet the standard of havinq as low
an HCP impurity level as can reasonably be achieved.
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The finishing station encompasses all other steps in the packaging pr ess,' i embossing, perforation, and cutting.
Embossing involves application of a lotriumber and expiration ,date to t el type is used to emboss information
on the edges of the bl,ister package. One of the critical parameters at thi. .ckageintegrity. It is important that the
embossing, perforation, and cutting processes do not compromise the blister, I, seal. The quality of the embossirtg isanother
critical parameter in the process. The embossing must be legible and correct; and must include all required information.

Pouch Unit-Dose Packages

The pouch process is also a form, fill, and sealoperation~ but itdoes not provideaaefined,formed cavityas doesthe
thermoformirlg process. Although the equipment used to form pouc packages may function differently from that
described for thermoforming a blister, the main operations (form, fill, critical parameters atthose stations are
quite similar. [NoTE-See the critical parameters defined in the se . ming.]

The strip-pack process involves the drug product being dosed formed pouch; ,Once filled with the drug,
the machine seals the pouch, forming a strip ofsealed unit-dose, . . flow of the process begins with the drug
situated above the pouch material. One roll of strip-pack material is used, 0 form the pouch. This is accomplished by moving
the material over a device that forces the material to fold into two equal sides. The sides and bottom are sealed prior to dosing.
The strip pack may be cut later during the equipment processing or roll continuously and be manually cut. Temperature and
dwell time are the main critical factors for this equipment.

Preformed Unit-Dose Packages

Preformed containers are sealed either by heator byadhesion. Heat sealers may be manual units requiring hand pressure
application or automated units that provide a more controlled pressure for sealing.

Heatsealing may be accomplished through the use of manual tabletop equipment, which is generally operated at a set
pressure. Critical parameters with these devices are pressure and temperature control because undesirable variation in these
parameters may yield inadequate seals.

Critical Parameters

In order to ensure that the finished container performs as intended, qualifieation of critical parameters should be determined.
TYRically, validation of a packaging line consists of qualification of the installation, operation, and performance of a packaging
system.

INSTALLATION QUALIFICATION

Equipment should be installed and found to be in proper working condition prior to use.

OPERATIONAL QUALIFICATION

Operational qualification should be performed to establish that the eqLiipment operates within the manufacturer's specified
ranges. Incoming utilities for the equipment, such as air, electricity, etc., should be monitored and checked periodically.

In-Process Inspections

Sti-ictcontrols covering the packaging and labeling processes should be in place. The final container should be evaluated for
performance in each of the stations previously described. Specifically, the formed container should be inspected visually to
ensure that it is properly formed. Evaluation of the filling station should include a checkto ensure that the unit dose is properly
filled (Le., that the correctproductis present). The sealing station should be eva hat a proper seal has been
made and that the moisture permeation specifications of the sealed container . al examination of the
package should be performed to ensure that the final steps of the packaging pr ss .,. .

Repackagers and dispensers should use a standard inspection plan to verify the ade e package. A visual inspection
should be performed to verify that the correct product is in the proper packaging ma erlals with correct labeling. Seal Integrity

PE,RFORMANCE QUALIFICATION

Performance qualification should be done to establish that the equipment performs
produce a container that functions as intended.Jhe critical parameters'include formin
temperature and pressure, and dwell time at the seal station. Qualified ranges should be r
for the setup of equipment. Re-evaluation may be necessary with changesto equipment, rna

e required materials to
pressure, sealing

a reference source
, , or process.
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should be,evaluated, using vacuum testing,2 helium testing, tear testing~ and other testing methods suitableto establish
whether seal integrity is maintained.

PERfORMANCE

The primary purpose oftheunit-dose package used inthe,packagingof a drug preparation istoensure that, unti\:its intended
expiration date, there isadequate protection fromthe environmentas the dosageform'is dis~ributed and stored. It'is also
essential that the materials used do not interactwith the dosage forml

Whendetermining what type of package to use in the repackaging 0 eratk>f1, consideration:
form's sensitivities (ifany) to the storage and distributionenvironmen e.g., te , Iig

The propertiesof the finished container are defined by the material ,ed in~c, g th
the processused to form and seal the container.Asdiscussed in Materi~/s, there isa' ariet
structuresthat provideunit-:dose containerswitha range of moistureand light protecti . p
providequantitativedata, obtained from well-established test methods, to highlight th cti
These data are based on flat sheets ofthe film, not on the formed <fontainer.

It iscritical to understand thatonce the filmisformed, protective propertieschange because the overall thiCkil m
decreasesas the blistercavityIs formed. Usually the change isa decrease, especially in the case of barrierproperties; owever,
the extentof change willvarywith the type offilmstructureusedand isalsohighlydependent on:the container:-forming process
used (see Process). Further, a suboptimal seal on the formed container will decrease ,the rotective properties 0 ' 'nero
Insufficient temperature, time, or pressureduring a heat-seal operatio oistu h
the seal area over time, which may have an effecton the dosage for . , , t
surfacearea, the ~ame problem may occur.To ensure a good seal, a ,minim
blistercavity to the nearest edge or perforation is recommended.Therefore, it is imp
formed and sealed container rather than the performanceof the fla't sheet.

Moisture isa critical factor in preparation Integrity~ Containers.:.-PerformanceTesting (671) describes how to determine and
classify moisturepermeation rates. If the manufacturer'slabeling includes "Prot~ct FromMoisture,"the repackagershallutilizea
high barrierfilm., '

Iflight protection is required fora drug preparation,therepackager should follow
establishedunder Containers-Performan ting (671).Again, thi 'n[ ~Ir~~:~~_~~
because the light-protective properties 0 t Um are compromise t e urn IS mne
recommended thatthf:se tests, in conjunctionwithany guidance p ed by. themanufacturer~
any container-closuresystem used in repackaginga drug preparation.

,BEYOND-USE-DATE

In the absence of stability data for the drug product in the repackagedcontainer, the beyond-usedating period isone ear
or the time remaining until the expirationdate, whichever isshorter. Ifcurrent stabilitydata are available for th drug p .i
in the repackaged container~ the length of time established bythe stability study may be used to establish the be ,,:us
but must not exceed the manufacturer's expiration date.

The dispenser must maintainthe facility where the dosage forms are packaged and stored ata temperature such that the
mean kinetic temperature is notgreater than 25°. The plastic material used in packaging the dosageformsmust affor' etter
protection than polyvinyl chloride, which does not provide adequate protection against moisture permeation;, Record st
be kept of the temperature of the facility where the dosage forms are stored, and of the plasticmaterials ,used In packaging.

MINIMUM,REQUIREMENTS

The previous sectionsserve as a general introductionto repackaging byproviding a qask understanding,of materials _
selection,the form-fill.:.seal process, and the importanceof performance of the sealedcontainer. Inthissectio,h, <;ertain minirpum
requirementsfor repackaging, which must be met, are described in more detail.

Personnel

Each person with responsibility for the repackaging of a preparation:sha 'avethe education, tr .
any combination thereof, to perform assignedfunctions in a manner such the safety, identi .
potency, and pharmaceuticalelegance of the' drug dosage form are r~tain' , r~ining should be, . .,ed. .", , ' ' ..

Personnel engaged inthe repackaging of a preparationshall wear cleanclothihgappropriate for the.(jutie~ or processes
performed.

2 Vacuum testing consists of placingsamplesfrom the packaging operation into a jarfilled withwater. Alid isRlacedovert~esamples tofullyimJ!lerse
them,in the water. Acontainer lid isapplied to create a seal effective enough to create approXimately 25 em of v cu'm~ Thevacuum' ymset,and
the samplesare tested for approximately 1 minute, removedfromthe water,Wiped down, and open¢dto de, hether '.. ose,
cavity or pouch iswet. This processshouldbe adjusted untilitis under !=o/1trol, and additionaltesting maybe '. d to en , ','. rity,
isconsistently acceptable.Wetness, indicates a defective sealand thereforethe potentialfor the drug to degrade when exposedt osphere.
Defective packagesmust be removedfrom further use.
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FaCility

.. Therepackagiri9f~ciJitymayrequirear~asof,low relative humidity, and tem:peratureconditions should meet cOntrolledroom
temp~raturerequirements specified in Packaging andStorage Requirement~ (659).

cEq,..ipment

. ted to facilitate operations
r maintenance to be

preparation are ootreactive,
I not come into contact with

de aintained; anitized at ap to prevent malfunctions or
cane beperfor atappropriat ,accordance with the equipment

ation. Any instruments used to ln9.nltor critical'p. ral11eters should be. calibrated on a defined

Process

I process parameters (e
d be docum~ntedand

eal temperat
dures establis

well time) in operating the
to ensure that they are adhered

Labeling

Materials

sens place an appropriate beyond-use date on the label andpackage inappropriate materials.
age all not~e reactive, additive, or absorptive, and must meet the requirements described ,in

Storage

Returned Goods

The repackager or dispenser s~all examine preparations fpr evidence of instability such.as change in color orodor, and shall
exercise professional judgmentas totneacceptability of a package.

Corripfcdnts

..The rePackage!' or dis'· . er willmairitain written. procedures describing· the handling'of written' and oral complaints
regarding a drug produc d 'NiH ensure thC}t comp.faintsare investigated .andappropriately resolved.

DnigProduct

hall rotate and monitor stock closely to ensure that thedisperising of preparations is ona first-in-first-out
repackager or dispenser shallstore preparations under required environmental conditions (e.g., controlled
e with a mean kinetic temperature not higher than 25°).

The dfspe
(FIFO) basis.
'room temper

PoliCies'and proceduresrelatlng'to returned goods should be developed to ensure proper handling.

Repfocesshlg

Reprocessing of repacl<aged~unit~dosecont~iners (i:e., ramovingrnedicationfromone unit·dose container and placing it into
another ~nit-dosecontainer)shall·hot be done. However, reprocessing of the secondary package (e.g., removing the blister
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card from the cardboard carrier and placingthe blister card intoanothercardboardcarrier)Js allowed providedthe' original
beyond-use date is maintained, and providedthe integrity of the blisterisensiJred.

Special Considerations

If a product is kllown to be oxygen sensitive or ifit exhibits extreme'moistureor Iightsensitivity (e.g.,.coldform foil), itshall
not be repackaged. If a product is refrigerated, it shallnot berepackaged unlessproper environmental conditionsand suitable
materials are available. Certain drug products (such asoncologic agents, hormones" or penicillin derivatives) requirespecial
handling because they are considered very potentor toxic, and because,transfer,of any portion of these 'productsto another
product could have deleterious effeCts.

REPACKAGING NONSTERllE SOLID AND LIQUID DOSA~E FORMS INTO SINGLE-UNIT
CONTAINERS AND UNIT-DOSE CONTAIN'EItS

The following gUidance is intended for those engaged in pharmaceutical dispensing, and does,not ap to commercial
dispensing. An official dosage form is required to bear on its label an expiration date assignedfor the pa larformulation
and packageofthe article. Thisdate limits the time duringwhichthe product may be dispensedor iJsed. iration
date stated on the original manufacturer's container-closuresystem has been determined forthe drug i ystem
and isnot intended to apply to a product that has been repackaged in a . iner, epackag ed
pursuantto a prescription are exempt from usingthe expiration d urer' der
no circumstanceshould the repackaged pharmaceutical preparat, , . ttle .... ' .'. s
expirationdate. It is necessary, therefore,. that other precautions .' ken, . , ser to prese h, quality,
andpurity of drugs that are repackagedfor ultimatedistributionor sale to patients.

Thefollowing guidelinesand requirementsare applicable where official dosage forms are rep'ackaged intosingle:.unit or
unit-dosecontainers or mnemonic packsfor dispensing pursuant to prescription.

Labeling

It isthe responsibility of the dispenser to place a suitableexpirationdate on the label, taking into account the nature of the
drug repackaged, any packaging and expiration dating information in the manufaCturer's produCt labeling, the char eristics
of the containers, and the storage conditionsto whichthe articlemaybe sUbje.ctect. Repack ' e forms mu on
their labels expirationdates as determined-from information in the product labeling (seeLa xpirationD. _
Beyond-Use Date). Each single-unitor unit-dosecontainer bears a separate label,unless the .ing the unit-doseform
does notallow for the removal or separation of the intact single-unit or unit-dose containertherefrom.

Storage

Store the repackaged article in a humidity-controlled environment and at the temperature specifiedin the individual
monograph or in the product labeling. Forfurther directions, see Packaging and Storage Requfli 659}.,.,.. _._

Arefrigerator or freezer shall not be consideredto ,be a humidlty-controlledenvironm . to bestored at a
cold temperature in, a refrigeratoror freezermust be protected during storage in the refri . '. .; An outer container
may be necessary for such protection; it is recommended that the drug monograph be referencedfor storage.

Reprocessing

Reprocessing of repackaged unit-dose containers (i.e;, removing a dosag'eunit fromoneuriit-dos~ container and plaCing It
in another unit-dosecontainer) shall notbe done. However, reprocessing of the secondary package (e.g., removing thebl!ster
cardfromthe cardboard carrierand placingthe blister card into another cardboard carrier) isallo"",ed provided!hat th~ original
expiration date is maintained.

CUSTOMIZED PATIENTMEDICATION PACKAGES

In lieu of dispensing two or more prescribed dn.Jg produCtsinseparatecontatners,a'pharmacis y, wit
the patient, the patient's caregiver, or a prescriber, providea customizedpatieri icationpack. (patien me

A patient med pak, i.e., a package prepared by a pharmacistfor citiC pa ' om aseries of contain
contains two or more prescribed solidoral dosage forms.The patientedpak i .. esig 'reach container. is
as to indicate the day and time, or period of time, that the container contents are_ to be taken. .' _, .., _,

ltis the responsibility of the dispenserto instructthe patient or caregiveron the use of the patientmedpak.

3 It should be noticed that for patient rned paks there is no special exemption from the'requirements of the PoisonPreventiofl~PackagingAct:'Thus, the
patientmed pak, if it does no~ meet child-resistant standards, shall be placed inanoufer packagethat does comply, or the nec:ess,ary consent of the
purchaser or physician to dispense in a container not intended to be child-resi~tant shall be obtained.
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The patient rn~d PClk shall bear a labelstating the following:
1. The nam.e of trepatierit;
2. Aserial number for the pati d pak itself and a separate identifying serial number for each of the'prescription orders

fOf ~~chof the.drug J)rodu" ained therein;
3. The n.ame; strength,pby~lca,1 description'or, identifitatiori, and total quantity of, each drug product contained therein;
4. Thedirectionsforus~ ~1I1d cauti0rlary sfatemeijts/Jf(lriy, contained inthe presqiption orderforeachdrug product therein;
5. Any storage instructions C)r caLitionarystaterTlents required by the official compendia;
6. The name of the prescriber of~ach drug product;
7. The, ie d the beyond-us e, or period of time assigned to the patient med

pak , ' , be not longer recommended beyond~use date for
any dosage form In ,not lon'ger than 6 ys fro paration of the patient med pak, and
shallnot exceed th . ationdate on the orig anufa bulkcontainersfor the dosage formsinCluded
t reinr e labelshallstate the ate of the p ',' ion(s) or. the date of preparationofthe patient

pa , age isaccompanied by a record indicating the start date and the beyond-usedate;
8. The name, address, and telephone number of the dispenser (and the dispenser's registration numberwhere

necessary); and
Anyother info'rmation, statements, or warnings requiredfor any of the drug products containedtherein.

," 'emoval , rat:ionofthe intact cohtainerstherefrom,each individu'al container shall
products c tained therein.' ,

labeling

The patient med pak shallbe accompanied by a patient package insert, in the event thatany medicationtherein is required
to be,dispensedwith such insertasaccompanying labeli Iternatively, such requiredinformation may be incorporatedIntoa
single, overall educational insertprovided by the pharm for the'total patient med pak.

Packaging

in t sence of mar gent pacKaging requirementsfor any of the drug products contained therein, each container of
t a nt med pakshal ' ,ply with the moisture permeation requirementsfor aClass Bsingle-unit or unit-dosecontainer
(s Containers-'-Performance Testing (671 »). E,ach container shall be either nonreclosable or so designed as to show evidence
of having been opened.

Guidelines

It is the responsibility of enser, when pr . g a patient med pak, to take into account any applicablecompendial
requirements or guideli physical a d al compatibility ofthe dosage forms placed within each container, as
well as any therapeuticitities that the simultaneous administration of the medications! In this regard,
pharmacistsare encourage 0 ortto USP ,eadquartersany observedor reported incompatibilities. Once a medication has
been placed in a patient med pak with another soliddosage form, it may not be returned to stock, redistributed,or resold if
unused.

Recordkeeping

Inaddition to any individual prescfiptionfiling requirements,a record of each patientmed pakshall be made and flied. Each
record shallcontain, as a minilllum:

1. The name and address ofthe, patient;
2. The serial number of the prescription ordedoreach drug product,contained,thereil"l;
3. The name of the manufaCturer or labelerand lot nUrTlber for each drug product ce:mtained therein;
4. Infor 'on ing or describing the design, characteristics, or specifications of the patient med paksufficient to

allow se '. f an,identical pa~ient med pakfor the patient; , ,
5. The date of prepa'ration of the patient med pak and the beyond~use date that was assigned;
6. Any special labeling instructions; and
7. The name or initials of the pharmacistwho prepared the patientri1ed pak.

GLOSSARY ,
Dispenser: A dispenser isa licensed or registeredpractltidnerWhois legally responsible for providing the patient with a

preparation that is in compliancewith a prescription or a medication order and contains a specific patient label. Inadditionl

dispensers may prepare limited quantitiesinanticipation of a prescription or medication order from a physician. pispensers are
governed bythe board of pharmacyof the individual state. ... . . . .., _ ._ .. '

Package: The term "package" issynonymous with the term "container". See Packaging and Storage Requirernents(659):
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(1151) PHARMACEUTICAL DOSAGE FORMS

GENERAL CONSIDERATIONS

This chapter provides general descriptions of and definitions for drug products, or dosage forms, commonly used to
administer the drug substance (active pharmaceutical ingredient; API). It discusses general principles involved in the
manufacture or compounding of these dosage forms. A glossary is provided as a nomenclature resource and should be used
in conjunction with the Nomenclature Guidelines,'

A dosage form is a pharmaceutical preparation consisting of drug substance(s) and/or excipient(s) to facilitate dosing,
administration, and delivery of the content of the drug product or placebo to the patient. The design, materials, manufacturing,
and testing of all dosage forms target drug product quality. A testing protocol must consider not only the physical, chemical,
microbiological, and biological properties of the dosage form as appropriate, but also the administration route and desired
dosing regimen. These considerations, organized by route of administration, are detailed in general chapters Injections and
ImplantedDrug Products (Parenterals)-Product Quality Tests (1), Oral Drug Products-Product Quality Tests (2), Topical and
Transdermal Drug Products-Product Quality Tests (3), Mucosal Drug Products-Product Quality Tests (4), Inhalation and Nasal
Drug Products-General Information and Product Quality Tests (5), and Ophthalmic Products-Quality Tests (771).2 The
organization of this general information chapter is by the quality attributes of each particular dosage form, generally without
specific reference to the route of administration. The list below provides the preferred dosage forms used in official article titles.
In addition to the preferred dosage forms, the Glossary contains other terms that have been used in current official article titles
but are not preferred and should not be used for new drug product titles.

Official Dosage Forms Used in Official Article Titles

Tests to ensure compliance with USP standards for dosage form performance fall into one of the following areas.

Dose Uniformity

(Seealso Uniformityof Dosage Units(905).) Consistency in dosing for a patient or consumer requires that the variation in the
drug substance content of each dosage unit be accurately controlled throughout the manufactured batch or compounded lot
of drug product. Uniformity of dosage units typically is demonstrated by one of two procedures: content uniformity or weight
variation. The procedure for content uniformity requires the appropriate assay of the drug substance content of individual units.
The procedure for weight variation usesthe weight of the individual units to estimate their content. Weight variation may be
used where the underlying distribution of the drug substance in the blend is presumed to be uniform and well-controlled, as
in solutions. In such cases, the content of the drug substance may be adequately estimated by the net weight. Content
uniformity does not rely on the assumption of blend uniformity and can be applied in all cases. Successful development and
manufacture of dosage forms requires careful evaluation of the drug substance particle or droplet size, incorporation techniques,
and excipient properties.

• Rinses
• Shampoos
• Soaps
• Solutions
• Sprays
• Strips
• Suppositories
• Suspensions
• Systems
• Tablets

• Injections
• Inserts
• lrrlqatlons
• liquids
• Lotions
• Lozenges
• Ointments
• Pastes
• Pellets
• Pills
• Powders

• Aerosols
• Capsules
• Creams
• Emulsions
• Films
• Foams
• Gases
• Gels
• Granules
• Gums
• Implants

1 Nomenclature Guidelines, http://www.usp.org/health-quality-safety/compendial-nomenclature.
2 Marshall K, FosterTS, Carlin HS, &:Williams RL. Developmentof a compendiaItaxonomy and glossary for pharmaceuticaldosage forms. Pharm Forum.
2003;29(5):1742-1752.
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USP 43

Drug product stability involves the evaluation of chemical stability, physical stability, and performance over time. The
chemical stability of the drug substance in the dosage form matrix must support the expiration dating for the commercially
prepared dosage forms and a beyond-use date for a compounded dosage form. Test procedures for potency must be stability
indicating(see Validation of Compendial Procedures (1225». Degradation products should be quantified. Inthe case of dispersed
or emulsified systems, consideration must be given to the potential for settling or separation of the formulation components.
Anyphysical changes to the dosage form must be easily reversed(e.g., by shaking) priorto dosing or administration.Fortablets,
capsules,oralsuspensions, and implants, invitrorelease test procedures such as dissolution and disintegrationprovidea measure
of continuing consistency in performance over time (see Dissolution (711), Disintegration (701), and Drug Release (724».

Bioavailability

(See also In Vitro and In Vivo Evaluation of Dosage Forms (1088) and Assessment of SolidOral Drug Product Performance and
Interchangeability, Bioavailability, Bioequivalence, and Dissolution (1090).) Bioavailability is influenced by factors such as the
method of manufacture or compounding, particle size, crystalform (polymorph) of the drug substance, the properties of the
excipients used to formulate the dosage form, and physical changes as the drug product ages. Assurance of consistency in
bioavailability over time (bioequivalence)requires closeattention to all aspects of the production (or compounding) and testing
of the dosage form. With proper justification, in vitro release testing (e.g., disintegration and dissolution) may be used as a
surrogate to demonstrate consistent availability of the drug substance from the formulated dosage.

Release Profile

Two principal categories of drug releaseare recognized: immediate-release and modified-release.
"Immediate-release" is observed when no deliberate effort has been made to modifythe drug substance release profile. For

example, capsules and tablets are considered immediate-releaseeven ifa disintegrating agent or a lubricant has been used.
"Modified-release" is a term used when the rate and/or time of releaseof the drug substance isaltered as compared to what

would be observed or anticipated for an immediate-release product. Two modified-release profiles, delayed-release and
extended-release, are recognized. The term "modified-release" is not used for official article titles.

"Delayed-release" is used when deliberateformulation achievesa delay in the releaseof the drug substance for some period
of time after initial administration. Fororal products, expressionssuch as "enteric-coated" or "gastro-resistant" have also been
used where releaseof the drug substance isprevented in the gastric environment but promoted in the intestinal environment.
However, the term "delayed-release" is used for official article titles.

"Extended-release" is used when the deliberateformulation achieves prolongation of drug substance release compared to
that observed or anticipated for an immediate-release dosage form. Expressions such as "prolonged-release", "repeat-action",
"controlled-release", "long-acting", and "sustained-release" have also been used to describe such dosage forms. However, the
term "extended-release" is used for official article titles.

The Nomenclature Guidelines' should be consultedfor naming conventions for products with a singledrug substance or for
products with a combination of more than one drug substance displaying the combination of release profiles of
immediate-releaseand extended-release, immediate-release and delayed-release, or extended-release and delayed-release.

Manufacture

Although detailed instructions about the manufacture of any of these dosage forms are beyond the scope of this general
informationchapter, general manufacturing principles have been Included." Information relative to extemporaneous
compounding ofdosage forms can be found in Pharmaceutical Compounding-Nonsterile Preparations (795) and Pharmaceutical
Compounding-Sterile Preparations (797).

Route of Administration

The primaryroutes of administration for pharmaceutical dosage forms can be defined as parenteral (see (1 », gastrointestinal
(see (2», topical (see (3», mucosal, and (see (4», inhalation (see (5». Each has subcategories as needed. Many tests used to
ensure quality generally are applied across all of the administration routes, but some tests are specific for individual routes. For
example, products intended for injection must be evaluated using Sterility Tests (71), Bacterial Endotoxins Test (85), or Pyrogen
Test (151), and the manufacturing process (and sterilizationtechnique) employed for parenterals (by injection) should ensure
compliance with these tests. Testsfor particulatematter may be required for certain dosage forms depending on the route of
administration (e.g., by injection-Particulate Matter in Injections (788), or mucosal-Particulate Matter in Ophthalmic Solutions
(789». Additionally, dosage forms intended for the inhalation route of administration must be monitored for particle sizeand
spray pattern (for a metered-dose inhaler or dry powder inhaler) and droplet size (for nasal sprays). Further information
regarding administration routes and suggested testing can be found in the Guideto General Chapters, ChapterCharts, Charts
4-8, .7 0, and 73.

Anappropriate manufacturing processand testing regimen helps ensure that a dosage form can meet the appropriate quality
attributes for the intended route of administration.

3 The terms "manufacture" and "preparation" are used interchangeablyin this general chapter.
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Suitablepackaging isdetermined for each product. Foradditional informationabout meeting packaging requirements listed
inthe indi~iduallabeling,refer to Packaging and Storage Requirements (659), Containers-Performance Testing (671),
AA(CN1~MaY-2o~o)and GoodRepackaging Practices (11 78). Product labeling must specifystorage requirements that describe
environmental conditions, limitations, and restrictions. For instance, exposure to excessive temperature, humidity, and light
can influencethe ability of the packaging to protect the product.

labeling Statements

Some dosage forms or articles have mandatory labelingstatements that are given in the Code of Federal Regulations (e.g.,
21 CFR §201.320 and 21 CFR §369.21). The text of 21 CFR should be consulted to determine the current recommendations.

International Council for Harmonisation (ICH) Guidance Q6A (available at www.ich.org) recommends specifications (listof
tests, references to analytical procedures, and acceptance criteria) to ensure that drug products are safe and effective at the
time of release and over their shelf life. Tests that are universally applied to ensure safety, efficacy, strength, quality, and purity
include description, identification, assay, and impurities.

Description

The Definition section (see General Notices, 4.10 Monographs) in a USP monograph describes the drug product and specifies
the range ofacceptable assayedcontent of the drug substance(s) present inthe dosage form. Forcertain products, the Definition
includes any relevant additional information, such as the presence or absence of other components, excipients, or adjuvants,
cautionary statements on toxicityand stability, etc. While appearance informationto aid in identification isused in a regulatory
submission(e.g., a qualitativedescription of size,shape, color, etc.) it istypically not required as part of a USP monograph. This
information isdrug product specific.

Identification

Identification tests are discussed in General Notices, 5.40 Identification. Identification tests should establish the identity ofthe
drug substance(s) present in the drug product and should discriminate between compounds of closely related structure that
are likely to be present. Identification tests should be specific for~~~gr~g<~~b~~~~S~(S):~o~~><~~pl~, tQ;!~!~~~~g~~sorption
spectrum isoften used (see Mid-InfraredSpectroscopy (854) and ~Spgc:trQsc:op;clde(7tiffcgtfon<Tests<JQ7;>i«CNhMaY-i6id». Ifno
suitable infraredspectrum can be obtained, other analytical methods can be used. Near-infrared (NIR) or Raman
spectroph()tometric ~.ethod~ could ~I~obeasc~ptable as the sole. i9~ntification method of the drug product formulation (see
ANgar-lnf(aredSpgc:trQ~coPY.Tbeory.g(7cf.R[C1c:tige<1~fj6)4(CN' -Ma'l-2,02Q) and Raman Spectroscopy (1120». Identification by a
chromatographic retention time from a single procedure is not regarded as specific. The use of retention times from two
chromatographic procedures for which the separation is based on different principles or a combination of tests in a single
procedure can be acceptable (see Chromatography (621) and Thin-Layer Chromatographic Identification Test (201».

Assay

A specific and stability-indicating test should be usedto determine the strength (drug substance content) ofthe drug product.
Some examples of these procedures are Antibiotics-Microbial Assays (81), (621), or Assay for Steroids (351). In cases when the
use of a nonspecific assay is justified (e.g., Titrimetry(541», other supporting analytical procedures should be used to achieve
specificity. When evidence of excipient interference with a nonspecific assayexists, a procedure with demonstrated specificity
should be used.

Impurities

Process impurities, synthetic byproducts, and other inorganic and organic impurities may be present in the drug substance
and excipients used in the manufacture of the drug product. These impurities are evaluated by tests in the drug substance and
excipients monographs. Impurities arisingfrom degradation of the drug substance or from the drug-product manufacturing
process should be monitored. Residual Solvents (467) is applied to all products where relevant.

In some cases, testing for heavy metal impurities is appropriate.
In addition to the universal tests listed, the following tests may be considered on a case-by-case basis.

Physicochemical Properties

Examples include pH (791), Viscosity-Capillary Methods (911) or Viscosity-Rotational Methods (912), and Specific Gravity
(841).
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For some dosage forms, particle size can have a significant effect on dissolution rates, bioavailability, therapeutic outcome,
and stability. Procedures such as those found in Inhalation and NasalDrug Products: Aerosols, Sprays, and Powders-Performance
Quality Tests (601) and Particle Size Distribution Estimation by AnalyticalSieving (786) could be used.

Uniformity of Dosage Units

See the discussion of Dose Uniformity in the General Considerations section.

Water Content

A test for water content is included when appropriate (see WaterDetermination(921 »).

Microbial limits

The type of microbial testes) and acceptance criteria are based on the nature of the nonsterile drug product, method of
manufacture, and the route of administration (see Microbiological Examination of Nonsterile Products: MicrobialEnumeration Tests
(61), Microbiological Examination of Nonsterile Products: Tests for Specified Microorganisms (62), and Microbiological Examination
of Nonsterile Products: Acceptance Criteriafor Pharmaceutical Preparations and Substances for Pharmaceutical Use (1111 »).

. Antimicrobial Preservative Content

Acceptance criteria for preservative content in multidose products should be established. They are based on the levels of
antimicrobial preservative necessary to maintain the product's microbiological quality at all stages throughout its proposed
usage and shelf life (see Antimicrobial Effectiveness Testing (51»).

Antioxidant Content

If antioxidants are present in the drug product, tests of their content should be performed to maintain the product's quality
at all stages throughout its proposed usage and shelf life.

Sterility

Depending on the route of administration (e.g., ophthalmic preparations, implants, aqueous-based preparations for oral
inhalation, and injections) sterility of the product is demonstrated as appropriate (see (71»).

Dissolution

A test to measure the release of the drug substance(s) from the drug product normally is included for dosage forms such as
tablets, capsules, suspensions, granules for suspensions, implants, transdermal delivery systems, and medicated chewing gums.
Single-point measurements typically are used for immediate-release dosage forms. For modified-release dosage forms,
appropriate test conditions and sampling procedures are established as needed (see (711) and (724»). Insome cases, dissolution
testing may be replaced by disintegration testing (see (701 »).

Breaking Force and Friability

These parameters are evaluated as in-process controls. Acceptance criteria depend on packaging, supply chain, and intended
use (see TabletFriability(1216) and Tablet Breaking Force (1217»).

Leachables

When evidence exists that leachables from the container-closure systems (e.g., rubber stopper, cap liner, or plastic bottle)
have an impact on the safety or efficacy of the drug product, a test is included to evaluate the presence of leachables.

Other Tests

Depending on the type and composition of the dosage form, other tests such as alcohol content, redispersibility, particle
size distribution, rheological properties, reconstitution time, endotoxins/pyrogens, particulate matter, functionality testing of
delivery systems, delivered dose uniformity, viscosity, and osmolarity may be necessary.
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Aerosols are dosage forms packaged under pressureand contain therapeutic agent(s) and a propellant that are releasedupon
actuation of an appropriate valvesystem. Upon actuation of the valvesystem, the drug substance is released as a plume of fine
particles or droplets. Only 1 dose is released from the preparation upon actuation of a metered valve. In the case of topical
products and depending on the nature of the drug substance and the conditions being treated, actuation of the valve may
result in a metered release of a controlled amount of the formulation or the continuous release of the formulation as long as
the valve is depressed.

The aerosol dosage form refers onlyto those products packaged under pressurethat releasea fine mistof particles or droplets
when actuated (see Glossary). Other products that produce dispersions offine droplets or particleswill be covered insubsequent
sections (e.g., Powders and Sprays).

TYPICAL COMPONENTS

Typical components of aerosolsare the formulation containing one or more drug substance(s) and propellant, the container,
the valve, and the actuator. Each component playsa role in determining variouscharacteristicsof the emitted plume, such as
droplet or particle size distribution, uniformity of delivery of the therapeutic agent, delivery rate, and plume velocity and
geometry. The metering valveand actuator act in tandem to generate the plume of droplets or particles. The metering valve
delivers an accurate volume of the pressurized liquid formulation from the container. The actuator directs the metered volume
to a small orifice that isopen to the atmosphere. Upon actuation, the formulation isforced through the opening, forming the
fine mist of particles that are directed to the site of administration.

Aerosol preparations may consist of either a two-phase (gas and liquid) or a three-phase (gas, liquid, and solid or liquid)
formulation. The two-phase formulation consists of drug substance(s) dissolved in liquefied propellant. Co-solvents such as
alcohol may be added to enhance the solubility of the drug substance(s). Three-phase inhalation and nasal aerosol systems
consist of suspended drug substance(s) in propellant(s), co-solvents, and potentially other suitable excipients. The suspension
or emulsion of the finely divided drug substance is typically dispersed in the liquid propellant with the aid of suitable
biocompatible surfactants or other excipients.

Propellantsfor aerosol formulations are typically low molecular weight hydrofluorocarbons or hydrocarbons that are liquid
when constrained in the container, exhibit a suitable vapor pressure at room temperature, and are biocompatible and
nonirritating. Compressed gases do not supply a constant pressure over use and typically are not used as propellants.

Metal containers can withstand the vapor pressure produced by the propellant. Excess formulation may be added to the
container to ensure that the full number of labeled doses can be accurately administered. The container and closuremust be
able to withstand the pressures anticipated under normal use conditions as well as when the system is exposed to elevated
temperatures.

TYPES OF AEROSOL DOSAGE FORMS

Aerosol dosage forms can be delivered viavarious routes. The container, actuator, and metering valve, as well as the
formulation, are designed to target the site of administration.

Inhalation aerosols, commonly known as metered-dose inhalers(MDls), are intended to produce fine particles or droplets
for inhalation through the mouth and deposition in the pulmonary tree. The design of the delivery system isintended to release
measured mass and appropriate quality of the active substance with each actuation.

Nasal aerosols, commonly known as nasal MDls, produce fine particlesor droplets for deliverythrough the nasal vestibule
and deposition in the nasal cavity. Each actuation of the valvereleases a measured mass of the drug substance with appropriate
quality characteristics.

Lingual aerosols are intended to produce fine particlesor droplets for deposition on the surface of the tongue. The design
of the deliverysystem releases 1 dose with each actuation.

Topical aerosols produce fine particlesor droplets for application to the skin.

LABELING FOR PROPER USE

Refer to 21 CFR §201.320 and 21 CFR §369.21.

Capsules

Capsules are solid dosage forms in which the drug substance and/or excipients are enclosed within a soluble container or
shell or coated on the capsule shell. The shellsmay be composed of two pieces (a body and a cap), or they may be composed
of a single piece.Two-piececapsulesare commonly referredto as hard-shell capsules, and one-piece capsulesare often referred
to as soft-shell capsules. This two-piece and one-piece capsule distinction, although imprecise, reflects differing levels of
plasticizers in the two compositions and the fact that one-piece capsules typically are more pliablethan two-piece capsules.

The shells of capsules are usually made from gelatin. However, they may also be made from cellulose polymers or other
suitable material. Most capsules are designed for oral administration. When no deliberate effort has been made to modify the
drug substance release rate, capsulesare referred to as immediate-release.
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TWO-PIECE OR HARD-SHELL CAPSULES

Two-piececapsules consist of two telescoping cap and body pieces in a range of standard sizes.

ONE-PIECE OR SOFT-SHELL CAPSULES
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One-piece capsules typically are used to deliver a drug substance as a solution or suspension. Liquid formulations placed into
one-piece capsules may offeradvantages by comparisonwith dry-filled capsules and tablets in achieving content uniformity of
potent drug substance(s) or acceptable dissolution of drug substance(s) with poor aqueous solubility. Because the contact
between the shell wall and its liquid contents is more intimate than in dry-filled capsules, undesired interactions may be more
likely to occur (including gelatin crosslinking and pellicle formation).

MODIFIED-RELEASE CAPSULES

The releaseof drug substance(s) from capsulescan be modified inseveralways.There are two categoriesof modified-release
capsule formulations recognized by USP.
Delayed-release capsules: Capsules are sometimes formulated to include enteric-coated granules to protect acid-labile drug
substances from the gastric environment or to prevent adverse events such as irritation. Enteric-coated multiparticulatecapsule
dosage forms may reduce variability in bioavailability associated with gastric emptying times for larger particles (l.e., tablets)
and to minimizethe likelihood ofa therapeutic failure when coating defects occur during manufacturing.Alternatively, a coating
may be applied to the capsule shell to achieve delayed releaseof the contents.
Extended-release capsules: Extended-release capsulesare formulated in such a manner as to make the contained drug
substance available over an extended period of time following ingestion. Requirementsfor dissolution (see (711» are typically
specified in the individual monograph.

Methods for modifyingdrug substance releasefrom capsules include coating the filled capsule shells or the contents, in the
case of dry-filled capsules.

PREPARATION

Two-piece capsules: Two-piecegelatin capsulesare usually formed from blends of gelatins that have relatively high gel
strength in order to optimize shell clarityand toughness or from hypromellose. They may also contain colorants such as Drug
&: Cosmetic (D&:C) and Food, Drug, &: Cosmetic(FD&:C) dyes" or various pigments, opaquing agents such as titanium dioxide,
dispersing agents, plasticizers, and preservatives. Gelatin capsule shellsnormally contain between 12% and 16% water.

The shellsare manufactured in one set of operations and later filled in a separate manufacturing process.Two-piece shell
capsules are made by a process that involves dipping shaped pins into gelatin or hypromellosesolutions, followed by drying,
cutting, and joining steps.

Powderformulations for two-piece gelatin capsulesgenerallyconsist of the drug substance and at least one excipient. Both
the formulation and the method of filling can affect releaseof the drug substance. In the filling operation, the body and cap of
the shell are separated before filling. Following the filling operation, the machinery rejoinsthe body and cap and ensures
satisfactory closureof the capsule by exerting appropriate force on the two pieces.The joined capsulescan be sealed after filling
by a band at the joint of the body and cap or by a designed locking joint between the cap and body. fn compounding
prescription practice, two-piece capsules may be hand-filled. This permits the prescriber the choice of selecting either a single
drug substance or a combination of drug substances at the exact dose level considered best for an individual patient.
One-piece capsules: One-piece capsulesare formed,filled, and sealed ina single processon the same machineand are available
in a wide variety of sizes, shapes, and colors.The most common type of one-piece capsule is that produced by a rotary die
process that results in a capsule with a seam. The soft gelatin shell issomewhat thicker than that of two-piece capsules and is
plasticized by the addition of polyols such as glycerin, sorbitol, or other suitable materials. The ratio of the plasticizer to the
gelatin can be varied to change the flexibility of the shell depending on the nature of the fill material, its intended usage, or
environmental conditions.

In most cases, one-piece capsules are filled with liquids. Typically, drug substances are dissolved or suspended in a liquid
vehicle. Classically, an oleaginousvehiclesuch as a vegetable oilwas used. However, nonaqueous, water-miscible liquidvehicles
such as the lower molecularweight polyethyleneglycols are now more common. The physicochemical properties of the vehicle
can be chosen to ensure stabilityof the drug substance as well as to influencethe release profile from the capsule shell.

Creams

(See Emulsions.)

41n1960 Congress enacted the ColorAdditive Amendments, reqUiring the FDA to regulate dyes, pigments, or other coloringagents in foods, drugs,
and cosmeticsseparatelyfromfood additives. Underthe law,coloradditivesare deemed unsafeunlessthey are used incompliancewith FDA regulations.
The law providesa frameworkfor the listing and certification of coloradditives. See FDCA §721; see FDA regulationsat 21 CFR Part 70. Colorsmust also
be listed in pertinent FDA regulationsfor specific uses;the listof color additivesfor drugs that "are exempt from certification is published at 21 CFR Part
73, Subpart B. FDA alsoconducts a certification program for batches of color additivesthat are required to be certified beforesale; see 21 CFR Part 74
(Subpart Bre: drugs). Regulations regarding certification procedures, general specifications, and the listing of certified provisionally listed colorsare at
21 CFR Part80. FDA maintainsa coloradditiveswebsitewith links to various legaland requlatoryresourcesat: http://www.fda.gov; search by document
title.
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Emulsions
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An emulsion isa dispersed colloidal system consisting of two immiscible liquid phases generallystabilized with one or more
suitableagents.

Typical pharmaceutical emulsions are prepared from immiscible aqueous and organic (oil) liquids. Complex multiple-phase
systemsmay exist in an emulsion. Whether the organic or the aqueous phase is the dispersed phase depends on the volumes
of the two phases, the emulsifier chosen, and the method of preparation. When an oil phase isdispersed in an aqueous phase,
the emulsion istermed an oil-in-water (0/W) emulsion and water isreferred to as the continuous phase. Whenwater isdispersed
in oil, the emulsion is referred to as a water-in-oil (W/O) emulsion. Emulsions have dispersed phases typically ranging from
0.1 to 100 urn. Emulsions are opaque while microemulsions are usually transparent or translucent. Microemulsions have
dispersed phases less than 0.1 urn. ,

Emulsions may exhibit three types of instability: flocculation, creaming, and coalescence. Flocculation describesthe process
by which the dispersed phase comes out of suspension in the form of flakes. Coalescence isanother form of instability-small
droplets within the media continuously combine to form progressively larger droplets. Emulsions can also undergo creaming,
where one of the phases migrates to the top (or the bottom, depending on the relative densities of the two phases) of the
emulsion. To prevent flocculation, creaming, and coalescence of the emulsions, manufacturers commonly add surfactants,
pH-modifying agents, or emulsifying agents to increase the stability of emulsions so that the emulsion does not change
significantly with time.

Emulsions are widely used as pharmaceutical dosage forms. Oralemulsions have been prepared to improve taste, solubility,
stability, or bioavailability. Emulsions for topical administrationare referred to as creams, lotions, and sometimes ointments.
Parenteral emulsions have been used for anesthetics, parenteral nutrition, and to deliver poorlywater-soluble drugs.

CREAMS

Creamsare semisolid emulsion dosage forms.Theyoften contain morethan 20% water and volatiles, and/or typically contain
less than 50% hydrocarbons, waxes, or polyols as the vehiclefor the drug substance. Creamsare generally intended for external
application to the skin or to the mucous membranes. Creams have a relatively soft, spreadable consistency and can be
formulated as either a WIO emulsion (e.g., ColdCreamor Fatty Cream as in the European Pharmacopoeia) or as an oil-in-water
emulsion (e.g., Betamethasone Valerate Cream). Creamsare generally described as either nonwashableor washable, reflecting
the fact that an emulsion with an aqueous external continuous phase is more easily removed than one with a nonaqueous
external phase (W10 emulsion).

LOTIONS

Lotions are an emulsified liquid dosage form intended for external application to the skin. Historically, some topical
suspensions such as calamine lotion have been called lotions but that nomenclature is not currently preferred. Lotions share
many characteristics with creams.The distinguishing factor is that they are more fluid than semisolid and thus pourable. Due
to their fluid character, lotions are more easily applied to large skin surfaces than semisolid preparations. Lotions may contain
antimicrobial agents as preservatives.

INJECTABLE EMULSIONS

Injectable emulsions are sterileliqUid dosage formsof drug substancesdissolved or dispersedin a suitableemulsion medium.
Injectable emulsions are for parenteral administration of poorlywater-soluble drugs.

OINTMENTS

Ointments are sometimes semisolid emulsion dosage forms (see Dosage Forms, Ointments).

PREPARATION

Chapter (795) provides general information regarding the preparation of emulsions.
Creams: Creams may be formulated from a varietyof oils, both mineral and vegetable, and from fatty alcohols, fatty acids,
and fatty esters. Emulsifying agents include nonionicsurfactants,detergents, and soaps. Soapsare usually formed insituduring
the preparation of creamsfrom a fatty acid in the oil phase hydrolyzed by a base dissolved in the aqueous phase.

Preparation usually involves separating the formula components into two portions: lipid and aqueous. The lipid portion
contains all water-insoluble components and the aqueous portion contains the water-soluble components. Both phases are
heated to a temperature above the meltingpoint ofthe highest meltingcomponent. The phasesare then mixedand the mixture
isstirred until reaching ambient temperature or until the mixture has congealed. Mixing isgenerallycontinued during the
cooling processto promote uniformity. Traditionally, the aqueous phase isadded to the lipid phase, but comparable results
have been obtained with the reverse procedure. High-shear homogenization may be employed to reduce particleor droplet
size and to improvethe physical stability of the resultant dosage form.

The drug substance(s)can be added to the phase in which it issolubleat the beginning of the manufacturing process, or it
can be added after the cream isprepared by a suitabledispersion processsuch as levigation or milling with a roller mill. Creams
usually requirethe addition of a preservative(s) unlessthey are compounded immediately prior to use and intended to be
consumed in a relatively short period of time. .
Lotions: Lotions are usually prepared by dissolving or dispersing the drug substance into the more appropriate phase (oil or
water), adding the appropriate emulsifying or suspending agents, and mixing the oiland water phases to form a uniform fluid
emulsion.
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Injectable emulsions: Chapter (1) providesguidance on sterilepreparations. Emulsions intended for parenteral administration
can be formulated using the same principles as creams and lotions.The formulation should be designed for ease of
administration. The particle size of the dispersed phase can vary by route of administration. Forexample, emulsions intended
for intravenous administration should complywith Globule Size Distributionin LipidInjectable Emulsions (729). The procedure to
assure sterility should be validated by media fills. Preservatives are generally not used in injectableemulsions.
Ointments: (See Dosage Forms, Ointments.)

Films

Films are thin sheets that are placed in the oral cavity. They contain one or more layers. Alayermayor may not contain the
drug substance. Typically, these thin sheets are formed by casting or extrusion that results in a dispersion of the components
through the film. Films are classified by the site of application. "Oral films" can be formulated to delivermedication to the
mouth such as oral hygiene products or to delivermedication to the gastrointestinal tract for absorption. "Buccal films" and
"sublingualfilms" are formulated to facilitate absorption through the proximal mucosal membranes avoidingfirst pass
metabolism or degradation in the gastrointestinal tract and providing a quick onset of action.

Films can be formulated with edible polymerssuch as pullulan or with water-soluble polymerssuch as modified cellulose,
edible gums, and copolymers. The dissolution rate of the film is controlled to facilitate incorporation of the medication into
saliva or for absorption by the proximalmucosa. These films must be substantial enough to maintain their integrityduring
manufacture and packaging, and permit handling by the patient. Because of the rapid dissolution, taste and mouth feel are
important considerations.

Foams

Foamsare dispersions of gas in a liquid or solid continuous phase wherein the liquidor solid contains the drug substance
and suitableexcipients.Typical excipientsintended for foam dosage forms includesurfactants to ensure distributionof the gas/
propellant in the formulation, aqueous or nonaqueous vehicles, and propellants (for pressurized systems). Foams are produced
by mechanical means or via interaction of propellant gas and the formulation under pressure. Foams dispensed from
nonpressurized containers use mechanical force to mixthe formulation and air resulting in foam generation. Foamsdispensed
from pressurized containers use the propellant present in the gas phase to increase pressure inside the container. When the
nozzleof the actuator is opened, the liquid phase is pushed out through specific actuators resulting in foam generation.

Medicated foams intended to treat severely injuredskinor open wounds must be sterile.

PREPARATION

Afoam may contain one or more drug substances, surfactants, and aqueous or nonaqueous liquids, and is produced with
or without the aid of propellants. When a propellant is not used, mechanical work is required to generate the foam. If the
propellant is in the internal (discontinuous) phase, a stable foam isdischarged. Ifthe propellant is in the external (continuous)
phase, a quick-breaking foam isdischarged.

Gases

Medical gases are products that are administered directlyas a gas. Amedical gas has a direct pharmacological action or acts
as a diluent for another medicalgas. Gasesused as exclplentsfor administration of aerosol products, as adjuvants in packaging,
or produced by other dosage forms, are not included in this definition.

COMPONENTS

Medical gases may be single components or defined mixtures of components. Mixtures can also be extemporaneously
prepared at the point of use.

ADMINISTRATION

Medical gases may be administered to the patient usingseveral methods: nasalcannulas, face masks, atmospheric tents, and
endotracheal tubes for the pulmonary route; hyperbaricchambers for the pulmonaryand topical routes ofadministration; jetted
tubes that are directed at dental tissue to promote drying in preparation for fillings and crowns; tubes for expanding the
intestines to facilitate medical imaging during colonoscopy; tubes for expanding the pelvis via transuterine inflation in
preparation forfallopian tubal ligation; and tubes for expanding angioplastydevices.The dose of medical gas istypically metered
by a volume rate of flow under ambient temperature and pressureconditions. Administration of a highlycompressed gas
generally requires a regulator to decrease the pressure, a variable-volume flow controller, and suitable tubing to conduct the
gas to the patient. For pulmonary administration, the gas flow will be directed to the nose or mouth by a suitable device or
into the trachea through a mechanicalventilator.When medicalgases are administered chronically, provision for humidification
iscommon. Care should be exercised to avoid microbial contamination.

SPECIAL CONSIDERATIONS

. The container and system fittings should be appropriate for the medical gas. Adaptors should not be used to connect
containers to patient-use supply system piping or equipment. Large quantities of gases such as oxygen or nitrogen can be
stored in the liquid state in a cryogenic container and converted into a gas, as needed, by evaporation. Additional rules
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concerning the construction and use ofcryogeniccontainersare promulgated bygovernmental agencies(e.g., U.S. Department
of Commerce).

Containers, tubing, and administration masks employed for gases containing oxygen are free of any compound that would
be sensitiveto oxidation or that would be irritating to the respiratorytract.

Asignificantfraction of the dose of a medical gas may be released into the general vicinity of the patient due to incomplete
absorption. Adequate ventilation may be necessaryto protect health 'care workers and others from exposure to the gas (e.g.,
nitrous oxide).

Gels

Agel issolidor semisolid. Gels can be classified in two groups, chemicaland physical gels.Chemical gelsare usually covalently
crosslinked gels, while physical gels consist of smallmolecules or molecularchains that are physically crosslinked into networks,
or solutions, or colloidal dispersions that are stiffened by a gelling agent. Typically, gels hold their form being self-supporting.
Some gels may exhibit a range of behavior under mechanical forces. Gelsmay be thixotropic, forming semisolids on standing
and becoming lessviscous on agitation. Like emulsions, gels can be characterized as having a continuous phase as well as a
dispersed phase. Avarietyof routes are available for gel administrationsuch as topical, mucosal, or oral. Inveterinary medicine,
gels can also be administered via mammary infusion.

Gels may consist of a network of small discrete particles (e.g., Aluminum Hydroxide Gel, Bentonite Magma, or Psyllium
Hemicellulose). As these gels may be thixotropic, forming semisolids on standing and becoming less viscous on agitation, they
should be shaken before use to ensure homogeneity and should be so labeled.

Gels can consist of organic macromoleculesuniformly distributed throughout a liquid in such a manner that no apparent
.boundaries exist between the dispersed macromolecules and the liquidcontinuous phase. Thesegelsmay be made from natural
or synthetic macromolecules (e.g., carbomer, hypromellose, or starch) or natural gums (e.g., tragacanth). Although these gels
are commonly aqueous based, alcoholsand oilsmay be used as the continuous phase.

Chewable gels are used to deliverdrug substances or dietarysupplements viathe oral route. Inaddition to drug substances(s)
or dietary supplements, chewable gels can consistof allor some of the following components-gelling agent(s), sugars, water,
sweeteners, and flavoring agents. The sweeteners and flavoring are intended to enhance patient acceptance and maskthe taste
of the delivered labeled drug substance or dietary supplement. Chewable gels maintain their molded shape, are elastic, and
yield to mastication. They are intended to be chewed before swallowing. Chewable gels are also known as "gummies" in the
confectionary and dietary supplement industries but that term is not used in official article titles.

PREPARATION

Gels may be formed by dispersing the gelling agent in the continuous phase (e.g., by heating starch), by crosslinking the
dispersed phase gelling agent, by changing the pH (as for Carbomer Copolymer), or by reducing the continuous phase by heat
or vacuum (as for gels formed with sucrose).

Care should be taken to ensure uniformity of the drug substances by dispersing them by vigorous mixing or milling, or by
shaking ifthe preparation is lessviscous.

Chewable gels are formulated with one or more gelling agents (such as gelatin or starch), sugars (such as sucrose, fructose,
or corn syrup), flavoring agents, sweeteners, colorants, and water. The ingredients are blended and heated to form a viscous
solution that is poured into molds (e.g., corn starch molds). After cooling, the individual units are separated from the molds.

Granules

Granules are soliddosage forms that are composed of agglomerations of smaller particles. These multicomponent
compositions are prepared for oral administration and are used to facilitate flexible dosing regimens as granules or as
suspensions, address stabilitychallenges, allowtaste masking, or facilitateflexibility in administration (for instance, to pediatric
patients, geriatric patients, or animals). Granulardosage forms may be formulated for direct oral administration and may
facilitatecompounding of multiple drug substances by allowing compounding pharmacists to blend variousgranular
compositions in the retail or hospital pharmacy. More commonly, granules are reconstituted to a suspension by the addition
of water or a supplied liquiddiluent immediatelypriorto delivery to the patient. Effervescent granulesare formulated to liberate
gas (carbon dioxide) upon addition of water. Common examples of effervescentgranules include antacid and potassium
supplementation preparations. Common therapeutic classes formulated as granule dosage forms include antibiotics, certain
laxatives (such as senna extract products), electrolytes, and variouscough and cold remedies that contain multiple drug
substances.

PREPARATION

Granules are often the precursors used in tablet compression or capsule filling. Although this application represents a
pharmaceutical intermediate and not a final dosage form, numerous commercial products are based on granules. In the typical
manufacture of granules, the drug substancets) is blended with excipients (processing aids) and wetted with an appropriate
pharmaceutical binding solution, solvent, or blend of solvents to promote agglomeration. This composition is dried and sized
to yield the desired material properties. .

Frequently, granules are used because the drug substance is unstable in aqueous environments and cannot be exposed to
water for periods sufficient to accommodate manufacture, storage, and distribution in a suspension. Preparation of the liquid
dosage form from the granules immediately prior to dispensing allows acceptable stability for the duration of use. Granules
manufactured for this purpose are packaged in quantities sufficient for a limited time period-usually one course of therapy
that typically does not exceed 2 weeks. Inaddition to the drug substances, other ingredients may be added to ensure acceptable
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stability(e.q., buffers, antioxidants, or chelating agents) or to provide color, sweetness, and flavor; and for suspensions, to
provide acceptable viscosity to ensure adequate suspension of the particulate to enable uniform dosing.

Effervescent granules are typically formulated from sodium or potassium bicarbonate and an acid such as citricor tartaric
acid. To prevent untimely generation of carbon dioxide, manufacturers should take special precautions to limit residual water
in the product due to manufacture and to select packaging that protects the product from moisture.The manufacture of
effervescentgranules can require specialized facilities designed to maintain very low humidity (approximately 10% relative
humidity). Effervescent powder mixtures are purposelyformed into relatively course granules to reduce the rate of dissolution
and provide a more controlled effervescence. .

Reconstitution of granules must ensure complete wetting of all ingredients and sufficient time and agitation to allowthe
soluble components to dissolve. Specific instructions for reconstitution provided by the manufacturer should be carefully
followed.

Reconstitutedsuspensions should be thoroughly mixed or shaken before use to resuspend the dispersed particulates. This is
especially true of suspension preparations dosed from multiple-dose containers. Forparticularly viscous suspensions prone to
airentrapment, instructionsmay advisethe userhowto shakethe preparation to resuspend settled particulates whileminimizing
air entrapment.

Forgranules reconstituted to form suspensionsfor oral administration, acceptable suspension of the particulate phase
depends on the particlesizeof the dispersed phase aswell as the viscosity of the vehicle. Temperature can influence the viscosity,
which influences suspension properties and the ease of removal of the dose from the bottles. In addition, temperature cycling
can lead to changes in the particlesizeof the dispersed phase viaOstwald ripening. Thus,clear instructions should be provided
regarding the appropriate storage temperature for the product.

Gums

Medicated gum isa pliabledosage form that isdesigned to be chewed rather than swallowed. Medicated gums release the
drug substance(s) into the saliva. Medicated gums can delivertherapeutic agents for local action in the mouth or for systemic
absorption via the buccal or gastrointestinal routes (e.g., nicotine or aspirin). Most gums are manufactured using the
conventional melting process derived from the confectionary industryor alternatively may be directlycompressed from gum
powder. Medicated gums are formulated from insoluble synthetic gum bases such as polyisoprene, polyisobutylene,
isobutyleneisoprenecopolymer, styrene butadiene rubber, polyvinyl acetate, polyethylene, ester gums, or polyterpenes.
Plasticizers and softeners such as propylene glycol, glycerin, oleicacid, or processed vegetable oilsare added to keep the gum
base pliableand to aid in the incorporationof the drug substance(s),sweeteners, and flavoring agents. Sugarsas well as artificial
sweeteners and flavorings are incorporated to improvetaste, and dyes may be used to enhance appearance. Some medicated
gums are coated with magnesium stearate to reduce tackiness and improve handling during packaging.Apreservative may be
added.

PREPARATION

Melted gum: The gum base ismelted at a temperature of about 1150 until it has the viscosity of thicksyrup and, at that point,
isfiltered through a fine-mesh screen. Thismolten gum base is transferred to mixing tanks where the sweeteners, plasticizers,
and typically the drug substance are added and mixed.Colorings, flavorings, and preservatives are added and mixed whilethe
melted gum is cooling. The cooled mixture is shaped by extrusion or rolling and cutting. Dosage units of the desired shape
and potency are packaged individually. Additional coatingssuch as powder coatings to reduce tackiness orfilm or sugar coatings
may be added to improve taste or facilitate bulk packaging.
Directly compressed gum: The gum base is supplied in a free-flowing granular powder form. The powder gum base is then
dry blended with sweeteners, flavors, the drug substance, and lubricant. The blend is then processed through a conventional
tablet pressand tableted into desiredshapes. The resulting medicated gum tablets can be further coated with sugar or sugar-free
excipients. These tablets can be packaged in blisters or bottles as needed.

SPECIAL CONSIDERATIONS

Medicated gums are typically dispensed in unit-dosepackaging.The patient instructionsalso may includea caution to avoid
excessive heat.

Implants

Implantsare long-acting dosage forms that providecontinuous releaseof the drug substance often for periods of months to
years.Theyare administered bythe parenteral route and are sterile.Some implants approved as animaldrugs to be administered
subcutaneously to the ears are not required to be sterile. Typically for systemic delivery, they may be placed subcutaneously,
or for localdelivery they can be placed in a specific region in the body (e.g., in the sinus, in an artery, in the eye, in the brain,
etc.). Implants are usually administered by means of a suitable injectoror by surgical procedure.

Polymerimplants can be formed as a single-shapedmasssuch as a cylinder.The polymer matrix must be biocompatible (see
The Biocompatibifity of MaterialsUsed in DrugContainers, MedicalDevices, and Implants(1 031», but it can be either bioabsorbable
or nonbioabsorbable. Shaped polymer implants are administered by means of a suitable special injector. Release kinetics are
typically not zero-order, but zero-order kinetics are possible. Drug substance release can be controlled by the diffusion of the
drug substance from the bulk polymer matrix or by the properties of a rate-limiting polymeric membrane coating. Polymer
implants are used to deliver potent small molecules like steroids (e.g., estradiol for cattle) and large molecules like peptides
[e.g., luteinizing hormone-releasing hormone (LHRH)]. Example durations of drug substance releaseare 2 and 3 months for
bioabsorbable implants and up to 3 years for nonbioabsorbable implants.An advantage of bioabsorbable implants isthat they
do not require removal after the releaseof all drug substance content. Nonbioabsorbable polymer implants can be removed
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before or after a drug substance releaseiscomplete or may be left insitu. Animplant can have a tab with a hole in it to facilitate
suturing it in place (e.g., for an intravitreal implant for local ocular delivery). Such implants may provide therapeutic release for
periods as long as 2.5 years.

Drug substance-eluting stents combine the mechanical effect of the stent to maintain arterial patency with the prolonged
pharmacologic effectof the incorporated drug substance (to reduce restenosis, inhibit clot formation, or combat infection). As
an example, a metal stent can be coated with a nonbioabsorbable orbloabsorbable polymer-containingdrug substance. The
resultant coating is a polymeric matrix that controls the extended releaseof the drug substance.

PREPARATION

Cylindrical polymeric implants are commonly made by melt extrusion of a blend of drug substance and polymer, resulting
in a rod that is cut into shorter lengths. Polymer implants can also be made by injection molding. Still other implants are
assembled from metal tubes and injection-molded plasticcomponents.

Sterility can be achieved by terminal sterilization or by employing aseptic manufacturing procedures.

Injections

(See Emulsions, Powders, Solutions, and Suspensions.)
Injections are not treated as a dosage form inthis chapter. Chapter (1) providesqualityand other informationabout injectable

products. Informationon specific dosage form terminology can be found in the Glossary. Forappropriate injection
nomenclature, see Nomenclature (1121).

EXCESS VOLUME IN INJECTIONS

Each container ofan injectionisfilled with a volume inslightexcessofthe labeled "size"or the volumethat isto be withdrawn.
The excess volumes recommended in Table 7 are usually sufficient to permit withdrawal and administration of the labeled
volumes.

Table 1
Recommended Excess Volume

For Mobile For Viscous
labeled Size liquids liquids

(ml) (ml) (ml)

0.5 0.10 0.12

1.0 0.10 0.15

2.0 0.15 0.25

5.0 0.30 0.50

10.0 0.50 0.70

20.0 0.60 0.90

30.0 0.80 1.20

50.0 or more 2% 3%

Inserts

Inserts are solid dosage forms that are inserted into a naturally occurring (nonsurgical) body cavityother than the mouth or
rectum (see Suppositories). The drug substance in inserts is deliveredfor local or systemic action. Vaginal inserts are usually
globular or oviform and weigh about 5 g each. Inserts intended to dissolve in vaginal secretions are usually made from
water-solubleor water-miscible vehicles such as polyethyleneglycol or glycerinated gelatin.

PREPARATION

Forgeneral considerations, see (795). Inserts varyconsiderably in their preparation. Insertsmay be molded (using technology
similar to that used to prepare lozenges, suppositories, or plastics), compressed from powders (as in tableting), or formulated
as special applications of capsules (soft gelatin capsules and hard gelatin capsules have been employed for extemporaneously
compounded preparations). Inserts may be formulated to melt at body temperature or disintegrate upon insertion. Design of
the dosage form should take into consideration the fluid volume available at the insertion site and minimize the potential to
cause local irritation. Most inserts are formulated to ensure retention at the site of administration.

Irrigations

(See Solutions.)
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As a dosage form, a liquid consistsof a pure chemical in its liquid state. Examples include mineral oil, isoflurane, and ether.
This dosage form term is not applied to solutions.

lotions

(See Emulsions.)

lozenges

Lozenges are solid oral dosage forms that are designed to dissolve or disintegrate slowly in the mouth. Theycontain one or
more drug substances that are slowly liberated from the, typically, flavored and sweetened base. They are frequently intended
to provide local action in the oral cavityor the throat but also include those intended for systemicabsorption after dissolution.
The typical therapeutic categories of drug substances delivered in lozenges are antiseptics, analgesics, decongestants,
antitussives, and antibiotics. Molded lozenges are calledcough drops or pastilles but these terms are not used in official article
titles. Lozenges prepared by compression or by stamping or cutting from a uniform bed of paste are sometimes known as
troches (a term not used in official article titles). Compressed or stamped lozenges are often produced in a circular shape.

Lozenges can be made using sugars such as sucrose and dextrose, or can provide the benefits of a sugar-freeformulation
that is usually based on sorbitolor mannitol. Polyethylene glycols and hypromelloseare sometimes included to slowthe rate
of dissolution.

PREPARATION

Excipients used in molded lozenge manufacture include gelatin, fused sucrose, sorbitol, or another carbohydrate base.
Molded lozengescan be prepared by mixingthe ingredients with water and heating to reduce the water content. Theviscous

solution is then poured into molds (e.g., corn starch molds). The lozenges are quickly cooled in the molds to trap the base in
the glassystate. Once formed, the lozenges are removedfrom the moldsand packaged. Care istaken to avoidexcessive moisture
during storage to prevent crystallization of the sugar base.

Compressed lozenges are made using excipients that may include a filler, binder, sweetening agent, flavoring agent, and
lubricant. Sugars such as sucrose, sorbitol, and mannitol are often included because they can act as a filler and binder as well
as serve as sweetening agents. Approved FD&C and D&C dyes or lakes (dyes adsorbed onto insolublealuminum hydroxide)
may also be present.

The manufacturing of compressed lozenges is essentially the same as that for conventional tableting, with the exception
that a tablet press capable of making larger tablets and exerting greater force to produce harder tablets may be required (see
Tablets).

The paste used to produce lozenges manufactured by stamping or cutting contains a moistening agent, sucrose, and
flavoring and sweetening agents. The homogenous paste is spread as a bed of uniform thickness, and the lozenges are cut or
stamped from the bed and are allowed to dry. Some lozenges are prepared byforcing dampened powders under low pressure
into mold cavities and then ejecting them onto suitable trays for drying at moderate temperatures.

Ointments

Ointments are semisolid preparations generally intended for external application to the skin or mucous membranes. Drug
substances delivered in ointments are intended for local action or for systemicabsorption. Ointments usually contain less than
20% water and volatiles, and more than 50% hydrocarbons, waxes, or polyols as the vehicle. Ointment bases recognizedfor
use as vehicles fall into four general classes: hydrocarbon bases, absorption bases, water-removable bases, and water-soluble
bases.

HYDROCARBON BASES

Also known as oleaginous ointment bases, hydrocarbon bases allowthe incorporation of only smallamounts of an aqueous
component. Ointments prepared from hydrocarbon bases act as occlusive dressingsand provide prolonged contact of the drug
substance with the skin.Theyare difficult to remove and do not change physical characteristics upon aging.

ABSORPTION BASES

Absorption bases allowthe incorporation of aqueous solutions. Such bases include only anhydrous components (e.g.,
Hydrophilic Petrolatum) or W/O emulsions (e.g., Lanolin). Absorption bases are also useful as emollients.

WATER-REMOVABLE BASES

O/W emulsions(e.g., Hydrophilic Ointment) are sometimes referredto as creams (see Emulsions). Water-removable basesmay
be readilywashed from the skin or clothing with water, making them acceptable for cosmetic reasons. Other advantages of
the water-removable bases are that they can be diluted with water and that they favor the absorption of serous discharges in
dermatological conditions.
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Also known as greaseless ointment bases, they are formulated entirelyfrom water-soluble constituents. Polyethylene Glycol
Ointment isthe onlyofficial preparation in thisgroup. Water-soluble basesoffermanyof the advantagesofthe water-removable
basesand, in addition, contain no water-insoluble substancessuch as petrolatum, anhydrous lanolin, or waxes. They are more
correctly categorized as gels (see Gels).

The choiceof an ointment base depends on the action desired, the characteristics of the incorporateddrug substance, and
the latter's bioavailability ifsystemicaction isdesired. The product's stability may requirethe use ofa base that is less than ideal
in meeting other qualityattributes. Drugsubstancesthat hydrolyze rapidly, for example, are more stable in hydrocarbon bases
than in bases that contain water.

PR,EPARATION

Ointmentsare typically prepared byeither directincorporation into a previously prepared ointment baseor byfusion (heating
during the preparation of the ointment). Alevigating agent isoften added to facilitate the incorporation of the medicament
intothe ointment basebythe direct incorporation procedure.Inthe fusion method, the ingredientsare heated. Homogenization
isoften necessary. The rate of cooling isan importantmanufacturing detailbecause rapidcoolingcan impart increasedstructure
to the product of the fusion method.

Pastes

Pastes are semisolid preparations of stiff consistency and contain a high percentage (200/0-50%) of finely dispersed solids.
Pastes are intended for application to the skin, oral cavity, or mucous membranes. Pastes ordinarily do not flow at body
temperature and thus can serve as occlusive, protective coatings. As a consequence, pastes are more often used for protective
action than are ointments.

Fatty pastes that have a high proportion of hydrophilic solids appear lessgreasy and are more absorptive than ointments.
Theyare used to absorb serous secretions and are often preferred for acute lesions that have a tendency toward crusting,
vesiculation, or oozing.

Dental pastes are applied to the teeth. Other orally administered pastes may be indicatedfor adhesion to the mucous
membrane for a local effect.

In veterinary medicine, pastes are typically administered orally and are intended for systemic delivery of drug substances.
The paste issqueezed into the mouth of the animal, generally at the back of the tongue, or isspread inside the mouth.

Pellets

The use of the term "pellet" for implantable dosage forms is no longer preferred (see Implants). In veterinary medicine,
medicated articles and feeds may be pelletized but are not considered dosage forms (see Animal Drugs For Use In Animal Feeds
(1152».

Pellets are small solid dosage forms that can be designed as single or multipleentities.Theycan have a spherical or nearly
spherical shape, although such a shape is not required. Spherical pelletsare sometimes referred to as beads. Pellets used in
veterinary medicine may instead be cylindrical in shape. Pellets can provide several advantages, including physical separation
for chemically or physically incompatible materials and for control of the releaseof drug substance. Pellets maybe designed
with the drug substance dispersed in a matrixor the pelletsmay be coated with an appropriate polymer. Pellets may be
administered by the oral (gastrointestinal) route. Pellets for oral administrationcan:

1. Protect stomach tissuesfrom irritation
2. Sometimes minimize variability associatedwith gastric retention of larger dosage forms
3. Solely extend the releaseof the drug substance
4. Solely delaythe release
5. Both extend and delay the releaseof the drug substance

Some pellets can be sprinkled on food. In the case of delayed-release formulations, the coating polymerischosen to resist
dissolution at the lower pH of the gastric environmentbut to dissolve in the higher pH of the intestinal environment.

Pellets may be administered by injection. One or several pelletscan be injected or surgically administered to provide
continuous therapy for periods of months or years (see Implants).

In veterinary medicine, pellets may be used to improve palatability of the drug product and pellets for oral administration
may be delivered on top of an individual animal'sfood or feed.

PREPARATION

The desired performancecharacteristics determine the manufacturing method chosen. In general, pelletdosage forms are
manufactured by compression, or by wet or dry extrusion processes sometimesfollowed byspheronization, or followed bywet
or dry coating processes. Manufactureof pellets by wet coating usually involves the application of successive coatings upon
nonpareil seeds. This manufacturing process isfrequently conducted in fluid-bed processing equipment. Dry powder coating
or layering processes are often performed in specialized rotor granulation equipment. The extent of particle growth achievable
in wet coating processes isgenerallymore limited than the growth that can be obtained with dry powder layering techniques,
but either method allows the formulator to developand apply multiple layers of coatings to achieve the desired releaseprofile.
The manufactureof pellets by compression is largely restricted to the production of material for subcutaneous implantation.
This method of manufacture providesthe necessary control to ensure dose uniformity and isgenerally better suited to aseptic
processing requirements.
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Alternatively, microencapsulation techniques can be used to manufacture pellets. Coacervation coating techniques typically
produce coated particlesthat are much smallerthan those made by other techniques.

Pills

Pills are drug substance-containing small, spherical, solid bodies intended for oral administration.The pill dosage form has
been largelyreplaced by compressed tablets and by capsules. Unlike tablets, pills are usually prepared by a wet massing, piping,
and molding technique. Thisterm isfrequently incorrectly used as a general term to describe solidoral dosage forms, such as
tablets and capsules. .

PREPARATION

Excipients are selected on the basisof their ability to produce a mass that isfirm and plastic. The drug substance istriturated
with powdered excipients in serial dilutionsto attain a uniform mixture. Liquid excipientsthat act to bind and provide plasticity
to the mass are subsequently added to the dry materials. The mass isformed by kneading. The properties of firmness and
plasticity are necessary to permit the mass to be worked and retain the shape produced. Cylindrical pill pipes are produced
from portions of the mass. The pill pipe is cut into individual lengths corresponding to the intended pill size, and the pills are
rolled to form the final shape. Pill-making machines can automate the preparation of the mass, production of pill piping, and
the cutting and rolling of pills.

Plasters

A plaster is a semisolid substance for external application that is supplied on a support material. Plasters are applied for
prolonged periods to provide protection, support, or occlusion(maceration). This term is not preferred and should not be used
for new drug product titles. Plasters consistofan adhesivelayerthat may contain activesubstances. This layerisspread uniformly
on an appropriate support that isusually made ofa rubber base or synthetic resin. Unmedicated plastersare designed to provide
protection or mechanical support to the site of application. Plasters are available in a range of sizes or cut to sizeto effectively
provide prolonged contact to the site of application.They adhere firmly to the skin but can be peeled off the skin without
causing injury.

Powders

Powdersare defined as a single solidor a mixtureof solids in a finely divided state. Powdersused as pharmaceutical dosage
forms may contain one or more drug substances and can be used as isor can be mixedwith a suitablevehiclefor administration.
(SeeSolutions or Suspensions.) Powderscan be intended for internalor external use. Powders for external use are typically dusted
onto the skin or applied to bandages or clothing. Powdersfor internal use can be applied to accessible mucous membranes
with suitable applicators or are entrained in air streams for application to the nose or lungs.

The performance of powder dosage forms can be affected by the physical characteristics of the powder. Selection of relevant
and appropriate powder characteristics depends on the dosage form and its route of administration. Forexample, particlesize
can influencethe dissolution rate of the particles and thus the bioavailability and/or effectiveness at the site of action. Externally
applied powders should have a particlesize of 150 IJm or less (typically in the 50- to 100-lJm range to prevent a gritty feel on
the skin that could further irritatetraumatized skin). The particlesizeof powders delivered to the lung or nose influences where
the powder isdeposited. Particle size may influence the mixing,segregation, and aggregation of the particles, which can affect
the delivery and uniformity of the dosage form. For more information, see Powder Fineness (811) and (5).

Inveterinary medicine, a powder that needs to be reconstituted prior to administration has been called a concentrate (e.g.,
drug products administered viadrinking water). Such use of the term "concentrate" is no longer preferred.

INHALATION POWDERS AND NASAL POWDERS

Inhalation powders and nasalpowders consistofan appropriatelyfinely dividedsolidand a suitablecontainer-closure delivery
system. Foradditional information, see (5) and (601).

PREPARATION

Powder dosage forms can be produced by the combination of multiple components into a uniform blend. This preparation
can also involve particle size reduction, a process referred to as comminution. Milling, spray drying, supercritical fluid,
high-pressure homogenization, precipitation technologies, and porous microparticle fabrication techniques may be used to
reduce the particle size of powders. As the particlesize is decreased, the number of particlesand the surface area increase,
which can increase the dissolution rate and bioavailability, and/or the rate and extent of local action, of the drug substance.

Blending of powders may be accomplished by differenttechniques. Industrial processesmay employ siftingor tumbling the
powders in a rotating container. One of the most common tumble blenders isa V-blender, which isavailable in a variety of
sizessuitablefor small-scale and large-scale compounding and industrial production. Depending on the particlesizeof the drug
substance, a random mixture of powders may be employed. Blending techniques for powders include those used in
compounding pharmacy such as spatulation and trituration (see (795».

Powder flow can be influenced by both particlesizeand shape. Larger particles generallyflow more freely than do fine
particles. Powder flow is an important attribute.that can affect the packaging or dispensing of a powder.
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Soaps and shampoos are solid or liquid preparations intended for topical application to the skin or scalpfollowed by
subsequent rinsing with water. Soaps and shampoos are emulsions, suspensions, or surface-active compositionsthat readily
form emulsions, micelles, or foams upon the addition of water followed by rubbing. Incorporationof drug substances in soaps
and shampoos combines the c1eansing/degreasing abilities of the vehicleand facilitates the topical application of the drug
substance to affected areas, even large areas, of the body. The surface-active properties of the vehicle facilitate contact of the
drug substance with the skin or scalp. Medicated soap and shampoo formulations frequently contain suitable antimicrobial
agents to protect against bacteria, yeast, and mold contamination.

PREPARATION

The preparation of medicated soaps and shampoos follows techniques frequently used for the preparation of emulsified
systems. To ensure uniformity, the drug substance(s) must be added to the vehicle prior to congealing (in the case of soaps)
followed by thorough mixing. Ifthe medication is present as a suspension, the particle size must be controlled to promote
uniform distribution of the drug substance and possibly optimize performance. Becausesoap manufacturefrequently involves
processing the ingredients at an elevated temperature, care must be exercised to avoid excessive degradation of the drug
substance during processing.

Solutions

Asolution isa preparation that contains one or more dissolved chemicalsubstances ina suitablesolventor mixtureof mutually
miscible solvents. Because molecules of a drug substance in solution are uniformly dispersed, the use of solutionsas dosage
forms generally providesassurance of uniform dosage upon administration and good accuracy when the solution is diluted or
otherwise mixed.

Substances in solutions are more susceptible to chemical instability than they are in the solidstate and, dose-for-dose, are
generally heavier and more bulkythan solid dosage forms. These factors increase the cost of packaging and shipping relative
to that of solid dosage forms. Some solutions are prepared and ready for use, and others are prepared as powders or other
solids intended for reconstitution with an appropriate vehicle just before use (see Powders). Solution dosage forms can be
administered by injection,inhalation, and the mucosal, topical, and gastrointestinal routes. Asolutionadministered by injection
isofficially titled "injection" (see (1 ».

Some solutions are designed to form a mass in situ. These solutionscomprise polymer, drug substance, and solvent for the
polymer. The polymer solvent can be water or an organic solvent. After administration of the solutionto a patient by
subcutaneous or intramuscular administration, it forms a gel or a solid polymeric matrix that traps the drug substance and
extends the drug substance release for days or months.

Solutions intended for oral administration usually contain flavorings and colorants to make the medication more attractive
and palatable for the patient or consumer. When needed, they also may contain stabilizers to maintain chemical and physical
stabilityand preservatives to prevent microbial growth. ,

Solutions are sometimes placed on devicessuch as swabs, cloths, or sponges, that aid application.
In veterinary medicine, a solution that needs to be diluted prior to administration has been calleda concentrate (e.g., drug

products administered via drinking water). Such use of the term "concentrate" is no longer preferred.

Sprays

Spray preparations may delivereither accurately metered or nonmetered amounts of formulation.
Aspray drug product isa dosage form that contains a drug substance in the liquid state as a solutionor suspension and is

intended for administration as a mist. Sprays are distinguishedfrom aerosols in that spray containers are not pressurized. Most
of the sprays are generated by manuallysqueezing a flexible container or actuation of a pump that generates the mist by
discharging the contents through a nozzle.

Depending on the design of the formulation and the valve system, the droplets generated may be intended for immediate
inhalation through the mouth and deposition in the pulmonarytree, or for inhalation into the nose and deposition in the nasal
cavity., '

The mechanismfor droplet generation and the intended use of the preparation distinguishvarious classes of sprays.Aspray
may be composed of a pump, container, actuator, valve, nozzle, or mouthpiece in addition to the formulation containing the
drug(s), solvent(s), and any excipient(s).The design of each component plays a role for the appropriate performance of the
drug product and indetermining the critical characteristics ofthe droplet sizedistribution. Dropletand particlesizedistributions,
delivered dose uniformity, plume geometry, and droplet velocity are critical parameters that influence the efficiency of drug
delivery. When the preparation is supplied as a multidose container, the addition of a suitable antimicrobial preservative may
be necessary. Sprayformulationsintended for local or systemiceffecttypically have an aqueous base and may contain excipients
to control pH and viscosity. In addition, depending on the route of administration, the formulation may be isotonic. For
additional information, see (5) and (601). '
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Refer to the Center for Drug Evaluation and Research (CDER) Guidance for Industry: NasalSprayand Inhalation Solution,
Suspension, and SprayDrug Products-Chemistry, Manufacturing, and Controls Documentation.

Strips'

Astrip isa dosage form or device in the shape of a long, narrow, thin, absorbent, solidmaterialsuch as filterpaper. Typically
it is sterile and it may be impregnated with a compound or be gauged to allow measurements for diagnostic purposes, such
as in measuring tear production. The term "strip" should not be used when another term such as "film" is more appropriate.

Suppositories

Suppositories are dosage formsadapted for application into the rectum. Theymelt, soften, or dissolve at body temperature. A
suppository may have a local protectant or palliative effect, or may delivera drug substance for systemicor local action.

Suppositorybases typically includecocoa butter, glycerinatedgelatin, hydrogenated vegetable oils, mixturesof polyethylene
glycols of various molecularweights, and fatty acid esters of polyethylene glycol. The suppository base can have a notable
influenceon the release of the drug substance(s). Although cocoa butter melts quickly at body temperature, it is immiscible
with body fluids and this inhibitsthe diffusion offat-soluble drug substances to the affectedsites. Polyethylene glycol isa suitable
base for some antiseptics. In cases when systemicaction isdesired, incorporating the ionized rather than the nonionizedform
of the drug substance may help maximize bioavailability. Although nonionized drug substances partition- more readily out of
water-miscible bases such as glycerinated gelatin and polyethylene glycol, the bases themselves tend to dissolve very slowly,
which slowsdrug substance release. Cocoa butter and itssubstitutes (e.g., HardFat)perform better than other basesfor allaying
irritation in preparations intended for treating internal hemorrhoids. Suppositories for adults are tapered at one or both ends
and usually weigh about 2 g each.

PREPARATION

Cocoa butter suppositorieshavecocoa butter as the base and can be made byincorporatingthe finely divideddrug substance
into the solid oil at room temperature and suitablyshaping the resulting mass, or by working with the oil in the melted state
and allowingthe resulting suspension to cool in molds.Asuitable quantity of hardening agents may be added to counteract
the tendency of some drug substances (such as chloral hydrate and phenol) to soften the base. The finished suppository melts
at body temperature.

Avarietyof vegetable oils, such as coconut or palm kernel, modified by esterification, hydrogenation, or fractionation, are
used as cocoa butter substitutes to obtain products that displayvarying compositions and melting temperatures (e.g.,
Hydrogenateq Vegetable Oil and Hard Fat). These products can be designed to reduce ranciditywhile incorporating desired
characteristics such as narrow intervals between melting and solidification temperatures, and melting ranges to accommodate
formulation and climaticconditions.

Drug substances can be incorporated into glycerinated gelatin bases by addition of the prescribed quantities to a vehicle
consisting of about 70 parts of glycerin, 20 parts of gelatin, and 10 parts of water.

Several combinations of polyethyleneglycols that have melting temperatures that are above body temperature are used as
suppository bases. Because releasefrom these basesdepends on dissolution rather than on melting, there are significantly fewer
problems in preparation and storage than is the case for melting-type vehicles. However, high concentrations of higher
molecularweight polyethylene glycols may lengthen dissolution time, resulting in problems with retention.

Several nonionic surface-active agents closely related chemically to the polyethyleneglycols can be used as suppository
vehicles. Examples include polyoxyethylene sorbitan fatty acid esters and the polyoxyethylene stearates. These surfactants are
used alone or in combination with other suppositoryvehicles to yielda wide range of melting temperatures and consistencies. A
notable advantage of such vehicles istheir water dispersibility. However, care must be taken with the use of surfactants because
they mayeither increasethe rate ofdrug substance absorption or interact with the drug substance to reduce therapeutic activity.

Compounding suppositories using a suppository base typically involves melting the suppository base and dissolution or
dispersion of the drug substance in the molten base (see (795». When compounding suppositories, the compounding
professional prepares an excess amount of total formulation to allowthe prescribed quantity to be accurately dispensed. In
compounding suppositories, avoid caustic or irritating ingredients, carefully select a base that will allowthe drug substance to
providethe intended effect, and in order to minimize abrasion of the rectal membranes, reduce solid ingredients to the smallest
reasonable particle size.

Suspensions

Asuspension is a biphasic preparation consisting of solid particles dispersed throughout a liquid phase. Suspensiondosage
forms may be formulated for specific routes of administrationsuch as oral, topical, inhalation, ophthalmic, otic, and injection.
Somesuspensionsare prepared and readyfor use,and others are prepared as powdersor other solidsintended for reconstitution
with an appropriate vehicle just before use (see Powders). .,

Inhalation suspensions (see (5», ophthalmic suspensions, injectablesuspensions, and some otic suspensions are prepared in
sterileform. Suspensionsare generallynot injected intravenously, epidurally, or intrathecally unless the product labelingclearly
specifies these routes of administration. .

Some Iiposomal drug products are referred to as suspensions because they can settle and require resuspension prior to
administration (see (1 ».
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Resorbable microparticles can provideextended release ofa drug substance over periodsvarying from a fewweeksto months.
Theycan be administered subcutaneously or intramuscularly for systemicdelivery, or they may be deposited ina desired location
inthe bodyfor site-specific delivery. Resorbable microparticles (or microspheres)generallyrangefrom 20 to 100 urn indiameter.
They are composed of a drug substance dispersed within a biocompatible, bioabsorbable polymeric excipient (matrix).
Poly(lactide-co-glycolide) polymers have been used frequently.These excipients typically resorb by hydrolysis of ester linkages.
The microparticles are typically administered by suspension in an aqueous vehiclefollowed by injection with a conventional
syringe and needle. Release of the drug substance from the microparticles begins after physiological fluid enters the polymer
matrix, dissolving some of the drug substance that is then released by a diffusion-controlled process. Drug release also can
occur as the bioresorbable polymer molecularweight decreases and as the matrix erodes.

Some suspensions are designed to form a mass in situ. These suspensions comprise polymer, drug substance, and solvent
for the polymer.The polymer solvent can be water or an organic solvent. Afteradministration of the suspension to a patient
by subcutaneous or intramuscular administration, it forms a gel or a solid polymeric matrix that traps the drug substance and
extends the drug substance releasefor days or months.

Historically, the term "milk"was sometimes used for suspensions in aqueous vehicles intended for oral administration (e.g.,
Milk of Magnesia). The term "magma" is often used to describe suspensions of inorganic solids, such as clays in water, that
displaya tendency toward strong hydration and aggregation ofthe solid, giving riseto gel-like consistencyand thixotropic
rheological behavior (e.g., Bentonite Magma). In the past, the term "lotion" referred to both topical suspensionsand topical
emulsions. Now the term only refers to topical emulsions(see Emulsions).

Limited aqueous solubility of the drug substance(s) is the most common rationalefor developing a suspension. Other
potential advantages of an oral suspension include taste masking and improved patient compliance because of the more
convenient dosage form. When compared to solutions, suspensionscan have improved chemicalstability. Ideally, a suspension
should contain smalluniform particlesthat are readily suspended and easily redispersed following settling. Unless the dispersed
solid iscolloidal, the particulate matter in a suspension will likely settle to the bottom of the container upon standing. Such
sedimentation may lead to caking and solidification of the sediment and difficulty in redispersingthe suspensionupon agitation.
To prevent such problems, manufacturers commonly add ingredients to increase viscosity and the gel state of the suspension
or flocculation, including clays, surfactants, polyols, polymers, or sugars. Frequently, thixotropic vehicles are used to counter
particle-settling tendencies, but these vehicles must not interferewith pouring or redispersal. Additionally, the density of the
dispersed phase and continuous phase may be modified to further control settling rate. Fortopical suspensions, rapid drying
upon application isdesirable.

Temperature can influencethe viscosity (and thus suspension properties and the ease of removingthe dose from the bottle),
and temperature cycling can lead to changes in the particlesize of the dispersed phase via Ostwald ripening. When
manufacturers conduct stabilitystudies to establish product shelf life and storage conditions, they should cycleconditions
(freeze/thaw) to investigate temperature effects.

Unless studies confirmthat the formulation will not support microbial growth, suspension preparations packaged to provide
multiple doses should contain suitable antimicrobial agents to protect against bacterial, yeast, and mold contamination (see
(51» or other appropriate measures should be taken to avoid microbial contamination.

Suspensions for reconstitution are dry powder or granular mixturesthat require the addition ofwater or a suppliedformulated
diluent before administration. Thisformulation approach isfrequently used when the chemical or physical stabilityof the drug
substance or suspension does not allowsufficient shelf life for a preformulated suspension. Typically, these suspensions are
refrigerated after reconstitution to increase their shelf life. Forthis type of suspension, the powder blend is uniform and the
powder readily disperseswhen reconstituted. '

Injectable suspensions are generally intended for either subcutaneous or intramuscular routes of administration and should
have a controlled particle size, typically in the range of 5 urn or smaller. The rationale for the development of injectable
suspensions may include poor drug substance solubility, improved chemical stability, prolonged duration of action, and
avoidance offirst-pass metabolism. Care is needed inselecting the sterilization technique because it may affect product stability
or alter the physical properties of the material.

In veterinary medicine, a suspension that needs to be diluted prior to administration has been calleda concentrate (e.g.,
drug products administered via drinkingwater). Such use of the term "concentrate" is no longer preferred.

PREPARATION

Suspensions are prepared by adding suspending agents or other excipients and purified water or oilto soliddrug substances
and mixingto achieve uniformity. In the preparation of a suspension, the characteristicsof both the dispersed phase and the
dispersion medium should be considered. Duringdevelopment, manufacturers should define an appropriate particle size
distributionfor the suspended material to achieve the desired effectiveness and to minimizethe likelihood of particle size
changes during storage.

In some instances, the dispersedphase has an affinity for the vehicle and is readily wetted upon its addition. Forsome
materials, the displacement of air from the solid surface isdifficult, and the solid particles may clump together or float on top
of the vehicle. In the latter case, a wetting agent may be used for certain types of suspensions to facilitate displacement of air
from the powder surface. Surfactants, alcohol, glycerin, and other hydrophilic liquids can be used as wetting agents when an
aqueous vehicle will be used as the dispersion phase. These agents function by displacing the air in the crevices of the particles
and dispersing the particles. In the large-scale preparation of suspensions, wetting of the dispersed phase may be aided by the
use of high-energy mixing equipment such as colloid mills or other rotor-stator mixing devices.

After the powder has been wetted, the dispersionmedium (containing the solubleformulationcomponents such as colorants,
flavorings, and preservatives) is added in portions to the powder, and the mixture is thoroughly blended before subsequent
additions of the vehicle. A portion of the vehicle is used to wash the mixing equipment free of suspended material, and this
portion is used to bring the suspension to final volume and ensure that the suspension contains the desired concentration of
solid matter. The final product may be passed through a colloid mill or other blender or mixingdevice to ensure uniformity.
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Suspensionsare resuspended before the dose isdispensed. Because of the viscosity of many suspension vehicles, air
entrainment may occur during dosing. The formulation process allows evaluation of this possibility; adjustments in vehicle
viscosity or the incorporation of low levels of antifoaming agents are common approaches to minimize air entrainment.
Alternatively, specific instructionsfor resuspending the formulation may be provided to minimize air incorporation and ensure
accurate dosing. .

Systems

Systems are preparations of drug substance(s) incarrierdevices,often containing adhesivebacking, that are applied topically
or inserted into body cavities. The drug substance isdesigned to be released in a controlled manner over a specifiedperiod of
time or the drug substance is released based on its concentration in the formulation. Unless otherwise stated in the labeling,
the carrier device is removed after use. The term "system" should not be used when another dosage form term is more
appropriate (e.g., inserts and implants).

The notation of strength is either defined in terms of the amount of the drug substance releasedfrom the system over a
specific period of time or as the drug concentration within the formulation (e.g., the percentage of the drug). Various routes
of administration are possible, so the route must always be indicated in the compendial name when a specific location for
application is essentialfor proper use (e.g., "intrauterine", "ocular", or "periodontal" as the route of administration). For
example, systems applied to the eye are calledocular systems.The route is named "transdermal" when, for example, systemic
absorption of the drug substance may take place through the dermis without specifying the region of the body to which the
system is applied.

The term "patch" has sometimes been used but is not preferred for use in drug product monograph nomenclature when
referring to a system.

Intrauterine systems are intended for placement in the uterus. Release of the drug substance can be up to 5 years.
Ocularsystemsare intended for placement inthe lowerconjunctival fornixfrom whichthe drug diffuses through a membrane

at a constant rate.
Periodontalsystems are intended for placement in the pocket between the tooth and the gum. Insome cases, periodontal

systems may be formed in situ in the periodontal pocket and release the drug substance(s)for several weeks.
Transdermal systems (TDS) are placed onto intact skin to deliverthe drug to the systemic circulation. They are designed for

prolonged release (up to 7 days). Specific quality tests for TDS are found in (3).

Tablets

Tablets are solid dosage forms in which the drug substance is generally blended with excipients and compressed into the
final dosage. Tablets are the most widelyused dosage form in the United States. Tablet presses use steel punches and dies to
prepare compacted tablets by the application of high pressuresto powder blends or granulations. Tablets can be produced
in a wide varietyof sizes, shapes, and surface markings. Capsule-shaped tablets are commonly referred to as caplets, although
the term is not used in official article titles. Specialized tablet presses may be used to produce tablets with multiple layers or
with specially formulated core tablets placed in the interiorof the final dosage form. Thesespecialized tablet presentations can
delayor extend the releaseof the drug substance(s)or physically separate incompatibledrug substances. Tabletsmay be coated
by a varietyof techniques to provide taste masking, protection of photo-labiledrug substance(s), extended or delayed release,
or unique appearance (colors).When no deliberate effort has been made to modifythe drug substance release rate, tablets are
referred to as immediate-release.

BUCCAL TABLETS

Intended to be inserted in the buccal pouch, where the drug substance is absorbed directly through the oral mucosa. Few
drug substances are readily absorbed in this way (examples are nitroglycerin and certain steroid hormones).

CHEWABLE TABLETS

Formulated and manufactured to produce a pleasant-tasting residue in the mouth and to facilitate swallowing. Hard
chewable tablets are typically prepared by compaction, usually utilizing mannitol, sorbitol, or sucrose as binders and fillers, and
contain colors and flavors to enhance their appearance and taste. Softchewable tablets are typically made by a molding or
extrusion process, frequently with more than 10% water to help maintain a pliable, soft product. Hard chewable tablets in
veterinary medicine often have flavorenhancers like brewer's yeast or meat/fish-based flavors.

Tabletsfor human use that include "chewable" in the title must be chewed or crushed priorto swallowing to ensure reliable
releaseof the drug substance(s) or to facilitate swallowing. Iftablets are designed so that they may be chewed (but chewing is
not required for drug substance releaseor ease of swallowing), the title should not includea reference to "chewable". In that
case, the product may still be described as "chewable" in the ancillary labelingstatement.

Tabletsfor veterinary use that are intended to be chewed will include "Chewable" in the title. However, it isunderstood that
for veterinary products it is not possibleto ensure that tablets are chewed prior to ingestion. Chewable tablets may be broken
into pieces and fed to animals that normally swallow treats whole.

EFFERVESCENT TABLETS

Prepared by compaction and contain, in addition to the drug substance(s), mixtures of acids (e.g., citricacid or tartaric acid)
and carbonates, and/or sodium bicarbonate. Upon contact with water, these formulations release carbon dioxide, producing
the characteristic effervescentaction.
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Moldedtablets made from completelyand readily water-soluble ingredients;formerly intended for use in making
preparationsfor hypodermicinjection. Theymay be administered orally or sublingually when rapid drug substance availability
is required.

MODIFIED-RELEASE TABLETS

There are two categoriesof modified-release tablet formulations recognized by USP.
Delayed-release tablets: Tablets are sometimesformulated with acid-resistant or enteric (alsocalled"gastro-resistant")
coatings to protect acid-labile drug substances from the gastricenvironment or to prevent adverseevents such as irritation.
Extended-release tablets: Extended-release tablets are formulated in such a manner as to make the drug substance available
over an extended period of time following ingestion. Requirements for dissolution (see (711» are typically specified in the
individual monographs.

ORALLY'DISINTEGRATING TABLETS

Orally disintegratingtablets are intended to disintegrate rapidly within the mouth to providea dispersion before the patient
swallows the resulting slurry where the drug substance isintended forgastrointestinal delivery and/or absorption. Someofthese
dosage forms have been formulated to facilitate rapiddisintegration and are manufactured by conventional means or by using
lyophilization or moldingprocesses. Furtherdetailsmaybe found inthe COER Guidance for Industry: OrallyDisintegrating Tablets.

SUBLINGUAL TABLETS

Sublingual tablets are intended to be inserted beneath the tongue, where the drug substance isabsorbed directly through
the oral mucosa. As with buccal tablets, few drug substances are extensively absorbed in this way, and much of the drug
substance isswallowed and is available for gastrointestinal absorption.

TABLETS FOR ORAL SOLUTION

Before administration, tablets for oral solutionare intended to be solubilized in a liquid diluent. In some cases, tablets for
oral solution may also be chewed or swallowed.

TABLETS FOR ORAL SUSPENSION

Tablets for oral suspension are intended to be dispersed in a liquid before administration as a suspension. The dosage form
is tablets for oral suspensionwhen either the drug substance or the excipientsdo not dissolve when dispersed in a liquid. In
some cases, tablets for oral suspension may also be chewed or swallowed.

TABLET TRITU RATES

Small, usually cylindrical, molded or compacted tablets.Tablettrituratestraditionally were used as dispensing tablets inorder
to provide a convenient, measured quantity of a potent drug substance for compounding purposes, but they are rarely used
today.

PREPARATION

Mostcompacted (compressed) tablets consistof the drug substance(s) anda number of excipients. Theseexcipients may
includefillers (diluents), binders,disintegrating agents, lubricants, and glidants.Approved FD&C and D&C dyesor lakes, flavors,
and sweetening agents may also be present.

Fillers or diluents are added when the quantity of drug substance(s) is too small or the propertiesof the drug substance do
not allow satisfactory compaction in the absence of other ingredients. Binders impart adhesiveness to the powder blend and
promote tablet formation and maintenance of drug substance uniformity in the tableting mixture. Disintegrating agents
facilitate reduction of the tablet into small particles upon contact with water or biological fluids. Lubricants reduce friction
during the compaction and ejection cycles. Glidants improve powder fluidity, powder handling properties, and tablet weight
control. Colorants are often added to tablet formulations for aestheticvalue or for product identification.

Tablets are prepared from formulations that have been processed by one of three general methods: wet granulation, dry
granulation (roll compaction or slugging), and direct compression.
Wet granulation: Involves the mixing of dry powderswith a granulating liquidto form a moistgranularmassthat isdried and
sized priorto compression. It is particularly useful in achieving uniform blends of low-dosedrug substancesand facilitating the
wetting and dissolution of poorlysoluble, hydrophobicdrug substances.
Dry granulation: Can be produced by passing powders between rollers at elevated pressure(roll compaction). Alternatively,
dry granulation can also be carriedout by the compaction of powdersat high pressureson tablet presses, a processalso known
as slugging. In either case, the compacts are sized beforecompression. Dry granulation improves the flow and handling
propertiesof the powder formulation without involving moisture in the processing.
Direct compression: Tabletprocessing involves dry blendingofthe drug substance(s)and excipients followed bycompression.
The simplestmanufacturingtechnique, direct compression, isacceptableonlywhen the drug substanceand excipients possess
acceptable flowand compressionpropertieswithout prior process steps.
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Tabletsmay be coated to protect the ingredientsfrom air, moisture,or light; to maskunpleasant tastes and odors; to improve
tablet appearance; and to reduce dustiness. In addition, coating may be used to protect the drug substance from acidic pH
values associated with gastric fluids or to control the rate of drug release in the gastrointestinal tract.

The most common coating in use today isa thin film coating composed of a polymer that is derived from cellulose. Sugar
coating isan alternative, lesscommon approach. Sugar-coated tablets have considerably thicker coatings that are primarily
sucrose with a number of inorganic diluents. Avarietyof film-coating polymers are available and enable the development of
specialized release profiles. These formulations are used to protect acid-labile drug substances from the acidic stomach
environment as well as to prolong the releaseof the drug substance to reduce dosing frequency (see (711) or (701».

Tapes

Atape is a dosage form suitable for delivering drug substances to the skin. It consists of a drug substance(s) impregnated
into a durable yet flexible woven fabric or extruded synthetic material that is coated with an adhesive agent. Typically the
impregnated drug substance ispresent in the drystate. The adhesive layerisdesigned to hold the tape securelyin placewithout
the aid of additional bandaging. Unlike transdermal systems, tapes are not designed to control the release rate of the drug
substance. The term "tape" is not preferred and should not be used for new official article titles.

The drug substance content of tapes is expressed as amount per surface area with respect to the tape surface exposed to
the skin.The use ofan occlusive dressingwith the tape enhances the rate and extent of delivery of the drug substance to deeper
layers of the skin and may result in greater systemicabsorption of the drug substance.

GLOSSARY
Thisglossaryprovidesdefinitions for terms in use in medicine and servesas a source of official titlesfor official articles, except

when the definitionspecifically states that the term is not to be used in drug product titles. Examples of general nomenclature
forms for the more frequently encountered categories of dosage forms appear in (1121). In an attempt to be comprehensive,
this glossarywas compiled without the limits imposed by current preferred nomenclature conventions. To clearly identify/
distinguish preferred from not preferred terms, entries indicate when a term is not preferred and generallydirect the user to
the current preferred term. Descriptive terms are used to identifya specialized presentation or characteristicof a dosage form.
Forexample, the descriptive term"chewable" may be used with the dosage form "tablets" to identifya specific type of tablet
that must be chewed prior to swallowing.

Aerosol: Adosage form consistingof a liquid or solidpreparation packaged under pressureand intended for administration
as a fine mist. When not used in naming, the term "aerosol" also refers to the fine mist of smalldroplets or solid particlesthat
are emitted from the product.

Aromatic water (see Solution): Aclear, saturated, aqueous solution of volatileoilsor other aromatic or volatile substances.
The term is not used in official article titles.

Aural (Auricular) (see Otic): Foradministration into, or by way of, the ear. The term is not used in official article titles.
Bead (see Pellet): Asoliddosage form in the shape ofa smallsphere. In most products a unit dose consistsof multiplebeads.

The term is not used in official article titles.
Bolus (not preferred;see Tablet): Alarge tablet intended for administration to large animals.Occasionally, the term "bolus"

is used to describe a method of administration.
~uccal: Administration directed toward the cheek, generallyfrom within the mouth.
Caplet (see Tablet): Tablet dosage form in the shape of a capsule. The term is not used in official article titles.
Capsule: Asoliddosage form in which the drug substance, with or without other ingredients, isfilled into either a hard or

soft shell or coated on the capsule shell. Most capsule shellsare composed mainlyof gelatin.
Chewable: Aterm for a soliddosage form that is intended to be chewed or crushed before swallowing.
Chewable gel: Formed or molded oral gel dosage forms that maintain their shape, are elastic, and yield to mastication.

Chewable gels are also known as "gummies" but that term is not used for official article titles.
Coating (Coated): Aterm for the outer solidcovering applied to a solid dosage form. This outer deposit is also referred

to as a film. Coatings are applied for functional or aesthetic purposes such as taste masking, stability, modifying release
characteristics, product identification, and appearance. The term is not used in official articletitles.

Collodion (not preferred; see Solution): A preparation that is a solution dosage form composed of pyroxilin dissolved in a
solvent mixture of alcohol and ether, and applied externally.

Colloidal dispersion: Aterm for a preparation or formulation in which particles of colloidal dimension (i.e., typically
between 1 nm and 1 J,.Jm) are distributed uniformly throughout a liquid.

Concentrate (not a preferred term for human or veterinarydrug products): The current use isfor drug substances that are
not intended for direct administration to humans or animals. The use in drug product nomenclature is being phased out (see
(1121) and Nomenclature Guidelines' ).

Conventional-release (see Immediate-release): Aterm describing a dosage form in which no deliberate effort has been
made to modify the release rate of the drug substance. In the case of capsules and tablets, the inclusion or exclusion of a
disintegrating agent is not interpreted as a modification. The term is not used in official articletitles.

Cough drop (see Lozenge): The term is not used in official article titles.
Cream: Asemisolid emulsiondosage form often containing more than 20% water and volatiles, and/or containing less than

50% hydrocarbons, waxes, or polyols as the vehicle for the drug substance. Creams are generally intended for external
application to the skinor mucous membranes.

Delayed-release: Atype of modified-release dosage form. When used in naming dosage forms, this term denotes a dosage
form deliberatelyformulated to delay releaseof the drug substance for some period of time after initial administration; Fororal
products, expressionssuch as "enteric-coated" or "gastro-resistant" have been used where releaseof the drug substance is
prevented in the gastric environment but promoted in the intestinalenvironment. However, the term "delayed-release"isused
for official article titles.

Dental: When used in naming dosage forms, this term denotes a preparation that isapplied to the teeth for localized action.
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Dip (not preferred; see Immersion)
Dispersible tablet (see Tablet, Tablet for oral suspension, or Tablet for oral solution): The term is not used inofficialarticle

titles.
Disintegrating tablet (see Tablet, Tablet for oral suspension, or Tablet for oral solution; see also Orallydisintegrating): The

term is not used in official article titles.
Dosage form: A combination of drug substance(s) and/or exdpient/s) in quantities and physical form designed to allow

the accurate and efficientadministration of the drug substance to the human or animal patient. The term is not used in official
article titles.

Dry powder inhaler: Adevice used to administer an inhalation powder in a finely divided state suitablefor oral inhalation
by the patient. This term is not used in official articletitles.

Effervescent: Aterm for an oral dosage form, frequently tablets.or granules, containing ingredients that, when in contact
with water, rapidlyrelease carbon dioxide.The dosage form isdissolved or dispersed in water to initiatethe effervescence prior
to ingestion.

Elixir (not preferred; see Solution): A preparation that typically is a clear, flavored, sweetened hydroalcoholic solution
intended for oral use. The term should not be used for new drug products in USP-NF but iscommonly encountered in
compounding pharmacy practice.

Emollient: Aterm for a cream or ointmentindicating an increase in the moisture content of the skin following application
of bland, fatty, or oleaginous substances. This term should not be used in official article titles.

Emulsion: Adosage form consisting of a two-phase system composed of at least two immiscible liquids, one of which is
dispersed as droplets (internal or dispersed phase) within the other liquid (external or continuous phase), generallystabilized
with one or more emulsifying agents. Emulsion is not used as a dosage form term ifa more specific term isapplicable (e.g.,
Cream, Lotion, or Ointment).

Enteric-coated ( see Delayed-release): Aterm for a solid dosage form in which a polymer coating has been applied to
prevent the release of the drug substance in the gastric environment. Thisterm is not used in official article titles.

Excipient: An ingredient of a dosage form other than a drug substance. Thisterm is not used in official article titles.The
term "excipient" is synonymous with inactive ingredient.

Extended-release: Aterm denoting a dosage form that is deliberatelyformulated to prolong the releaseof the drug
substance compared to that observed for an immediate-releasedosage form. Expressions such as "prolonged release", "repeat
action", "controlled release", "long acting", and "sustained release" have also been used to describe such dosage forms.
However, the term "extended-release" is used for official article titles.

Extended-release injectable suspension: Liquid preparations of solids suspended in a suitable vehicle and formulated
to allowthe drug substance to be available over an extended period of time. The term "forextended-release injectable
suspension" indicates dry solids that, upon the addition of a suitable vehicle,yield a preparation that conforms in all respects
to the requirements for extended-release injectable suspensions.

Film: Aterm used to describe a thin sheet of material, usually composed of a polymer. Films are used in various routes of
administration including as a means of oral administration of material in a rapidly dissolving form.

Foam: Adosage form containing gas dispersed in a liquidor solid continuous phase. Foams are formed at the time of
application by dispensing product from the canister or other appropriate container and can be formulated to quickly break
down into a liquid or to remain as a foam to ensure prolonged contact.

Gas: One of the states of matter having no definite shape or volume and occupying the entire container when confined.
The term is not used in official article titles.

Gastro-resistant (see Delayed-release): Aterm for a solid dosage form in which a polymer coating has been applied to
prevent release in the gastric environment. The term is not used in official article titles.

Gel: Adosage form that is a semisolid dispersion of small particlesor a solution of large molecules interpenetrated by a
solution containing a gelling agent to provide stiffness.

Gelcap: Acapsule that iscoated is sometimes referred to as a gelcap. Gelcap is not a term used in official article titles.
Geltab/Filmtab: Atablet that iscoated is sometimes referred to as a geltab or filmtab. Geltab and filmtab are not terms

used in official article titles.
Granules: Adosage form composed of dry aggregates of powder particlesthat may contain one or more drug substances,

with or without other ingredients. They may be swallowed as such, dispersed in food, or dissolved in water. Granulesare
frequently compacted into tablets or filled into capsules,with or without additional ingredients. More commonly, granules are
reconstituted as suspensions.

Gum: Adosage form in which the base consistsof a pliable material that, when chewed, releasesthe drug substance into
the oral cavity.

Gummies (see Chewable gel): The term is not used in official article titles.
Hard-shell capsule (not preferred;see Capsule): Atype of capsule in which one or more drug substances, with or without

other ingredients, are filled into a two-piece shell. Most hard-shell capsules are composed mainlyof gelatin and are fabricated
prior to the filling operation.

Immediate-release: Aterm for a dosage form in which no deliberate effort has been made to modifythe drug substance
release rate. The term is not used in official article titles.

Immersion: Aveterinary route of administration via partial or complete submersion in a specified environment such as
liquid or air.

Implant: Adosage form that isa solid or semisolid material containing the drug substance that is placed into the body.
The implantation process is invasive, and the material is intended to reside at the site for a period consistent with the design
release kinetics or profile of the drug substance(s).

Inhalation (By Inhalation): Aroute of administrationfor aerosolscharacterized by dispersionof the drug substance into
the airways during inspiration.

Injection (By Injection): Aroute of administration of a liquid or semisolid deposited into a body cavity, fluid, or tissue by
use of a needle.
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Injection: liquid preparations that may contain drug substances and/or excipientsor solutions thereof. The term "for
injection" indicates dry solids that, upon the addition of a suitable vehicle, yield solutionsconforming in all respects to the
requirements for injections.

Injectable emulsion: Liquid preparations of drug substances dissolved or dispersed in a suitable emulsion medium.
Injectable suspension: Liquid preparations of solidssuspended in a liquid medium. The term "for injectablesuspension"

indicatesdry solidsthat, upon the additionofa suitablevehicle,yieldpreparations conforming inall respectsto the requirements
for injectable suspensions. Forextended-release preparations, see Extended-release injectable suspension. .

Insert: Asolid dosage form that is inserted into a naturallyoccurring (nonsurgical) body cavity other than the mouth or
rectum. It should be noted that a suppository is intended for application into the rectum and is not classified as an insert (see
Suppository).

Intraocular: A route of administration to delivera sterile preparation within the eye.
Irrigation: Asterile solution or liquid intended to bathe or flush open wounds or body cavities.
Jelly (not preferred;see Ge~: Asemisolid dispersion of smallparticles or a solutionof largeorganic molecules interpenetrated

by a solution containing a gelling agent to promote stiffness.
Liposomes: Aterm for preparations of amphiphilic lipids that have low water solubility (see (1 »).
Liquid: A dosage form consisting of a pure chemical in its liquid state. Thisdosage form term should not be applied to

solutions. The term is not used in official article titles.When not used in dosage form naming, the term, "liquid" is used to
indicate a material that is pourable and conforms to its container at room temperature.

Lotion: An emulsion liquiddosage form applied to the outer surface of the body. Historically, this term was applied to
topical suspensions and topical emulsions. The current definition of a lotion is restricted to an emulsion.

Lozenge: Asolid dosage form intended to disintegrate or dissolve slowly in the mouth.
Modified-release: Aterm for a dosage form with a drug substance release pattern that has been deliberatelychanged

from that observed for the immediate-release dosage form of the same drug substance. The two types of modified-release are
extended-release and delayed-release. The term "modified-release" is not used in official article titles.

Molded tablet: Atablet that has been formed by dampening the ingredients and pressing into a mold, then removing
and drying the resulting solid mass.This term is not used in official article titles.

Mouthwash (see Rinse): Termapplied to a solution preparation used to rinsethe oralcavity. The term isnot used in official
article titles.

Nasal: Route of administration (mucosal)characterized by administration to the nose or by way of the nose for local or
systemic effect.

Ocular (not preferred; see Intraocular): Routeof administration indicating deposition of the drug substance within the eye.
Ointment: Asemisolid dosage form, usually containing lessthan 20% water and volatiles and more than 50%

hydrocarbons, waxes, or polyols as the vehicle. This dosage form generally isfor external application to the skin or mucous
membranes.

Ophthalmic: Aroute of administration characterized by application of a sterile preparation to the external parts of the eye.
Oral: Routeof administration characterizedby application to the mouth or delivery to the gastrointestinal tract through the

mouth.
Orally disintegrating: When used in naming a dosage form, this term denotes a solidoral dosage form that disintegrates

rapidly in the mouth prior to swallowing. The drug substance is intended for gastrointestinal delivery and/or absorption. See
also COER Guidance for Industry:OrallyDisintegrating Tablets.

Orodispersible (see Orally disintegrating): The term is not used in official article titles.
Oro-pharyngeal: A route of administration characterized by deposition of a preparation into the oral cavityand/or

pharyngeal region to exert a local or systemiceffect,
Otic: Aroute of administration characterized by deposition of a preparation into, or by way of, the ear. Sometimesreferred

to as Aural (Aural not preferred).
Parenteral: General route ofadministration which ischaracterized by injectionthrough the skin or other external boundary

tissue or implantation within the body. Specific parenteral routes include intravenous, intraventricular, intra-arterial,
intra-articular, subcutaneous, intramuscular, intrathecal, intracisternal, and intraocular (see (1 »).

Paste: Asemisoliddosage form containing a high percentage (20%-50%) of finely dispersed solids with a stiff consistency.
Thisdosage form is intended for application to the skin, oral cavity, or mucous membranes.

Pastille (see Lozenge): The term is not used in official article titles.
Patch (not preferred; see System): Frequently incorrectly used to describe a System.
Pellet: Asmallsoliddosage form of uniform, sometimes spherical, shape intended for direct administration. Spherical pellets

are sometimes referred to as Beads. Pellets used in veterinary medicine are typically cylindrical in shape. Pellets intended as
implants must be sterile,except for some ear implants used in animaldrugs. The use of the term "pellet" for implantabledosage
forms is no longer preferred (see Implant).

Periodontal: Aterm for a preparation that isapplied around a tooth for localized action.
Pill: Asolid,sphericaldosage form usually prepared bya wet massing,piping, and moldingtechnique. This term isfrequently

incorrectly used as a general term to describe solid oral dosage forms such as tablets or capsules.
Plaster (not preferred): Adosage form containing a semisolid composition supplied on a support material for external

application. Plasters are applied for prolonged periods of time to provide protection, support, or occlusion (for macerating
action).

Powder: Adosage form composed of a solidor mixture of solidsreduced to a finely divided state and intended for internal
or external use.

Powder, inhalation: A powder containing a drug substance for oral inhalation.The powder is used with a device that
aerosolizes and delivers an accuratelymetered amount.

Premix (not preferred; see AnimalDrugs for Use in Animal Feeds (1152), Scope, Type A Medicated Articles and Type B
MedicatedFeeds)

Prolonged-release (see Extended-release): The term is not used in official articletitles.

www.webofpharma.com

https://nhathuocngocanh.com/



USP 43 General Information / (1151) 7951

Rectal: A route of administration characterized by deposition into the rectum to provide local or systemiceffect.
Rinse (see Solution): A liquid preparation used to cleanse by flushing. A rinse is used to swish in the mouth and then

expectorated. The nonpreferred term "mouthwash" has sometimes been sused for "rinse".
Semisolid: Aterm for a material that exhibits plasticflow behavior. Asemisolid material is not pourable, does not readily

conform to itscontainer at room temperature, and does not flowat lowshear stress.Thisterm isnot used in official articletitles.
Shampoo: Asolution, emulsion, or suspension dosage form used to clean the hair and scalp. Maycontain a drug substance

intended for topical application to the scalp.
Soap: The alkali salt(s) of a fatty acid or mixture of fatty acids used to cleanse the skin. Soaps used as dosage forms may

contain a drug substance intended for topical application to the skin. Soaps have also been used as liniments and enemas.
Soft gel capsule (not preferred; see Capsule): Aspecific capsule type characterized by increased levels of plasticizers

producing a more pliable and thicker-walled material than hard gelatin capsules. Soft gel capsules are further distinguished
because they are single-piecesealed dosages. Frequently used for delivering liquid compositions.

Soluble tablet (see Tabletand Tabletfor oral solution): The term is not used in official article titles.
Solution: Aclear, homogeneous liquid dosage form that contains one or more chemical substances dissolved in a solvent

or mixture of mutually miscible solvents.
Spirit (not preferred; see Solution): Aliquiddosage form composed of an alcoholicor hydroalcoholic solution of volatile

substances.
Spot on (Pour On): Amethod of delivering liquid veterinarydrug products by administering them onto the animal's skin,

usually between the shoulder blades (spot on) or down the back (pour on). The term is not used in official article titles.
Spray: Aspray is a dosage form that contains drug substance(s) in the liquid state, either as a solution or as a suspension,

and is intended for administration as a mist. Sprays are distinguishedfrom aerosols in that spray containers are not pressurized.
Most of the spraysare generated by manuallysqueezing a flexible container or actuation of a pump that generates the mist by
discharging the contents through a nozzle.

When not used in the naming of a dosage form, the term "spray" describes the generation of droplets of a liquid or solution
to facilitate application to the intended area.

Stent, drug-eluting: Aspecializedform of implant usedfor extended localdelivery of the drug substance to the immediate
location of stent placement. .

Strip (onlyused for diagnostic products, otherwise not preferred;see Film): Adosage form or device in the shape of a long,
narrow, thin, absorbent, solid material such as filter paper.

Sublingual: Aroute of administration characterized by placement underneath the tongue and for releaseof the drug
substance for absorption in that region.

Suppository: Asolid dosage form in which one or more drug substances are dispersed in a suitable base and molded or
otherwise formed into a suitable shape for insertion into the rectum to provide localor systemiceffect.

Suspension: A liquid dosage form that consistsof solid particlesdispersed throughout a liquid phase.
Syrup (not preferred; see Solution): Asolution containing high concentrations of sucrose or other sugars. This term is

commonly used in compounding pharmacy.
System: Apreparation of drug substance(s) in a carrierdevice that isapplied topicallyor inserted into a body cavity. The

drug substance isdesigned to be released ina controlled manner overa specifiedperiod of time or the drug substance isreleased
based on its concentration in the formulation. Unless otherwise stated in the labeling, the carrier device is removed after use.

Tablet: Asolid dosage form prepared from powders or granules by compaction.
Tablet for oral solution: Atablet that is intended to be dispersed in a liquid before administration. When dispersed in

the liquid, a solution results.
Tablet for oral suspension: Atablet that is intended to be dispersed in a liquid before administration. When dispersed

in the liquid, a suspension results.
Tape (not preferred): A dosage form or device composed of a woven fabric or synthetic material onto which a drug

substance is placed, usually with an adhesive on one or both sides to facilitate topical application. The rate of releaseof the
drug substance is not controlled.

Tincture (not preferred; see Solution): An alcoholic or hydroalcoholic solution prepared from vegetable materials or from
chemical substances.

Topical: Aroute of administration characterized by application to the external surface of the body.
Transdermal: A route of administration characterized by drug product application to the skinwhere the drug substance

passes through the dermal layer with the intent to achievea systemiceffect.
Troche (see Lozenge): Asolid dosage form intended to disintegrate or dissolve slowly in the mouth and usually prepared

by compaction in a manner similarto that used for tablets. The term is not used in official article titles.
Urethral: A route of administration characterized by deposition into the urethra.
Vaginal: Aroute of administration characterized by deposition into the vagina.
Vehicle: Aterm commonly encountered in compounding pharmacy that refersto a component for internalor external use

that is used as a carrier or diluent in which liquids, semisolids, or solidsare dissolved or suspended. Examples include water,
syrups, elixirs, oleaginous liquids, solid and semisolid carriers, and proprietary products (see Excipient). Thisterm is not used in
official articletitles.

Veterinary: Aterm for dosage forms intended for nonhuman use._
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(1152) ANIMAL DRUGS FOR USE IN ANIMAL FEEDS

PURPOSE

USP 43

Thischapter provides general descriptionsof, and definitions for, animal drugs and drug products delivered in animalfeeds.
It discusses general principles involved in the manufacture, packaging, and labeling of these drugs and drug products.

SCOPE

Medicated articlesand feeds that are used to deliver animaldrug(s) viathe food givento animalsare discussedin this general
informationchapter. Drugsapproved for further manufacture into medicated animalfeeds are not dosage form drugs. Dosage
form drugs administered with feeds are not medicated articles or feeds. Drug dosage forms are listed in USP general chapter
Pharmaceutical Dosage Forms (1151).

Animal drugs approved for further manufacture into medicated animal feeds may be in either dry or liquid form. They are
sometimes referred to as premixes.The term "premix" is no longer used for animal drugs for use in animalfeeds but isstill used
in some older drug monographs. Animal drugs in feeds are regulated as Type Amedicated articles and Type Band Type C
medicated feeds.

Type A Medicated Articles

Type Amedicated articles [21 CFR 558.3(b)(2)] are concentrated forms of animal drugs intended solelyfor further
manufacture of other approved Type A medicated articles or Type Bor C medicated feeds. This means that Type Amedicated
articles cannot be fed directlyto animals. They consistof one OF more animal drug(s) with or without a carrier (e.g., calcium
carbonate, rice hull, corn, gluten) and with or without other inactiveingredients. They can be prepared in dry or liquidform.
Theyare sold to feed mills or livestock producers and are intended to be further diluted by mixinginto feed before consumption
by animals.

Type B Medicated Feeds

Type Bmedicated feeds [21 CFR 558.3(b)(3)] are intermediate medicated feeds for animals. They are manufactured from
either Type A medicated article(s) or other Type Bmedicated feed(s) by dilution with non-medicated feed ingredients. In
addition to the animal drug(s), Type Bmedicated feeds contain a substantial quantity of nutrients that comprise NLT 25% of
the total feed weight. They can be prepared in dry or liquid form. Similar to TypeAmedicated articles, Type Bmedicated feeds
are intended only for further dilution by mixing into feed, and they are not approved for feeding to animals.

Type C Medicated Feeds

TypeC medicated feeds [21 CFR 558.3(b)(4)] are intended to be fed directlyto animals. Theyare manufactured from TypeA
medicated articles, Type Bmedicated feeds, or other Type C medicated feeds diluted with non-medicated feed ingredients.
TypeC medicated feeds may be prepared in dry or liquid form. Type C medicated feeds can be either fed as the complete feed
for the animals, top-dressed onto the animals' normal daily rations, or offered "free-choice" (21 CFR 510.455). Type C
medicated feeds approved to be offeredfree-choice are not intended to be fully consumed in a singlefeeding or to constitute
the entire diet of the animals.

PREPARATION

TypeA medicated articles in dry form are typically produced by blending the drug substance(s) with carriersand other
excipientsto promote uniform mixingwhen subsequently added to the animal feed. The drug substance(s) mayfirst be mixed
with an excipient (e.g., starch or sodium aluminosilicate) that has a similarparticlesizeand can help distribute the drug
substance(s) uniformly throughout the final mixture.This pre-blend may then be mixed with bulkexcipients (e.g., calcium
carbonate or soybean hulls). The product may be granulated and/or oil (e.g., mineral oil, soybean oil) may be added to aid
uniform distribution, to prevent particlesegregation during shipping, and/or to minimize formation of airborne drug substance
particlesduring production of another Type Amedicated article or Types Bor C medicated feeds.

Type A medicated articles in liquidform are produced by mixing the drug substance(s) with a suitable solvent (e.g., water
or propylene glycol). The drug substance(s) is usually dissolved to produce a solution, but suspension products could be
produced also.

Types Bor C medicated feeds are typically manufactured at feed mills or on-farm by livestock producers. To manufacture
Types Bor C medicated feeds in dry form, Type Amedicated articles are added to the feeds during the mixing process. Liquid
TypeA medicated articles may be sprayed in at set rates, and dry Type A medicated articles are added using methods that
facilitate uniform distribution in the feeds. Types Band C medicated feeds in dry form may be further processed by heating,
steaming, and extruding into pellets.The pelletsmay be rolledor broken up to create crumbles.TypesBand C medicated feeds
may also be prepared in liquidform. Liquid feeds are typically molasses based and contain an animal drug(s) dissolved or
suspended in the liquidmatrix.The liquidfeed may need to be recirculatedor agitated on a routine basisto maintain a uniform
distribution of the drug(s).
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AType Bmedicated feed may also be prepared by diluting another Type Bmedicated feed. AType C medicated feed may
also be prepared by diluting a Type Bmedicated feed or another Type C medicated feed.

LABELING AND PACKAGING

Labeling for Type A medicated articles and Types Band C medicated feeds provides all information necessary for their safe
and effective use. The label for a Type A medicated article includes mixing directions for the manufacture of medicated feeds
from the Type A medicated article and feeding directionsfor the Type C medicated feeds. The labelfor a Type Bmedicated
feed provides mixing directionsfor the manufacture of medicated animalfeeds. Labels for both TypeAmedicated articles and
Type Bmedicated feeds indicate that they are not to be fed directly to animals. The labelfor Type Cmedicated feeds includes
directions for feeding.

Type A medicated articles are packaged in bags (e.g., paper with polyethylene liners) for dry products or in appropriate
containers (e.g., plastic) for liquids. Typical sizes are 50-lb bags or several-gallon containers. DryTypes Band C medicated feeds
may be packaged in bags for storage and delivery, or they may be shipped in bulkformfor storage or immediate use. Free-choice
TypeC medicated feeds may be packaged in bags (e.g., loose minerals), wrapped infilm (e.g., compressed blocks), or packaged
in tubs (e.g., molded blocks). Liquid Types Band C medicated feeds are stored and shipped in bulk in tanks.

NOMENCLATURE

The drug product's established (non-proprietary) name consists of the drug substance (active moiety) and an appropriate
type of medicated article or feed. The following nomenclature options are available to indicate types of medicated articles or
feeds as part of the product established name:

[Drug] Type Amedicated article
[Drug] Type Aliquid medicated article
[Drug] Type Bmedicated feed
[Drug] Type Bliquid medicated feed
[Drug] Type C medicated feed
[Drug] Type C liquid medicated feed
[Drug] Type C free-choice medicated feed
[Drug] Type C liquidfree-choice medicated feed
[Drug] Type C top-dress medicated feed
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1. INTRODUCTION

USP 43

The purpose of this general chapter is to provide general information to assist pharmacists and support personnel in
performing the necessarycalculations for compounding and dispensing medications. This general chapter is not inclusive of all
the information necessaryfor performing pharmaceutical calculations. Foradditional information regarding pharmaceutical
calculations, consult a pharmaceutical calculations textbook. Foradditional informationon pharmaceutical compounding and
drug stability, see Pharmaceutical Compounding-Nonsterile Preparations (795), Pharmaceutical Compounding-Sterile
Preparations (797), Packaging and Storage Requirements (659), Quality Assurance in Pharmaceutical Compounding (1163), and
StabilityConsiderations in Dispensing Practice (1191).

Correct pharmaceutical calculations can be accomplished by using proper conversions from one measurement system to
another and properly placingdecimal points (or commas, in countries where it iscustomary to use these in the place of decimal
points), by understanding the arithmetical concepts, and by paying close attention to the details of the calculations. Before
proceeding with any calculation, pharmacists should do the following: (a) read the entire formula or prescriptioncarefully; (b)
determine the materialsthat are needed; and then (c) select the appropriate methods of preparation and the appropriate
calculations.

Logical methods that require as few steps as possible should be selected to ensure that calculations are done accuratelyand
correctly. Apharmacist should double-check each calculation or have someone else double-check, e.g., a technician, ifanother
pharmacist is not available, before proceeding with compounding the preparation. One expedient method of double-checking
isestimation, which consistsof convenient rounding (e.g., 0.012 to 0.01, 0.44 to 0.5, 18.3 to 20, and 476 to 500) to
approximate the magnitude of answers.

The pharmacist must be able to calculate the amount or concentration of drug substances in each unit or dosage portion
of a compounded preparation at the time it is prepared and again at the time it is dispensed. Pharmacists must perform
calculations and measurements to obtain, theoretically, 100% of the amount of each ingredient in compounded formulations.
Calculations must account for the active ingredient, or active moiety, and water content of drug substances, which includes
those in the chemicalformulas of hydrates. Official drug substances and added substances must meet the requirements in
general chapter Loss on Drying(731), which must be included in the calculationsof amounts and concentrations of ingredients.
The pharmacist should consider the effectof ambient humidity on the gain or loss of water from drugs and added substances
in containers subjected to intermittent opening over prolonged storage. Each container should be opened for the shortest
duration necessaryand then closed tightly immediatelyafter use.

The nature of the drug substance to be weighed and used in compounding a prescription must be known. Ifthe substance
is a hydrate, its anhydrous equivalent weight may need to be calculated. On the other hand, ifthere isadsorbed moisture
present that iseither specifiedon a Certificate of Analysis (CoA) or that is determined in the pharmacy immediatelybefore the
drug substance is used in the preparation (see (731)), this information must be used when calculating the amount of drug
substance that is to be weighed to determine the exact amount of anhydrous drug substance required.

There are cases in which the required amount of a dose isspecified in terms of a cation (e.g., Li+), an anion (e.g., F-), or a
molecule (e.g., theophylline in aminophylline). In these instances, the drug substance weighed is a salt or complex, a portion
of which represents the pharmacologically active moiety. Thus, the exact amount of such substances weighed must be
calculated on the basisof the required quantity of the pharmacological moiety.

The following formula may be used to calculate the theoretical weight of an ingredient in a compounded preparation:

W=AB/CD

W = actual weighed amount
A =prescribed or pharmacist-determined weight of the active or functional moiety of drug or added substance
B=molecularweight (MW) of the ingredient, includingwaters of hydration for hydrous ingredients
C= MW of the active or functional moiety of a drug or added substance that is provided in the MW of the weighed
ingredient
D = the fraction of dry weight when the percent byweight of adsorbed moisture content isknownfrom the loss on drying
procedure (see (731)) or from the CoA. The CoA should be lot specific.

2.1 Active Ingredients

2.1.1 CALCULATING DRUGS DOSED AS SALT FORM AND HYDRATE

Examples-Drugs dosed as salt form and hydrate
1. Drugs dosed as salt form and hydrate
Triturate morphine sulfate and lactose to obtain 10 g in which there are 30 mg of morphine sulfatefor each 200 mg of the

morphine-lactose mixture. [NOTE-Morphine isdosed as the morphine sulfate, which is the pentahydrate.]
W = weight of morphine sulfate (g)
A = weight of morphine sulfate pentahydrate in the prescription, 1.5 g
B= MW of morphine sulfate pentahydrate, 759 g/mol
C= MW of morphine sulfate pentahydrate, 759 g/mol
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D= 1.0
To solve the equation:

W =(1.5 9 x 759 g/mol)/(759 g/mol xl) =1.5 9 of morphine sulfate pentahydrate

2. Active drug moiety and correction for moisture
Accurately weigh an amount of aminophylline to obtain 250 mg of anhydrous theophylline. [NoTE-In this example, the

powdered aminophylline dihydrate weighed contains 0.4% w/w absorbed moisture asstated in the CoA received by the
pharmacy.]

W= AB/CD

W = weight of aminophylline dihydrate (mg)
A = weight of anhydrous theophylline, 250 mg
B= MW of aminophylline dihydrate, 456 g/mol
C = MW of anhydrous theophylline, 360 g/mol
D = 0.996

[NoTE-One mol of aminophylline contains 2 mol of theophylline. Theophylline has a MW of 180.]
To solve the equation:

W =(250 mg x 456 g/mol)/(360 g/mol x 0.996) =318 mg of aminophylline dihydrate

2.2 Hydrates, Salts, and Esters

Frequently, for stability or other reasons such astaste or solubility, the baseform of a drug is administered in another form
such as a salt or an ester. This altered form of the drug usually has a different MW, and at times it may be useful to determine
the amount of the baseform of the drug in the altered form.

2.2.1 CALCULATING HYDRATES, SALTS, AND ESTERS

Examples-Hydrates, salts, and esters
1. Hydrates
If a prescription for 100 9 of lidocaine hydrochloride 2% gel is to be made, 2 9 of anhydrous lidocaine hydrochloride could

be used, or the equivalent amount of lidocaine hydrochloride monohydrate could be calculated asfollows:
W =weight of lidocaine hydrochloride monohydrate (g)
A = weight of anhydrous lidocaine hydrochloride in the prescription, 2 9
B= MW of lidocaine hydrochloride monohydrate, 288.81 g/mol
C = MW of anhydrous lidocaine hydrochloride, 270.80 g/mol
D= 1.0

To solve the equation:

W =(2 9 x 288.81 g/mol)/(270.80 g/mol xl) =2.133 9 of lidocaine hydrochloride monohydrate

2. Salts
A prescription calls for 10 mL of a fentanyl topical gel at a concentration 50 mcg fentanyl/O.l mL prepared from fentanyl

citrate. The amount of fentanyl citrate required for the preparation could be calculated asfollows:
Amount of fentanyl needed for the preparation:

(50 mcg fentanyl/0.1 mL) x 10 mL = 5000 mcg of fentanyl

W = weight of fentanyl citrate in the prescription (mcg)
A =weight of fentanyl in the prescription, 5000 mcg
B=MW of fentanyl citrate, 528.59 g/mol
C = MW of fentanyl, 336.47 g/mol
0= 1.0

To solve the equation:

W =(5000 mcg x 528.59 g/mol)/(336.47 g/mol xl) =7855 meg of fentanyl citrate

3. Esters
The amount of cefuroxime axetil contained in a single 250-mg cefuroxime tablet can be calculated asfollows:

W =weight of cefuroxime axetil in tablet (mg)
A =weight of cefuroxime in the prescription, 250 mg
B=MW of cefuroxime axetil, 510.47 mg/mmol
C =MW of cefuroxime, 424.39 mg/mmol
0= 1.0

To solve the equation:
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W =(250 mg x 510.47 g/mol)/(424.39 g/mol x 1) =300 mg of cefuroxime axetil

USP 43

3.1 Dosing by Weight

Doses are frequently expressed as mg of drug per kg of body weight per a dosing interval.

3.1.1 CALCULATING DOSING BY WEIGHT

Example-Dosing by weight
A physician orders azithromycin for oral suspension at a dose of 15 mg/kg/day, divided every 12 h, for a child that weighs

361b. Calculate the volume of oral suspension, in mL, that should be administered for each dose of a 200-mg/5-mL suspension
as follows:

1. Calculate the child's weight in kg:

36 Ib x kg/2.2 Ib = 16.4 kg
2. Multiply the weight, in kg, by the dosing rate:

16.4 kg x 15 mg/kg/day = 246 mg/day
3. Divide the total daily dose by the number of doses/day:

246 mg/2 doses =123 mg/dose
4. Calculate the volume of each dose using ratio and proportion:

(123 mg/dose)/(200 mg/5 mL) = 3.1 mL/dose
Some calculations may also be completed using dimensional units analysis (DUA). The DUA should begin at the left end

with a factor containing the numerator answer units. All units other than those in the answer should cancel. If using DUA, the
preceding equation would be as follows:

36-lbehildx 2Lx 15mg x~x~=3.1mL
2.2 Ib kg· day 200 mg 2 doses dose

3.2 Dosing by Body Surface Area (Humans)

Some medications, including chemotherapeutic agents, require dosing by body surface area (BSA).The dose is expressed as
amount of drug per meter squared (rn-). BS~ may be calculated using the following formulas:

BSA (rn") =~[Height (in) x Weight (Ib)]/3131

BSA (rn") =,frHeiQht (em) x WeiQht (kQ)l / 3600

3.2.1 CALCULATING BY BODY SURFACE AREA (HUMAN)

Example-Dosing by BSA (humans)
A physician orders rituximab at a dose of 375 rnq/m' every week for 6 weeks for a patient who is 6 ft 2 in tall and weighs

183 lb. Calculate the volume, in mL, of 1O-mg/mL rituximab injection needed to make each IV infusion dose as follows:
1. Calculate the patient's BSA:

m2 = ~[74 inx1831b]/3131 =2.08 m2

2. Multiply the BSAby the dosing rate:

2.08 m2 x 375 rnq/rn' = 780 mg/dose
3. Calculate the volume of each dose using ratio and proportion:

(780 mg/dose)/(10 mg/mL) = 78 mL/dose
The preceding calculation may also be completed using DUA as follows:

2.08-m2 patient x 375 mg x~ = 78 mL
m2

• dose 10 mg dose

3.3 Dosing By Body Surface Area. (Animals)

BSAfor cats and dogs may be calculated using the following formulas. For other animals, consult an appropriate veterinary
medicine reference.
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Body surface area for cats:

Body surface area for dogs:

General Information / (1160) 7957

BSA (rrr') = {lOx [body weight (g)]0.667}/1 0,000

BSA (rn-) = {10.1 x [body weight (g)]0.667}/1 0,000

3.3.1 CALCULATING DOSING BY BODY SURFACE AREA (ANIMALS)

Example-Dosing by BSA (animals)
A veterinarian orders oral cyclophosphamide therapy at a dose of 50 rnq/rn! for a cat who weighs 5.8 kg. Calculate the dose

of cyclophosphamide as follows:
1. Calculate the cat's BSA:

BSA (rn-) =[lOx (5800 g)0.667]/1 0,000 =0.324 m2

2. Multiply the BSA by the dosing rate:

0.324 m2 x 50 mg/m2 =16.2 mg

Because some substancescannot be completely characterized by chemical and physical means, it may be necessaryto express
quantities of activity in biological units of potency [see the USP General Notices 5.50.10, Units of Potency (8iological)].

4.1 Calculating by Use of Potency Units

EXAMPLES-USE OF POTENCY UNITS

1. Potency units-to-milligrams conversion
A dose of penicillin G benzathine for streptococcal infection is 1.2 million units administered intramuscularly. If a specific

product contains 1180 units/mg, calculate the amount, in mg, of penicillin G benzathine in the dose as follows:

(1,200,000 units)/(1180 units/mg) = 1017 mg of penicillin G benzathine

2. Potency units-to-milligrams conversion
A prescription calls for 60 g of an ointment containing 150,000 units of nystatin per gram. Calculate the quantity of nystatin

with a potency of 4400 units/mg that should beweighed for the prescription as follows:

60 g x (150,000 units of nystatin/g) =9,000,000 units

9,000,000 units/(4400 units/mg) =2045 mg of nystatin

5. VOLUME AND WEIGHT SUMS

Weights are additive in most mixtures of liquids, semisolids, and solids. Volumes in mixtures of miscible solutions and pure
liquids mayor may not be additive, based primarily on the effects of volume proportions and intermolecular hydrogen bonding.
For example, mixtures containing equal or near-equal volumes of water and ethanol (and other miscible mono-hydroxy
alcohols) will be exothermic and result in a volume contraction of <5%, e.g., 50 mL of water + 50 mL of ethanol yield 97-98 mL
at 20°-25°. Negligible volume contraction occurs between water and polyhydroxy or polyhydric alcohols, e.g., glycerin and
propylene glycol. Volumes are additive with usually negligible error in aqueous mixtures that contain <10% of mono-hydroxy
alcohols, Le., there is <0.5% volume contraction.

6. DENSITY AND SPECIFIC GRAVITY

Density is defined as the massof a substance in air at a specific temperature (typically 25°) per unit volume of that substance
at the same temperature. Density may be calculated with the following equation:

Density = (mass of substance/volume of substance) at a particular temperature and pressure

Specific gravity (SG) is the unitless ratio of the density of a substance to the density of water at 4°, or [(g of substance/mL)/
1.00 g/mL]. Alternatively, SG can be calculated at a particular temperature in some common units of density from density of
substance per density of water.

SG may be calculated with the following equation:
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SG=(weight of the substance)/(weight of an equal volume of water)

6.1 Calculating Density and Specific Gravity

EXAMPLES-DENSITY AND SPECIFIC GRAVITY

USP 43

1. Density calculation
2.3 g of activated charcoal powder occupies a bulk volume of 5.2 mL at 20° and 1 atm. The density of activated charcoal

powder can be calculated as follows:

Density =2.3 g15.2 mL =0.44 g/mL

2. SG calculation
125 g of glycerin occupies a volume of 99 mL at 25°. [NOTE-The density of water at 25° is 0.997 g/mL.] The SGof glycerin

can be calculated as follows:

SG=(125 g/99 mL)/(0.997 g/mL) =1.266

3. Concentrated acid calculation
Hydrochloric acid is approximately a 37% wlw solution of hydrochloric acid in water. Calculate the amount, in g, of

hydrochloric acid contained in 75 mL of hydrochloric acid as follows. [NoTE-The SG of hydrochloric acid is 1.18.]

37% wlw x 1.18 = 43.7% wlv

(43.7 gil 00 mL) x 75 mL = 32.8 g of hydrochloric acid

7. MILLIEQUIVALENTS AND MILLIMOLES

[NOTE-This section addressesmilliequivalents (mEq) and millimoles (mmol) as they apply to electrolytes for dosage
calculations. Seealso 8. Concentration Expressions.]

The quantities of electrolytes administered to patients are usually expressed in terms of mEq. Weight units such as mg or g
are not often used for electrolytes because the electrical properties of ions are best expressed as mEq. An equivalent (Eq) is the
weight of a substance that supplies 1 unit of charge. An equivalent weight is the weight, in g, of an atom or radical, divided
by the valence of the atom or radical. A mEq is 1/1OOOth of an Eq. The equivalent weight of a compound may be determined
by dividing its formula or MW in g by the valence of its largest valence ion.

A mole equals one gram-atomic weight or gram-molecular weight of a substance. A millimole equals 1/1OOOth of a mole.

7.1 Calculating Milliequivalents and Millimoles

EXAMPLES-MILLIEQUIVALENTS AND MILLIMOLES

1. Calculate the mEq weight of calcium. [NoTE-Calcium has a MW of 40.08, and the valence of calcium is 2+.]

Eq weight =40.08 g/2 =20.04 g

mEq weight =20.04 gil 000 =0.02004 g =20.04 mg

2. Calculate the quantity, in mEq, of potassium in a 250-mg Penicillin V Potassium Tablet. [NoTE-Penicillin V potassium has a
MW of 388.48 g, there is one potassium atom in the molecule, and the valence of potassium is 1+.]

Eq weight = 388.48 gil = 388.48 g

mEq weight =388.48 gil 000 =0.38848 g =388.48 mg

(250 mg/tablet)/(388.48 mg/mEq) =0.644 mEq of potassium/tablet

3. Calculate the mEq of magnesium and sulfate in a 2-mL dose of 50% Magnesium Sulfate Injection. [NoTE-Magnesium
sulfate (MgS04 • 7H20) has a MW of 246.47, and the highest valence ion is magnesium 2+and sulfate 2-.]

(50 gil 00 mL) x (2 mL/dose) =1 q/dose

Eq weight =246.47 g/2 =123.24 g/Eq

(1 g/dose)/(123.24 g/Eq) =0.008114 Eq =8.114 mEq of both magnesium and sulfate per dose

This problem may also be worked using DUA asfollows:

~x2mLx~x1000mEq 8.114mEq
100 mL dose 246.47 9 Eq dose
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4. A vial of sodium chloride injection contains 3 mEq/mL of sodium chloride. Calculate the strength, in % wlv, of the injection.
[NOTE-Sodium chloride has a MW of 58.44.J

3 mEq x 58.44 9 x Eq
mL 1Eq 1000 mEq

0.17539
mL

(0.1753 g/mL) x 100 mL =17.53 g in 100 mL =17.53% wlv

5. Calculate the weight of potassium in mmol. [Nors-Potassiurn has a MWof 39.1.J
The weight of 1 mol is 39.1 g and the weight in mmol is:

39.1 gil 000 = 0.0391 g or 39.1 mg

6. Calculate the mmol of penicillin V potassium in a 250-mg Penicillin V PotassiumTablet. [NoTE-Penicillin V potassium hasa
MWof 388.48.J

The weight of 1 mol is 388.48 g, and the weight of 1 mmol is:

388.48 gil 000 = 0.38848 g or 388.48 mg

250 mg x mmol
tablet 388.48 mg

0.644 mmol of Penicillin V potassium
tablet

8. CONCENTRATION EXPRESSIONS

The concentration expressions in this section refer to homogeneous mixtures of the following states of matter at a
temperature of 20°_30° and pressure of 1 atm (29.92 in Hg, 760 rnrn Hg, 101.3 kPa, 1013.3 mb): gas in gas, gas in liquid,
liquid in liquid, liquid in semisolid, solid in liquid, solid in semisolid, and solid in solid. Concentration expressions used in
pharmacy practice and pharmaceutical research include, but are not limited to, those listed in Table 7. Common metric drug
strength and clinical concentrations include, for example, mcg/mL, mg/dL, g or mg per L, and ng/l-lL(seeGeneral Notices 8.240,
Weights and Measures).

Table 1

Title Abbreviation Definition

Mass of a dispersed or dissolved ingredient per volume amount of mixtures containing that
Mass in volume ratios None is standard ingredient

mEqa per volume mEq/volume unit mEq of an electrolyte or salt per unit of volume of solutions containing that electrolyte or salt

Molality m mol" of a solute/kg of a solvent containing that solutes

Molarity M mol of a solute/L of a solvent containing that saluted

Norrnallty" N Equivalents (Eqf) of a solute/L of a solvent containing that solutes

Partsof a gas, liquid, or solid per 1 million part of another gas, liquid, or solid containing the
Partsper million ppm first gas, liquid, or solid

% Volume in volume %v/v mL of liquid per 100 mL of a solvent containing that liquid

% Weight in volume %w/v g of a solute per 100 mL of a solvent containing that solute

% Weight in weight %w/w g of a solute per 100 g of a mixture containing that solute

l:R 1 part of an ingredient per Rh parts of a mixture containing that ingredient

1 in R 1 part of an ingredient in Rh parts of a mixture containing that ingredient

Ratio strength X:Y Xh parts of one ingredient per yh parts of another ingredient in a mixture

a1 mEq = Eq/1000.
b The abbreviation for mole is mol.
c 1 mol of solute per 1 kg of solvent is a 1 molal (1 m) solution.
d 1 mol of solute per 1 L of solution of that solute is a 1 molar (1 M) solution.
eNormality =(Molarity x largest valence ion of a compound), e.g., (18 M H2S0 4 x 2) =36 N H2S0 4, where 2 derives from the 2- valence of S04'
f Eq of a compound =(1 mol x largest valence ion of a compound), e.g., 1 mol of lithium citrate =3 Eq of lithium citrate; 1 mol of Ca(gluconate)2 =2 Eq of
Ca(gluconateh; and 1 mol of KCI = 1 Eq of KCI.
9 1 Eq of solute per 1 L of solution of that solute is a 1 normal (1 N) solution.
h R,X, and Yare whole numbers.
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8.1 Calculating Normality

EXAMPLE-NORMALITY

USP 43

Calculate the amount of sodium bicarbonate powder needed to prepare 50 mL of a 0.07 N solution of sodium bicarbonate
(NaHC03) . [NOTE-Sodium bicarbonate has a MW of 84.01.] In an acid or base reaction, becauseNaHC0 3 may act asan acid
by giving up one proton, or as a base by accepting one proton, one Eq of NaHC03 is contained in each mole of NaHC03•

0.050 L x 0.07 Eq x 1 mol x 84.01 9 =0.294 9 of sodium bicarbonate
L 1 Eq 1mol

8.2 Calculating Percentage Concentrations

Percentage concentrations of solutions and other homogeneous mixtures are usually expressed in one of three common
forms in which numerator and denominator quantities are in g and mL measurement units.

1. Volume percent (% v/v) =(volume of liquid solute/volume of solution or suspension) x 100
or % v/v = mL of liquid solute in 100 mL of solution or suspension

2. Weight percent (% w/w) = (weight of solute/weight of mixture) x 100
or % w/w = g of ingredient in 100 g of mixture

3. Weight in volume percent (% w/v) =(weight of solute/volume of solution or suspension) x 100
or % w/v = g of solute in 100 mL of solution or suspension

The preceding three equations may be used to calculate anyone of the three values (Le., weights, volumes, or percentages)
in a given equation if the other two values are known (seealso General Notices 8.740, Percentage Concentrations).

EXAMPLES-PERCENTAGE CONCENTRATIONS

1. Weight percent
A prescription order reads asfollows (see Table 2):

Table 2

Zinc oxide 7.5 9

Calamine 7.5 9

Starch 15 9

White petrolatum 30 9

Calculate the percentage concentration for each of the four components using the preceding weight percent equation
asfollows:

A. The total weight of ointment = f5 g + 7.5 g + 15 g + 30 g = 60.0 g
B. The weight percent of zinc oxide =(7.5 g of zinc oxide/60 g of ointment) x 100% = 12.5%
C. The weight percent of calamine = (7.5 g of calamine/60 g of ointment) x 100% = 12.5%
D. The weight percent of starch =(15 g of starch/60 g of ointment) x 100% =25%
E. The weight percent of white petrolatum = (30 g of white petrolatum/60 g of ointment) x 100% = 50%

2. Volume percent
A prescription order reads asfollows:
Rx: Eucalyptus Oil 3% vlv in Mineral Oil.
Dispense 30 mL.
Calculate the quantities of ingredients in this prescription using the volume percent equation asfollows:

A. The amount of eucalyptus oil.

3% vlv = (volume of oil in mL/30.0 mL) x 100%

volume in oil = 0.9 mL of eucalyptus oil
B. The amount of mineral oil.

30 mL - 0.9 mL = 29.1 mL of mineral oil

8.3 Conversions of Concentration Expressions

8.3.1 SOLID-IN-LiQUID SOLUTION CONVERSIONS

The calculations used to convert from percent weight in volume, % w/v, to other concentrations and vice versa, using the
same densities and formula or MWs, are illustrated asfollows for calcium chloride, magnesium sulfate, and potassium chloride
solutions in water.
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8.3.1.1 Calculating solid-in-Iiquid conversions
Examples-Solid-in-liquid conversions

1. Convert 10% w/v calcium chloride (CaCI2 • 2H20) to molality (rn). [NoTE-Calcium chloride hasa MW of 147.01 g; 10%
w/v solution has a density of 1.087 g/mL.]

10% w/v =109 of calcium/1 00 mL of solution

Using the density of the solution:

100 mL of solution x 1.087 g/mL = 108.7 9 of solution

108.7 9 of solution - 109 of calcium chloride =98.7 9 of water =0.0987 kg of water

109 of calcium chloride/(147.01 9 of calcium chloride/mol of calcium chloride) = 0.068 mol of calcium chloride

0.068 mol of calcium chloride/0.0987 kg of water =0.689 m

2. Convert 50% w/v magnesium sulfate (MgS04 • 7H20) to molarity (M). [NoTE-Magnesium sulfate hasa MW of 246.47 g.]

~ x~ x 1000mL = 2.029M
100 mL 246.47 9 1L

3. Convert 10% w/v calcium chloride (CaCI2 • 2H20) to normality (N).

10 9
100 mL

x 1 mol x 2Eq x 1000mL =1.36N
147.01 9 1 mol 1 L

*2 Eq/mol derived from the 2+valence of calcium

4. Convert 10% w/v calcium chloride (CaCI2 • 2H20) to mEq/mL.

~x~x 2Eq x 1000mEq =1.36mEq/mL
100ml 147.01 9 1mol 1Eq

5. Convert 0.1% w/v calcium chloride (CaCI2 • 2H20) to ppm.

(0.1 g/100 mL) x (1 x 106 ppm) =1000 ppm

6. Convert 33% w/v potassium chloride (KCI) to l:R ratio strength.

(1/ R)= (33 g/100 mL)

R= 3.03

l:R= 1:3

8.3.2 L1QUID-IN-L1QUID SOLUTION CONVERSIONS

The calculations used to convert from percent weight in weight, % w/w, and volume in volume, % vtv, to other
concentrations and vice versa using the same densities and formula or MWs, are illustrated for glycerin and isopropyl alcohol
in water. Besides liquid-in-semisolid, solid-in-semisolid, and solid-in-solid mixtures, % w/w is used for viscous liquids, such as
coal tar, glycerin, and concentrated acids.
8.3.2.1 Converting Iiquid-in-Iiquid solutions
Examples-Liquid-in-liquid conversions

1. Convert 50% w/w glycerin to % w/v. [NOTE-50% w/w glycerin has a density of 1.13 g/mL.]

(50 g/l 00 g) x (1.13 g/mL) = 0.565 g/mL

56.5 g/100 mL =56.5% w/v

2. Convert 70% v/v isopropyl alcohol to % w/w. [NOTE-Isopropyl alcohol hasa density of 0.79 g/mL, and 70% vlv isopropyl
alcohol has a density of 0.85 g/mL.]

70 mL of isopropyl alcohol x (0.79 g/mL) =55.3 9 of isopropyl alcohol

100 mL of solution x (0.85 g/mL) = 85 9 of solution

(55.3 9 of isopropyl alcohol/85 9 of solution) x 100 = 65.06% w/w

3. Convert 70% vlv isopropyl alcohol to % w/v. The following values are from example 2.
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55.3 9 of isopropyl alcohol/l00 mL of solution =55.3% w/v

4. Convert 50% w/w glycerin to molality (rn). [NOTE-Glycerin hasa MW of 92.1 .]

50 9 of glycerin/(92.1 g/mol) = 0.543 mol of glycerin

100 9 of solution - 50 9 of glycerin =50 9 of water =0.05 kg of water

(0.543 mol of glycerin/0.05 kg of water) ::; 10.86 m

5. Convert 70% v/v isopropyl alcohol to molality (m). [NOTE-Isopropyl alcohol has a density of 0.79 g/mL and a MWof
60.1; 70% vlv isopropyl alcohol has a density of 0.85 g/mL.]

70 mL of isopropyl alcohol x (0.79 g/mL) = 55.3 9 of isopropyl alcohol

100 mL of solution x (0.85 g/mL) =85 9 of solution

(85 9 of solution - 55.3 9 of isopropyl alcohol) =29.7 9 of water =0.0297 kg of water

55.3 9 of isopropyl alcohol/(60.1 g/mol) =0.92 mol of isopropyl alcohol

(0.92 mol of isopropyl alcoho1/0.0297 kg of water) = 30.98 m

6. Convert 50% w/w glycerin to molarity (M). [NOTE-Glycerin has a MWof 92.1 g.]

From example 1, 50% w/w glycerin =56.5% w/v glycerin

(56.5 g/100 mL) x (mol/92.1 g) x (1000 mL/L) =6.13 M

7. Convert 50% w/w glycerin to % vivo [NOTE-50% w/w of glycerin hasa density of 1.13 g/mL; 100% glycerin hasa density
of 1.26 g/mL.]

50 9 of glycerin/(1.26 g/mL) = 39.7 mL of glycerin

100 9 of solution/(1.13 g/mL) = 88.5 mL of solution

(39.7 mL of glycerin/88.5 mL of solution) x 100% =44.8% v/v

9. Convert 50% w/w glycerin to 1 in R ratio strength.

1/R= (50 9 of glycerin/l 00 9 of solution)

R=2

1 in R= 1 in 2

8.3.3 SOLID AND SEMISOLID IN SOLIDAND SEMISOLID MIXTURE CONVERSIONS

The calculations used to convert from percent weight in weight (% w/w) to ppm and ratio strengths are illustrated asfollows
for fluocinonide and tolnaftate in topical semisolidsand powders.
8.3.3.1 Calculating solid and semisolid in solid and semisolid mixture conversions
Examples-Solid and semisolid in solid and semisolid mixture conversions

1. Convert 0.05% w/w fluocinonide ointment to ppm.

(0.05 g/l 00 g) x (1 x 106 ppm) = 500 ppm

2. Convert 1.5% w/w tolnaftate powder to l:R ratio strength.

1/R= (1.5 9 of tolnaftate/l 00 9 of powder)

R= 67

1:R= 1:67

3. Convert 1% w/w tolnaftate in talcum powder to X:Yratio strength.

100 9 of powder - 1 9 of tolnaftate =99 9 of talcum

X:Y= 1 9 of tolnaftate:99 9 of talcum
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A more concentrated solution can be diluted to a lower concentration to obtain appropriate strength and precision when
compounding preparations. Powders and semisolid mixtures can be triturated or mixed to achieve lower concentrations. The
amount of an ingredient in the diluted mixture isthe sameasthat in the portion of the more concentrated source used to make
the dilution; thus, the following equation can be applied to dilution problems (Q1)(C1)= (Q2)(C2), where Q1 and Q2are the
quantity of solutions 1 and 2, respectively, and C1 and C2 are concentrations of solutions 1 and 2, respectively. Any quantities
and concentration terms may be used but the units of those terms must be the same on both sides of the equation.

8.4.1 CALCULATING DILUTION AND CONCENTRATION

Examples-Dilutions and fortifications
1. Semisolid dilution
Calculate the quantity (Q2), in g,of diluent that must be added to 60 9 of a 10% w/w ointment to make a 5% w/w

ointment.

(Q1)= 60 g, (C1)= 10% w/w, and (C2) = 5% w/w

60 9 x 10% w/w =(Q2) x 5% w/w

(Q2) =120 9

120 9 - 60 9 = 60 9 of diluent to be added

2. Solid dilution
Calculate the amount of diluent that should be added to 109 of a trituration (1 in 100) to make a mixture that contains

1 mg of drug in each 109 of the final mixture.

Convert mg to g: 1 mg of drug = 0.001 9 of drug

109 of mixture should contain 0.001 9 of drug

(Q1) = 109, (C1)= (1 in 100), and (C2) = (0.001 in 10)

109 x (1/100) = (Q2) x (0.001/10)

(Q2) =1000 9

Because the final mixture of 1000 9 contains 109 of the trituration, 990 9 (or 1000 9 -lOg) of diluent is required to prepare
the mixture at a concentration of 0.001 9 of drug in each 109.

3. Liquid dilution .
Calculate the percentage strength (C2) of a solution obtained by diluting 400 mL of a 5.0% w/v solution to 800 ml.

(Q1) = 400 mL, (C1)= 5.0% w/v, and (Q2) = 800 mL

400 mL x 5% w/v =800 mL x (C2)

(C2) = 2.5% w/v

4. Liquid fortification
Calculate the additional amount, in g, of codeine phosphate that need to be added to 180 mL of a 12 mg/5 mL elixir of

acetaminophen with codeine to have a final concentration of 30 mg/5 mL of codeine phosphate.

Amount to add =Total amount required - Amount present

Total amount required: (30 mg/5 mL) x 180 mL = 1080 mg of codeine phosphate

Amount present =(12 mg of codeine/5 mL) x 180 mL =432 mg of codeine phosphate

Amount to add: 1080 mg - 432 mg = 648 mg of codeine phosphate

To achieve compliance with the statements in the General Notices about alcohol and the USP monograph for Alcohol, some
conventions and special calculations are needed. See General Notices 5.20.20.1 In Compounded Preparations, 8.30 Alcohol
Content, and Labeling (7), Labels and Labeling for Products in Other Categories, Alcoholfor information. The USP monograph for
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Alcohol states that it contains 92.3%-93.8% by weight corresponding to 94.9%-96.0% by volume of alcohol (CzHsOH) at
15.56°. The percent concentration for alcohol is generally taken to be 95% viv of alcohol (CzHsOH) in water.

In summary:
• When the word alcohol is written on a prescription order or in a formula, asfor example "alcohol 10 mL" or "dissolve in

5 mL of alcohol", the compounder should use the Alcohol, USP [that is 95% alcohol (CzHsOH)].
• When the word alcohol is written with a percent, for example "alcohol 20%", this means 20% v/v of alcohol (CzHsOH).

If this percent is on a label of a commercial product, it means the product contains 20% v/v alcohol (CzHsOH). If this is
part of a compounding formula, it means the compounder must add the equivalent of 20% v/v alcohol (CzHsOH), which
may require special calculations.

• Labels of products and compounded preparations are to include the content of alcohol (CzHsOH) in % vivo For
compounded preparations, this value must often be calculated based on the volume(s) of alcohol-containing ingredients
added.

For calculations when preparing compounded drug preparations using Alcohol, USP, the first step is to determine the
quantity, in mL, of alcohol needed, and the second step is to determine the % v/v of alcohol (CzHsOH) in the final preparation
so that it can be properly labeled.

9.1 Calculating Alcohol

EXAMPLES-ALCOHOL

1. Determine the quantity of alcohol needed for the prescription (see Table 3):

Table 3

Clindamycin 1%

Alcohol 15%

Propylene glycol 5%

Purified water, a sufficient quantity to make 60 ml

A. In this prescription order, the alcohol 15% means the preparation contains 15% vtv of alcohol (CzHsOH).
B. Calculate the quantity of alcohol (CzHsOH)needed for 60 mL of preparation:

c.

D. Determine the % v/v content for labeling. Because labeling of alcohol is in % v/v of alcohol (CzHsOH), the
alcohol content of this preparation would be labeled: Alcohol 15%.

2. Determine the alcohol content, in % vlv, for the prescription (see Table 4):

Table 4

Castor oil 40 mL

Acacia Asneeded

Alcohol 15 mL

Cherry syrup 20mL

Purified water, a sufficient quantity to make 100 mL
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10. ALLIGATION ALTERNATE AND ALGEBRA METHODS
STRENGTHS OF THE SA~E ACTIVE PHARMAC·EUtlC;A[·jN~R·~I)~ENtA

10.1 Alligation Alternate

Alligation is a method of determining the proportions in which substances of different strengths are mixed to yield a desired
strength or concentration. Once the proportion is found, the calculation may be performed to find the exact amounts of
substances required.

Set up the problem as follows.
1. Place the desired percentage or concentration in the center.
2. Place the percentage of the substance with the lower strength on the lower left-hand side.
3. Place the percentage of the substance with the higher strength on the upper left-hand side.
4. Subtract the lower percentage from the desired percentage, and place the obtained difference on the upper

right-hand side.
5. Subtract the desired percentage from the higher percentage, and place the obtained difference on the lower

right-hand side.
The results on the right side determine how many parts of the two different percentage strengths should be mixed to produce

the desired percentage strength of a drug mixture. The total parts will equal the final weight or volume of the preparation.

10.1.1 CALCULATING BY USING THE ALLIGATION ALTERNATE

Examples-Alligation alternate
1. Determine the amount of ointment containing 12% drug concentration and the amount of ointment containing 16%

drug concentration must be used to make 1 kg of a preparation containing a 12.5% drug concentration.

(higher) 16%~ /0.5 parts of 16%

12.5%

/(deSired)~

(lower)12% .l.5.parts of 12%

\4.0 parts of 12.5% I
In a total of 4 parts of 12.5% preparation, 3.5 parts of 12% ointment and 0.5 parts of 16% ointment are needed.

4 parts correspond to 1 kg or 1000 g.

1 part corresponds to 250 g.

3.5 parts correspond to 3.5 x 250 g or 875 g of 12% ointment.

0.5 parts correspond to 0.5 x 250 g or 125 g of 16% ointment.

2. Determine the volume, in mL, of 20% dextrose in water and 50% dextrose in water needed to make 750 mL of 35%
dextrose in water.

(higher) 50% <, <.-, /'15 parts of 50%

'-35%/
(desired)

/ ~
(lower) 20% li parts of 20%

130 parts of 35% I
In a total of 30 parts of 35% dextrose in water, 15 parts of 50% dextrose in water and 15 parts of 20% dextrose in water

are required.

30 parts correspond to 750 mL.

15 parts correspond to 375 mL.

Thus, use 375 mL of the 20% solution and 375 mL of the 50% solution to prepare the preparation.

10.2 Algebra Method

The following algebraic equation may be used instead of alligation to solve problems of mixing two different strengths of
the same ingredient:
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(C, x Qs) + (Cwx Qw) = (C, x Qf), where C is concentration or strength, Q is the quantity; and the subscript 5 identifies the
strongest strength, w identifies the weakest strength, f represents the final mixture with a strength lessthan 5 and greater than
w, (Qs + Qw) =Qf' Qs = (Qf - Qw), and Qw = (Qf - Qs)'

10.2.1 CALCULATING BY USING THE ALGEBRA METHOD

Examples-Algebra method
1. Determine the amount, in g, of 16% w/w drug ointment and 12% w/w drug ointment required to prepare 1 kg of 12.5%

w/w drug ointment.

(16% x Qs) + [12% x (1000 g - Qs)] = 12.5% x 1000 g

16% o, + 120 g - 12% o, = 125 g

4% Qs = 5 g

Qs =5 g/4% =125 g of 16% ointment

Qw= 1000 g -125 g = 875 g of 12% ointment

2. Determine the volume, in mL, of 10% dextrose injection and 50% dextrose injection needed to make 750 mL of 35%
dextrose injection.

50%

I-MaY-LUIIYJ/J = 35% x 750 mL

= 262.5 mL

'<s," {t:I~K I"MaY··LUI!~JI + [10% x (750 mL ­

(ERfl HVlay-zU19) + 75 mL - 10%

(50% x

40% '<'SA (ERltT"NlaY-ZOJ9) =187.5 mL

1.Ma""20l'9J =187.5 mL/40% =468.75 mL (470 mL practically)

~.w''''(E~:R?J;frlililY";Z019) =750 mL - 468.75 mL =281.25 mL (280 mL practically)

When the quantity of drug desired requires a degree of precision in measurement that is beyond the capability of the available
measuring devices, the pharmacist may use the aliquot method of measurement. It applies when potent drug substances are
compounded, or when the total amount of the active drug in a single dose or individualized doses is less than the minimum
accurately weighable quantity (MAWQ). Even if the amount of drug needed is greater than the MAWQ per unit, an aliquot will
provide more material per unit, which will aid in handling and administration. Aliquot means "containing an exact number of
times in something else;" the aliquot must be a proportional part of the total. Therefore, 5 is an aliquot part of 15, because 5 is
contained exactly 3 times in 15. Both the total volume of solution or weight of powder triturate and the aliquot volume/weight
should be easily and accurately measurable. If the solution or powder triturate is highly concentrated and a small error is made
in measuring the aliquot, a large error can occur in the quantity of drug brought to the final formulation.

Aliquots can be: solid-solid, when the active drug and the diluents are solids; solid-liquids, when the active drug is solid and
is to be incorporated into a liquid preparation, such as a solution, an emulsion, or a suspension; and liquid-liquid, when the
active drug is liquid and the diluents are liquids. It can be a pure liquid or a concentrated solution of a drug. Aliquots of pure
liquids are relatively uncommon because few drugs are liquid in their pure state. Aliquots involving concentrated solutions are
more common.

There are two general methods to prepare aliquots:
1. Aliquot method 1 is applicable to drugs or substances that have to be within the degree of accuracy provided by the

measuring device. It is the simplest method and can be applied to solid and liquid aliquots.
2. Aliquot method 2, also known as the dilution factor method, is useful when there is more flexibility in the amount of

drug that may be measured.
Aliquot Method 1

A. The MAWQ amount of drug is measured.
B. The drug is diluted with an arbitrary amount of diluent.
C. The amount of dilution that will give the desired amount of drug is calculated, and the amount is measured.

Aliquot Method 2
A. The quantity of drug to be measured is determined by multiplying the amount of drug needed by an appropriately

determined factor, called the dilution factor. The dilution factor must be a whole number more than or equal to
the MAWQ divided by the amount of drug needed.

B. An arbitrary amount of diluent is measured and added. The amount of diluent used can be determined by different
methods, provided the amount of diluent chosen will give an aliquot greater than or equal to the MAWQ.
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C. The amount of aliquot needed is determined by multiplying the weight or volume of the dilution by the inverse
of the dilution factor. Dilution factors are usually chosen to be whole numbers.

The general calculations can be shown as:

A/B = C/O

A = amount of drug desired
B= amount of drug measured
C = amount of drug in aliquot
o = aliquot total amount

11.1 Calculating Allquots

EXAMPLES-ALIQUOTS

1. Solid-in-liquid dilution (Aliquot Method 1)
Prepare 100 mL of a solution containing 0.2 mg/mL of clonidlne using water as the diluent. To prepare this solution,
20 mg of clonldlne is needed.

A. Select the weight of drug desired (A) to be equal to or greater than the MAWQ. In this situation, the MAWQ of
the balance is 120 mg.

B. Select the aliquot volume (D) in which the desired amount of drug (C) will be contained. This establishes the
concentration of the solution to be prepared. Clonidine solubility is 1 g/13 mL, so if 5 mL isselected as the aliquot
volume, the concentration in that solution will be 20 mg/5 mL. Therefore, solubility will not be a problem in this
aqueous solution.

C. Using the preceding formula, calculate the volume of solution (8) to be prepared.

120 mg of c1onidine/B =20 mg of c1onidine/5 mL of aliquot

B= 30 mL
D. Prepare the solution containing 120 mg of clonidine in 30 mL of Purified Water. Transfer a 5-mL aliquot from this

solution to a final container, and add sufficient Purified Waterto bring the formulation to a final volume of 100 mL.
2. Solid-in-solid dilution (Aliquot Method 2)

Prepare an individual dose of codeine phosphate 20 mg.
A. Select a dilution factor that will yield a quantity that isgreater than or equal to the MAWQ, and weigh this amount.

In this case, the dilution factor may be greater than or equal to 6 because 6 x 20 mg = 120 mg. The smallest
dilution factor that may be chosen is 6 if the MAWQ of the balance is 120 mg.

B. Weigh an amount of diluent that will give an aliquot greater than or equal to the MAWQ. In this example, 600 mg
of diluent is weighed.

C. Mix the two powders thoroughly by geometric trituration in a mortar.
D. Calculate the total weight of the dilution: 120 mg codeine phosphate + 600 mg diluent =720 mg.
E. Calculate the aliquot part of the dilution that contains 20 mg of codeine phosphate by multiplying the total weight

of the dilution by the inverse of the dilution factor: 720 mg x (1/6) =120 mg.
F. Weigh this calculated amount of the dilution (120 mg) to get the desired 20 mg of codeine phosphate per dose.

12.1 Displacement in Suspension

12.1.1 CALCULATING POWDER VOLUME

Examples-Powder volume
1. Powder displacement in suspension

The directions to reconstitute a 150-mL bottle of an amoxicillin for oral suspension of 250 mg/5 mL require 111 mL of
Purified Water. The physician has requested that the product be reconstituted at a concentration of 500 mg/5 mL.
Calculate the amount of Purified Waterrequired for the higher concentration. .

A. Calculate the volume of the suspension occupied by the amoxicillin powder:

150 mL -111 mL =39 mL
B. Calculate the quantity of amoxicillin present in the entire bottle:

150 mL x (250 mg/5 mL) =7500 mg
C. Calculate the total volume of the suspension at the requested concentration (500 mg/5 mL):

7500 mg/(500 mg/5 mL) =75 mL
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D. Calculate the volume of Purified Waterneeded to reconstitute the powder by subtracting the powder volume
calculated in step a:

75 mL - 39 mL = 36 mL of Purified Water

[NOTE-Such formulations may be too viscous to flow freely.]
2. Powder volume in drugs for injection

If the powder volume of 250 mg of ceftriaxone for injection is 0.1 mL, calculate the amount of diluent that should be
added to 500 mg of ceftriaxone for injection to make a suspension with a concentration of 250 mg/mL.

A. Calculate the total volume of injection:

500 mg/(250 mg/mL) = 2 mL
B. Calculate the volume occupied by 500 mg of ceftriaxone for injection:

500 mg/(250 mg/O.l mL) = 0.2 mL
C. Calculate the volume of the diluent required:

(2 mL of suspension) - (0.2 mL of ceftriaxone for injection) = 1.8 mL of diluent

13. INTRAVENOUS FLOW OR INFUSION RATES

Intravenous (IV) solutions and emulsions may be administered by gravity flow and infusion or syringe pumps. Gravity-flow
IV sets are regulated by an adjustable clamp on the tubing, and the approximate flow rate is determined by counting the
number of drops per 10-15 seconds, then adjusting that to a per minute rate. Manufactured IV setsare typically calibrated to
deliver from 15 to 60 drops/mL, depending on the particular set.

13.1 Solving by Multiple or Separate Steps

As in previous sections, the following examples may be solved by multiple separate steps, or a single-DUA procedure.

13.1.1 CALCULATING INTRAVENOUS FLOW OR INFUSION RATES

Examples-IV or infusion rates
1. An IV infusion of dextrose 5% in water with 20 mEq of potassium chloride is to be administered to a 6-year-old child at

the rate of 12 mL/hour. An IV administration set that delivers 60 drops/mL is available. Calculate the flow rate in drops per
minute:

12mLx60drops,,~=12 drops
hour mL 60 minutes minute

2. A 63.6-kg patient is admitted to the Emergency Department and requires a dopamine hydrochloride infusion to maintain
an adequate blood pressure. The drug is ordered at an initial rate of 2 meg/kg/minute. A 400-mg/250-mL dopamine
hydrochloride injection is available. Calculate the flow rate in mL/hour to be administered by infusion pump:

636kgx~x~x~x~=~
. kg • minute 400 mg 1000 I-Ig hour hour

The following discussion and calculations have therapeutic implications in preparations of dosage forms intended for
ophthalmic, subcutaneous, intravenous, and intrathecal administration as well asfor neonatal use.

14.1 Tonicity

Cellsof the body, such aserythrocytes, will neither swell nor shrink when placed in a solution that is isotonic with body fluids.
The measurement of tonicity, however, which is a physiological property, is somewhat difficult. A 0.9% w/v sodium chloride
injection, which has a freezing point (FP)of -0.52°, is both isotonic and isoosmotic with body fluids. In contrast to isotonicity,
FP depression is a physical property. Some solutions that are isoosmotic with body fluids are not isotonic, becausethey contain
solutes to which cells are freely permeable rather than semipermeable. Freely permeable solutes (e.g., boric acid and urea) can
cause erythrocyte lysis, i.e., behave as if they were hypotonic in concentrations that are hyperosmotic relative to body fluids.
Nevertheless, many pharmaceutical products are prepared using FP data or related sodium chloride data to prepare solutions
that are isoosmotic with body fluids. A closely related topic is osmolarity (see Osmolalityand Osmolarity (785»).

FP data or sodium chloride equivalents of pharmaceuticals and excipients (see Table 5) may be used to prepare isoosmotic
solutions, as shown in the following examples.
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Example-Tonicity
Determine the amount of sodium chloride (NaCI) required to prepare 60 mL of an isoosmotic solution of atropine sulfate

injection 0.5% using the Evalues and the FP depression values in Table 5.

Table S. Sodium Chloride Equivalents (E) and FP Depressions for a 1% Solution of the Drug or Excipient
Drug or Excipient E FPDepression

Atropine sulfate 0.13 0.075

Sodium chloride 1.00 0.576

Using the Evalues:
1. The total amount of substances equivalent to a 0.9% sodium chloride injection =(0.9 g/l 00 mL) x 60 mL =0.54 g.
2. The amount of atropine sulfate required =(0.5 g/100 mL) x 60 mL =0.3 g.
3. 1 g of atropine sulfate is equivalent to 0.13 g of sodium chloride.
4. 0.3 g of atropine sulfate is equivalent to 0.3 x 0.13 g = 0.039 g of sodium chloride.
5. Thus, the required amount of sodium chloride is 0.54 g - 0.039 g = 0.501 g or 0.5 g.
Using FP depression values:
1. The FP depression required is 0.52°.
2. A 1% solution of atropine sulfate causes an FP depression of 0.075°.
3. A 0.5% solution of atropine sulfate causes an FP depression of 0.5 x 0.075° =0.037SO.
4. The additional FP depression required is 0.52° - 0.0375° =0.483°.
5. A 1% solution of sodium chloride causes an FP depression .of 0.576°.
6. Therefore, an FP depression of 1° is caused by a 'I%/0.576 = 1.736% solution of sodium chloride.
7. 1.736% x 0.483 = 0.838% solution of sodium chloride causes an FP depression of 0.482°.
8. The required amount of sodium chloride is (0.838%) x 60 mL =0.502 g or 0.5 g.

15.1 pH Calculations

See Appendix 1 for logarithmic definitions and applications.
pH =-log [H30+], and pKa =-log ([H30+][A-])/[HA], where [H30+] isthe hydrodium ion concentration in an aqueous solution,

[k] is the ionic form of the relevant acid, and Ka is the ionization constant of either a monoprotic acid or a particular proton
from a polyprotic acid in aqueous solution. The [H+]=the antilogarithm of (-pH) or 10-pH; and Ka=the antilogarithm of (-pKa)
or 10-pKa•

The pH of an aqueous solution containing a weak acid may be calculated using the Henderson-Hasselbalch equation:

pH = pKa + log [(base form)/(acid form)]

The buffer equation symbol (~) represents the equilibrium between conjugate base and acid forms or pairs of the same
molecule. It is called the buffer equation, because small changes in the ratio of concentrations of the conjugate forms result
in a logarithmically smaller change in pH. The salt form can be an acid or base, depending on structure; thus, its conjugate
form is a base or acid, respectively.

Example 1:
Band BH+ represent a non ionized or "free" base and cationic acid pair, BH+ ~ B+H+
Example 2:
HA and A- represent a non ionized or "free" acid and anionic base pair, HA~ A- + H+
Example 3:
HnA- and Hn_1Az-, such as HZP04- and HPO/-, represent an anionic acid and anionic base relative to each other; the pKa =

7.2 for HZP04- ~ HPO/- + H+.

15.1.1 CALCULATING pH

Example-pH
A solution contains 0.020 mol/L of sodium acetate and 0.010 rnol/L of acetic acid, which has a pKa value of 4.76. Calculate

the pH and the [H+] of the solution as follows:

pH =4.76 + log (0.020/0.010) =5.06

[H+] = antilogarithm of (-5.06) = 8.69 x 10-6
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15.2 Buffer Solutions

15.2.1 DEFINITION

USP 43

Abuffer solution isan aqueous solution that resists a change in pH when smallquantities of acid or base are added, when
diluted with the solvent, or when the temperature changes. Most buffersolutions are mixturesof a weak acid and one of its
salts, or mixtures of a weak base and one of its salts.Water and solutions of a neutral salt, such as sodium chloride, have very
littleabilityto resistthe change of pH and are not capable of effective buffer action. .

15.2.2 PREPARATION, USE, AND STORAGE OF BUFFER SOLUTIONS

Buffer solutions for Pharmacopeial tests should be prepared using freshly boiled and cooled water (see Reagents, Indicators
and Solutions-Solutions, Buffer Solutions). They should be stored in containers such as Type I glass bottles and used within 3
months of preparation.

Buffers used in physiological systemsare carefully chosen so as to not interfere with the pharmacological activity of the
medicament or the normal function of the organism. Commonly used buffers in parenteral products, for example, include: the
nonionized acid and base salt pairsof acetic acid and sodium acetate, citricacid and sodium citrate, glutamic acid and sodium
glutamate, and monopotassium or monosodium phosphate and dipotassium or disodium phosphate; and the acid salt and
nonionized base pair tris(hydroxymethyl)aminomethane hydrochlorideand tris(hydroxymethyl)aminomethane. Buffer
solutionsshould be freshly prepared.

The Henderson-Hasselbalch equation, noted in 75.7 pH Calculations, allows calculation of the pH and concentrations of
conjugate pairs of weak acids and their salts and weak bases and their salts in buffer solutionswhen the pKa of the acid form
of the buffer pair is known. Appropriately modified, this equation may be applied to buffersolutions composed of a weak base
and its salt.

15.2.3 BUFFER CAPACITY

The buffer capacity of a solution is the measurement of the ability of that solution to resista change in pH upon addition of
smallquantities of a strong acid or base. Anaqueous solution has a buffercapacity of 1 when 1 Lof the buffersolution requires
1 g equivalent of strong acid or base to change the pH by 1 unit. Therefore, the smallerthe pH change upon the addition of a
specified amount of acid or base, the greater the buffercapacityof the buffersolution. Usually, inanalysis, much smallervolumes
of bufferare used to determine the buffercapacity.Anapproximate formula for calculatingthe buffercapacity isg equivalents
of strong acid or base added per Lof buffersolution per unit of pH change, i.e., (g equivalents/L)/(pH change).

15.2.4 CALCULATING BUFFER CAPACITY

Example-Buffer capacity
The addition of 0.01 g equivalentsof sodium hydroxide to 0.25 Lof a buffersolution produced a pH change of 0.50. The

buffercapacity of the buffer solution iscalculated as follows:

(0.01 Eq/O.25 L)/0.50 pH change = 0.08(Eq/L)/(pH change)

The relationship between Celsius or Centigrade CC) and Fahrenheit (OF) temperature scale isexpressed by the following
equations: .

"C = (OF - 32) x (5/9)

of = (OC x 1.8) + 32

16.1 USP Temperatures

According to the General Notices 8.780 Temperatures, temperatures are expressed in centigrade (Celsius) degrees, and all
other measurements are made at 25° unlessotherwise indicated. For instructional purposes, of is shown in the examples.

16.1.1 CALCULATING TEMPERATURES

Examples-Temperatures
1 ~ Convert 7rF to Celsius degrees.

°C= (7rF - 32) x (5/9) = 25°C

2. Convert 30°C to Fahrenheit degrees.
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The relationship between the Kelvin or absolute (K) and the Celsius (0e) scales is expressed by the equation:

K =oC +

17. ENDOTOXINS

An endotoxin is a lipopolysaccharide that comes from a particular source, where speciesand strain number are usually
indicated.

17.1 Endotoxin Concentrations

For more information concerning endotoxins, see Bacterial Endotoxins Test (85).

17.1.1 CALCULATING ENDOTOXINS

Example-Endotoxins
A 71.8-kg patient is to receive an intrathecal infusion of morphine sulfate at a rate of 0.3 mg/hour. The solution will be

prepared by diluting preservative-free morphine sulfate injection, which contains 10 mg/mL of morphine sulfate, with 0.9%
sodium chloride injection to produce an infusion rate of 2 mL/hour.

1. Determine the volume, in mL, of morphine sulfate injection (10 mg/mL) and 0.9% sodium chloride injection needed to
prepare a 24-hour infusion.

0.3 mg of morphine sulfate per hour x 24 hours = 7.2 mg of morphine sulfate

7.2 mg of morphine sulfate/(1 0 mg/mL) = 0.72 mL of morphine sulfate injection

2 mL of infusion per hour x 24 h = 48 mL of total volume

48 mL total volume - 0.72 mL morphine sulfate injection =47.28 mL of 0.9% sodium chloride injection
2. Calculate the maximum potential endotoxin load per hour for this preparation. [NOTE-US? monographs specify upper

limits of 14.29 USP Endotoxin Units (EU)/mg of morphine sulfate in injections for intrathecal use, and 0.5 EU/mL for
injections containing 0.50/0-0.9% sodium chloride.]

7.2 mg of morphine sulfate injection x 14.29 EU/mg of morphine sulfate = 102.89 EUfrom morphine sulfate

47.28 mL of sodium chloride injection x 0.5 EU/mL = 23.64 EU from 0.9% sodium chloride injection

Endotoxin load = 102.89 EU + 23.64 EU = 126.53 EU

. 126.53 EU/24 hour =5.27 EU/hour
3. Determine if the endotoxin load in step 2 exceeds the allowable USP limit for this patient. [NoTE-The maximum

endotoxin load by intrathecal administration is.0.2 EU/kg/hour (see (85»).]

Maximum endotoxin load =(0.2 EU/kg/hour) x 71.8 kg-patient =14.36 EU/hour

The endotoxin load of 5.27 EU/hour does not exceed the allowable limit of 14.36 EU/hour.

18.1 Stability Based on Rate Calculations

Calculation of a predetermined minimum percentage of initial drug strength or other quality parameter, e.g., in vitro
dissolution of active pharmaceutical ingredients (APls)or active drugs in solid oral dosage forms, is based on component-specific
assays and other validated scientific testing. The expiration date or time elapsed until such minimum acceptable limits are
reached for a specific manufactured product is exclusive to the specific formulation, packaging, and environmental conditions,
e.g., temperature, humidity, and illumination, to which the item is subjected. See also (659), (795), (797), (1163),and (1191).

The degradation or concentration loss rates or kinetics of most APlscan be accurately represented or modeled by either zero
order (constant) or first order (mono-exponential) rate equations. Zero order calculations are generally applicable to solids,
semisolids, suspensions in which a majority of the drug strength is present as solid particles, and auto-oxidation in solutions.
First order calculations are generally applicable for drug hydrolysis in solutions.

18.2 Zero Order Rate Calculations

The isothermal zero order or constant rate equation for a particular formulation is C = Co - kt, where C is the concentration
of API at any time, Co is the concentration at origination or time zero, k is the reaction rate constant, and t is any time after
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origination or zero. The valuesand units of the rate, dC/dt, and rate constant, k, are the same for zero order processes, i.e., the
units are concentration/time, such as mg/mL/day.

18.2.1 ZERO ORDER RATE EQUATION DERIVED FROM ORIGINAL DATA

The following examples illustrate calculations of the zero order rate equation from original concentration assay and time
data, and an expiration date using that equation.
18.2.1.1 Calculating zero order rate
Examples-Zero order rate

1. Calculatethe zero order rate equation based on the assay resultsfor a drug suspension at 250 (see Table 6):

Table 6

C (mg/mL) t (days)

49 3

47.5 8

44.8 17

42.3 26

Linear regression of the C (ordinate) versus t (abscissa) valuesyields the equation, C= 49.84 - 0.292t with a correlation
coefficient of 0.9996.

2. Calculatethe time when C=0.9 x Co, i.e., the expiration date where the concentration will be 90% of the original
concentration (t 90) :

C = 49.84 - 0.292t

0.9 x 49.84 =49.84 - 0.292(t90)

t90 = (44.86 - 49.84)/-0.292 = 17.05 days

3. Using the previous linear regressionequation, calculate the Cof the drug suspension at 250 when t = 12 days:

C=49.84 - (0.292 x 12) =46.34 mg/mL

4. Calculate t when C=45 mg/mL:

45 = 49.84 - 0.292t

t = (45 - 49.84)/-0.292 = 16.6 days

18.2.2 ZERO ORDER VALUES CALCULATED FROM A RATE EQUATION

The following are examples of expiration dates calculated from a rate equation derived from original concentration assay
and time data.
18.2.2.1 Calculating zero order values from a rate equation .
Examples-Zero order from a rate equation

1. Calculatethe tao expiration date of a drug cream at 250 using the equation, C= 0.05 - 0.0003t, where the C unit is% w/
wand the t unit is months. At tao, C= 0.8Co'

0.8 x 0.05 = 0.05 - 0.0003(tao)

tao = 33.3 months

2. Calculatethe tao expiration date of the drug cream formulation in example 1, but for which Co is0.1 :

0.8 x 0.1 =0.1 - 0.0003(tao)

tao = 66.7 months

18.3 First Order Rate Calculations

The isothermalfirst order rate equation for a particularformulation in exponential form is C= Coe-kt, and in linearform is
In(C) = In(Co)-kt, where C is the concentration of an API at any time, Co isthe concentration at origination or time zero, k is
the reaction rate constant, and t is any time after origination or zero. The constantly changing rate, dC/dt, and rate constant,
k, are not the same for first order processes. The rate units are concentration/time, e.g., mg/mL/hour, but the rate constant
unit is reciprocal time, time:", e.g., hour:'.
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18.3.1 FIRST ORDER LINEAR RATE EQUATION DERIVED FROM ORIGINAL DATA

The following examples illustrate calculation of the linear first order rate equation from original concentration assay and time
data and calculation of an expiration date using that equation.
18.3.1.1 Calculating first order linear rate equations
Example-First order linear rate

1. Calculate the linear first order rate equation based on the assay results for a drug solution at 27° (see Table 7):

Table 7

C(mg/ml) t (h)

12.3 2

11.9 6

11.5 14

10.6 24

Linear regression of the In(C) (ordinate) versus t (abscissa) values yields the equation, 1n(C) = 2.522 - 0.0065t with a
correlation coefficient of 0.992.

2. From the linear regression equation, calculate the time when 95% of the original concentration is reached, t9S' when (=

0.95Co, which is the predetermined expiration date:

In«(o) = 2.522; thus, Co = e2.S22 = 12.45 mg/mL

In(0.95 x 12.45) =2.522 - 0.0065(t9S)

t9S =(2.470- 2.522)/-0.0065 =8 hours

18.3.2 FIRST ORDER VALUES CALCULATED FROM A LINEAR EQUATION

The following are examples of an expiration date, concentration, and time calculated for the same drug solution at 22° from
the rate equation, In(C) =4.382 - 0.076t, where the (units are mcg/mL and the t unit is days, derived from the original
concentration assay and time data. .
18.3.2.1 Calculating first order values from a linear rate equation
Examples-First order from a linear rate

1. Calculate the t90 expiration date:

In(Co)= 4.382; thus, Co = e4.382 = 80

. In(0.9 x 80) =4.382 - 0.076(t90)

t90 =(4.277 - 4.382)/-0.076 = 1.4 days

2. Calculate the time at which (= 75 mcg/mL:

In(75) = 4.382 - 0.076t

t =(4.317 - 4.382)/-0.076 =0.86 day

3. Calculate whether (= 70 mcg/mL occurs before or after t90:

In(70) = 4.382 - 0.076t

t = (4.248 - 4.382)/-0.076 =1.8 days

(= 70 mcg/mL occurs at 1.8 days, after a t90 of 1.4 days

18.3.3 FIRST ORDER EXPIRATION DATE CALCULATED FROM TWO VALUES OF CONCENTRATION AND TIME

When degradation or other causeof concentration lossis known from experience or reference information to obey first order
kinetics, the rate constant can be accurately estimated from accurate assays of only two concentrations at their respective times.
In this case, the linear first order rate equation, In(C) = In(Co) - kt, may be transformed or integrated as In(C2) = In(C,) - k(t2 ­

t ,), which when rearranged is k = In(C,/C2)/(t2 - t ,). The following examples apply these equations to calculate expiration dates,
concentrations, and times.
18.3.3.1 Calculating first order expiration date from two values
Examples-First order expiration date from two values .

1. At 25°, the concentration of an antibiotic in solution was 89 mg/mL after 3 hours and 74 mg/mL after 8 hours. Calculate
the initial concentration at time zero:
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k = In(89/74)/(8 - 3) = 0.037 hour:'

In(89) = In(Co) - (0.037 hour1 x 3 hour)

In(Co)= 4.489 + 0.111 = 4.6

Co =e4.6 = 99.5 mg/mL

2. Calculate the t90 expiration date using the data in example 1. At t90, C =0.9Co'

In(0.9 x 99.5) = In(99.5) - 0.037(t90)

t90 = (4.495 - 4.600)/-0.037 hour:' = 2.8 hours

3. Calculate the concentration at 6 hours using the data in example 1:

USP 43

In(C) = In(99.5) - (0.037 x 6)

In(C) =4.378

C =e4.378 =79.7 mg/mL

18.3.4 FIRST ORDER TIMES, t.; FOR O.n FRACTION OR n% OF REMAINING ORIGINAL CONCENTRATION

The two most common first order pharmaceutical t; values are the tso, which is a primary parameter factor in clinical
pharmacokinetics, and the t90, which is the most common stability shelf life or expiration date. Values of any t.; where 0 < n <
100, are derived from the linear first order equation, In(C) = In(Co) - kt. The equations for tsoand t90 in particular are derived
in the following examples. The value of k by definition is constant for a specific drug chemical in a specific formulation at a
specific temperature; thus, tn values derived from such values of k are also constant.
18.3.4.1 Calculating first order times for remaining original concentrations
Examples-Firstorder times for remainingoriginal concentrations

1. At t.; C = O.n x Co'

In(O.n x Co) = In(Co) - kt;

t; = [In(O.n x Co) - In(Co)]/-k = In[(O.n x Co)/Co]/-k = In(O.n)/-k

t; = In(O.n)/-k

2. At tso, C =0.5(Co).

In(0.5 x Co) = In(Co) - ktso

tso= [In(0.5 x Co) - In(Co)]/-k;::; In[(0.5 x Co)/Co]/-k= In(0.5)/-k = -0.693/-k = 0.693/k

tso= 0.693/k

3. At t90, C = 0.9(Co).

In(0.9 x Co) = In(Co) - kt90

t90 = [In(0.9 x Co) - In(Co)]/-k = In[(0.9 x Co)/Co]/-k= In(0.9)/-k = -0.1 05/-k = 0.105/k

t90=0.105/k

18.4 Stability Prediction Based on Arrhenius Theory

The basisof the Arrhenius theory is that reaction rates and rate constants change exponentially in the direction of arithmetic
temperature change. The pharmaceutical application of the Arrhenius theory is based on scientifically accurate and statistically
valid assay data obtained at three or more temperatures that are 2:10° warmer than the intended drug storage temperature
and each other. The Arrhenius equation may be expressed in an exponential form, k =Ae-(EaIR7), a linear form, In(k) =In(A) ­
(EalR7), and an integrated form, In(kik,}= Ea(T2 - T1)/[R(T2 x T1) ] , where k, k1, and k2 are isothermal rate constants, A is a
thermodynamic factor, Ea is energy of activation for the degradation reaction, R is the gas constant (1.987 x 10-3 kcal mol-1K -1
or 8.314 x 10-3 J K-1 mol-1), and T, TI , and T2 are absolute or Kelvin temperatures.

18.4.1 ARRHENIUS LINEAR EQUATION DERIVED FROM ORIGINAL DATA

The following examples illustrate derivation of a linear Arrhenius equation from original assay data and its application to
predicting a drug stability expiration date at a cooler or lower storage temperature.
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18.4.1.1 Calculating Arrhenius equations
Examples-Arrhenius equations

1. Calculate the linear Arrhenius equation based on the rate constants and temperatures for a beta-Iactam antibiotic that
decomposes in solution at a first order rate (see Table 8):

Table 8
T(°C) T(K) l/T(K-I) k (hour') In(k)

40 313 3.195 x 10':3 0.0014 -6.571

50 323 3.096 x 10-3 0.005 -5.298

60 333 3.003 x 10-3 0.Q16 -4.135

Linear regression of the In(k) (ordinate) versus 1/T (abscissa) values yields the equation, In(k) = 33.977 - (12,689/T) with a
correlation coefficient of 0.99997.

2. Calculate the t90 shelf life expiration date, in days, at 25°C (298 K) using the equation in example 1:

In(k25) = 33.977 - (12,689/298) = 33.977 - 42.581 = -8.604

k25 = e-8.604 = 1.834 x 10-4 hour" = 4.402 x 10- 3 day"

t90 = 0.105/k = 0.105/4.402 x 10-3 day" =23.85 days

t90 at 25°C = 23.85 days

18.4.2 STABILITY PREDICTIONS USING THE INTEGRATED ARRHENIUS EQUATION

The following examples illustrate stability predictions based on one accurately determined isothermal rate constant and
adherence to the same degradation rate order, e.g., first order, at temperatures at which stability is to be calculated from the
equation, In(k2/k,) = Ea(T2 - T,)/[R(T2 X T,)].
18.4.2.1 Calculating stability prediction using integrated Arrhenius equation
Example-Stability usingintegrated Arrhenius equations

1. Calculate the tS5 stability expiration date at 4°C (277 K) for an ester hydrolysis with an Ea = 15 kcal/mol and k =
0.0045 hour:' at 23°C (296 K):

In(k217/O.0045) = 15(277 - 296)/[1.987 x 10-3 (277 x 296)]

In(k217) - In(0.0045) = -285/162.92

In(k211) = -1.749 + In(0.0045) = -7.153

k211 = e-7.153 = 7.825 x 10-4 hour1

tS5 = In(0.850)/k211 = -0.163/-7.825 x 10-4 hour" = 208.3 hours

tS5 at 4°C = 208.3 hours (tS5 at 23°C is 36.2 hours)

18.4.3 ARRHENIUS-BASED QlO STABILITY ESTIMATION

The temperature coefficient (QlO) represents the multiplicative factor by which a chemical reaction rate constant changes in
the same direction as the temperature for each 10°C change. For drug molecules, QlO ranges from 2 to 5, corresponding to
an Eo range of 10-25 kcal/mol or 42-1 05 kJ/mo!. A QlO of 3 yields reasonable estimates of drug stability in the equation,

( 1 ( 1[
[(T2- T1) I 10]]

t n at T2 = tn at T 1 / Q10

n = percentage of remaining Co
T, = temperature at which t; is known
T2 = temperature at which t; is to be estimated

Calculations using Q10 values of both 2 and 4 may be used to obtain the shortest or most conservative stability estimate, but
Q10 = 3 is applied in the following two examples.
18.4.3.1 Calculating Arrhenius-based Q10 stability estimation
Example-Arrhenius-based QIO stability

1. Estimate the t90 expiration date in hours of an antibiotic suspension stored in a closed automobile at 5r for which the 8°
refrigeration t90 is 14 days.

t90 at 57° = [14 days x (24 hours/day)]/{3[(57-8)/lOl} =336 hours/34.9 = 336 hours/217.7 = 1.54 hours
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t90 at 5r = 1.54 hours

USP 43
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"19. M~N KINETIC~TEM;ERA 'roRE

19~f Definition of Terms

cu~to . , ,
• MKT'mUsfnot excee'f25°.
• EXG'~rsions'b~tWeen15°~nd300(5~O and 86°F)thatare'expe-rieQce,d inpharmaCies, hospita)s~'and warehouses, ane(during

shipping.are allowed.
• Provid 'MKTdoesnotexce P' ransient spikes up to 40°are perniittedas longas theY-do notexceed,24,h:Spik~s

above. ' y be permitted on "manufacturer provides documentation that such spikes ar.~ permitted.
• -maybe labeled-for storage at IIcontrolled roomtemperaturei"orat"up to 2SO,iicor otherwording b#eclgnth~

e MKT(see {659».

19.2 MKT'Equation

(See(1079).)

tfFl:;" 83'.144kJ/rnQla

R= 8;S144x 10'3 I<Jbnol· K(ul'1iversal gasconstant)

Tr= value fOrtnetemperaturerecorded duringtne firsttimepedod, e.g., lhefirstweek

Th~ ·vaJuefor tnetemperaturerecordedduring', the nth time periOd, e.g., nth week. (ERR1-May.2019)

n'>: total numberofstofage temperatu[l~s recorded(:luring the observation period

a~H = 83.144kJ/mol or 19.86 kcal/rnol isatypical or appro~imatelyaverage Arrhenius ~nergy ofactivation, Ea, forhydrolysis ofamide; ester, lactamandp'eptide
bondsfrom. morethan 100 drug stability reports.1 ,2,3

[NOTE-All ternpe-ratures, .T, are,absolute temperatures in degrees Kelvin (K).]

,19.3MKT EqlJation Stepwise SQlution

1. CalcuJatetlie inverse Inof the negativevaJue of (t:..H/RD toi'each of the total n mean temperatures.
FbI' exanlple,for 1ZOC or 300.1S. K:

= 3.414 x 10-15

2. S'um,' k, aU the step 1.values.
3. Dividethe~step lsUf1lbyn.
4. TaKe Jrrofthe step :fresult.
5. Diyroe ~~t:..HIR(equivaleht to:-'IO,900 K)bythe step 4 ans'Ner.

-Mil R= (83.144)dintol)1 (8:3144 X'l o~J' kJ/mol' K). ":' -'10,000K

6. t0l<r==_step5answer.:
7. Lom'pare step 6 ansvver with MKT :::;25°C fo.r determinationofwhether the temperatureJalls ""ithinthe rang~f6(tRT~

1 KennonL Use of model eterminingch~mical pharm~ceutical stability~JPhaim Sci. 1964;53(7):8i 5-K
2 Bailey L~/Medwi~R T. . inetic femperature-,a concept for storage of,pharmaceuticals.,Pharm F.oi'Wn.199-3;19:6163~6~
~Yoshlok~S( StenaVJ. Sta ility~of Drugs anf!. Dosage Forms. NewYork, NY: Kluwer AcademicPublishers; 2092:62:"5.
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19.4 Example <:aJcul

1. Calculate the1-monthMKT in ,be and determine whet
whjch the far right-handcollJmn,compri~es the step(1

Table 9

Is :withiri'the'd.efinlti
,atiolJ in '19.3:MKT ~

Ternperilfufes,r
Week lowest (oqa Highes~eC)a Mean(OC)~ Mciao(i<j 'AJ:ll.lJt e'-J!""Ift~

1 ,24 28 1~ ~~~:1.s: ~3{~?~ 3·()?J2('lO'-;1~

2 23 29 g5 298;15, ·33;5..{0 ~~~r.S'xJO?~~

3 19 24 22 ~~5.1~ 33.~8j j.~~OXJO';l:

4 21 26 24 297.1.5 ~g.p53 ,2.~2~ ~·:10.~r~

a Rounded to nearestwhole"C.
2. ~(3.03jx10:"15 + 2.715?<, 10~lS+ 1.930 xlO-15 -i- 2.425 Xl0~15) ~'l.OlJ x 10~T4

3. (1.011 x,l 0-14)/4 ,~ 2.528 x JO-15
4. In(2.528x 10-15) = ':"'33:612
5. -10,000 K/733.612:::! 297.~1 K
6. MKT eC) =297.51'K- 273.15 k =24~36°C

7. MKT of 24.36°C meetsthe CRT between 20o'and 25bC;thu~,fhe rYtKT-faHs withil, the.CRT·rahg~eJti(659);

EXAMPLE 2~CALCUi.ATkjNOF ·ANNUI~L~.-1KT

1. Calculate the annual MKTln °C and determine WhethertheM
in whichthe far right-handcolumn cornprise~the step (1) cal,

Table 10

swithi
n,ir1 '1 ,

remperatiires~ T

Month Lowesteqa Highest eqa Mean (0C)~ Mean'(K) "&.ljIRT ~~~!

April 23 27 25 298.15 ~g.$~,O ~,Z~$lx;'JO,"l~

May 23 28 26 299.1:g $~:'428 ~.O~a~,><~l()~l~

june 22 2~, 2'4 2~3~r$' ,3~.:653 ", ol.,l

july 23 27- 25 298~15 ~~;5-a0 ~;7r5!x}IO:-1~

August 27 29 2!J 301:15 ~3[~Qli ~;kgJ)r;~~~].~

September 24 26 25 298.'15 33:54,0 ~t7!15x;Jo.;'1~

October 24 27 26 g99:.I,S ~~)t.2a ·3:~gc7,*1.Q~~~

November .23 26 25 29:8,.J§ ,,3,3!5~O ~,i.l.sx:.=rO?~

December 23 27 25 298A5 ag.'5,40 2,.715;)(IIO.;'1~

january 24 28 t§. 299~r5 33.42Q 3.Q~~:j(j~,pc;.JZ

FebruarY 21 24 :t~ 29'6~15 g3;~67 2!lQ~~x:1Qfl~

March 23 26 25 2~8~J§ ~3:540 2i7r?it:l(}TJ~

a Rounded to nearest"Yhol,e~0(;

2. L(2.715 x 10:15+ 3.037x.1 0:-15 .+ .2A25x 10-1.5+2.715 x10,1S+3~'i9' JO-1Sf"3;031x tQ'~r~~'2.Z1~
x10-15 +,2.715 ,x 10:-15 T 3.037 X 10:-15 +2.164x·10-15+2.71.tx19~,l

3. 3.378 x 10-14/12'= 2.815'x 10-15

4. In(2.815~1 0-15) ~ -33.504
5. -10/000K/':"'33~504 =298A73K
6. MKT .(OC) = 298.473 K"':'273~15I< ~ 25.32°<::
7. 25.32°Cexceeds'the CRTlill1,it of :::2.5°CforMl<T; t~us, MKT do.es',r:1<:>tfaJrwitryintf1e,C~T~ral1g~Jtl,«59)
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EXAMPLE 3-CALCULATIONOFANNUAL MKT

1. Calculate the annual MKT in O( and determine whether the MKTfalls within the range of CRt from' the data-In tab/en
in which the far right hand column comprises step (1).calCulation-in} 9.4 Example Calc:ulations of IVIKT for CRT Storage
Evaluation.

Table'll

Temperat,-,re, T

rvfontli Lowest,OCa Higbest}°C" Mean,.9¢a Meall,l<b tiH1RT 'e-JHIRT

.1 23 27 25 29tD5 :33.54b 2~i'!J.5X'rO-1.5

2- 22 28 25 298;1q 3~.540 2.715x '10'-15

3 18 22 20 293;1.5 34.112 1.532 x1(}:-15

4 23 27 25 298.15 33..540 2.715 x 10-15

5 23 26 25 298."15 33.,540 2.715><10::15

6 24 26 25 298.15 33.540 2.735 x 10,.15

7 24 26 25 298.15 33.540 2,71?'x] 0~1~

8 27 33 30 303.15 3~:g~7 "1'.720 x J 0-15•....·.c_./

9 23 27 25 298.15 33.540 2.715 x10'-15

10 24 25 25 298.15 33.540 2.71.5 X10'-15

11 21 29 45 298.15 33:540 2.71$><10-15

12 23 26 25 298.15 33.540 2.715 )(10-15

aRou to nearest whQle ~c.

.bK= 273.15

2. L(2.715 x 10-15 + 2.715 x 10-15 +1.532'+ x 1O~l5 +2.715 x 10-15 + 2.715 x 10-15 + 2.7"5 x 10-15+ 2./T5 x 10-15+ 4.720
xl 0-15 + 2.715 x 10-15 + 2.715 x 10-15 + 2.715 x 10-15 + 2.715 x 10-15 = 3.340 x 10-14

3. ~.j54 x 10'-14,t12=2.7~Bx .1 O-rs . -
4. In(2.795><10-15)=-33.515

5. -1 0,000K/-33:511 = 298.372k
6. MKTeC) =298.410 K...:273.15K =25.22°C
7. 25.22°C exceedsthe CRTlimit of ::;25°Cfor MKT; thus, MKTdoes nodal! within the CRTrang'ein (659)
Th s of mean temperatures 20°C and 30°C, which arithmeticallyyield 2 months of mean 25°C, resulted in an MKT

of 25. eeding the range for CRT. This result confirms the statement, ".~.higher temperatures are given greater wejght
in the n..." in (1079). However, higher temperatures are not intentionally "given greater weight inthe [MKT]
calculat , t higher temperatures have a grea~er influence over the MKT result, because ofthe logarithmic or exponential
increase in reaction rate with arithmetic or linear increase in temperature. A (USP1-May-2019)

The logarithm of a number is the exponent or power to which a given base number must be raised to equal that number.
Thus, the logarithm of Yto the base, b, equals X, or 10gb(Y) =X. The logarithm of 0 and all negative numbers is undefined or
nonexistent. The logarithm of 1 is 0 and of numbers <1 is negative in all systems (see A TableA-l)'A(u'SP1-MaY~2019)

Table 4:A-14:(uSP1.MaY.2019) Common (or Briggsian) and Natural (or Napierian) Logarithms

Antilogarithm
or Inverse

logarithmic System Abbreviation or Symbol Base Number Format logarithm

Common Log 10 log Y= X lOX = Y

Natural Ln e or 2.7183" In Y=X eX=Y

ae is an irrational number derivedfrom an infinite seriesof reciprocal whole number factorials, e =1 + 1/1 !+ 1/2! + 1/3! + 1/4! ... + 1/ n!,where n =infinity. e
rounds to 2.7183 when n ~ 8.

The relationships between common and natural logarithms are the following:
1. log Y= In Y/ln 10 = In Y/2.303
2. In Y= In 10 x log Y= 2.303 x log Y
Rules for some common calculations with logarithms are shown in A TableA-2. A (USP1-MaY~2019)
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Table~.A..'-~"l';11'1il~~YfY~~;) Rules for Calculating with Logarithms

Formula Example

In(A) + In(B)=In(A x B) In(0.62) + In(1.73) =In(0.62 x 1.73) = In(1.0726) =0.070
Additions and multiplications 10g(A)+ 10g(B) =10g(Ax B) log(5.7) + log(0.43) =log (5.7 x 0.43) = log(2.451) = 0.389

In(0.5) - In(4) = In(0.5/4)= In(0.125) = -2.079
In(A) - In(B)= In(A/B) log(1.57) -log(2.48) =log(1.57/2.48) = log(0.6330645) =

Subtraction and quotients log(A) - 10g(B) = 10g(A/B) -0.199

13.6-z =1.25
In(1.25) =-Z x In(13.6)
Z = -In(1.25)/ln(13.6) =-0.223/2.610 = -0.085
0.57z = 2.3

In(YZ) = Z x In(Y) log(2.3) =Z x log(0.57)
Simple non-base exponentials 10g(Y') =Z x 10g(Y) Z = log(2.3)/log(0.57) =0.362/-0.244 = -1.484

67 x 10b = 15.1

In (0 x e±b) = In(x) +-+In(a) ±b = In(x)
log(67) + b = log(15.1)
1.826 + b= 1.179

Base exponentials log (a x 10t b) = log(x) +-+log(a) ±b = log(x) b = 1.179 - 1.826 =-0.647

(1163) QUALITY ASSURANCE IN PHARMACEUTICAL COMPOUNDING

INTRODUCTION

The need for a qualityassurancesystem iswell documented in United States Pharmacopeia (USP) chaR,!~t;!~~~£~p~i~nded

pr~p~~~~i8n~i(;;e .gu~/it~£8~~~8!i~n<:J~rP~C1rn;C!s~~tiS~!£8n;e8U~~{~f!it;J()~~t~[!{~~~~e~~C1~!8n~}~9 5) and~~tlJJ,lJ.m§i€g,gJf€ql
~qmPQfJJJClingi·i~te.,.lle.;flre.pqiqt;c{n§Td ~?J.~.~>}(itlJ;s~~ql{t~i~~~fJrqn€e.\qN.CI;r!]itqlf~§·(fqfJ~lJ.~1:;,;§(giSlilp~1iY2~P7ij) · Aqualityassuranceprogram
isguided by written procedures that define responsibilities and practicesthat ensure compounded preparations are produced
with qualityattributes appropriate to meet the needs of patients and health care professionals. The authority and responsibility
for the Quality Assurance program should be clearly defined and implemented and should include at least the following nine
separate but integrated components: (1) training; (2) standard operating procedures (SOPs); (3) documentation; (4)
verification; (5) testing; (6) cleaning,disinfecting, and safety; (7) containers, packaging, repackaging, labeling,and storage; (8)
outsourcing, ifused; and (9) responsible personnel.

The definition of compounding for the purpose of this chapter is defined in general test chapter (795).
Thesafety, quality, and efficacy and/or benefitof compounded preparationsdepend on correct ingredients and calculations;

accurate and precise measurements; appropriate formulation, facilities, equipment, and procedures; and prudent
pharmaceutical judgment. As a final check, the compounder shall review each procedure in the compounding process. To
ensureaccuracyand completeness, the compounder shall observethe finished preparationto ensure that it appears as expected
and shall investigate any discrepancies and take appropriate corrective action beforethe prescription isdispensed to the patient.

The water used in all aspects of compounding should meet the requirements of Waters for Pharmaceutical Purposes (1231).
Radiopharmaceuticals and radiolabeled materials have unique characteristics requiring additionalquality assurances

des~rip;~ ....inf8;J~~9~ ..€n;i~si8~ .,r8n;8f!~C1e~~i£~Uf!st8~C8n;e8U~~!~f!~yl~~~~£!f!C1~!8~.C1I( ..C1~~;~~~~C1~;~,~~~~ (823) and the
~RqCliQPhqr.riJqqe.fJ.~iqql~l?f5.epqf.q.tlqn;;~qmpqgt'Jt:lft'J9liRl$pe.t'J$lngi(!qt'Jt:l!8gpq[~Qgfngi~fJ.rg~!~,(~N·ij~iY1iiYl~~~q).

The responsibilities of the compounder and compounding personnel can be found in chapters (795) and (797).

TRAINING

Personnel involved in nonsterile or sterile compounding requireadditional, specific training and periodic retraining beyond
the trainingneeded for routinedispensing duties.Athorough qualityassuranceprogramforcompounded preparations requires
documentation of both training and skill competency. In addition, the authority and responsibility for the QA program should
be clearly defined as implemented. Training for nonsterile compounders should meet or exceed the standards set forth in
(795), and personnel training for sterile preparation compounders should meet or exceed the standards set forth in (797).

STANDARD OPERATING PROCEDURES

SOPs for pharmaceutical compounding are documents that describe how to perform routine and expected tasks in the
compounding environment, including but not limited to procedures involving:

• Beyond-Use dating
• Chemical and physical stability
• Cleaning and disinfecting
• Component qualityevaluation
• Compounding methods
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• Dispensing
• Documentation
• Environmental quality and maintenance
• Equipment maintenance, calibration, and operation
• Formulation development
• Labeling
• Materials and final compounded preparation handling and storage
• Measuring and weighing .
• Packaging and repackaging
• Patient monitoring, complaints, and adverse event reporting
• Patient or caregiver education and training
• Personnel cleanliness and garb
• Purchasing
• QualityAssurance and Continuous QualityMonitoring
• Safety
• Shipping
• Testing
• Training and retraining
SOPs are itemized instructionsthat describe when a task will be performed, how a task will be performed, who will perform

the task,why the task isnecessary, any limitations in performingthe task, and what action to take when unacceptable deviations
or discrepanciesoccur.

SOPs must be reviewed regularly and updated as necessary. Auditing and verifying compliance with established SOPs should
be performed periodically. The SOPshould be specific to each device and process used in compounding. Properly maintained
and implemented SOPs are vital to preparation quality.

DOCUMENTATION

The purpose of documentation is to provide a record of allaspects of compounding operations and procedures that are
described in this chapter, in (795), and in (797). Information on the compounding record should ideally be entered as the tasks
are performed or as testing data is received. Compounding records should be reviewed for accuracy, completeness (as
appropriate) and approved by QApersonnel, prior to dispensing. Additionally, beyond-use dating and sterility studies, where
appropriate, should be documented by reference to at least one of the following:

• Stability studies published in peer-reviewed literature,
• In-house or laboratory conducted stability and/or sterility studies,
• National compendia, or
• An extrapolation of above based on professional judgment.

VERIFICATION

Verification involves authoritativelysigned assurance and documentation that a process, procedure, or piece of equipment
isfunctioning properly and producing the expected results. The act of verification of a compounding procedure involves
checking to ensure the calculations, weighing and measuring, order of mixing, and compounding techniques and equipment
were appropriate and accurately performed. The quality of ingredients should be verified upon receipt (e.g., Certificate of
Analysis, manufacturer's label on commmercial products, etc.). Verification may require outside laboratory testing when
in-house are not adequate. Equipmentverification methods are sometimes available from manufacturers of the
specific or can be in-house. The responsibility for assuring that equipment performance is verified,

TESTING

Aquality assurance program for compounded preparations should include testing during the compounding processand of
the finished compounded preparation, when appropriate, as described in chapters (795) and (797). The compounder should
have a basicunderstanding of pharmaceuticalanalysis to ensure that valid results are obtained when tests are being conducted,
whether they are done in-house or outsourced. Acceptancecriteriashall be determined prior to testing. Testing every
compounded preparation is neither practical nor officially required, but compounders should conduct visual inspectionsand
know: (1) the importance of testing in the overall quality program in the compounding facility, (2) when to test, (3) what to
test, (4) what appropriate methodes) and equipment to use, (5) how to interpret the results, (6) the limits of the test, and (7)
specific actions required when a preparation does not meet specifications. Investigative and correctiveaction should extend to
other preparations that may have been associated with the specific failure or discrepancy. Testing may involve one or more
quality attributes, and each test will have one or more acceptable procedures, usually with well-defined acceptance criteria.
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The goal in testing isto determine accurately the adequacyof the compounding processand the quality of the preparation.
Any testing procedure used should haveaccuracy, reproducibility, and specificity. Nosingletesting procedure issuitablefor all
drugs or preparations because a number of factorsdetermine the validity and reliability of results.

Compounding professionals have two options for the testing that is requiredfor compounded preparationsor their
ingredients. Some testing methods can easily be performed at the compounding site, but some may need to be outsourced
to a contract laboratory. Some testing methods can be conducted in-house by an individual who possesses a good
understanding of pharmaceuticalanalysis and proper training. See Table 1 for a listof compendial testing methods and USP
chapters for reference.

Table 1. U.S. Pharmacopeia Chapters for Selected Quality Testing Methods and Procedures

Chapter Title Chapter

General Testing

Boiling point Distilling Range (721)

Density Density of Solids (699)

Ionselective potentiometry - -
Loss on drying Loss on Drying (731)

Pharmaceutical Calculations in Prescription Compounding (1160)

Meltingpoint Melting Rangeor Temperature (741)

Osmolality and osmolarity Pharmaceutical Calculations in Prescription Compounding (1160)

Osmolality and Osmolarity (785)

Particle size PowderFineness (811)

Particulate matter in injections Particulate Matter in Injections (788)

pH pH (791)

Refractive index Refractive Index (831)

Viscosity change Viscosity-Capillary Methods (911)

Volumetric Prescription Balances and Volumetric Apparatus (1176)

Weight Prescription Balances and Volumetric Apparatus (1176)

Spectroscopy

Atomic absorptionspectroscopy Atomic Absorption Spectroscopy (852)

Fluorescence spectroscopy Fluorescence Spectroscopy (853)

Mid-Infrared spectroscopy Mid-Infrared Spectroscopy (854)

Ultravioletlvisible spectroscopy Ultraviolet-Visible Spectroscopy (857)

Chromatography

Columnchromatography (CC) Chromatography (621)

Gaschromatography (GC) Chromatography (621)

High-performance liquid Chromatography (621)
chromatography (HPLC)

Paperchromatography (PC) Chromatography (621)

Thin-layer chromatography (TLC) Chromatography (621)

Microbiology

Endotoxin testing Bacterial Endotoxins Test (85)

Microbial limittesting Microbiological Examination of Nonsterile Products: (61)
Microbial Enumeration Tests

Microbiological Examination of Nonsterile Products: (62)
Testsfor Specified Microorganisms

Preservative effectiveness testing Antimicrobial Effectiveness Testing (51)

Sterility Sterility Tests (71)

If testing isdone at the compounding site,appropriateequipment shall be obtained and qualified either bythe manufacturer
upon sale or by the compounding professional upon receiptand shall be maintained, calibrated, and used properly. If testing
isoutsourced, the compounding professional should determine what to outsource, how to select a laboratory, and should
develop an ongoing relationship with the laboratories chosen. Contract laboratories shall follow standards set forth in USP
general chapters, as appropriate, and preferably should be registeredwith the U.S. Foodand DrugAdministration (FDA).
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Selection of a Testing Method

USP 43

One general consideration in testing procedure selection is the type of information needed, such as quantitative (strength,
concentration), semiquantitative (where a tolerance level is involved, as in endotoxin levels), or qualitative(presence/absence
testing, including substance identification, sterility). Another consideration involves the physical and chemicalcharacteristics of
the analyte, includingsolubility, partition coefficient, dissociation constant (pKa), volatility, binding, and the quantity present.
The testing method selected also depends upon factors such as sample handling/preparation/purification requirements; type
of data needed; and accuracy, reproducibility, and specificity required.

The degree of quantitative measurement and specificity must be considered in the verification process.The typical analytical
characteristics used in method verification include accuracy, precision, specificity, detection limit, quantitation limit, linearity,
range, and ruggedness. Generally, the greater the level of accuracy, precision, or specificity required, the more sophisticated
and expensivethe testing methods needed. The methods used are also goverhed by the types of instrumentation available and
the standards available for comparison.

Pharmaceutical analysis decisionsinclude procedure selection,obtaining a representativesample (the number of preparation
units selected to adequately represent the entire formulation, e.g., 10 randomly selected capsulesfrom a preparation of 100
capsules),storage/shipping of the sample, sample preparation for analysis, the actual analysis, data acquisition, data treatment,
and interpretation.

The compounding professional is responsiblefor implementing a program using selected testing methods for the
preparations compounded in the facility. USP chapters on spectroscopy and chromatography methods are referenced in Table
1. Examples of general and microbiological testing methods are discussed later in this chapter. Examples of selected testing
methods for bulksubstances and variousdosage forms (see Pharmaceutical Dosage Forms (1151») are shown in Talile2.

Table 2. Selected Compendial Testing Methods for Bulk Substances and Various Dosage Forms

Testing Method"

UV/ Endo-
BulkSubstances and Dosage Forms Wt Vol pH Osm RI Sp Gr MP Vis HPlC GC IR Sterile toxin PM

Bulk substances - - + - + - + + + + + - +b -
Capsules + - - - - - - - + + - - - -
Emulsions + + + - - + - - + + - - - -
Gels + + + - + + - - + + - - - -
Inhalations + + + + + + - + + + - + + -
Injections + + + + + + - + + + - + + +

Inserts + - - - - + + - + + - - - -
Irrigations + + + + + + - + + + - + + -
Lozenges + - - - - - - - + + - - - -
Nasals + + + + + + - + + + - .c - -
Ophthalmics + + + + + + - + + + - + - +d

Otics + + + + + + - + + + - - - -
Powders + - - - - - - - + + - - - -
Semisolids + - + - - + + - + + - - - -
Solutions, nonsterile + + + + + + - + + + - - - -
Sterileimplantgels + + + + + + - + + + - + + -
Sterileimplantsolids + + - - - - + + + + - + + -
Sticks + - - - - + + - + + - - - -
Suppositories + - - - - + + - + + - - - -
Suspensions, nonsterile + + + - - + - - + + - - - -
Tablets + - - - - - - - + + - - - -

aWt, weight; Vol, volume;Osm, osmolality/osmolarity; RI, refractive index;Sp Gr,specificgravity; MP, melting point; UV/Vis, ultraviolet/visible spectroscopy;HPLC,
high-performanceliquidchromatography; GC, gas chromatography; IR, infraredspectroscopy;PM,particulate matter; +, test applicable; -, test not applicable.
b Endotoxin testing may be needed for bulksubstances used in compounding some sterile preparations.
c., microbial limits (seeMicrobiological Examination of Nonsterile Products: Acceptance Criteriafor Pharmaceutical Preparations and Substances for Pharmaceutical Use
(1111) and Pharmaceutical Compounding-Sterile Preparations (797».
d Solutionsonly, not suspensionsor ointments.

Sampling Requirements

Before collectingsamples for testing, compounding professionals should consider the following factors:
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• Quantity of preparation being compounded, for a specific prescription versus in anticipation of prescriptions routinely
received

• Number of samples needed
• Destructive or nondestructivetesting
• Appropriate methods of obtaining representative samples
• Physical state of the samples (solid, liquid, or gas)
• Typeof container required for collection and storage
• Any special handling and shipping requirementsor restrictions (e.g., controlleddrug substances,dangerous or hazardous

chemicals, flammable or causticsubstances, and refrigerated or frozen preparations)

Storage Requirements

Storagerequirementsfor samplesmust be specified, including type ofcontainer, temperature, humidity, and lightprotection
(see General Notices and Requirements and the Containers, Packaging, Repackaging, Labeling, andStorage section in thischapter).

The effect(s) that any substance has on the compounded preparation that may interfere or alter the results must be known
beforehand. When sending a preparation to a contract laboratory, the compounder should providethe complete written
formulation so that the laboratorycan quickly determine ifthere may be any interfering substances present.

Data Interpretation Requirements

The collection of raw data from the testing processmust be completed accurately. One must ensure that appropriate and
valid descriptive statistics (e.g., mean, standard deviation) are used to analyze the data and that the operating parametersof
the analytical instruments are well-established. Reference values, ifavailable, should be providedwith the analytical results. A
description of the analytical controls used by the laboratoryis important for documentation, as is the source of reference
standards used to establish standard curves.

Personnel Requirements and Considerations

If testing is done in-house, personnel involved in this activity must be appropriatelytrained and evaluatedwith
documentation of the training and evaluation. If testing isoutsourced, the compounder must be assuredof the credentials,
proper training, and continuing competency activities of the personnel in the contract laboratory.

PHYSICAL TESTING Of DOSAGE UNITS

[NOTE--In this section the terms "unit" and "dosage unit" are synonymous. To ensure the consistency of dosage units,
each unit ina batch should havea uniform weight withina narrowrange. Dosageunitsare definedasdosage formscontaininga
singledose or a part of a dose in each unit. If multiple dose units are compounded in a batch formulation, the total number of
unitsshould not deviate outside of ±1 0% of the theoretical number of units.]

WEIGHT ASSESSMENT

First, zero or tare the balance. During the compounding process intermediate weighing may be necessary to ensure that all
substances have been included and weighed accurately.

Atthe end of the compounding process, for the dosage form and quantity designated, take care to preservethe integrityof
each dosage unit during the following assessmentprocedures.Assume the concentration (weightofdrug substance per weight
of dosage unit) is uniform. The following are examplesof weight assessment.

Hard Capsules

• Zero or tare balance with an empty capsule.
• Accurately weigh each individual filled capsulefrom a representative sampleofthe finished batch (forexample,a minimum

of 5% of total capsulesor 10 individual capsules, whicheveris less) and record the weight of each finished capsuleon the
compounding record.

• Calculate the theoretical weight of a finished capsule's contents.
• Compare the actual content weight of each finished capsule in the representative sample with the theoretical weight of a

finished capsule's contents.
• Determineifthere isa deviationoutside ±1 0% with any weight of a finished capsule'scontents and the theoreticalweight

of a finished capsule, and ifso,
o Review the compounding record to ensure no steps were omitted.
o Repeatwith a larger representative sample of the finished batch (10% of total capsulesor 20 individual capsules,

whichever is less). Do not mixwith the first batch tested. .
• If a deviation outside of ±10% isdiscovered in the second representative sample, then destroy the batch.
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Other Solids (Including Tablets, Suppositories, Inserts, and Lozenges)
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• Accurately weigh each individual dosage unit from a representativesample of the finished batch (forexample, a minimum
of 5% of total tablets or 10 individual tablets, whichever is less) and record the weight of each dosage unit on the
compounding record.

• Calculate the theoretical weight of the dosage unit.
• Compare the actual weight of each dosage unit in the representativesample with the theoretical weight of a dosage unit.
• Determine ifthere is a deviation outside ±10% with any weight of a finished dosage unit and the theoretical weight of a

finished dosage unit, and ifso,
o Review the compounding record to ensure no steps were omitted.
o Repeat with a larger representative sample of the finished batch (10% of total tablets or 20 individual tablets,

whichever is less). Do not mix with the first batch tested.
• Ifa deviation outside of ±1 0% isdiscovered in the second representativesample, then destroy the batch.

Semi-Solids (Including Creams, Gels, and Ointments)

• Accurately weigh an empty container and record the weight on the compounding record.
• Fill an empty container with the final compounded preparation.
• Calculate the theoretical weight of the compounded preparation.
• Weigh the filled container.
• Determine ifthere is a deviation outside of ±1 0%, and ifso, review the compounding record to ensure no steps were

omitted. Ifthe deviation cannot be explained, destroy the batch and prepare a new one.
Additional Quality Assurance Checks Before Packaging Semi-Solids-

• Visually inspect the preparation for foreign materialsand expected appearance.
• Measure pH, when applicable.

MICROBIOLOGICAL TESTING

Microbiological testing for pharmacy compounding includessterility, endotoxin, preservative effectiveness testing, and
microbial limittesting (see (797»).

Sterility Testing

Sterility tests may be conducted using commercial kits or by developing and verifying USP sterility testing protocols.
Standards and procedures are explained in (71).

Endotoxin Testing

Endotoxin tests may be conducted using commercial kits or by purchasing the components separately. Endotoxin testing
may be performed in-house with appropriate training and experience. See (85).

Preservative Effectiveness Testing

Preservative effectiveness testing may be conducted when preparing a frequently compounded formulation that contains a
preservative. When such a test isperformed, the results shallsupport the beyond-use-date (BUD) assigned to the compounded
preparations. See (51).

Microbial Limit Testing

Microbiallimittesting may be conducted to provide an estimate of the number of viableaerobic microorganisms (see (61»)
or to demonstrate freedom from designated microbial species (see (62»).

CLEANING, DISINFECTING, AND SAFETY

This section applies to both equipment and facilities (see (795), (797), and Disinfectants and Antiseptics (1072»).

Forstorage, packaging, repackaging, and labelingof compounded preparations and repackaging of manufactured products
(when defined as compounding in USP), refer to USP General Notices and Requirements and the following general chapters:

• Containers-Glass (660)
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• Plastic Packaging Systems and their Materials of Construction (661)
• Plastic Materialsof Construction (661 .1)
• Plastic Packaging Systems for Pharmaceutical Use (661 .2)
• Elastomeric Closures for Injections (381)
•
• Repackaging Practices (11 78)
• GoodStorage and Distribution Practices for Drug Products (1079)
• (7)
• and Storage Requirements (659)
•
• Pharmaceutical Dosage Forms (1151)

OUTSOURCING

[NOTE-This section addressesonlythe purchasingor selling of compounded preparationsfrom pharmacyto pharmacy,
not the outsourcing of analytical testing of compounded preparations.]

Forpharmaciesthat prepare outsourced compounded preparations or repackaged commercial products, documentation of
beyond-usedating, as defined previously in the Documentation section of this chapter, is required and shall be providedupon
request. Inaddition, documentation of compliancewith USP chapters (795) and (797) is required and shall be providedupon
request.

Forfacilities that receive outsourced compounded preparations or repackaged commercial products, documentation shall
be on file for all BUDs assigned to those preparationsor products. .

RESPONSIBLE PERSONNEL

The responsibility and authority for a qualityassurance program should be clearly defined and implemented. Personnel
responsible for the qualityassurance program should have the education, training, and experience necessary to performthe
assignedfunctions. Qualityassurance personnelshould assure that documentation, verification, and testing are performed in
accordance with written policies and procedures. If deviations from approved policies and procedures occur, it is the
responsibility of the qualityassurancepersonnel to investigate and to implement appropriate corrective action. Documentation
of any investigations and corrective actionsisthe responsibility of the qualityassurance personnel.Responsible personnelin the
qualityassurance program are essential in assuring the safety, identity, strength, quality,and purity of compounded drug
preparations.

SUMMARY

Aqualityassurance program is necessary to'ensure the qualityof compounded preparations.Asound qualityassurance
program includes detailed SOPs, documentation, verification, analytical and microbiological testing as appropriate to particular
compounded preparations,and responsible qualityassurancepersonnel.Compounding professionals mustdeterminethe types
of testing and degree of testing that will be a part of their qualityassuranceprogram. Theyalsomust decidewhether to perform
testing in-house or outsource it to a contract laboratory.
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• fV1allijginginvestigatiQrial:'agents and'prep~iafiol:l$

• ~~tecti9n; evaluat~n~~,al1'd;r~portin'g cifi\dverse 'events
• Audits" ana inspections in c1in!ca,.st~dies.

• Monito~in9 ofdiniealstudi.e~6y Indiistry' sponsors

Ap
There
an)lin

1. wnrtl1ish~'aeh~seJs~ucfy?,

2. Willtnere be'anlnvestigatiol1atNewDrug(INO),appllcatign 'ird?I~c:e Jar thifin'vestigati6'rliilagenf'l
3. Will~tl1erebean ,lrtstiJi.Jti<>n~fReviewB()(:trd (fItB) apptpvalJn placef()h~hjsinvestigatiobal'ag~ritlp,r,epar~ll(:)ii?

4. WiHtnEm~ oe,anestal:>,nshed triad relationship'bet\A.ieen{he:pharrnaCist, rnvestigator,~ficf patienf?
5. Wi used tq'compound tReirivestigatiori~lprepa"ation be appropriate

fo
6. Wi afetYahd the

co
7. What is th¢dosageform '~md whaftype:oftestiog~cfiferiaisspEkified fort"is~dosage forr,,?
8. Will the investigatiooa[preparation inter~ct witPlany ofthe;d()singdeyices lhat'areoeing i.Jsed in-the study?
9.sf!g~tl~nalagentb-e'do$ed and,. isJhe,invesfigationiJpreparation"appn)priate forth~atroiJte, of

10. What releasete~til1s1 (e.g.;assay, pH) will berequirecfforttl(~ i~ves~!gati'<?rl,al preparatiQr"l?
11. Will this preparatJor'l bes~nt,~o'other'siteslfacilittes/locations p~rtiCip~tillgjn the,c1Jnical,stuOyZ
12. Has tne spon~or provideddearpreparationinstructiorlSSUp'ported'by stabilitYandirl~'LJs'e data?
13. Are: theavaililble stab,litYda~a adeq9~te to sLJPpor(ttieb~yolid use, dat~(BODrof theprepaicltlon?
14.' ratiorLhazardays 'as'Oefined,by theJ\Ja'tlonal
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• Healfhlnsl;lranc'e Portability and Accountability Act (HIPAA) privacy rules forhuman 'subJectprote~tion

• IRBroles
• 'Recruitmentfo'::partidpation in research studies and informedconsent
• GooO CliniCal'Practice (GCP)
• Human SubjectS ,Protection' (HSP)

3. BUILDINGS AND FACILITIES

signed and,constructe
separate storag~ of" ,
h approved,drugs used

handling,packaging, an "ort (see 11.Storage, Handli " " and , oul
access. Facility design and use'considerations must complywith (795),(797),(800), and applicable regulatorY requi
Additionally, facilities should comply~ithPhysical EnvironmentsThat Promote Sa dication Use (1066) and (1163). Sp
should conduct an audit to ensure compliance. Facilities shouldconsider the val being accrediteq by a national, '
accreditationagency,or organization. ' ,

4~ EQUIPME AND COMPONENTS

4. uipmellt

Equipmentmust meetthe standards in (795), (797), (800), al1dapplicable regulatoryrequirements. Additionally, I1t
should comply with applicablestandards in (1163) and Prescriptiqn Balancf!s and Volum~tricApparatas Usedin Comp "g'
(1176). A b techn'ologiesand resources are available tQfacil,itate and streamli~e c()mpoundingof inve,stig(ltiQn~1

preparati xanipl~s include:
• Disposable equipment and process 'lias to reduce cleaningburden ana risk ofcrosscontamination
• Commercial, prepackaged materials (e.g., SterileWater ForInjection, and presterilized conta.ine!s and closures)to'~liininate

the ,needfor,sterilization ofadditional'materic;lls
• Closedprocessingequipment(e.g., robotic compounding systems)
Theca ersh' , ct

syringes)u ,eliverin bi!
Information should beeval d t re that,the iflvestigational p
when used with,the drug delivery device"such that it could impact the sa e
investigational agent, excipient, or vehicle binding to th~,IV tubing).

4.2 <:omponents

Forspon -initiatedstudi II materials (e.g., drug ance,exdpients, co '
and in-pro material) will y be suppliedby the s or. AILmaterialsmust
(800), available monographs,'and applicable regulatory requirements.Any materials no
appropriate for human use as determined,by the study sponsor.

4.2.1 BULK DRUG SUBSTANCES AND EXCIPIENTS
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4.2.2 CONVENTIONALLY MANUFAqURED PROD(jCTS ~S':[)RU,GS()UIR~~}~j}\T~fYA~

Conventionally tnanufactllreddtugd()s' '5 (e,~ tS;capsules
studies if they are approved,or provided b, ,,', onsor " mplesof c()tn
forms may include, ·but are not limitedto, reconstitution :of injectable ~Pi:J
comminuted tablets into ar\ oral liquid or capsule preparC:ltion. Gener '.
Controlled-release tablets can'be used itthe SPO'I1S0r determines the'
controlled-release mechanism.

.In~prc)cess 'rriaterialsincldde an
of the investigational preparati9n

_..reparatibn i
ixes, tritur

Appropriate SOPsshould be in'place to facilitate the compoLlndingof
(795), (797), (800), and any applicable re ulatoryre uireme
sufficient detail to allow reproducibi . mp
should take into account the<;:
nonst tionstarting
and d sterile pre
associ .

Th unding of Phasel inve,stigatibnafpreparations shtiuld fo"owWritten:p'r(Jcecf~iisthafptQ\:,i.ctefonfi~J()llo'&Jl1g1

• Arecord that details' the materi ent, procedures
Compounders should. retain r ient to replicatet
Phase I investigational prepar ted but not comp.,
compounding was terminated

• Records for handling, compo~nding,ipackaging, storage, and tran#)orpng investigafjonalagenij~(u'iff!n:arprepar~tion~

• Adocurnent that identifies procedLir~s 'for reviewing, approYing,'and moriit6ring:iri,v~sfjga'tionaf.ag:efuts~~bd'fi!laf
preparations

• A record of changes in procedures, and prqces~esused for sUbseq~.erit l>atc:hes along '~lthtng(ati~n~rg:tQr;arW~c:I1~nges

6.:PREPA~ATIONACTIVITI~S

, r-design~t
atespace,f,

Before compounding the inves .gati
intended use of the investigatio
available to compound the ihV

The 'compounder should do
record) an the camp ,
compou ord may
be com , d b e sit

Inad I lon, based n thes
check! '~", -encapsulat
agree , which sh
form, , beling, and a
compared to a powder-filled ca
by the, primary investigator or sponso
process to ensure thatthe adual }tiel
for and documented.

Compounded investigatiomtlprepar require: correctl
arid appropriate formulation, facilities, ent;>and'proce'
any release testing conducted in accor'r1~I,",""" \Jllith thecompou
the compoundershould revle' cpmpoundin
completed qppropriately and s finish repar:
should investigate any deviatio , , ies ide .' ed dur
Based on information gathered vestigation,a decisi
and documented. The decision could Jan fromrejedion and,d
preparation for: use.

6.1" RetentionSa.mples

A rep'resentativesample from e~ch lotofTnvestigationaL'a .
(finished preparation in the container used in'the investigation
clinical study documentation following study termination or withdra'iyal,oft
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documentation does not specify the retentiontime,tlle sample should be retiiined'forthelengthof timedetermined by the
'sponsor. Sponsorsshould haveaccessto sign'ed compounding records,andindividual retained componentS ofthecompo,unded
prep tk>l1. These individual components.must be kept accordingto thedinlcalstudydocumentationandretentioripolici~s.,

Th pie should consistof a quantity adequate for the performanceof additio,nal testjngor inve~tigatioh,ifrequired at a
late ate.'

6.2 Disposition of Unused Mater'ialsandPreparation,s

. Ifpermitted, unused investigational preparationscan be reallocated frOm:one subject to another orfrom:onesite toan6ther
in accordance with the sponsor's pmtocol. Unused investigational agents, eXcipients, orJinishe " ions must be

.. ed for and disposed of in accordance with SOPs and SpOnSQr req . .. .
or, or destroyed) of all investigational preparations sh()uld be

(e~ ., , " ation of doses hot dispensed or that were in brokenorbreached conta ',' , , he
sponsor should visitthe compounding facility to account for all used and unused suppliesof the hwes .' " na,l agent.The
sponsor should verify the accountability and note the quantity returned for reconciliation and destruction. The compounding
fadlityshould verify the quantityreturned for destruction or.destroyed on-site, and shouldcomplete and~signthe necessary
forms.

7. RELEASE OF INVESTIGATIONAL ,AGENT/P~EPARATION

'gational preparation used for subjectdosing,shouldbe rele
n·thesponsor-provided clinical studydocumentation. Integ

e een conducted in accordance with the appropriate quality re
eipt, handling,preparation,dispensing, labeling, blinding (when
ted and discussed with the sponsor to determine possible effectS and app

. ppmval of the final 'investigiltional preparation prior to subjectd
d person according to the clinical study documentation.

equire the evaluation of one or more qualityattributes (e.., h sical, che
ational preparation is released. Each release test 5" one

nee 'criteria. Investigative and corfective actions as, d, with a Quid
Regardless of the source, each investigational preparation and excipi
ia.

The s sponsor-investigator should identify a designated person,whicn mayin'c1ude the comp' ,he.
responsible for either implementingan in-housetesting progralllor workingwitha contract laboratory to con, mperformance
of appropriate testing methods for the investigational preparations. Results of any testing thatis undertakenon an
i . ational preparation should be shared with and discussed with the sponsor of the study. 1ft 'g' one

. facility, appropriate equipment should be obtained and ualifiedeither anu re
on receipt, and shouldbe properlymaintained,calibratand used: AI nnelc uc
d, skilled, and pmficientin the procedure(s) necessary f testin
ingfacility has the necessary equipment, supplies, and person
on-site.Appropriate SOPs should be developed im lem

a Isfactorily and that preparationsare tested properl
d accuracyof compounded preparations. Thesetests
I preparation weight, pH, and' physical attributes such asappea

ourced, the sponsorand the designated person identified by t e spo
a laboratory, and should developan ongoingrelationship with the la
rds set forth in USP chapters, as appropriate, a re(erably should
inate and consider intesting requirements inclu e:

• Quantity of preparation being compounded accordingto thedinicalstudy documentatfonfor a'specific: prescription
• Number ofsamples needed
• Destructive or nondestructivetesting
• Appropriatemethodsfor obtaining representative samples
• Physical state of the samples (sOlid, liquid, Qr gas)
• Typeof container requiredfor collection and storage
• ecial handling and shippingrequirements or restrictions (e.g., controlleddrug substances, dangeroLis orhazardou's

c cals, hazardous drugs, flammable or caustiC substances, and refrigeratedor frozen preparations)
• Sponsor.;specified storage requirernentsfor samples including type of container,t~mpetature,humidity, anciligl]t

resistance(see Packaging and Storage. Requirements (659»

8. LABELING

The term "labeling" encompasses all the written, printed, and graphic r:naterial accompanyin~rthe preparation,'including
information on the immediate container received by the patient. Labeling also includes the instructions to the investigators
involved in the study, package inserts, cartons, outer wrapping (ifused), and any other materials Glccompanying the

www.webofpharma.com

https://nhathuocngocanh.com/



USP 43 General Information / (1168) 7991

investigational preparation. Labeling control is important;Onlytne
should be accounted for.AIJ~xarnple labelshould'be.retal,nedwi

The label includes'all written} printed~ orgrapnic matf "
labels shouldbeselected a~et considerationofthe font ty '. '
be legible and shouldadhere tcdhe investigational preparationco .:
should not come in directcontactwithth~dosage for.m (e.g.l.tablet,'
the -investigational.preparation.
" .Ther~should becompleteagreernent,ambngall of bE!'ing'"
on the labelshould be verified for acfuracy by.~ second rson prj
investigational preparation.

,Labeling of inve.stigational agerltsand preparatlonsshquldfollowa,pplkaole:r~qlJireinents'Qtto~:reg'ijlat~Yy~a§~i:i9'y)(l~q
spo
;' T '., 'vestigatiotlarp colorth'ecompounding facih
La,bels rnay be provided the sponsoror may be prod
sponsor, the site,maybe required bylaws,regulations,
provide additional separate and uniquelabeling. The compounded inveslga 10
identifier that allows traceability and recall, ifnecessaryj and a BUD~

,However, in the case of investigational preparations, there.ma beinstane:es·
preparationlabeling migh' e an adversee cton ' . .
BUDsfrom the preparaf 'ng for bli
clinical investigator) in,c '., 'ing 0
infOrmation may need tO,be affi '.' 0 indivIdual
orcontainers of the same drug strength or co'ncentratio
preparation labelor information that ispoorlyvisible,on. t
information on the label.

9. ESTABLISHING. ~EY9~I)LI '

ABUD should beestabHshedfor, comp
in~estigational agent stability (e~g;,if it is
may not rely on the default '
appropriate BUD by pertor
with the investigation
compounder regardi pdated st i1ity
lead to.an increaseor decrease in a previou y identified BUD.
stability issues which may leadto treatmentfailures in study·subjects. T
long as intended during the investigational trial.

10. QUALITY 'AssuRANCE' AND QUAlITY(O~TRQ(

AQA program for compounding investigational preparations is'i
of the processes and procedures undertaken.toensure'
intended purposes, and alsothe proper documentatio.
of the QA program shouldbe assessed regularly per the facih .

QA for compounding investigational p'reparations ensuresthe folloWing:
• Compounded investigational preparations'aredesigned andcprepared accord! thqa~~~d-'pro~~aQr~s,in·:tne

clinical study documentation, applicable regulatory requirements, and USP~NFstimcl ' ,
• Compounding,and control'operationsare c1earlyspedfied,and'implemehted accqrCfihg'tofh~,regolat()rYf~quir~Jhel)fs,

and USP-NF standards
• Compounded investigatimlalpreparations are C1ispensed-onl encorr~ctl)? pr~pa~eaLv.~fffJea,cafld~storecnn

accordancewith the proceduresand parametersdefined_b."
• Adequate measuresare in placeto ensure that the compoundea~fnvestig'atiorlarprepa'r~tions'aterereased;:sfored,;an<;l

handled in such away that the required qualitycan be ~nsureduntil the BUD
• Requirea documentation is maintained
AQCprogram fqrinvestigatlopalagents and preparationsshoul~ address ~hef()llowir"lgfjY~:9?ilJp():r}~n.~~

1,alilkdrug substances and otheririgredlents
2. In-processitems
3. Packaging materials (e.g.; containerand'd05ures)
4. Labels
5. Finishedpreparations
Adesignated person should beassigned overallresponsib,ilitYJoithe;esfablish

Responsible personnelare essential in, ensuririgtheidentity, strength~ quaUty~ an­
components (see (1163»~
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y includetesting during thecompouncHng processi:ll1doftheJinished
ysponsor.
rrnacies ,orclinics;'shquld 'condue;:' 'dltsacco 'g to thes

e eSlgnated person identifieq by the sp r i~ perf ing qualit spections';

11.,'StORAGE;,'HANDUNG,PA,CKAc;ING,' AN[(T~ANSPOItT

11.1 storage
, conditions (see (659» in allstor ea-reasfor, investigational agents.and preparatior"ls should

d; the data Id' ' ocu throughout the entire study process, and any d '. .ons s
he clinical s dent . , ny temperature deviationsthat are outside the, or's in ,
ould beinv , ated,xecor . with duration), and reported to the sponsor. Electr9rliC monit6rin

e,recommehdedbecause they can providea detailed record of storage conditions;:

11.2 Handling

compounding should be handled'appropriatel'
. ing with hazar

ersonneland t
gulatoryjurisdict

d in accordance with informationfrb
rugs undersshould

nviron dmustalso'co,

11.3 Packaging

ability oTthe preparation;SpecifiC
ination, and damageduring st
(1079.1 »).Ifthe investigation

cility, consideration .should be give s
mthis deviceshould be rec<:>r<:led immediat

11.4 Transport

eastcontrollable part of the overallschem
withinthe same facility, the potential
s, and externalcarriers are used p
tionneeds to occUr during wea extr

ver, if
tantial,

12. DOCUMENTATION
- -- _.>

After study terminatioll, recordsof investigafional agents and preparations ITlI.Jst be maintailled by
ac '. gto the sponsor'sre uirements. This includes records pertaining to the preparation, rele
10 (e.g., ' and excipients) used, as well as source documentation and relea ,
or " rials. Re .', to reference standards, ifany, that are used to supportinvestigajio
prepara~ions must be retained according to study requirements.

12.'1, Safety Data Sheets

" 5DS, when available, should be on-siteor shouldbe readilyre'trievable electronic;aHy. They'should be reviewed byairpersonne'l
who will be w6rking'with,the compounding materials.

12.2 Certificate of Analysis

ACOA;orequivalentdoc:ument ifoutside the U;S.~ should be obtained foractive pharmaceutical ingre
exci' ) used in t~e compounding of an investigational preparation, and should be maintained throu
rec , ded that the sponsor~upply aU clinical materials. Ifallmaterials aresuppliedbythe sponsor,thes
for ntaining COAs forthe ingredients'and supplying these to the compounding facility if requested.
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(1174) POWDER FLOW

Thewidespread use of powdersin the pharmaceutical industryhas generated a variety of methods for characterizing powder
flow. Not surprisingly, scoresof references appear in the pharmaceutical literature, attempting to correlatethe various measures
of powderflowto manufacturing properties.Thedevelopmentofsucha variety oftest methods wasinevitable; powder behavior
ismultifaceted and thus complicatesthe effortto characterize powderflow. The purposeof thischapter isto review the methods
for characterizing powderflowthat haveappeared mostfrequentlyin the pharmaceutical literature. Inaddition, whileit isclear
that no singleand simpletest method can adequately characterize the flowpropertiesof pharmaceutical powders, this chapter
proposes the standardization of test methods that may be valuable during pharmaceutical development.

Fourcommonlyreported methods for testing powderfloware (1) angle of repose, (2) compressibility indexor Hausner ratio,
(3)flowrate through an orifice, and (4)shear cell. Inaddition, numerousvariations ofeach of these basic methods are available.
Given the number oftest methods and variations, standardizing the test methodology,where possible, would be advantageous.

With this goal in mind, the most frequently used methods are discussed below. Important experimental considerations are
identified and recommendations are made regarding standardization of the methods. In general, any method of measuring
powder flowshould be practical, useful, reproducible, sensitive, and yield meaningful results. It bears repeating that no one
simple powder flow method will adequately or completelycharacterize the wide range of flow propertiesexperienced in the
pharmaceutical industry. An appropriate strategy may well be the use of multiplestandardized test methods to characterize
the various aspects of powder flowas needed by the pharmaceutical scientist.
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ANGLE OF REPOSE
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The angle of repose has been used in several branches of scienceto characterize the flowproperties of solids. Angleof repose
isa characteristicrelated to interparticulate friction or resistance to movement between particles. Angleof repose test results
are reported to be very dependent upon the method used. Experimental difficulties ariseas a result of segregation of material
and consolidationor aeration of the powder as the cone isformed. Despite its difficulties, the method continues to be used in
the pharmaceutical industry, and a number of examplesdemonstrating its value in predicting manufacturing problems appear
in the literature.

The angle of repose is the constant, three-dimensional angle (relative to the horizontal base) assumed by a cone-like pileof
material formed by any of several different methods (described briefly below).

Basic Methods for Angle of Repose

Avarietyof angle of repose test methods are described in the literature. The most common methods for determining the
static angle of repose can be classified on the basisof the following two important experimental variables:

1. The height of the "funnel" through which the powder passes may be fixed relative to the base, or the height may be
varied as the pileforms.

2. The base upon which the pileforms may be of fixed diameter or the diameter of the powder cone may be allowed to
varyas the pileforms.

Variations in Angle of Repose Methods

Inaddition to the above methods, the following variations have been used to some extent in the pharmaceutical literature:
• Drained angle of repose is determined by allowing an excess quantity of material positioned above a fixed diameter base

to "drain" from the container. Formation of a cone of powder on the fixed diameter base allows determination of the
drained angle of repose.

• Dynamic angle ofrepose isdetermined byfilling a cylinder(with a clear,flat cover on one end) and rotating it at a specified
speed. The dynamic angle of repose is the angle (relative to the horizontal) formed by the flowing powder. The internal
angle of kineticfriction is defined by the plane separating those particlesslidingdown the top layerof the powder and
those particlesthat are rotating with the drum (with roughened surface).

Angle of Repose General Scale of Flowability

Although there is some variation in the qualitative description of powder flow using the angle of repose, much of the
pharmaceuticalliteratureappears to be consistentwith the classification byCarr",which isshown in Table 7.There are examples
in the literatureof formulations with an angle of repose in the range of 40° to 50° that were manufactured satisfactorily. When
the angle of repose exceeds 50°, the flow is rarely acceptable for manufacturing purposes.

Table 1. Flow Properties and Corresponding Angles of Repose"
Flow Property Angle of Repose (degrees)

Excellent 25-30

Good 31-35

Fair-aid not needed 36-40

Passable-may hang up 41-45

Poor-must agitate, vibrate 46-55

Very poor 56-65

Very,very poor >66

Experimental Considerations for Angle of Repose

Angleof repose is not an intrinsic property of the powder; Le., it isvery much dependent upon the method used to form
the cone of powder. The following important considerationsare raised in the existing literature:

• The peak of the cone of powder can be distorted by the impact of powder from above. By carefully building the powder
cone, the distortion caused by impact can be minimized.

• The nature of the base upon which the powder cone isformed influences the angle of repose. It is recommended that the
powder cone be formed on a "common base," which can be achieved by forming the cone of powder on a layerof
powder. Thiscan be done by using a base offixed diameter with a protruding outer edge to retain a layerof powder upon
which the cone isformed.

• Carr, R.L. Evaluating Flow Properties of Solids. Chern. Eng. 1965, 12, 163-168.
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Recommended Procedure for Angle of Repose

Form the angle of repose on a fixed base with a retaining lipto retain a layerof powder on the base. The base should be
free of vibration. Vary the height of the funnel to carefully build up a symmetrical cone of powder. Care should be taken to
prevent vibration as the funnel is moved. The funnel height should be maintained approximately2-4 cm from the top of the
powder pileas it is being formed in order to minimize the impact of falling powder on the tip of the cone. If a symmetrical
cone of powder cannot be successfully or reproducibly prepared, this method isnot appropriate. Determine the angle of repose
by measuring the height of the cone of powder and calculating the angle of repose, a, from the following equation:

tan (a) = height/O.S base

COMPRESSIBILITY IND.EX AND HAUSNER RATIO

In recent years the compressibility index and the closely related Hausnerratio have become the simple, fast, and popular
methods of predicting powderflowcharacteristics. The compressibility index has been proposedas an indirectmeasure of bulk
density, sizeand shape, surface area, moisturecontent, and cohesiveness of materials because all of these can influence the
observed compressibility index.The compressibility index and the Hausner ratio are determined by measuring both the bulk
volume and the tapped volumeof a powder. .

Basic Methods for Compressibility Index and Hausner Ratio

Although there are some variations in the method of determining the compressibility indexand Hausner ratio, the basic
procedure isto measure(1) the unsettled apparent volume,Vo, and (2) the final tapped volume, Vf, of the powder after tapping
the material until no further volume changes occur. The compressibility index and the Hausner ratio are calculated as
follows:

Compressibility Index = 100 x [(V0 - Vf)N0]

Hausner Ratio = (Vo/Vf)

Alternatively, the compressibility index and Hausnerratio may be calculated using measured values for bulkdensity (Pbulk) and
tapped density (Ptapped) as follows:

Compressibility Index=100 x [(Ptapped - Pbulk)/Ptapped]

Hausner Ratio = (Ptapped/Pbulk)

In a variation of these methods, the rate of consolidation issometimes measured rather than, or in addition to, the change in
volumethat occurs on tapping. Forthe compressibility index and the Hausner ratio, the generally accepted scaleof flowability
isgiven in Table 2' . .

Table 2. Scale of Flowability'
Compressibility

Index (%) FlowCharacter Hausner Ratio

$10 Excellent 1.00-1.11

11-15 Good 1.12-1.18

16-20 Fair 1.19-1.25

21-25 Passable 1.26-1.34

26-31 Poor 1.35-1.45

32-37 Very poor 1.46-1.59

>38 Very, verypoor >1.60

Experimental Considerations for the Compressibility Index and Hausner Ratio

Compressibility index and Hausnerratioare not intrinsic propertiesof the powder; i.e., they depend on the methodology
used. In the existing literature, there are discussions of the following important considerationsaffecting the determination of
(1) the unsettled apparent volume, V0' (2) the final tapped volume, Vf, (3) the bulkdensity, Pbulk' and (4) the tapped density,
Ptapped:

• The diameter of the cylinder used
• The number of times the powder istapped to achievethe tapped density
• The mass of material used in the test
• Rotation of the sample during tapping
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Recommended Procedure for Compressibility Index and Hausner Ratio

USP 43

Usea 250-mLvolumetric cylinderwith a test sample weight of 100 g. Smaller weights and volumes may be used, but
variations in the method should be described with the results. Anaverage of three determinations is recommended.

FLOW THROUGH AN ORIFICE

The flow rate of a material depends upon many factors, some of which are particle-related and some related to the process.
Monitoring the rate of flow of material through an orifice has been proposed as a better measure of powder flowability. Of
particular significance is the utility of monitoring flow continuously because pulsating flow patterns have been observed even
for free flowing materials. Changes in flow rate as the container empties can also be observed. Empirical equations relatingflow
rate to the diameter of the opening, particle size, and particledensity have been determined. However, determining the flow
rate through an orifice is useful only with free-flowing materials.

The flow rate through an orifice is generally measured as the mass per time flowing from any of a number of types of
containers (cylinders, funnels, hoppers). Measurement of the flow rate can be in discrete increments or continuous.

Basic Methods for Flow Through an Orifice

There are a varietyof methods described in the literature.The most common method for determining the flow rate through
an orifice can be classified on the basis of three important experimental variables:

1. The type of container used to contain the powder. Common containers are cylinders, funnels, and hoppers from
production equipment.

2. The sizeand shape of the orifice used. The orifice diameter and shape are critical factors in determining powder flow rate.
3. The method of measuring powder flow rate. Flow rate can be measured continuously using an electronic balance with

some sort of recording device (strip chart recorder, computer). It can also be measured in discrete samples (forexample,
the time it takesfor 100 g of powder to passthrough the orifice to the nearest tenth of a second or the amount of powder
passing through the orifice in 10 seconds to the nearest tenth of a gram).

Variations in Methods for Flow Through an Orifice

Either massflow rate or volume flow rate can be determined. Massflow rate is the easier of the methods, but it biases the
results in favor of high-density materials. Because die fill isvolumetric, determining volume flow rate may be preferable.A
vibrator isoccasionally attached to facilitateflowfrom the container; however, this appears to complicate interpretation of the
results. A moving orifice device has been proposed to more closely simulate rotary press conditions. The minimum diameter
orifice through which powder flows can also be identified.

General Scale of Flowability for Flow Through an Orifice

No general scale isavailable because flow rate iscritically dependent on the method used to measure it. Comparisonbetween
published results isdifficult.

Experimental Considerations for Flow Through an Orifice

Flow rate through an orifice is not an intrinsic property of the powder. It very much depends on the methodology used.
Several important considerations affecting these methods are discussed in the existing literature:

• The diameter and shape of the orifice
• The type of container material (metal, glass, plastic)
• The diameter and height of the powder bed.

Recommended Procedure for Flow Through an Orifice

Flow rate through an orificecan be used only for materials that have some capacity to flow. It is not useful for cohesive
materials. Provided that the height of the powder bed (the "head" of the powder) is much greater than the diameter of the
orifice, the flow rate isvirtually independent of the powder head. Use a cylinderas the container because the cylindermaterial
should have littleeffect on flow. Thisconfiguration results in flow rate being determined by the movement of powder over
powder rather than powder along the wall of the container. Powderflow rate often increases when the height of the powder
column is less than two times the diameter of the column. The orifice should be circularand the cylindershould be free of
vibration. General guidelines for dimensions of the cylinderare as follows:

• Diameter of opening> 6 times the diameter of the particles
• Diameterof the cylinder> 2 times the diameter of the opening
Useof a hopper as the container may be appropriate and representative of flow in a production situation. It is not advisable

to use a funnel, particularly one with a stem, because flow rate will be determined by the size and length of the stem as well
as the friction between the stem and the powder. Atruncated cone may be appropriate, but flow will be influenced by the
powder-wall friction coefficient, making selection of an appropriate construction material an important consideration.
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For the opening in the cylinder, use a flat-faced bottom plate with the option to varyorifice diameter to provide maximum
flexibility and to better ensure a powder-over-powder flow pattern. Rate measurement can be either discrete or continuous.
Continuous measurement using an electronic balance can more effectively detect momentaryflow rate variations.

SHEAR CELL METHODS

In an effort to put powder flowstudies and hopper design on a more fundamental basis, a variety of powder shear testers
and methods that permit more thorough and precisely defined assessment of powder flow propertieshave been developed.
Shearcell methodology has been used extensively in the study of pharmaceutical materials. From these methods, a wide variety
of parameters can be obtained, including the yield loci representing the shear stress-shear strain relationship, the angle of
internal friction, the unconfinedyield strength, the tensilestrength, and a varietyof derived parameterssuch as the flow factor
and other flowability indices. Because of the ability to more precisely control experimentalparameters,flow propertiescan also
be determined as a function of consolidation load, time, and other environmental conditions. The methods have been
successfully used to determine critical hopper and bin parameters. .

Basic Methods for Shear Cell

One type of shear cell isthe cylindrical shear cell that issplithorizontally, forminga shear plane between the lowerstationary
baseand the upper moveableportionofthe shearcell ring.After powder bed consolidation inthe shearcell (using a well-defined
procedure), the force necessary to shear the powder bed by moving the upper ring is determined. Annular shear cell designs
offersome advantages over the cylindrical shear cell design, including the need for less material. Adisadvantage, however, is
that because of its design, the powder bed is not sheared as uniformly; i.e., material on the outside of the annulus issheared
more than material in the inner region. Athird type of shear cell (plate-type)consists of a thin sandwichof powder between a
lowerstationary rough surfaceand an upper rough surface that is moveable.

All of the shear cell methods have their advantages and disadvantages, but a detailed review is beyond the scope of this
chapter. As with the other methods for characterizing powderflow, manyvariations are describedin the literature. Asignificant
advantage of shear cell methodology in general isa greater degree of experimentalcontrol. The methodology is rather
time-consuming and requiressignificant amounts of material and a well-trained operator.

Recommendations for Shear Cell

The many existing shear cell configurations and test methods providea wealth of data and can be used veryeffectively to
characterize powder flow. Theyare also helpful in the design of equipment such as hoppers and bins. Because of the diversity
of available equipment and experimental procedures, no specific recommendations regarding methodology are presented in
this chapter. It is recommended that the results' of powder flowcharacterization using shear cell methodology includea
complete description of equipment and methodology used.

(1176) PRESCRIPTION BALANCES AND VOLUMETRIC APPARATUS
USED IN COMPOUNDING

1. BALANCES
1.1 Mechanical Prescription Balances
1.2 Electronic Balances
1.3 Minimum Accurately Weighable Quantityon the Balance

2. VOLUMETRIC APPARATUS
2.1 Selection and Use of Graduates
2.2 Medicine Droppers
2.3 Dispensing Bottles
2.4 Syringes
2.5 Pipets
2.6 Volumetric Flasks
2.7 Additional Considerations When Using Volumetric Apparatus

GLOSSARY

1. BALANCES

Pharmacies that perform materials measurementsfor compounding and dispensing should have access to a well-maintained
National Institute of Standards and Technology (NIST) Class III torsion prescription balance or superior balance (preferably an
electronic balance) to weigh masses accurately. The pharmacyshould have a set of calibration weights, or the balanceshould
have internal calibration capability to standardizethe precision and accuracyof the balance.

For more information regarding standards for weights and balances, see Balances (41). The standards inNIST Handbook 44
called "Specifications, Tolerances, and Other Technical Requirements for Weighing and Measuring Devices" mayalso be useful
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to compounders.' Some balances offerdigital or direct-readingfeatures and printing capabilities, which may be desirable for
ease of use. All balances should be calibrated or verified and tested frequently using appropriate test weights.

1.1 Mechanical Prescription Balances

AClass III (formerly Class A) prescription balance isa device designed to accurately weigh drugs and other substances and
materials required in pharmaceutical compounding and dispensing practice.' It is constructed to support its full weighing
capacity without developing undue stresses, and its adjustment is not altered by repeated weighing of the capacity load. The
removable pans or weighing vessels should be of equal weight and shape. The balance should have leveling feet or screwsand a
built-in means to observe its level. The balance may feature dial-in weights and also a precisionspring and dial instead of a
weighbeam. Abalance that has a graduated weighbeam must have a stop that halts the rider or poise at the zero reading, and
the reading edge of the rider must be parallel to the graduations on the weighbeam. The distance from the face of the index
plate to the indicator pointer or pointers should be NMT 1.0 mm; the points should be sharp; and when there are.two pointers,
the ends should be separated by NMT 1.0 mm when the scale is in balance. The indicating components and the leversystem
should be protected against drafts; the balance lid should permit free movement of the loaded weighing pans when the lid is
closed; and the balance must have a mechanical arresting device.

BALANCE TESTING PROCEDURE

AClass III prescription balance meets the criteriain the following four tests using an ANSI/ASTM E617 set of Class 6 or better
test weights. Atypical apothecary weight set contains weights ranging from 10 mg to 50 g in sizesof 10 mg, 20 mg, 50 mg,
100 mg, 200 mg, 500 mg, 1 g, 2 g, 5 g, 10 g, 20 g, and 50 g.

Fourtests are required to evaluate the suitability of a Class III prescriptionbalance. Abalance isacceptable if it passesallfour
tests. Ifthe balance fails any test, it should not be used until it has been repaired to meet specifications and retested. The four
tests are:

1. Sensitivity requirement
2. Arm ratio test
3. Shifttest
4. Rider and graduated beam

Sensitivity requirement test: The following requirements are based on (1) the NIST standard that a 6-mg load must displace
the pointer 2 mm.' and (2) the absence of a 6-mg weight in a typical apothecary weight set.

1. Forbalances with pointer scale division marks2 mm apart, a 1O-mg weight on one pan and no weight on the other pan,
dial, or rider beam of a leveled balance should displace the pointer 1.5-scaledivision marks, or approximately6.7 mg/
mark, as observed visually. Thissame 1.5-scaledivision markdisplacement shall be observed with a 10-g weight on one
pan and 10-g plus 10-mg weights on the other pan of a level balance.

2. Forbalances on which the pointer scale division marksare 1 mm apart, a 1O-mg weight on one pan and no weight on
the other pan, dial,or rider beam ofa leveled balanceshould displacethe pointer 3-scaledivision marks, or approximately
6.7 mg/two marks, as observed visually. Thissame 3-scaledivision marksdisplacement shall be observed with a 10-g
weight on one pan and 10-g plus 1O-mg weights on the other pan of a level balance.

3. NLT 0.12 g (120 mg) shall be weighed 'on a Class III prescriptionto reduce reading errors of lessthan one mark and two
marks in cases (a) and (b), respectfully, to NMT 5% weighing error.

When a balance has been observed or suspected to have been moved, unleveled, contaminated, or otherwise damaged,
misaligned, or misused, then its sensitivity must be tested and confirmed to be accurate.
Arm ratio test: The arm ratio test will determine whether both arms of the balance are of equal length.

1. Level the balance.
2. With the pans empty, adjust the balance until the pointer is in the middle of the marker plate.
3. Place a 30-g weight in the center of each pan.
4. When the balance comes to rest, record the rest point.
5. Ifthe rest point has changed from the middle of the marker plate, place a 30-mg weight on the lighter side.
6. When the balance comes to rest, this new rest point should either return to or go farther than the middle of the marker

plate.
Shift test: The shift test checks the mechanics of the arm and levercomponents of the balance.

1. Level the balance.
2. With the pans empty, adjust the balance until the pointer is in the middle of the marker plate.
3. Placea 1O-g weight in the center of the left pan and place another 10-g weight successively toward the right, left, front,

and back side of the right pan, noting the rest point in each case.
4. Inany case where the rest point has changed from the center of the markerplate, add a 1O-mg weight to the lighter side.
5. When the balance comes to rest, this new rest point either should return to or go farther than the middle of the marker

plate.
6. Level the balance and adjust the balance until the pointer is in the middle of the marker plate.
7. Repeat the procedure with the 10-g weight in the center of the right pan, and vary the position of the 10-g weight on

the left pan.

, NISTHandbook 44 (2015) Specifications, Tolerances, and Other Technical Requirements for Weighing and Measuring Devices. Section 2.2.0 Scales
(http://www.nist.gov/pml/wmd/pubs/h44-11.cfm).
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8. level the balance and adjust the balance untilthe pointer is in the middle of the markerplate. Makeseveral observations
in which both 1O-g weights are shiftedsimultaneously to off-center positionson their pans (l.e., both toward the inside,
both toward the outside, one front and the other back). In any case where the rest point is shifted from the middle of
the marker plate, the addition of a 10-mg weight on the lighter side should equalizeor overcome the shift.

Rider and graduated beam test: The riderand graduated beam test checks the accuracyof the calibrated dial or rider on
the balance.

1. level the balance.
2. With the pans empty, adjust the balance until the pointer is in the middle of the index plate.
3. Placea 500-mg weight on the left pan and move the dial or rider to the 500-mg point.
4. When the balance comes to rest, record the rest point.
5. Ifthe rest point has changed from the middle of the index plate, place a 1O-mg weight on the lighter side.
6. When the balance comes to rest, this new rest point should either return to or go farther than the middle of the index

plate.
7. Follow the same procedure using a 1-g weight on the left pan and the dial or rideron the 1-g point. Ifthe new rest point

is shifted from the middle of the index plate, a 1O-mg weight to the lighter side should equalize or overcome the shift.

1.2 Electronic Balances

Atypical electronic prescription balance isan instrument that provides essential readability for materialsweighed within the
range of capacitiesfor the balance. The display should have prompts to guide users through the balance function, as well as
an output port for printing ifnecessary. Mostbalancessold for prescription compounding meet or exceed Class Ior II accuracy
requirements according to NIST Handbook 44 and come with certificates issued under the NationalType Evaluation Program
(NTEP) of the National Conference on Weights and Measures.

Calibration/certification of the balance should be performed according to the standard operating procedures of the facility.
Manyelectronic balances contain internal calibration programs that automatically calibrate the balance daily. Ifthere is no
internal calibrationfeature, external calibration may be c.onducted using a calibrationweight, according to the procedure
supplied by the manufacturer. Weights for use in calibrating an electronic balance should be kept in a special rigid and
compartmentalized box and handled with plastic or plastic-tipped forceps, or gloves that are provided with the weights, to
prevent scratching or soiling. These calibration weights should meet or exceed ASTM Class 1 criteria. In addition, there are
companies that offer calibration services to certify that the balance is performing adequately. Formore information regarding
the use of electronic balances, see (41) and Weighing on an AnalyticalBalance (1251).

The minimum accurately weighable quantity (MAWQ) is the smallest weight or mass that will produce no greater than a
predetermined fraction of error on a properlycalibrated, situated, and operated balance. The predetermined weighing error is
assigned based on either a professional standard (such as NMT 0.05 or 5% error in the weight of any prescription ingredient)
or scientific rigor,for example, NMT 0.005 or 0.5% error inthe weight of an ingredient that isin limitedsupply.Thecompounder
should use professional judgment when assigning the acceptable error for each process.

The formula for determining MAWQ for a typical Class III torsion balance is:

MAWQ = Sensitivity requirement/Acceptable error

Example: Calculatethe MAWQ for a Class III torsion balance with a sensitivity requirement of 6 mg and an acceptable error
of 5% or 0.05.

MAWQ == 6 mg/0.05 =120 mg

Forelectronic balances, the MAWQ is calculated using the linearity or the absolute error over the range of the balance. This
value isprovided by the balance manufacturer. Note that the balance linearityand the readability of the smallest mass unit may
not be the same.

Example: Calculate the MAWQ for an electronic balance with a linearity of 0.002 g and an acceptable error of 5% or 0.05.

MAWQ = 0.002 g/0.05 = 0.04 g or 40 mg

2. VOLUMETRIC APPARATUS

An assortment of appropriate volumetricdevices should be available to accurately measure fluids and liquids of different
volumes and densities. Pharmaceutical devices approved for measuring volumes of liquids, including burets, pipets, and
cylindrical graduates marked in metric or metric and apothecary units, are to meet the standard specifications for glass
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volumetric apparatus described in "Specifications and Tolerances for Reference Standards and Field Standard Weights and
Measures, 2. Specifications and Tolerances for Field Standard Measuring Flasks".2 Conical graduates are to meet the standard
specifications described in NIST Handbook 44. 1 There are ASTM standards (ASTM E542) for the calibration of laboratory
volumetric apparatus that may be useful to compounders as well. 3

2.1 Selection and Use of Graduates

CAPACITY

The capacity of a cylindrical graduate is the volume at the maximum graduation mark at the specified temperature. Volumes
for prescription compounding and dispensing that are measured in cylindrical graduates should be adequate to not exceed 5%
error.

CYLINDRICAL AND CONICAL GRADUATES

The error in a measured volume caused by a deviation of"±1 mm in reading the lower meniscus in a graduated cylinder
remains constant along the height of the uniform column. The same deviation of ±1 mm causes a progressively larger error in
a conical graduate, the extent of the error being further dependent upon the angle of the flared sides to the perpendicular of
the upright graduate. A deviation of ±1 mm in the meniscus reading causesan error of approximately 0.5 mL in the measured
volume at any mark on the uniform 1OO-mL cylinder graduate. The same deviation of ±1 mm can cause an error of 1.8 mL at
the 1OO-mLmark on an acceptable conical graduate marked for 125 mL.

A general rule for selection of a graduate for use is to use the graduate with a capacity equal to or just exceeding the volume
to be measured. Measurement of small volumes in large graduates tends to increase errors, because the larger diameter increases
the volume error in a deviation of ±1 mm from the mark. The relation of the volume error to the internal diameters of graduated
cylinders is based on the equation:

v= nr-h

v = volume
r =radius
h = height

An acceptable 1O-mL cylinder having an internal diameter of 1.18 cm holds 109 J.JL in 1 mm of the column. Reading 4.5 mL
in this graduate with a deviation of ±1 mm from the mark causesan error of about ±2.5%, and the same deviation in a volume
of 2.2 mL in the same graduate causes an error of about ±5%. Table 7 shows the accuracy limits for cylindrical graduates.

Table 1. Tolerance or Accuracy Limits for Class A Cylindrical Graduatesa

Smallest Graduation MinimumVolume
Capacity Mark Interval Tolerance for SOlo Error

(mL) (mL) (±mL)b (mL)'

5 0.1 0.05 1.0

10 0.1 or 0.2 0.10 2.0

25 0.2 or 0.5 0.17 3.4

50 1 0.25 5.0

100 1 0.50 10.0

250 2 1.00 20.0

500 5 2.00 40.0

1000 10 3.00 60.0

2000 20 6.00 120.0

4000 50 14.50 290.0

aAdaptedfrom ASTM E1272-02. Standardspecification for laboratory glassgraduated cylinders. WestConshohocken, PA: ASTM International; 2012.
www.astm.org. Some brandsexceed the ASTM limits; for example,one sourceof a Class A1O-mL graduate lists the toleranceas ±O.OB mL.
bThe constant volumeerror in each measurement.
C The minimum volumefor N% error=[Tolerance (mL) x 100]1N (%);e.g., for N =5%for a 1O-mL graduate, the minimum volumeis2.0 mL. [The minimum
volumefor 5% error= (0.1 mLx 100)15 = 2.0.]

There is an inverse relationship between the temperature and density of liquids. For compounding and dispensing purposes,
deviations will be negligible when volume measurements are performed at temperatures NMT 5° from that specified on the

-particular cylindrical graduate, which is usually 20°. For example, the densities in g/mL of water, ethanol, and glycerin vary,

2 HarrisGL. Specificationsand tolerances for reference standards and field standard weights "andmeasures. 2. Specificationsand tolerances for field
standard measuring flasks. 1996. NTIS Order Number: PB96-178926. National Technical Information Service,Alexandria,Virginia 22312 (http://
www.ntis.gov).
3 ASTM E542-01. Standard practice for calibration of laboratory volumetric apparatus. West Conshohocken, PA: ASTM International; 2012.
www.astm.org.
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respectively, from 0.999 to 0.997, 0.791 to 0.785, and 1.265 to 1.262 over the temperature range of 15°-25°. The accuracy
of each cylindrical graduate used in pharmacy practiceis recommended to be verified as follows, at a measuring temperature
of 20°_25° with the assumption that deviations follow a normal or Gaussian distribution:

1. Tarea clean,drygraduate on a properlycalibrated balanceofadequate capacity, linearity, and readability for the volumes
to be measured. .

2. Fill the tared, drygraduate identically five or moretimeson a level surfaceto the smallest, a mid-range, and the maximum
capacitygraduation marks with Purified Wateror deionized water, precluding and wipingspills and splashesfrom the
exteriorand interiorabove the target fill line.

3. Record the weight of each filling.
4. Calculate the mean weight of each set of fillings.
5. Calculate the percent deviation of each weight from the theoreticalweight as follows:

Percentdeviationweight ={[Actual weight - (intended volume x 0.9975)]/(lntended volume x 0.9975)} x 100%
6. Calculate the percent mean deviation weight as follows:

Percent mean deviation weight = {[Mean actual weight - (intended volume x 0.9975)]/(lntended volume x 0.9975)} x
100%

Deviations for cylindrical graduates used in compounding and dispensingshould not exceed 5.0% for individual weights or
2.5% for mean weights of the corresponding volumes of Purified Water. Table 1 and Table 2 showthat a wider range ofvolumes
can be measured in Class Acylindrical graduates compared to Class B. According to ASTM standards, Class Acylindrical
graduates must be markedwith the letter "A" to designatecompliancewith applicableconstructionand accuracy requirements.
Class Bcylindrical graduates are the same basicdesign as Class Acylindrical graduates and are considered to be for general
purpose use. However, volumetric tolerances may be up to twice the allowable range for Class Acylindrical graduates.

Table 2. Tolerance or Accuracy Limits for Class B Cylindrical Craduatesa

Smallest Graduation Minimum Volume
Capacity Mark Interval Tolerance for 5% Error

(mL) (mL) (±mL)b (mt)s

5 0.1 0.10 2.0

10 0.1 or 0.2 0.2 4.0

25 0.2 or 0.5 0.34 6.8

50 1 0.50 10.0

100 1 1.00 20.0

250 2 2.00 40.0

500 5 4.00 80.0

1000 10 6.00 120.0

2000 20 12.00 240.0

4000 50 29.00 580.0

aAdapted from ASTM E1272-02. Standard specification for laboratory glassgraduated cylinders. West Conshohocken, PA:ASTM International; 2012.
www.astm.org.
b The constant volume error in each measurement.
cThe minimum volume for N% error = [Tolerance (mL) x 100]/N(%); e.g. for N= 5% for a 5-mL graduate, the minimum volume is2.0 mL. [The minimum volume
for 5% error =(0.1 mL x 100)/5 = 2.0.]

2.2 Medicine Droppers

Medicine droppers meet the specifications in Packaging and Storage Requirements (659). Medicine droppers should be used
onlyfor qualitative purposes,such as pHadjustmentwithan acid,alkali, or buffer, and visual identification testing with reagents.
Medicine droppers are not approved for volumetric measurementsfor compounding. Calibrated medicine droppers have
markings to guide delivery of the prescribedquantity of medication. Theirpurpose should be limited to the measurement of a
dose for administration.

2.3 Dispensing Bottles

Some dispensing bottles may be supplied by the manufactureras part of the packaging,whereas others maybe selected
and supplied by the pharmacist.These containersare not necessarily accuratelycalibrated and should not be used for
measurement during compounding and dispensing unless they are appropriatelycalibrated by the compounder.
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2.4 Syringes

Syringes are available in a varietyof sizeswith calibrated increments used for measuring and may be used to accurately
measure and delivera wide range of liquidvolumes. Forviscous liquids, measurements made with syringes are usually more
accurate than those made with cylindrical graduates.

ORAL SYRINGES

Oral syringes are available as a device for accurately providinga dose of liquid medication to a patient. The performance of
the syringes may be user dependent. Forthis reason, it is important that suitable operating procedures are documented and
followed, and that operators are specifically trained in the correct use of the instruments. Users should be cautiousabout relying
on manufacturers' performance figures. It ismore appropriate to performcalibration,taking into account the variation between
different users. Oral syringes provide an improvement in dosing accuracyfor viscous medications, compared with medication
droppers.

SYRINGE CALIBRATION

Syringecalibration is based on the gravimetricdetermination of the quantity of water either contained or delivered, and the
conversion of this value to true volume at the standard temperature of 20°. At 80% of the nominal syringevolume, 5-10
measurements should be performed.

Calibration procedure:
1. Aspirate and dispense an exact volume of deionized water that is80% of the nominal syringevolume.
2. Determine the mass of the dispensed water.
3. Calculatethe volume of the dispensed water using mass and density.
4. Document the measurement values.
5. Calculatethe accuracy (R).
Calibration formula:

Accuracy (R) = [(Average value - target value)/Target value] x 100

2.5 Pipets

Pipetsare thin glass tubes used to delivervolumes <25 mL. The two types of pipets are the single-volume pipet and the
calibrated pipet. The single-volumepipet is the most accurate and the simplest to use, but the single-volume pipet is limited
to the measurement of a single fixed volume; it is not capable of partialvolume measurements.

The calibrated pipet has graduation marksfrom a point near the tip of the pipet to the capacity of the pipet. In addition to
delivering its entire contents, the calibrated pipet can be used to deliver partial volumeswith good volumetricprecision.

Micropipets generallyare used when verysmallvolumes «1 mL) are required; micropipets are available in a varietyof sizes.
Each micropipet can be adjusted, usually by turning a dial, to delivera volume within a limited range. Forexample, one
micropipet may delivervolumes of 0-20 IJL, another delivers 0-100 IJL, and yet another delivers 0-1000 IJL. The pipet selected
should provide the greatest accuracy for the volume to be measured. Pipetsshould be calibrated/certified periodically as
specified in the facility's standard operating procedures. Calibratingmicropipets is a veryspecialized process that requires
adequate training and appropriate equipment. There are companies that offercontract calibrationservices to certify that pipets
are performing correctly.

2.6 Volumetric Flasks

Volumetric flasks have a slender neck and wide, bulb-like base. They are single-volume glasswareand come in a variety of
sizes. Only one calibration mark isetched on the neck of the flask. When the flask isfilled to that mark, the flask contains the
volume indicated on the flask. Volumetric flasks are difficult to use ifdissolving solidsin liquid because of the narrownessof the
neck. Ifsolidsare to be dissolved, the flask should be partially filled with liquid,the solidmaterialadded and completelydissolved,
and then the flask should be filled to the calibration mark.

2.7 Additional Considerations When Using Volumetric Apparatus

The use of volumetricapparatus requiressome workingknowledge of viscosity, density, surface tension, and adhesion. Each
of these properties may affect measurement accuracy. Forexample, higher-viscosity liquids will be drawn into the vessel at a
slower rate, and the operator should allowtime for complete filling. Delivery can also be slow, because higher-viscosity fluids
travel through the orifice at a slower rate. Densitycan affectfilling and emptying in a manner similarto viscosity. In addition,
liquids with very lowsurface tension may tend to "crawlup" the vessel wallor leakfrom the tip of a syringeor pipet. Adhesion
can affect accuracy by resulting in a slow rate of vessel emptying. The operator should confirmthat all of the liquid has been
drained from the vessel if performing a quantitative transfer.

Understanding the terms "To Contain (TC)" and "To Deliver (TD)" is important, because they apply to glassware. TCand
TD glasswareconsistsof vessels that range from 1 to about 100 mL and are individually marked to indicate whether they are
TC or TDvessels. ATCvessel is designed to deliverthe entire measured content of the operation, and it may require forced
air to expel the final quantity. ATDvessel is designed to deliverthe entire measured amount via gravityflow.
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GLOSSARY
Accuracy: The closeness of the displayed weight, as measured by the balance, to the true weight, as known by the use of a

calibration weight or weights.
Balance indicator: Acombination of elements, one or both of which will oscillate with respect to the other, to indicate

the equilibrium state of the balance during weighing. ,
Capacity: Maximum weight, including the weight of tares to be placedon one pan. The nominal capacityof a prescription

scale (Class III prescription balance) is assumed to be one-halfapothecary ounce (15.55 g), unless.otherwise marked.
[NOTE-This is applicableonly to scales not markedwith an accuracyclass. Pastand currently available Class III prescription
balancestypically have a capacityof either 60 or 120 g and bear a labelstating such.]

Linearity: The ability to maintain the same sensitivity over the entire weighing range of the balance.This is the constant
weighing error in everyamount weighed within the capacity range of the balance. This term is used onlywith electronic
balances. Analogous terms are "absolute error" or "linearaccuracy". The linearity isdetermined by the balance manufacturer.

Minimum accurately weighable quantity (MAWQ): The smallest weight or massthat will produce no greater than a
predetermined fraction of error on a properly calibrated, situated, and operated balance.

Precision: The reproducibility of the weighing measurement as expressed by a standard deviation. Asimilar term,
"repeatability", is sometimes used in specifications for electronic balances.

Readability: The smallestdivision at which the balance increments.
Repeatability: An instrument's ability to consistently deliver the sameweight readingfor a givenobject, and to return to a

zero reading after each weighing cycle. This is tested by repeatedlyweighing the same test weight.
Rest point: The point on the index plate at which the indicatoror pointer stops when the oscillations of the balance cease,

or the index plate position of the indicatoror pointer calculated from recorded consecutive oscillations in both directions past
the zero of the index plate scale. If the balance has a two-pointer indicating mechanism, the position or the oscillations of only
one of the pointers need to be recorded or used to determine the rest point.

Sensitivity requirements (SR): The maximum change in load that will cause a specified change, such as a particular
quantity of pointer scale division marks, of the pointer or indicating component of the balance.

Tare bar: An auxiliary ungraduated weighbeam barwitha movablepoise.Itcan be usedto correctforvariations inweighing
glasses or papers.

Weighbeam or Beam: Agraduated bar equipped with a movable poise or rider. Metric graduations are in O.Ol-g
increments up to a maximum of 1.0 g.
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(1178) GOOD REPACKAGING PRACTICES

INTRODUCTION

This chapter is intended to provideguidance to those engaged in repackaging of oral solid drug products; and the chapter
provides information to any person who removes drugs from their original container-closure system (new primary package)
and repackages them into a differentcontainer-closure system for sale and/or for distribution.

This chapter does not apply to pharmacists engaged in dispensing prescription drugs in accordance with state practiceof
pharmacy.The pharmacist needs to apply

1. the principal information providedin the USP general information chapters Plastic Packaging Systems and Their Materials
ofConstruction (661), Plastic Materials ofConstruction (661.1),and Plastic Packaging Systems for Pharmaceutical Use(661.2)
and

2. other beyond-use date references in Labeling (7), Expiration Date and Beyond Use Date.

ESTABLISHING EXPIRATION DATE

Inthe absenceofstability data, the following criteria shouldbe consideredby repackagers when assigning an expiration date.

Unit-Dose Packaging

1. The original container-closuresystemof the drug product to be used for repackaging must be received un-opened and
show no outward signs of having been previously opened.

2. The unit-dosecontainer-closuresystemmust meet the testing requirementsunder Containers-Performance Testing (671)
for either Class A or Class B containers.

3. The contents of the original bulkdrug product to be repackagedare repackaged at one time unless the repackagerhas
data and/or other scientific information from literature sourcesdemonstrating that the drug product is not sensitive to
exposure to moisture, oxygen, or light.

4. The unit-dosecontainer-closure system must meet or exceed the original container's specification for light resistance.
5. The conditionsof storage must meet the storage specifications provided in Packaging and Storage Requirements (659).

Where no specific storage conditionsare specified, the product must be maintainedat controlledroom temperature and
in a dry place during the repackaging process, including storage.

6. The expiration dating period used for the repackaged product does not exceed (1) 6 months from the date of
repackaging; or (2) the manufacturer'sexpiration date; or (3) 25% of the time between the date of repackaging and the
expiration date shown on the manufacturer'sbulk article container of the drug being repackaged,whichever isearlier.

7. Nitroglycerin Sublingual Tablets or any other drug product known to havestability problemsshould not be repackaged.
This would includeany drug known to be oxygen-sensitive or one that exhibits extreme moistureor light sensitivity. In
deciding whether a particulardrug product issuitablefor repackaging, the repackagershould take into consideration
any available information from the manufacturer, published literature, the USP, and the FDA.

8. Documentation must be maintained to demonstrate that the preceding criteria are met.
9. Documentation must be maintained that specifies the container-closure packaging material used in repackaging

operations.

Multiple-Unit Packaging

1. Arepackagermay use the manufacturer'soriginal expiration date without additional stability testing ifthe drug product
is repackaged into an equivalentcontainer-closure systemthat isat least as protectiveas, or more protectivethan, the
original system and complieswith criteria established for equivalency.

2. The original container-closure systemof the drug product to be used for repackaging must be received un-opened and
shows no outward signs of having been previously opened.

3. The contents of the original bulkdrug product to be repackagedare repackaged at one time unless the repackagerhas
data and/or other scientific information from literature sources demonstrating that the drug product is not sensitive to
exposure to moisture, oxygen, or light.

4. The conditionsof storage meet the storage specifications in Packaging and Storage Requirements (659).When no specific
storage conditionsare specified, the product should be maintained at controlled room temperature and in a dry place
during repackaging operations.
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5. The type of container-closure system used for repackaging must be at least as protectiveor more protective than the
original container-closure system in terms of moisturevapor transmission rate (MVTR), oxygen transmission, light
transmission, and compatibility of the container-closuresystemwith the drug product. System equivalency extends to
any special protectivematerials, such asfor lighttransmission, seals, or desiccantsassociated with the original container­
closuresystem.

6. The container-closure system must meet or exceed the oriqlnalcontalner-closure system's results for light transmission.
7. Nitroglycerin Sublingual Tablets or any other drug product known to havestability problemsshould not be repackaged.

This would include any drug known to be oxygen-sensitive or one that exhibitsextreme moisture or light sensitivity. In
deciding whether a particulardrug product issuitablefor repackaging, the repackagershould take into consideration
any available information from the manufacturer, published literature, the USP, and the FDA.

8. Documentation must be maintained to demonstrate that the preceding criteria are met.
9. Documentation must be maintained that specifies the contalner-closurepackaqlnq material used in repackaging

operations.

REFERENCES FOR REPACKAGING REGULATIONS AND GUIDANCES

The references listed below are not meant to be all inclusive: specific repackagingoperations may have additional
requirements.

• Food, Drug, and Cosmetic Act
• Food and Drug Administration Regulations and Guidances

Enforcement Policy: 21 CFR, Part 7
General Labeling Provisions: 21 CFR, Part201, Subpart A
Drug Establishment Registration and Listing: 21 CFR, Part207.20
CurrentGoodManufacturing Regulations: 21 CFR, Parts 210-211
Special Requirements for Specific HumanDrugs: 21 CFR, Part250
Controlled Substances: 21 CFR, Part 1300
Potable Water: 40 CFR, Part 141
FDA Compliance Policy Guides, including the following:

Sub Chapter 430 Labeling and Repackaging
Sub Chapter 460 Pharmacy Issues
Sub Chapter 480 Stability/Expiration .Dating

• Applicable USP Chapters
(660) Containers-Glass
(661) Plastic Packaging Systems and Their Materials of Construction
(661 .1) Plastic Materialsof Construction
(661.2) Plastic Packaging Systems for Pharmaceutical Use
(671) Containers-PerformanceTesting

GoodStorage and DistributionPractices for Drug Products

GLOSSARY
(659) Packaging and Storage Requirements provides definitions related to repackaging. Forthe purposes of this chapter, a

repackager, a contract packager, and an equivalentcontainer-closuresystem are defined as follows:
Repackager: Arepackager isan establishmentthat repackages drugs and sends them to a second location in anticipation

of a need. Repackaging firms repackage preparationsfor distribution (e.g., for resaleto distributors, hospitals, or other
pharmacies), a function that is beyond the regular practiceof a pharmacy. Distribution is not patient-specific in that there are
no prescriptions. Unlike dispensers, repackaging firms are required to registerwith the FDA and to complywith the Current
Good Manufacturing Practice Regulations in 21 CFR 210 and 211.

Contract packager: Acontract packager isan establishment that is contracted to package or repackage a drug product
into a single-or multi-unitcontainer.Thesecontainersshould meet all of the applicablerequirements in this chapter. Acontract
packager does not take ownershipfrom the manufacturerand generally receives the assigned expirationdate from the
contractor.

Equivalent container-closure system: This term refers to a container-closure system that is at least as protectiveor
more protective than the original container-closuresystem in terms of moisturevapor transmission rate (MVTR), oxygen
transmission, light transmission, and compatibility of the container-closuresystemwith the drug product. System equivalency
extends to any special protective materials, such as for light transmission, seals, or desiccantsassociatedwith the original
container-closure system. Thesevalues may be determined by the repackager, or they may be obtained from the container­
closurevendor for the specific container-closuresystem under consideration.
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(1180) HUMAN PLASMA

SCOPE

USP 43

Thischapter providesa consolidated source of information regarding human plasma, with emphasis on plasmafor
fractionation. Specifically, the chapter addresses plasma classification and nomenclature; collectionand processing procedures
required for ensuring product safety; details of specific plasmas;and quality systems relating to plasma collection. The chapter
also includes,at the end of the text sections, a glossary; a listof abbreviationsused in the chapter; and appendices that provide
plasma definitions, donor selectioncriteria, and testing requirements.

Plasma originating from U.S.-licensed collectionfacilities providesthe major supply for the global plasma derivative market.
The U.S. Food and DrugAdministration (FDA) regulates the collection and processing of plasma used for further manufacture.
Title21 of the Code of Federal Regulations (CFR) details Good Manufacturing Practice(GMP) requirements and product
standards to protect the health of the blood donor and to ensure the safetyand efficacy of blood products. CFR regulationsare
updated periodically, but between revisions, existing regulations may not address the most current issues and scientific
developments. Therefore, the FDA periodically publishesguidance documents.' (Forfurther information,see QualitySystems,
below).

Thischapter emphasizes U.S. practices, but because plasma and its derivatives are shipped globally, it is important to
recognize that there are regionaldifferences in recommendations, requirements, and regulations.Therefore this chapter
provides information regarding the European Union (EU), the United Kingdom (UK), and Australia.

OVERVIEW

Composition, of Plasma

Plasma constitutes approximately55% of the total blood volume. It is a clear, straw-colored, complex liquid that is 7%
protein, 91% water, and 0.9% mineral salts. The majority(approximately70%) of total plasma protein is albumin. Additional
plasma proteins relevant to fractionation include immunoglobulins, coagulation factors, fibrinolytic proteins, proteases, and
protease inhibitors.These constituent plasma proteins can be isolated on the basisof the different solubility characteristics of
each protein when subjected to specific conditions of pH, temperature, ionic strength, and ethanol concentration. The major
products derived from fractionation are listed in Table 1.

Table 1. The Major Fractions and Products from the Cohn Process
Fraction Product

Cryoprecipitate Antihemophilic factor (FVIII)

Cryosupernatant Antithrombin III, factor IX complex

Fraction I Fibrinogen, factor XIII

Fraction II Immune globulin G (lgG)

Fraction III IgA, IgM, prothrombin, plasminogen

Fraction IV·' Factor IX complex, activated factor IX complex

Fraction IVA Plasma protein fraction, alpha-l proteinase inhibitor

Fraction V Albumin

Plasma for Manufacture of Derivative Products

The two methods for collection of human plasma are automated apheresis (for definitions, see the Glossary preceding the
appendices) and centrifugation of whole blood donations. Source Plasma collected by apheresis constitutes the majority of
plasma used in the manufacture of plasma derivatives in the United States. Plasma collected for transfusion but not so used
(i.e., recovered plasma) also may be used for manufacture. Flow charts delineating how apheresis and whole blood-derived
plasma can be used in the manufacture of plasma derivatives in the United States and Europeare presented in Figures 1 and
2, respectively.

1 FDA. Blood Guidances. www.fda.gov/cber/blood/bldguid.htm. FDA Memoranda to Blood Establishments available at www.fda.gov/
BiologicsBloodVaccines/GuidanceComplianceRegulatorylnformation/OtherRecommendationsforManufacturers/MemorandumtoBloodEstablishments/
default.htm.
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Figure 1. U.S. plasma derivative manufacture: FDA standards.
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Figure 2. EU plasma derivative manufacture: EU standards.

Regardless of the collection method, plasma for fractionation should be a clear to slightly turbid liquid without visible sign
of hemolysis; it may vary in color from light yellow to green; it should be ±10% of the stated volume; and it should show no
sign of clots.

Source Plasma

Licensed Source Plasma may be manufactured only in collection centers that are approved by the FDAfor the collection and
distribution of Source Plasma in interstate commerce. Currently, federal regulations governing the manufacture of Source
Plasma, including minimal requirements for donors, are found in 21 CFR 640, Subpart G. By definition, Source Plasmais plasma
intended for further manufacture. Source Plasma donors can donate as often as twice a week and may be compensated. In
addition to FDA requirements, most plasma collectors and fractionators also comply with voluntary standards established by
the Plasma Protein Therapeutics Association (PPTA), a trade and standards-setting orqanizatlon.! PPTA voluntary standards
address several areas of donor, plasma unit, plasma pool, and center management, and are designed to supplement existing
regulatory requirements.

Plasma for Transfusion

Plasma for transfusion is not intended for further manufacture but for direct transfusion to patients. It may be collected by
either whole blood or apheresis donation. In the United States, plasma for transfusion comes from unpaid volunteer donors.
Blood collecting facilities that collect plasma for transfusion typically comply with requirements of both the CFR and a voluntary
trade organization, the American Association of Blood Banks (MBB). Currently, sections 640.3 and 640.31 of 21 CFR outline
requirements for donors of whole blood and therefore govern most donors of plasma for transfusion, regardless of the collection
method. MBB voluntary standards include information contained in FDA regulations and guidance pertaining to blood and
plasma, aswell as additional standards.' Plasma for transfusion may be converted to recovered plasma, an unlicensed product
that may be used for further manufacture.

Plasma for Ancillary Use in Biologics Manufacturing

Human plasma and its derivatives are used in the manufacture of other biologic products. In this role, the plasma or plasma
derivative falls into the category of ancillary use. This is defined as use of a reagent or material as a processing or purification
aid or a reagent that exerts an effect on the therapeutic substance but is not intended to be part of the final product formulation
(see the USP general information chapter Ancillary Materials for Cell, Gene, and Tissue-Engineered Products (1043»).

Human plasma is commonly used in manufacturing processesthat involve primary human cells or cell lines intended for
therapeutic applications. In these applications, plasma provides a source of protein and possibly other factors that enhance
expansion and differentiation of cell populations. A variety of methods have been used to prepare human plasma and derivatives
for ancillary use, but the practices are not standardized. Allogeneic plasma typically is obtained from either apheresis or whole

2 PPTA. www.pptaglobal.org.
3 AABB. Standards for Blood Banks and Transfusion Services. 25th ed. Bethesda, MD:AABB; 2008.
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blood, using citrate anticoagulation. Allogeneic plasma typically iscollectedfrom paid donors who, like SourcePlasma donors,
have been screened for the absence oftransfusion-transmissible diseases. Preferred donors maybe blood type group AB, because
they lackanti-A and anti-B isohemagglutinins. Other preferreddonors includeuntransfused males,because thisgroup isunlikely
to have human leukocyteantigen (HLA) antibodies that could react with cells ina givenculture system. Serumisprepared either
from nonanticoagulated whole blood that has been allowed to clot or by the addition of calcium to plasmaobtained from
citrated whole blood or apheresis. Heating plasma or serum to 56° inactivates heat-labilecomplement and other proteins.

Although there are no standardized specifications for plasma products used as ancillary materials, assays often includesafety
testing associated with general biologics (e.g., bacterial/fungal cultures, endotoxin, and mycoplasma). Inaddition,
characterization of the products may include tests for irregularerythrocyte and HLA antibodies, osmolality, pH, total protein
and immunoglobulin concentrations, hemoglobin concentration, and chemistries such as Na, K, CI, Ca, and glucose.

In some instances, plasmafrom bovine sources has been used instead of human plasma. The differences between bovine
and human plasma products includefactors relevant to their efficacy as ancillary materials, as well as safetyof the final
manufactured product when administered to humans (see the USP general information chapter Bovine Serum (1024»). Fetal
bovine serum is preferred to human serum for some applications because it may be superior in promoting human cellgrowth
in vitro. Safetyconsiderations, especially the risk of transmissible spongiform encephalopathy and allergic reactions related to
antibovine antibodies, have led to recommendations that human plasmasources be used whenever possible instead of bovine
sources. However, substitution of human for bovine plasma does not completely eliminate the risk of infectious and
immunologic sequelae, even when human plasma is used as an ancillary material.

PLASMA COLLECTION AND PROCESSING

Thissection discussesthe standard principles involved in plasma collection and the methods used to ensure the safetyof the
plasma and subsequently manufactured plasmaderivatives. Principles for screening and testing of donors are presented inother
parts of this chapter.

Collection

Source Plasmais collected by apheresis. Recovered plasma can be obtained either by apheresis or as a by-product of whole
blood collection.Collection should take placeviaan FDA-approved, closed,sterile,pyrogen-freecollectionsystemthat contains
an anticoagulant. No antibacterialor antifungal agent should be added to the plasma. Donations must be collectedaseptically.
The skinof the donor must be aseptically prepared. Source Plasma iscollected using 4% sodium citrate as the anticoagulant.
The composition of sodium citrate isgiven in Table 2.

Three anticoagulant solutionsare licensed in the United States for collectionof whole blood: citrate phosphate dextrose
(CPD), citrate phosphate double dextrose (CP2D), and citrate phosphate dextrose adenine (CPDA-1). The compositionof blood
collectionbags containing these anticoagulants, isshown in Table 3. Plasma for transfusionor further manufacture can be made
from a unit of whole blood collected in any of the three anticoagulant solutions. Regulations relating to plasma make no
distinctionamong the three anticoagulant solutions.Consequently,collection, storage, and transport requirementsare identical
regardless of the anticoagulant solution used in the primarycollection.

Table 2. Anticoagulant Solution for Collection of Source Plasma by Apheresis (4% Sodium Citrate)
Sodium Citrate Ratio of Solution to

Volume Dihydrate Citric Acid Anhydrous pH (25°) Whole Blood

250 mLor 500 mL 40 giL As required for pH adjustment 6.4-7.5 1:16

Table 3. Anticoagulant Solutions Used during Whole Blood Collection for Recovery of Plasma (500-mL collection bags)

Anticoagulant CPDa CP2Db CPDA-1 c

Volume (mL) 70 63 63

Dextrose (mg) 1780 3220 2010

Sodium citrate dihydrate (mg) 1840 1660 1660

Citric acid anhydrous (mg) 209 206 206

Monobasic sodium phosphate (mg) 155 140 140

Adenine (mg) - - 17.3

pH (25°) 5.3-5.9 5.3-5.9 5.3-5.9

Ratio of solution to whole blood 1.4:10 1.4:10 1.4:10

a Citrate phosphate dextrose.
b Citrate phosphate double dextrose.
C Citrate phosphate dextrose adenine.

Note: Collection of Source Plasma typically involves the use of sodium citrate as the anticoagulant. The specification for sodium citrate isgiven in Table 2. Plasma
for transfusion is stored at 2° to 8° after collection. Plasma collected by apheresis should be frozen immediately at -18° or colder.
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labeling

The labeling for Source Plasma should comply with 21 CFR 640.70 and 21 CFR 640.69(b). The labeling for whole blood
should comply with 21 CFR 606.121 and 606.122, and with internal licenses.

A unique identification number is assigned so that the donation can be related to the individual donor records and test
results. The origin of each donation in a plasma pool and the results of the corresponding donation and laboratory tests must
be traceable while the required degree of confidentiality concerning the donor's identity is maintained. Whole blood must be
labeled "This Product may transmit infectious agents" [21 CFR 121(c)(9)]. Source Plasma or recovered plasma must be labeled
"Caution: For Manufacturing Use Only" if the product is intended for use in fractionation. For plasma to be used as a reagent
or for in vitro use, the required labeling statement is "Caution: For Use in Manufacturing Noninjectable Products Only" [21 CFR
121(e)(5)(ii)].

Storage

Plasmafor fractionation should be stored at or below -200.The plasma can still be used for fractionation if its temperature
exceeds _200 on (at most) one occasion for not more than 72 hours and if the plasma has been maintained at a temperature
of _50 or lower at all times. Storage temperatures must be maintained during transport.

PLASMA SAFETY CONSIDERATIONS

Plasma is protected by five overlapping safeguards that the FDA has termed the "Five-Layer Safety Net": donor screeninq,
blood testing, donor deferral, quarantine, and investigation. For guidance in this area, seeFDAPublication No. FS 02-1 February
2002.

Voluntary measures that provide an additional margin of safety include recruitment and retention of suitable donors and
inventory hold procedures. In the manufacture of plasma-derived products, steps taken for viral clearance are very important
for ensuring safety.

None of these measures is sufficient by itself; the safety net is the overlapping combination of the activities.

Donor Screening

The selection of a suitable site for blood and plasma donation activities is a first and very important step to ensure safe
donations. Areas with low disease prevalence are preferred as locations for donation centers, thereby reducing the likelihood
of collecting plasma from an infected donor.

One of the PPTA voluntary standards is the viral marker standard, which obliges plasma centers to report viral marker rates
for human immunodeficiency virus (HIV), hepatitis Bvirus (HBV), and hepatitis C virus (HCV) in the donor populations. A center's
rates are compared to the industry average. Alert limits are set to take into account the number of annual donations in the
center. If a center exceeds the limit for any of these viruses or the aggregate of all three, the center must implement corrective
actions that will bring the center into compliance with the standard.

Appropriate donor selection helps provide a safeplasma supply. A detailed donor history questionnaire in conjunction with a
careful medical examination allows center personnel to recognize unsuitable donors whose behavior puts them at risk for
transfusion-transmitted disease or who have underlying medical conditions that preclude donation.

An additional measure put in place by centers that collect Source Plasmais the PPTA National Donor Deferral Registry (NDDR).
It lists donors throughout the United States who have been previously deferred from donation (although it provides no
information about the reason for deferral). Other countries have different systems depending on their national regulations
concerning personal data gathering. Any individual who tests positive for HIV, HBV,or HCV is entered into the national database
(the National Donor Deferral Registry) used by all U.S. plasma centers that are certified under the International Quality Plasma
Program (IQPP). All individuals who present at a U.S. plasma center for the first time are checked against the NDDR. In this
manner, donors who have previously been deferred for positive test results at any participating facility can be identified and
rejected quickly. This standard ensures that donors deferred for positive test results do not donate in other facilities.

A voluntary safety initiative, the Qualified Donor Standard, implemented by the plasma fractionation industry, builds on the
fact that many plasmapheresis donors contribute plasma frequently. A donor who enters a plasmapheresis center for the first
time is called an Applicant Donor, and the first donation is used for further manufacturing only if the donor returns a second
time. Potential donors must passtwo separate medical screenings and testing for HIV, HBV,and HCV on two different occasions.
Only after satisfactory screenings and negative test results does that person become a Qualified Donor. If a donor does not
return within 6 months, that person loses his/her Qualified Donor status and must qualify again. This standard means that
plasma from a one-time-only donor (even when all test results are negative) cannot be used for further manufacture. This
standard results in committed donors and eliminates the risk that plasma centers will accept so-called test seekers. The interval
between permitted donations of whole blood is too long to allow a similar screening program, although quite a number of
donors in whole-blood donor centers are regular and repetitive donors.

Another PPTA voluntary standard addressesdonor management criteria. The Community-Based Donor Standard allows only
donors who permanently reside within its defined donor recruitment area to donate at a given center. In addition, a Donor
Education Standard requires new donors to engage in an educational program and follow-up assessment regarding HIV/
acquired immune deficiency syndrome (AIDS) and activities that place them at risk for HIV/AIDS.

In addition to donor management strategies and standards, PPTA has issued a plasma unit management standard called
Inventory Hold. This standard states that collected plasma will be held in inventory for at least60 daysfrom the time of collection.
This allows the retrieval of units asa result of post-donation information (information that was not known at the time of donation)
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that would have disqualified the donor. This information could include admitting high-risk behavior; becoming reactive for HIV,
HBV, or HCV; or providing incorrect information about international travel.

Blood Testing

Testing of donations is an important safety measure both for plasma intended for transfusion and plasma intended for further
manufacturing. Both enzyme-linked immunosorbent assays (ELISA) and nucleic acid amplification technologies (NAT) are used
to screen donations for the presence of infectious disease.Automation provides the necessarythroughput to screen every
donation for a variety of potential pathogens.

Testing strategies differ depending on whether the plasma donation is intended for transfusion or further manufacture.
Plasmafor transfusion requires more extensive infectious diseasetesting, because there are no pathogen inactivation/removal
technologies licensed for this product in the United States. On the other hand, plasma for further manufacture is subjected to
several pathogen inactivation/removal steps during manufacture, thereby obviating the need for some diseasetesting. Table 4
outlines current infectious diseasetests required by the FDAfor plasma donations collected in the United States. Appendix 3
compares EUand U.S. diseasetesting and donor deferral requirements.

Table 4. FDA Disease Test Requirements for Plasma for Transfusion and Plasma for Further Manufacturing
Plasmafor

Further
Disease Plasmafor Transfusion Manufacturing"

Hepatitis 8 Hepatitis B surface HBsAg
Antigen (HBsAg)
Hepatitis B core antibody

Hepatitis C Anti-HCV Anti-HCV
HCVRNA HCVRNA

HIV Anti-HIV 1/11 Anti-HIV 1/11
HIVRNA HIV RNA

Human T.lympho- Anti-HTLV1/11 Not required
tropic virus (HTLV)1/11

Syphilis Serologictest for syphilis,every donation Serologic test for syphilis,every4 months for
donors only

West Nile virus (WNV)b WNVRNA Not required

aThe FDAalsoencouragesin-processNATtesting for parvovirusB19 and hepatitis A. HBVNAT testing alsois performed on most SourcePlasma.
bTesting for WNV is recommended in an FDAdraft guidance. The FDAisconsidering recommendations regarding testing for Trypanosoma cruzi(Chagasdisease).

NAT, of which polymerase chain reaction (PCR) is the most widely used form, does not rely on the detection of antibodies
produced by the infected host after exposure, but targets the nucleic acid of the infecting agent. By means of the selection of
suitable priming molecules (the so-called primers), the assay is highly specific for the infecting virus (see the USP general
information chapter Nucleic Acid-Based Techniques-Amplification (1127». Through several cycles of amplification, the
polymerase enzyme can repetitively generate copies of the targeted fragment of the viral nucleic acid, providing an exponential
amplification of a very short stretch of the viral deoxyribonucleic acid (DNA) [or ribonucleic acid (RNA)]. The exponential
amplification leads to the generation of many copies of the target molecule and allows the subsequent detection of this
virus-specific fragment, even if the original viral load was exceedingly low. This methodology has brought a new degree of
safety.

NAT testing, because of its complexity and expense, is difficult to conduct on individual donations. Generally, aliquots from
several donations are combined into a single pool, often called a minipool. Testing in pooled format remains more sensitive
than serological ELISA screening of individual donations. In addition, the NAT principle circumvents several of the limitations
in detecting pathogens by means of serological methods. Pooling can influence overall sensitivity, depending on the pool size
and the analytical sensitivity of the NAT assay employed.

In many countries, the maximal load of a pathogen acceptable for a single donation defines the overall NAT sensitivity
required. Assays of higher analytical sensitivity can use larger pools, but those of lower analytical sensitivity must test smaller
pools in order to comply with regulations. The availability of commercial NAT test kits with defined analytical sensitivity has
made minipools up to 512 very common, because these pool sizes, in combination with the analytical sensitivity of the assays
used, comply with common regulations on overall sensitivity.

Effective NAT screening requires that the viral load of the plasma pool at the beginning of production be less than the
inactivation and/or removal capacity of the process. Differences between the plasma transfusion and fractionation industries
have led to different applications of NAT. For individual donations intended for transfusion, where there is no inactivation and/
or removal process and where testing is the only method to interdict a contaminated donation, the safety of each individual
donation must be ensured by testing with the most sensitive assays possible. Plasma intended for further manufacturing, in
contrast, is pooled and servesas the starting material for a multistep process that has built-in pathogen inactivation
methodologies. Therefore, NAT screening for plasma for further manufacture is focused on ensuring safedonations and limiting
the viral load of the plasma pool to levels less than the known viral inactivation/removal capacity of the inactivation process.

To avoid the lossof large amounts of plasma from a reactive pool, the fractionation industry has implemented a prescreening
strategy, the minipool screening concept mentioned earlier. Aliquots of plasma donations are combined to form minipools,
and the minipools are tested by NAT. If a minipool is reactive for a virus tested, the individual donation that gave rise to this
positive result can be identified and interdicted. The other donations demonstrated to be free of infection can be used for further
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manufacturing. The donations are then combined into a production pool, a sample of which is subjected to NAT testing as
required by regulations.

As indicated, the NAT test portfolio is not uniform and depends on the intended use of the donation and the regulatory
environment. Although screening for HCV RNA is done in most countries, screening for HIV is not universally required. NAT
detection of HBV is used mainly for plasma for manufacturing. Screening for B19 virus or hepatitis A virus (HAV) is performed
only on plasma for manufacturing. HBV screening using NAT detection is more widespread in European and Asian countries
than in the United States.

Donor Deferral

A donor may be deferred from further donation asa result of answersprovided on the donor history questionnaire, counseling
of donors for reasonsfor deferral, a medical examination performed at.the time of donation, or positive tests for infectious
diseases. These processes ensure both the eligibility of the donor and the suitability of the donation. In the event that either is
not acceptable, standard processes permanently remove the donor and interdict unused units previously donated. The donor
registries mentioned earlier are one means of ensuring that a donor deferred at one center cannot donate elsewhere.

Quarantine and Inventory Hold

Each individual unit of plasma, whether for transfusion or further manufacture, is held in quarantine until all the required
tests have been completed. If all required tests have been performed and found acceptable, the unit can be released; if not,
the unit must be destroyed. The plasma industry has voluntarily implemented the inventory hold protocol (also discussed in
the previous section DonorScreening) for plasma for further manufacture. According to inventory hold requirements, during a
60-day hold period an individual plasma donation cannot be used for further manufacture. The rationale for the hold is that
donors who have been recently infected with a pathogen may not have developed levels of antibody at the time of donation,
thereby donating an infectious unit despite negative disease tests. The hold provides sufficient time for an infectious donor to
develop levels of antibody that will be detected during a subsequent donation if the plasma was intended for transfusion. The
60-day hold also reduces the chance of releasing an infectious unit into the manufacturing process.

The introduction of NAT may have decreased the need for inventory hold, because NAT targets the infecting virus directly
and thus does not rely on the time-delayed production of antibodies. Because NAT cannot detect all viruses and becauseeven
NAT has a certain (although very low) limit of detection, inventory hold is still of value and thus remains in place in the plasma
fractionation industry.

Investigation

Each plasma donation must be traceable from donation to ultimate disposition in order to minimize the potential transmission
of an infectious agent. Traceability encompasses all data concerning donation site, donor identifying information, test results,
and data regarding transport, storage, and consignee(s).

Look-back is a process to identify and interdict (quarantine) previous donations from a donor who, at a subsequent donation
event, has been found to be (1) infected with a transmissible agent or (2) unsuitable for donating plasma becauseof history,
physical examination, or post-donation information. Although look-back strategies are similar in most countries, specific
procedures may vary.

QUALITY SYSTEMS

The intent of this section is to outline the general principles and regulations that are the basis of quality systems relating to
plasma collection. U.S. collection centers must follow cGMPs that originate in CFR and are elaborated in FDA regulations,
guidance documents, and industry standards.

The GMP regulations specifically governing plasma are found in 21 CFR 600, Biological Products: General; and 606, Current
Good Manufacturing Practice (cGMP) for Blood and Blood Components. More general cGMP regulations are found in 21 CFR
210, Current Good Manufacturing Practice in Manufacturing, Processing, Packing, or General Holding of Drugs, General; and
21 CFR 211, Current Good Manufacturing Practice for Finished Pharmaceuticals. Although quality systems regulations are part
of 21 CFR for medical devices, they have been extended to other manufacturing as part of the "c" in cGMP and FDAGuidance
documents."

The quality system is divided into four major parts: management responsibility, resources, manufacturing operations, and
evaluation activities. These are the foundation of the five manufacturing systems: production, facilities and equipment,
laboratory control, materials, and packaging and labeling. The procedures of each system are designed to allow operations that
facilitate implementation of cGMP requirements. In many instances, these requirements relate to providing facilities and
expertise to achieve the requirements for the Five-LayerSafety Net (donor screening, blood testing, donor deferral, quarantine,
and investigation), discussed above.

Management responsibilities include providing leadership; building a quality system for the organization that meets
requirements; establishing policies, objectives, and plans; and reviewing the quality systems with defined frequency. Resources
include having sufficient resourcesfor operational activities, personnel development plans, adequate facilities, and suitable
equipment; and controlling outsourced operations. Manufacturing includes desig~ing, developing, and documenting product

4 FDA. Guidancefor Industry:QualitySystems Approach to Pharmaceutical cGMP Regulations. 2006. Available at www.fda.gov/downloads/Drugs/..'/
Guidances/UCMO70337.pdf.
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and processes, performing and monitoring operations, and addressing nonconformities. Evaluation activities include analyzing
data for trends, conducting internal audits, and initiating corrective and preventive actions.

A number of required routine activities related to collection and releaseof plasma or normal recovered plasma from whole
blood are linked to both cGMP guidelines and quality systems. These include the requirement for having SOPs to cover all
aspects of collection, testing, and release. It is also necessaryto validate equipment and systems used by the collection center,
including temperature-controlled areas,laboratory equipment, water systems,and computer systems.The design and operation
of the facility must be adequate to perform the tasks at hand and prevent cross-contamination. Plasmacollection facilities must
have an adequate number of knowledgeable and trained staff aswell asprocedures for acceptance and release of raw materials.
To the extent possible, collection facilities must adhere to the GMP requirements for a pharmaceutical manufacturing facility.

GLOSSARY
Apheresis: A method of obtaining one or more blood components by machine processing of whole blood; the residual

components of the blood are returned to the donor during or at the end of the process.
Blood component: A constituent of human blood: red cells, white cells, platelets, or plasma.
Blood establishment: Any structure or organization responsible for any aspect of the collection and testing of human

blood or blood components, whatever their intended purpose, and their processing, storage, and distribution. Hospital
transfusion services engaged only in compatibility testing and transfusion of blood and blood products are not included within
the definition of blood establishment.

Blood product: Any therapeutic product derived from human blood or plasma.
Center: Collection site or location where blood or plasma is collected (and also may be processed and stored). Center is

also applicable to a testing Site (see entry in this glossary).
Cryoprecipitate: A plasma component prepared from fresh-frozen plasma by freeze-thaw precipitation of proteins and

subsequent concentration and resuspension of the precipitated proteins in a small volume of the plasma.
Deferral: Temporary or permanent suspension of the eligibility of an individual to donate blood or blood components.
Distribution: The act of delivery of blood and blood components to other blood establishments, hospital blood banks,

and manufacturers of blood products. .
Manufacturing pool: A combination of a specified number of plasma donations used as the first step in the manufacture

of plasma derivatives.
Donation minipool: A combination of a small number of units or samples representative of donations used for pretesting

prior to pooling units for manufacture.
Quarantine: The physical isolation of blood components or incoming materials/reagents over a variable period of time

while awaiting acceptance, issuance, or rejection of the blood components or incoming material/reagents.
Site: Any location at which a blood establishment carries out blood collection, not including any location not owned or

managed by the blood establishment at which blood is collected or any mobile blood collection unit.
Validation: The establishment of documented and objective evidence that the particular requirements for a specific

intended use can be consistently fulfilled.

ABBREVIATIONS

MBB AmericanAssociation of Blood Banks

AIDS Acquired immune deficiencysyndrome

CFR Code of Federal Regulations

CJD Creutzfeldt-Jakob disease

CMV Cytomegalovirus

CNS Central nervoussystem

DNA Deoxyribonucleicacid

EBV Epstein-Barr virus

EIA Enzyme immunoassay

EU European Union

FBS Fetal bovine serum -
FDA Foodand Drug Administration

FFP Fresh-frozen plasma

FP24 Plasma frozen within 24 hours after phlebotomy

cGMP Current Good Manufacturing Practice

HAV HepatitisA virus

HBsAg HepatitisBvirussurfaceantigen

HBV HepatitisBvirus

HCT Hematocrit

HCV HepatitisC virus
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HIV Humanimmunodeficiency virus

HLA Humanleukocyte antigen

HTLV HumanT-Iymphotropic virus

IgA, IgG, IgM Immunoglobulins A,G, and M, respectively

IQPP International Quality Plasma Program

IU International Unit

NAT Nucleic acid amplification technology

NDDR National Donor Deferral Registry

PCR Polymerase chain reaction

PPTA Plasma Protein Therapeutics Association

PRP Platelet-rich plasma

RNA Ribonucleic acid

SARS Severe acute respiratory syndrome

TEP Therapeutic exchange plasma

WBDP Wholeblood-derived plasma

WNV WestNile virus

APPENDICES

Appendix 1

[NOTE-The collection, processing,and usesof plasma have generated a large number of terms and definitions that reflect
the diversity of operations. In addition to the FDA standards and terms, industrywide voluntarystandards are discussed in the
Plasma Safety Considerations section.

Advisory Note: These terms are not meant as regulatory definitions, because plasma term definitions can vary from region
to region and among industrysectors. The reader isadvised to consult with regulatoryauthorities responsible for the region
and industrysector. Often specific processvariables must be considered.]

Appendix 1: Plasma Types and Specifications as Assigned by Regulatory Agencies in Selected Jurisdictions
Plasma Type and Agency or Agency Type Specification

Recovered plasma

CFR

AABB

Inter-region, Inter-sector

Source Plasma

CFR

Inter-region, Inter-sector

Fresh-frozen plasma (FFP)

CFR

AABB

Inter-region, Inter-sector

Council of Europe

Plasma derivedfrom singleunitsof whole blood as a by-product in the preparationof bloodcomponents from
whole blood collection and intended forfurther manufacturing.CompliancePolicy Guides Manual(CPG
7134.12), Sec.230.100.

Plasma for use in manufacturing and preparedfrom allogenicdonations. Plasma selectedfor manufacturethat
has been collectedfromwhole blood or apheresis plasma collectedfor transfusion that has expired.

Plasma separated from whole blood most often by manual centrifugation or by apheresis. The priorityfor the
bloodcollectedisusually for the productionof red blood cells.However, the plasmacan be suitableforfurther
manufactureof biotherapeutics and transfusion. The time from collection to freezing can varydepending on
the distance of collection and processing sites.Volunteer donors typically are used.

Fluid portion of human blood collectedby plasmapheresis and intended as source material for further manu­
facturinguse (21 CFR 640.60).

Plasma separated from whole blood by plasmapheresis where the cellular components can be returned to the
donor. The priority for the plasmausually isfor further manufactureof biotherapeuticproducts. However, the ­
plasmacan be suitablefor transfusion. It is rapidly frozen after collection.

Fresh-frozen piasmashallbe preparedfrombloodcollectedbya singleuninterruptedvenipuncturewith minimal
damage to and minimal manipulation of the donor's tissue.The plasmashallbe separatedfromthe red blood
cells and placed in a freezerwithin8 hoursor-within the timeframespecified in the directions for use for the
blood collecting, processing, and storage systemand stored at -180 or colder [21 CFR 640.34(b)].

Plasma separated from the blood of an individual donor and placed at -180 or colderwithin6 to 8 hours of
collection from the donor or within the timeframespecified by the manufacturer'sinstructions.

Plasma that iscollected and frozen quickly after preparation.Transfusion isthe primaryintended use. However,
FFP can be suitablefor further manufactureof biotherapeutic products. .

Acomponent for transfusion or for fractionation prepared either from whole blood or from plasmacollected
by apheresis, frozenwithina period of time and to a temperature that will adequately maintain labile coagu­
lationfactorsin a functional state (Chapter 21).
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Appendix 1: Plasma Types and Specifications as Assigned by Regulatory Agencies in Selected Jurisdictions (continued)

PlasmaType and Agency or Agency Type Specification

UK Supernatant plasmaseparated from a whole blood donation or plasmacollectedby apheresis, frozen,and
stored.

Australia

Concurrent plasma

Inter-region, Inter-sector

Applicant Donor

Inter-region, Inter-sector

Platelet-rich plasma (PRP)

CFR

Inter-region, Inter-sector

Platelet-poor plasma

Inter-region, Inter-sector

Cryo-poor plasma

CFR

MBB

Inter-region, Inter-sector

Council of Europe

UK

Australia

Cryo-richplasma

Inter-region, Inter-sector

Plasmafor labile products

Inter-region, Inter-sector

Plasma for stable products

Inter-region, Inter-sector

Lessthan 6-hour plasma

Inter-region, Inter-sector

6- to 12-hour plasma

Inter-region, Inter-sector

Plasma, Fresh Frozen isa component for transfusion or for fractionation prepared eitherfrom whole blood or
from plasmacollectedby apheresis, frozenwithin a period of time and to a temperature that will adequately
maintain the labile coagulationfactors in a functionalstate. Ifpreparedfromwholeblood, it should preferably
be recovered within6 hours, and not more than 18 hours after collection ifthe unit has been refrigerated.
Plasma mayalsobe collectedup to 24 hoursifthe collectedbloodhasbeen immediately cooledand maintained
at 20°-24°. Separatedplasmamust be frozen to below_30° withinone hour. Freezing of plasmacollectedby
apheresis, as above, must commence within6 hoursof collection or within24 hoursifthe collectedblood has
been immediately cooled and maintainedat 20°_24°.

Plasma collectedconcurrently with cellular components. Concurrentplasmamay be suitablefor transfusion or
forfurther manufactureof biotherapeutics.

SourcePlasma obtained during the firstcollection from a new donor. The plasmais reserved for testing, and
any remainderor products derivedfrom the remainderare not allowed for use in humans or are quarantined
untilthe donor passesappropriate tests and returns for a second donation whichalsoclearstesting.Atthat
time, both collections are reclassed as "Qualified".

PRP shallbe prepared from blood collectedby a single uninterruptedvenipuncturewith minimal damage to
and manipulation of the donor's tissue.Theplasmashallbe separatedfromthe red bloodcells bycentrifugation
within4 hours after completionof the phlebotomy or withinthe timeframespecified in the directions for use
for the blood collecting, processing, and storage system.The time and speed of the centrifugation shall have
been shown to produce a product with at least 250,000 plateletsper IJL. The plasmashallbe stored at a
temperature between 20° and 24° immediately after filling the final container.Agentle and continuousagi­
tation of the product shallbe maintainedthroughout the storage period ifstored at a temperature of 20° to
24° [21CFR 640.34(d»).

Plasma that is a product of the firstcentrifugation of blood where it isseparated from red cells. Platelets are
fractionated into the plasmalayer.

. Plasma that isfurther purified from plateletsby a second centrifugation of PRP.

Plasma that remainsafterboth plateletsand cryoprecipitated AHF havebeen removedmaybe labeled"Plasma,
Cryoprecipitate Reduced" [21CFR 640.34(e)(2)].

Plasma Cryoprecipitate Reduced; Fresh-frozen Plasma from whichcryoprecipitate has been removed.

Plasma that has been thawed by maintainingthe temperature justabove freezing (usually 4°). Alarge portion
of certainplasma proteins(e.g., FVIII, cryoprecipitate, fibrinogen, fibronectin, or FXIII) has been precipitated
from the plasma.

Plasma, Fresh-Frozen, Cryoprecipitate-Depleted (Chapter 23). Acomponent preparedfrom plasma by the re­
moval of cryoprecipitate.

Plasma cryoprecipitate-depleted for transfusion means a plasmacomponent preparedfrom a unit of plasma,
fresh-frozen. It comprises the residual portion after the cryoprecipitate has been removed.

Plasma, Fresh Frozen, Cryoprecipitate-Depleted is a component preparedfrom Fresh Frozen Plasma by the
removal of cryoprecipitate. Thecontent of albumin,immunoglobulin, and most clottingfactorsismaintained,
but the levels of Factors Vand VIII and fibrinogenare reduced. It can be stored for up to 36 months at below
_25°.

Plasma that has been thawed bygentle heat input (e.g., in a 37°water bath) wherethe cryoprecipitate remains
dissolved.

Plasma that has been collectedand best maintainsthe activity and integrityof labile plasmaproteinsas exem­
plified by clotting FactorVIII. Generally the time from collection through processing to freezing is rapid.

Plasma that has been collectedwhere conditionsfor preservation of labile productswas not achieved,however
conditionsweresufficiently moderate so relatively stableproductslike IgGand albuminwouldnot be impacted.

This isgenerally recoveredplasmathat hasbeen collected,processed,andfrozenpriorto 6 hoursaftercollection.
This plasmagenerally isconsideredto be acceptablefor the productionof labile products.

Generally this is recovered plasmathat has been collected,processed,and frozen more than 6 hours and less
than 12 hoursaftercollection. This plasmaisgenerally consideredto be acceptablefor the productionof labile
products but is inferior to lessthan 6-hour plasmafor this purpose.
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Appendix 1: Plasma Types and Specifications as Assigned by Regulatory Agencies in Selected Jurisdictions (continued)
Plasma Type and Agency or AgencyType Specification

12- to 24-hour plasma

Inter-region, Inter-sector

Lessthan 12-hour plasma

Inter-region, Inter-sector

More than 24-hour plasma

Inter-region, Inter-sector

Pooled plasma

Inter-region, Inter-sector

Single-donor plasma

Inter-region, Inter-sector

Hyperimmune plasma

Inter-region, Inter-sector

SiD plasma

Inter-region, Inter-sector

EU (PharmEuropa)

Therapeutic exchange plasma (TEP)

Inter-region, Inter-sector

Quarantine plasma

Inter-region, Inter-sector

Quarantine residual plasma

Inter-region, Inter-sector

Salvaged plasma

Inter-region, Inter-sector

Plasma for fractionation (Processing require­
ments)

CFR

Australia

Generally this is recovered plasmathat has been collected,processed,and frozen more than 12 hours and less
than 24 hours aftercollection. Thisplasmamay be acceptableforthe production of labile products but is
inferior to lessthan 6-hour plasmaand 6- to 12-hour plasmafor this purpose.

Generally this is recovered plasmathat has been collected,processed,and frozen lessthan 12 hours after col­
lection.Thisplasmamay be acceptablefor the productionof labile products but is inferior to lessthan 6-hour
plasmaand 6- to 12-hour plasmafor this purpose.

Generally this is recovered plasmathat has been collected,processed, and frozen more than 24 hoursafter
collection and usually lessthan 72 hours after collection. This plasmagenerally is not acceptablefor the pro­
duction of labile products.

Plasma that hasbeen pooledfor manufacturing from several donors. Someplasmapoolsforfurther manufacture
of biotherapeuticproducts can be derivedfrom several hundred to a few thousand donors.

Plasma derivedfrom a singledonor. Itcan be a singleunit or a pool of several units derivedfrom multiple
collections from the same donor.

Plasma derivedfromdonorswith high titersto specific diseaseagents. Titers are elevatedin these donors mostly
as a resultof immunization with a.vaccine(e.g., hepatitis B, tetanus, or rabies)or exposure to diseaseagents
(e.g., HCVor SARS). Hvperlmmune plasmausually is intended for the preparationof IgGto providepassive
immunityagainst target diseaseagents.

Plasma that has been treated with solvent/detergent, an inactivation method effective against envelopevirus
diseaseagents (e.g., HIV, HBV, or HCV). Some plasmaprotein components are inactivatedor damaged by the
process(e.g., alpha-1 proteinaseinhibitor, ProteinS,anti-plasmin, or FVIII).

Human Plasma Pooled and Treatedfor Virus Inactivation is a frozenor freeze-dried, sterile,nonpyrogenicprep­
aration obtained from human plasmaderivedfrom donors belonging to the same ABO blood group. The
preparation is thawed or reconstituted before use to givea solutionfor infusion. The human plasmaused
complieswith the monograph on HumanPlasma for Fractionation.

Similar to SourcePlasma in itscollection. However, the donors are patientswho are havingtheir plasmareplaced
with electrolytes, proteinsolutions, or plasmafrom another donor. The objectiveusually is to removedisease
elements from the patient's plasma.Generally, TEP is not advisable forfurther manufactureof biotherapeutic
products. However, there may be caseswhere a specialtyproduct may propose a specific TEP as a source
material.

Plasma that has been collectedand not had initial testing completed and/or stored as part of a controlleddonor
program.Thedonor isretestedfordiseaseagents (e.g., 6 months aftercollection). Ifthe donor again isnegative
for the tested diseaseagents, then the plasmais releasedfor useforfurther manufactureand/or use in humans.

Plasma that has been collectedand stored as part of a controlleddonor program. The donor was not retested
for diseaseagents (e.g., 6 months after collection). Anexamplewould be that the donor did not return to the
collection facility to permit the later test. Quarantine Residual Plasma is not recommended for further manu­
facture and/or use in humans.

Plasma that has experienceda storage or transport temperature deviation but maystill be useful for the prep­
aration of nonlabile products such as albumin or IgG.

Placed in a freezerwithin8 hours and stored at -18° or colder.

The liquidpart of human blood remaining after separation of the cellular elementsfrom blood collectedin a
receptaclecontainingan anticoagulantor separated by continuousfiltration or centrifugationof anticoagu­
lated blood in an apheresis procedure. It is intended for the manufactureof plasma-derived products. When
the plasmaisintendedfor the recovery of proteinsthat are labile in plasma,it isfrozen rapidlyto -25° or below
within 24 hours of collection. Forthe recovery of nonlabile proteins, the plasmashould be frozen to -20° or
belowassoon aspossible and at the latestwithin72 hoursofcollection. Frozen plasmaisstored and transported
in conditionsdesigned to maintainthe temperature at or below _20°. Foraccidentalreasons, the storage
temperature may riseto above -20° on one or more occasions during storage and transport, but the plasma
is nevertheless considered suitablefor fractionation ifall the following conditionsare fulfilled: the total period
of time during whichthe temperature exceeds -20° does not exceed 72 hours; the temperature does not
exceed -15° on morethan one occasion; the temperature at no time exceeds_5°.
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Appendix 1: Plasma Types and Specifications as Assigned by Regulatory Agencies in Selected Jurisdictions (continued)

PlasmaType and Agency or Agency Type Specification

EU (PharmEuropa) Humanplasmafor fractionation Isthe liquidpart of human blood remaining afterseparation of the cellular
elementsfrombloodcollectedina receptaclecontainingan anticoagulantor separated bycontinuousfiltration
or centrifugation of anticoagulated blood in an apheresis procedure. It is intended for the manufactureof
plasma-derived products.
When obtained by plasmapheresis or from whole blood (afterseparationfrom cellular elements), plasmain­
tended for the recovery of proteins that are labilein plasmaisfrozenwithin24 hours of collection by cooling
rapidly in conditionsvalidatedto ensure that a temperature of -25° or belowis attained at the core of each
plasmaunit within12 hours after it is placed in the freezing apparatus.
When obtained by plasmapheresis, plasma intended solely for the recovery of proteinsthat are not labile in
plasmaisfrozenby cooling rapidly in a chamber at -20° or belowas soon as possible and at the latestwithin
24 hours of collection.
When obtained from whole blood, plasma intended solely for the recovery of proteinsthat are not labile in
plasmaisseparatedfrom cellular elementsand isfrozen in a chamber at -20° or belowas soon as possible and
at the latestwithin72 hours of collection.
Frozen plasmaisstored and transported in conditionsdesignedto maintainthe temperature at or below-20°.
Foraccidental reasons,the storage temperature may riseto above -20° on one or more occasions during
storage and transport, but the plasmais nevertheless consideredsuitablefor fractionation ifall the following
conditionsare fulfilled: the total period of time during whichthe temperature exceeds_20° does not exceed
72 hours;the temperature does not exceed -15° on more than one occasion; the temperature at no time
exceeds_5°.

Plasmafrozen within 24 hours after phlebot­
omy

CFR Plasma manufactured fromwhole bloodshould be frozenwithin24 hoursafterphlebotomy.Blood component
must be labeled"Plasma Frozen Within 24 Hoursafter Phlebotomy."

Appendix 2: Donor Criteria
Region

Criterion

General criteria for blood donation

United States United Kingdom European Union Australia

Donor should appear to Donorshould be in good Onlydonors ingood healthac-
be in good health (AABB) health cepted

Mostseriousmedicalconditionsaregroundsfordeferral under UnitedStates,EU, and UK guidelines.
FDA quldellnes requiredeferral only Ifa person has used bovineinsulin manufacturedfrom UK
cattle. However, AABB guidelines requiredeferral for cancer, heart, liver, or lung disease, and
bleedingtendency unlessapprovedbya medicaldirector.Cancerand cardiacdiseaseand diabetes
treated with insulin requirepermanent deferral under EU and UK guidelines

Appearance

Underlying medical
conditions

Age

Weight

Blood pressure

Pulse

Temperature

~16 or conform to applicable
state law (AABB, whole
blood)

None stated: no more than
10.5 ml/kg may be with­
drawn (AABB)
FDA requiresSourcePlasma
donors to weigh at least
110lb

Systolic S180 mm Hg
Diastolic Sl 00 mm Hg
(AABB)

Between 50 and 100 beats per
minute and regular; lower
pulsesacceptable at discre­
tion of physician (AABB)

S37S taken orallyat time of
donation (AABB)

Between 18 and 65; donation
at 17 permitted ifin accord
with national legislation;
first-time donors >60 only if
permitted by physician

Wholeblood:~50 kg
Apheresis: no specific weight
requirement

Systolic S180 mm Hg
Diastolic st 00 mm Hg

Between 50 and 100 beats per
minute and regular

Donors who have had a tem­
perature of 2:38° may not do­
nate for 2 weeks

Wholeblood: between 17 and
65;
no first-time donors >60
Apheresis: first-time donors
between 18 and 60; may do-
nate up to age 65 .

Wholeblood:~50 kg
Apheresis: 2:50 kg

No specified blood pressure
parameters;donorswith high
blood pressuremaydonate
provided(1) they have not
sufferedany complications
caused by high blood pres­
sure, (2) they are taking only
beta blockers and/or diuret­
ics,and (3)their diseaseissta­
ble, as determined by quali­
fied medicalpersonnel.

No specific pulserate parame­
ters stated

Donorswho have had a tem­
perature of 2:38° or flu-like
symptoms may not donate
for 2 weeks

Nothingspecific noted

Mostseriousmedicalcondi­
tionsare groundsfor deferral.
Cancer:accepted 5 yearsof
remission.
Cardiacdisease: varies de­
pendingon clinical condition.
Diabetes: acceptable if con­
trolled.

Wholeblood: can start at 16­
17 with consent of parents
and continue to 80, but med­
icalreview requiredat >70.
Apheresis: accept new donors
18-65, with medicalevalua­
tion requiredwhen >60.
Existing donors requireannu­
al medicalreview if>65.

<45 kg-defer.
Medical opinion requiredfor
unexplainedweight loss

Acceptable ranges:
Systolic 90-180 mm Hg.
Diastolic 60-90 mm Hg.
Hypertension 180-100: de­
fer.
Hypotension 90-60: defer.

Regular pulse between 50 and
100: accept
Pulse between 40 and 49: ac­
cept ifdonor isphysically fit
and not on medication

No requirement
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Appendix 2: Donor Criteria (continued)

Region

Criterion

HgB/HCT

Skin examination

Pregnancy

United States

;::125 giL or HCT 38%

Freeof infectious skindisease
at siteof phlebotomy; no skin
puncturesor scars indicative
of addictionto self-injected
narcotics (CFR)
Free of infectious diseases
(AABB)

Defer for6 weeksafterdelivery
(AABB)

United Kingdom

Males: ;::135 giL
Females: ;::125 giL

Skin at venipuncturesite
should be clearof lesions, in­
cluding eczema

Defer6 months after delivery

European Union

Males: ~135 giL
Females: ;::125 giL

Thereshould be no skin dis­
ease at venipuncturesite

Deferfor 1 weekfor every
completed week of pregnan­
cy

Australia

Wholeblood:females,
120-165 giL; males,
130-185 giL.
Apheresis: females,
115-165 giL; males,
125-185 giL.
Ifhigh, defer. Iflow,deferfor
6 months and test forferritin.

Avoid venesectionwhere there
is evidenceof inflammation
or infection

Current:defer 9 months from
estimated date of confine­
ment.
Afterthird-trimesterdelivery:
defer 9 months.
Miscarriage or termination:
defer 3, 6, or 9 months, re­
spectively for 1st, 2nd, and
3rd trimester.

Underlying medicalconditionsthat requiredeferraland that do not pose a risk of transfusion-transmissible infection

Cancer

Cardiacdisease

Cerebrovascular diseas­
es

Epilepsy

Gastrointestinal disease

Genitourinary and re­
nal disease

Permanentdeferralunless
deemed suitable by medical
director(AABB)

Freeof majororgan disease
(heart, liver, and lungs)unless
deemed suitable by medical
director(AABB)

No specific guidelineother
than that the donor must be
free of majororgan disease
(AABB)

No deferral

No specific deferral; free of
majororgan disease unless
deemed suitable by medical
director(AABB)

No specific deferral.
Free of majororgan disease
unless deemed suitable by
medical director (AABB)

Permanent deferral although
physician may makeexcep­
tions. Permittedafter cervical
canceror basalcellcarcinoma
ifsuccessfully treated

Permanentdeferral for persons
with a historyofheartdisease,
especially coronarydisease,
angina pectoris,severecar­
diac arrhythmia,arterial
thrombosis,or recurrentve­
nous thrombosis.2-yearde­
ferralfor rheumatic heart dis­
ease with no evidenceof
chronic disease

Permanent deferral for history
of cerebrovascular diseases

Mustbe free ofepilepticattack
for 3yearsand havebeen tak­
en offall rnedication

No specific deferral

Five-year deferral after com­
plete recovery fromacute glo­
merulonephritis

Malignantneoplasms,includ­
ing leukemias and myelopro­
liferative disorders, are cause
for permanent deferral; ex­
ceptions may be made for
certain conditionsaftersuc­
cessful therapy

Permanentdeferralfor persons
withactiveor past seriouscar­
diovascular disease,except
congenitalabnormalities with
complete cure

Permanentdeferral for donors
with a historyof seriousCNS
disease

Permanentdeferralunless at
least 3 years have elapsed
sincethe date that donor last
took anticonvulsantmedica­
tion and there has been no
recurrenceof symptoms

Deferral (not noted to bea per­
manent deferral) for disease
that renders the individual Ii­
able to impaired ironabsorp­
tion or blood loss

Permanentdeferral for donor
with seriousgenitourinary or
renaldisease

Permanentdeferralfor haema­
tological malignancies.
Skin cancer-basal-cell carci­
noma: accept.
Other cancers:defer 5 years
aftercompletionof treatment

Permanentdeferral for ar­
rhythmias, endocarditis, is­
chaemicheart disease,heart
surgery,myocardial disease.
Accept: congenital heart dis­
ease ifsurgically corrected.
Heartmurmurs: accept, sub­
ject to medical opinion.
Acceptafterfull recovery:
pericardial disease,rheumatic
heart disease.

Permanentdeferral

Deferfor2 yearsfrom lastseiz­
ure

Ulcers: defer indefinitely

Permanentdeferral: chronic
pyelonephritis, chronic kid­
ney infection, chronicdialy­
sis.
Acceptif resolved: haematu­
ria,acute kidneyinfection.
Urinary catheter present:
plasmaonlyfor fractionation
ifunderlying conditionac­
ceptable.
Acutedialysis: defer for 12
months.
Acuteglomerulonephritis:
defer 5 yearsafter recovery.
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Appendix 2: Donor Criteria (continued)

Region

USP 43

Criterion United States United Kingdom European Union Australia

Diabetes No specific deferralexcept Permanentdeferral if insulin Permanent deferral fordonors Permanentdeferral ifdiabe-
that receipt of bovineinsulin therapy required on insulin treatment tes-associated complications
manufactured in the UK re- present
quires permanent deferral Acceptifdiseaseiscontrolled,
(FDA). evenifpatient istakinginsulin
Freeof majororgan disease
unlessdeemed suitableby
medicaldirector

Respiratory disease Freeof acute respiratory dis- Permanentdeferral for chronic Permanent deferral for serious Permanentdeferral: chronic
ease (CFR). bronchitis; common cold ac- disease abscess, bronchiectasis, or
Freeof majororgan disease ceptable emphysemawith respiratory
(lungs)unlessdeemed suita- insufficiency.
ble by medicaldirector Acceptifmildand controlled:
(AABB) asthma, bronchiectasis with-

out respiratory insufficiency
Plasma for fractionation only:
chronicbronchitis.
Acutebronchitis: defer 2
weeksafter recoveryand be-
ing offantibiotics for 5 days.
Pleurisy, pneumonia: defer 4
weeksafter recovery.
Acutepulmonaryembolism:
defer 12 months after recov-
ery

Hematologic disorders Freeofabnormalbleedingten- No specific deferral. Donors Permanent deferral for donors Permanentdeferral: donors
dency unlessdeterminedsuit- who are heterozygous for be- with serioushematologicdis- with serioushematologicdis-
able by medicaldirector ta thalassemia eligible if HgB eases eases (sickle celldisease, tha-
(AABB) values are within normal Iim- lassaemia major).
Freeof majororgan disease its Accept: thalassaemia minor.
(cancer) unlessdeemed suit- Defer: anaemia
able by medicaldirector Plasma for fractionation only:
(AABB) elliptocytosis, glucose-

6-phosphate dehydrogenase
(G6PD)
deficiency, spherocytosis.
Apheresis only permitted for
patients with G6PD deficien-
cy

Immunologic disorders No specific deferral. Permanentdeferral for donors Permanentdeferral for donors Permanentdeferral: autolm-
Freeof majororgan disease with autoimmune disease withseriousimmunologic dis- mune disorders.
unlessdeemed suitableby that affects more than one or- eases Accept: Ifasymptomatic,only
medicaldirector (AABB) gan. one organ system involved,

Defer: documented history not on immunosuppressive
of anaphylaxis therapy.

Accept: Sjogren'ssyndrome

Metabolic disease No specific deferral. No specific deferral Permanentdeferral for serious No specific reference
Freeof majororgan disease metabolicdisease
unlessdeemed suitableby
medicaldirector (AABB)

Bonedisease No specific deferral. Two-year deferral after having No specific deferral No specific reference
Freeof majororgan disease been declaredcured of
unlessdeemed suitable by osteomyelitis
medicaldirector (AABB)

Surgery No specific deferral unless Majorsurgeryrequires evalua- Permanentdeferral forpersons Minor(e.g., skinlesions, ar-
blood was transfused; in tion of risk for transfu- with historyof resection of throscopy): defer until recov-
which case, a 12-month de- sion-transmissible disease the stomach. Majorsurgery ered.
ferralapplies(CFR) requiresa 6-month deferral; Routine minor (e.g., appen-

minor surgery requires a dectomy, laparoscopy): defer
1-weekdeferral for 2 months.

Majorsurgery(ifdonor re-
ceivedautologous blood on-
ly): defer 6 months.
Neurosurgery; medicalas-
sessment requlred,

Medications that requiredeferral

Antibiotics As defined by medicaldirector Donorstreated with any pre- Deferfor 2 weeksfrom full re- Acutetreatment: defer untilre-
(AABB) scribeddrug should be defer- coveryor 1 weekfrom cessa- coveredand offantibioticsfor

red for a period consistent tion of antibiotictherapy, 5 days.
with the pharmacokinetic whicheveris longer Prophylactic: accept plasma
propertiesof the drug onlyfor fractionation.

Topical: accept ifskinis qn-
broken and not infected.
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Appendix 2: Donor Criteria (continued)

Region

Criterion

Drugswith teratogenic
potential

Growth hormone from
human pituitary
glands

Other drugs

Insulin

Immunizations

United States

Etretinate: permanent deferral
(FDA).
Acitretin: 3-yeardeferral from
lastdose (FDA).
Dutasteride: 6-month defer­
ralfrom lastdose (FDA).
Isotretinoin: 1-monthdeferral
from lastdose (FDA).
Finasteride: 1-month deferral
from lastdose (FDA).

Permanentdeferral (FDA)

No other deferrals by FDA
or AABB.
Any other deferral at discre­
tion of medical directorof
blood center (AABB).
Warfarin: 7.day deferral for
plasmadonation (AABB).

Permanentdeferral: bovinein­
sulinmade in UK (FDA).

United Kingdom

Donorstreated with drugs
with proven teratogenic ef­
fect should be deferredfor a
period consistentwith the
pharmacokinetic properties
of the drug

Recommended that a listof
commonly used drugs with
rulesfor acceptability of do­
nors, approved by the medi­
cal staffof the transfusion
center, be available.

Permanent deferral if treated
with insulin

. European Union

Donorstakingdrugs that are
proven or potential terato­
gens or who are taking drugs
that accumulatein the tissues
over long periodsof time
should not be used as blood
donors

Other drugs acceptable as
long as the underlying condi­
tion for whichthe drug is tak­
en isacceptable.

Permanentdeferral if treated
with insulin

Australia

Raloxifene (Evista): deferfor 6
months aftercompletionof
treatment.
Acitretin (Neotigason): defer
for3yearsaftercompletionof
treatment.
Etretinate (Tigason): perma­
nent deferral.
Finasteride (Proscar): 7 days
after completionof treat­
ment.
Isotretinoin: deferfor8 weeks
after completionof treat­
ment.

Permanentdeferral

Mostmedications that are tak­
en by donors are not harmful
to recipients; therefore peo­
ple takingmedications can be
acceptable as blood donors.
Eligibility is based on the as­
sessmentof the underlying
conditionand specific medi­
cation guidelines.

Deferifdiabetes is poorlycon­
trolled

Toxoids No deferral No deferral No deferral

Licensed killed bacterial No deferral No deferral No deferral
vaccines

Licensed inactivatedvi- No deferral No deferral No deferral except 1-weekde- No deferral except 1-weekde-
ralvaccines ferral after hepatitis Bvacci- ferral after hepatitisBvacci-

nation nation

Unlicensed killed vac- 1-yeardeferral (AABB) Defer3 months aftervaccina-
cines tion

Inactivated rickettsial No deferral No deferral
vaccines

Live attenuated bacteri- 4 weeksforvaricella and rubel- 4 weeks
al and viral vaccines la

2 weeksfor rubeola,yellow
fever, mumps,polio(oral),ty­
phoid (oral)(AABB)

Transfusion-transmissible infections that requiredeferral

HIV infection/AIDS and
sexual partners

Permanentdeferral ifpresent
or past clinical or laboratory
evidenceof HIV infection/
AIDS: positive EIA with posi­
tive or indeterminateconfir­
matory test; positive NAT
test; clinical signs includeun­
explainedweight loss, night
sweats,blueor purplespots in
mouth or on skin, whitespots
or unusualsores in the
mouth, swollen lymphnodes
for more than 1 month, per­
sistentcough or shortnessof
breath, persistentdiarrhea,
feverfor more than 10 days;
sexualpartnersdeferredfor
1 year from time of lastcon­
tact (FDA)

Permanent deferral for donors
found to have a confirmed
positive markerfor HIV.
Donorsfound to have a re­
peat positive markerfor HIV
that cannot be confirmed
should be informedaccord­
ing to the nationally agreed
algorithm.

8 weeks

Donorswith HIV Ior II must be
permanentlydeferred

Plasma onlyfor fractionation
for 4 weeksafter vaccination

Infection: permanent deferral.
Relevant symptomswithin
the last6 months:deferfor12
months.
Sexual contact with HIV-pos­
itive partner: defer for 12
months after last sexualcon­
tact.
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Appendix 2: Donor Criteria (continued)

Region

USP 43

Criterion

Hepatitis and sexual
partners and house­
hold contacts

HTLV

West Nile virus

Chagas diseaseand
babesiosis

United States

Permanentdeferral for the fol­
lowing:
History of viral hepatitisafter
the 11th birthday.
Confirmed repeatedlyreac­
tive for HBsAg.
Positive test for anti-HBc on
more than 1 occasion(testing
is not requiredfor Source
Plasma donors).
Presentor past laboratoryor
clinical evidenceof infection
with HCV.
Sexual partners of patients
with hepatitisdeferredfor
1 year from last contact;
householdcontacts of per­
sons with hepatitisBdeferred
for 1 year from lastcontact
(CFR).

Presentor past clinical or lab­
oratory evidenceof infection
with HTLV 1/11 (positive EIA on
2 occasions).
[HTLV not tested in Source
Plasma donors] (FDA)

Donorswith symptomssuspi­
ciousof or actualdiagnosis of
WNV deferredfor 120 days.
Donor testing positive on
WNV NAT deferredfor
120 days. Donorwho devel­
ops symptomsofWNV within
2 weeksof donation should
be deferredfor 120 days. Do­
nors implicated in possible
transfusion-transmitted WNV
infection should be deferred
for 120 days(FDA).

Permanentdeferral for history
of Chagasdisease; current
FDA regulations do not re­
quire testing for Chagasdis­
ease. However, although not
required, most facilities col- .
lecting bloodfor transfusion
perform EIA test for Chagas
and permanentlydefer fol­
lowingpositive test. (MBB)
FDA probablywill not require
antibodyscreeningforfrac­
tionated or recovered plasma
usedforfurther manufacture.
FDA has granted exemptions
and permitted the collection
and distribution of Source
Plasma for further manufac­
ture into noninjectable prod­
ucts from a donor knownto
have Chagasdisease(CFR).
Permanentdeferral forhistory
of babesiosis (MBB)

United Kingdom

Permanentdeferral for donors
whose blood givesa positive
reactionfor the presenceof
HBsAg and/or anti-HCV.
Donors witha history of jaun­
dice or hepatitismay, at the
discretion of the appropriate
competent medicalauthority,
be accepted as blood donors,
providedthat an approved
testfor HBsAg and anti-HCV is
negative.

Permanentdeferral for carriers
of HTLV 1/11

Deferfor 28 daysafter donor
leaves an area with ongoing
transmission to humans.

Permanentdeferral for individ­
ualswith Chagasdiseaseor
historyof Chagasdisease;
blood of personswho were
born or have been transfused
in areas where the diseaseis
endemic should be used only
forplasmafractionation prod­
uctsunlessa validatedtest for
infection is negative

European Union

Permanent deferral for hepati­
tis Band C: donors with his­
toryofhepatitisBmaydonate
after 12 months after recov­
ery, providedthat all markers
are negativeor core antibody
positive, HBsAg is negative,
and anti-HbS ~1 00 IU/L; do­
nors with documented cur­
rent or past infection with
hepatitisC are permanently
deferred;donors with hepati­
tis Aare deferredfor 12
months.

Permanent deferral for donors
with HTLV 1/11

Deferfor 6 months ifdonor
was in area endemicfor WNV
and was diagnosedwith or
had symptomsconsistent
withWNV.
Deferfor 28 days after donor
returnsfrom endemic area,
provideddonor has no symp­
toms ofWNV.

Permanentdeferral for individ­
ualswith Chagasdisease.In­
dividuals in the following cat­
egoriesmaydonate 6 months
after leaving an endemicarea,
providedthat a validatedtest
for Chagasdiseaseisnegative
(ifa validatedtest ispositive
or not performed, the donor
ispermanentlydeferred):
born in South or Central
America, mother. born in
South or CentralAmerica,
transfusedinSouthor Central
America; lived or workedin a
ruralsubsistencecommunity
in South or CentralAmerica
for 4 weeksor more

Australia

Hepatitis Bacute or past infec­
tion:defer for 12 months af­
ter recovery, then perform
hepatitistesting.
Hepatitis Bchroniccarrier:
permanent deferral.
Hepatitis Bcontact, sexual,
mucosal, household:deferfor
12 monthsfromlastexposure
unless immune.
Hepatitis Bother contact: ac­
cept.
Hepatitis C positive past in­
fection: permanent deferral.
Hepatitis C contact, sexual,
mucosal, household:deferfor
12 months from lastexpo­
sure;
other contact: accept.

Infection: permanent deferral.
Repeatreactive status: plas­
ma onlyfor fractionation.
Sexual contact: deferfor 12
months after lastcontact.
Household contact: accept.

Infection: deferfor 3 months
after full recovery.
Area exposure:plasmaonly
for fractionation for 8 weeks
after leaving risk area.

Infection: permanent deferral.
Contact: accept.
Chagasdiseasearea resident:
plasmaonlyfor fractionation,
permanently.
Chagasdiseasearea visitor:
plasmaonlyfor fractionation
for 12 months after leaving
endemicarea
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Appendix 2: Donor Criteria (continued)

Region

Australia

Permanentdeferral ifdiag­
nosed with any prion-related
disease.
Permanentdeferral ifdonors
havespent a cumulative time
of 6 months in England,
Wales, Scotland,Northern
Ireland, the Channel Islands,
or the Isle of Man between 1
January1980 and 31 Decem­
ber 1996.
Permanentdeferral ifdonors
received a blood transfusion
or blood productsin England,
Wales, Scotland,Northern
Ireland, the Channel Islands,
or the Isle of Manfrom 1 Jan­
uary1980 onwardsunless the
blood productswere process­
ed plasmaproductsand were
given after 31 December
2001.
Permanentdeferral ifthe do­
nor had ear surgeryper­
formed between 1972 and
1989 and dura mater
was used.
Permanentdeferral for do­
norswho received hu­
man-derived pituitary growth
and gonadotrophic fertility
hormones prior to 1986.

Cutaneous:plasmaonlyfor
fractionation, permanently
Visceral: permanent deferral
Contact: accept.

European Union

Permanentdeferral ifdonor:
Diagnosed with CJD, vCJD, or
any other prion-associated
disease;
hasfamily riskof CJD;
at increasedrisk fromsurgery,
transfusion, or transplantof
tissuesor organs;
received a dura mater graft;
received a corneal,scleral, or
oculargraft;
received human-derived pi­
tuitaryextract;
received a blood transfusion
in UK since1980;
received intravenousimmu­
noglobulin·(IVlg) of UK ori­
gin;
donated unit of blood impli­
cated inpossiblecaseoftrans­
fusion-related vCJD.
Additionally, allplasmafrom
British donors cannot be used
for fractionation

Permanentdeferralfor viscer­
alleishmaniasis

United Kingdom

Permanent deferral ifdonor:
treated with extractsderived
from human pituitaryglands;
has been recipientof dura
mater or cornealgraft;
has a family risk of CJD or any
other TSE.
ForvCJD:
Memberstates should deter­
mineon the basisof the prev­
alenceof BSE withinindividu­
al countries,of the endoge­
nous exposureof the popula­
tion to bovine products im­
ported from countrieswith a
high BSE prevalence, and of
the incidenceof casesof
vCJD, what precautionary
measuresthey may need to
take to minimize the risk of
transmission of vCJD via
blood transfusion

No specific deferral

United States

Permanentdeferral ifdonor:
has diagnosisof CJD or
nvCJD;
has a blood relative diag­
nosed with CJD;
received dura mater graft;
received human-derived pi­
tuitarygrowth hormone;
received bovine insulin made
in UK;
spent a cumulative3 months
in UK between 1980 and
1996;
received a blood transfusion
in the UK at any time since
1980;
spent 6 months between
1980 and 1990 on a US mili­
tary base in NorthernEurope;
spent 6 months between
1980 and 1996 on a US mili­
tary base elsewherein Eu­
rope;
spent a cumulative 5 years in
Europe
(SourcePlasma donors are
not deferredfor the latter)
(FDA)

Criterion

Creutzfeld-Jakob dis­
ease (CJD) and var­
iant CJD

Visceral
leishmaniasis (Whole
Blood)

Donorswho have been to Iraq
are deferredfor 1 year. Per­
manent deferral for signsand
symptomsofvisceralleishma-
niasis (FDA)

Medical conditionsand behaviorsthat placean individual at risk for a transfusion-transmissible infection and requiredeferral.

Xenotransplant No current deferral required . Permanent deferral Permanentdeferral Permanentdeferral
for blood donation, but draft
regulationsfor tissueand or-
gans requirepermanent de-
ferral.

Blood transfusion organ
and tissuetransplant;
treatment with plas­
ma-derived clotting
factor concentrates

Surgeryor use of endo­
scope with biopsy

Nonsterile skinpenetra­
tion or mucous mem­
brane exposure to
blood or body fluids
not the donor's own

One-yeardeferral (dura mater'
graft is permanent deferral);
permanent deferral ifpatient
received clottingfactor con­
centrates and sexualpartner
deferredfor 1 year after last
contact

No specific deferral criteria;
general health and transfu­
sion criteriaapply

Twelve-month deferral

Six-month deferral: if NAT test
for hepatitisC is negative,
may donate after 4 months

Six-month deferral for major
surgery;stomach resection
requirespermanent deferral;
1-weekdeferral for minorsur­
gery;6-month deferral for en­
doscope with biopsy; if NAT
test for hepatitisCisnegative,
may donate after 4 months

Six-month deferral; ifNAT test
for hepatitisC is negative,
may donate after4 months

Permanentdeferral ifdonor
ever received clottingfactor
concentrateor wastransfused
after 1 January1980; 1 year
for tissueor organ transplant

Six-month deferralfor major
surgeryor procedureusingan
endoscope; 1-weekdeferral
for minorsurgery

Twelve-month deferral

Blood transfusion homolo­
gous: defer 12 months
Coagulation factor, bloodde­
rived, short term: defer 12
months from last treatment.
Coagulationfactor,bloodde­
rived, continuous:permanent
deferral.
Human tissuerecipients:
Organ/haematological: per­
manent deferral.
Homologous, bone, tendon,
skin: accept.
Collagen: accept.
Corneal: permanent deferral
for iatrogeniccCJD risk.

Defer6 months

Defer12 months
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Appendix 2: Donor Criteria (continued)
Region

USP 43

Criterion

Acupuncture, tattoo,
body piercing,etc.

Injection of medications
or steroidsnot prescri­
bed by a physician

Males who have sexual
contact with anoth­
er male

Acceptedmoney or
drugs or other pay­
ment in exchange for
sex since 1977

Incarceration for more
than 72 hours in the
past year

Born in or lived inAfrica

United States

Twelve-month deferral unless
performed by a state-regulat­
ed entity, usingsterileneedles
and disposabledyes

Permanent deferral; sexual
partner deferredfor 1 year

Permanent deferralfor sexual
contact, even once, since
1977; femalesexual partner
deferred for 1 year from last
contact

Permanent deferral; sexual
partner deferred for 1 year
from last contact

One-yeardeferral

Permanent deferralifborn or
livedin countrieswhere HIV I
subtype 0 isendemic (Came­
roon, CentralAfrican Repub­
lic,Chad, Congo, Equatorial
Guinea,Gabon, Niger,Niger­
ia); sexualpartner deferred
for 1 year from lastcontact
unlesstested with a test vali­
dated to detect Group 0

United Kingdom

Six-month deferral; ifNAT test
for hepatitisC is negative,
maydonate after4 months;
exceptioncan be made ac­
cording to national risk as­
sessment

All blood donors should be
providedwith accurate and
updated information about
HIV transmission and AIDSso
that personswho haveunsafe
sex practices or other risk be­
haviorexposingthem to po­
tential infection will refrain
fromdonating. The informa­
tion providedmayvary
among countriesaccording
to local epidemiological data.

European Union

Twelve-month deferral;
6-month deferral ifvalidated
test for hepatitisBcore anti­
body is negative;for acu­
puncture, no deferralifper­
formed bystate-regulateden­
tity

Permanent deferral ifdonor
ever injectedor has been in­
jected with drugs; sexual
partner deferredfor 1 year

Permanentdeferral for oral or
anal sexualcontact even if
protection used;femalesexu­
alpartner deferredfor 1 year
from lastcontact.

Permanent deferral; sexual
partner deferredfor 1 year
from lastcontact.

No deferral

No specific deferral for Africa;
malariarulesapply; however,
sexual partners of persons
who were sexually activein
areas where HIV is endemic
deferred for 1 year from last
contact

Australia

Ifusingsingle-use items: plas­
ma onlyforfractionation for
12 months
Ifnot single-use or unsure:
deferfor 12 months

Permanentdeferral

Deferfor 12 months after last
sexualcontact

Deferfor 12 months after last
sexualcontact

Deferfor 12 months after re­
lease

No specific deferral: donors
who havevisited a malar­
ia-endemic area are subject
to a plasma-only restriction
periodof at least12 months.
The restriction period isex­
tended to 3 yearsifresidence
has been for 6 continuous
months or morewithinthe
past 3 years.With a negative
malaria test, the restriction
periodcan be reduced to 4
months. Donors who have
traveled to an HIV risk area
must beaskedifthey had sex­
ual contact witha residentof
that area.

Appendix 3: Disease Testing

Disease Test

Hepatitis

HBsAg

Hepatitis Bcore antibody

Hepatitis C antibody EIA

Hepatitis C NAT testing

United States

Permanentdeferral for repeatedlyreactive test results
(FDA)

Permanentdeferral ifreactive on 2 or more separate occa­
sions;permanent deferral ifcore antibody positive results
are coupled with prioror concurrent repeatedlyreactive
HBsAg test (FDA). Testing is not requiredfor SourcePlas­
ma donors

Permanentdeferral if repeatedlyreactive for hepatitisC an­
tibody; may re-enter donor after 6 months ifconfirmatory
test is negative(FDA)

Permanentdeferral if positive on singletesting (FDA)

European Union

European Pharmacopoeia:
Human Plasma for Fractionation

Laboratory tests are carriedout for each donationto detect
the following viral markers:
(1) antibodiesagainst HIV-1 (anti-HIV-1).
(2) antibodiesagainst HIV-2 (anti-HIV-2).
(3) hepatitis Bsurfaceantigen (HBsAg).
(4) antibodiesagainst hepatitisC virus (anti-HCY).
Ifa repeat-reactive resultisfound in any of these tests, the
donation is not accepted.

Blood Directive2002/98/EC (Annex IV): Basic Testing
Requirements for Whole Bloodand Plasma Donations

Thefollowing tests must be performedforwholebloodand
apheresis donations, including autologouspredepositdon­
ations:
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Appendix 3: Disease Testing (continued)
Disease Test

HIV

HIV NAT

HIV Ior II
Antibody (EIA)

United States

Permanentdeferral ifpositive on singletesting (FDA)

Permanentdeferral for repeatedlyreactive HIV EIA test; may
reenter after 6 months ifconfirmatory test negative (FDA).
Testingis not requiredfor SourcePlasma donors

European Union

ABO group (not requiredfor plasmaintended onlyforfrac­
tionation).
Rh Dgroup (not requiredfor plasmaintended onlyforfrac­
tionation).
Testingfor the following infections is required in donors:
Hepatitis B(HBsAg), .
Hepatitis C (Anti-HCV),
HIV 1 and 2 (Anti-HIV 1 and 2).
Additional tests may be requiredfor specific components
or donors or epidemiological situations.
Blood Directive2004/33/EC (Annex III): Permanent De­
ferral Criteria (excerpt):
Hepatitis B, except for HBsAg-negative personswho are
demonstrated to be immune
Hepatitis C
HIV 1 or 2

European Pharmacopoeia: Human Plasmafor Fractiona­
tion
Laboratory testsare carriedout foreach donation to detect
the following viral markers:
(1) antibodiesagainst HIV-1 (anti-HIV-l)
(2) antibodiesagainst HIV-2 (anti-HIV-2)
(3) hepatitisBsurfaceantigen (HBsAg)
(4) antibodiesagainst hepatitisC virus (anti-HCV)
Ifa repeat-reactive result isfound in any of these tests, the
donation isnot accepted
Blood Directive2002/98/EC (Annex IV): BasicTesting
Requirements for Whole Bloodand Plasma Donations
Thefollowing tests must be performedforwhole bloodand
apheresisdonations, including autologouspredepositdon­
ations:
ABO group (not requiredfor plasmaintended onlyforfrac­
tionation)
Rh Dgroup (not requiredfor plasmaintended onlyfor frac­
tionation)
Testingfor the following infections are required in donors:
Hepatitis B(HBsAg)
Hepatitis C (Anti-HCV)
HIV 1 or 2 (Anti-HIV 1 and 2)
Additional tests may be requiredfor specific components
or donors or epidemiological situations.
Blood Directive2004/33/EC (Annex III),
Permanent Deferral Criteria (excerpt)
Hepatitis B, except for HBsAg-negative personswho are
demonstrated to be immune
Hepatitis C
HIV 1 or 2

(1181) SCANNING ELECTRON MICROSCOPY

INTRODUCTION

Overthe lastfew decades, electron microscopy has become a reliable investigative tool for the study of solid and semi-solid
materials. Since the invention of the electron microscope attributed to Max Knoll in 1935 and commercialization in the 1960's
by Cambridge Instrument Co. and JEOl, recent improvements in resolution, stability, and specimen accommodation have
resulted in a robust arrayof commercial instrumentation that spans a wide range of capabilities. This chapter provides a review
of the common electron microscopy technologiesand techniques.

UTILITY OF THE TECHNIQUE

General Description of the Technique

Scanningelectron microscopy(SEM) isan electron optical imaging technique that yields both topographic images and
elemental information and is used in conjunctionwith a varietyof detection systemsand elemental detectors. All electron
microscopysystems utilize a high energy, focused electron beam as source illumination with concurrent increase in resolution
compared to photon (light)microscopy. The resolution increase is realized by electron beam wavelength being three orders of
magnitude smallerthan that of visible light.The optics consistof condenser and objective lenses in conjunctionwith selected
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apertures. Afocused e-beam is rastered over the surface of a specimen, generating a varietyof signalsfrom which an image is
collected.

Traditional High Vacuum SEM

Traditional SEM systemsoperate at high vacuum, so specimens must be clean, dry, and able to withstand imaging at high
vacuum, up to 10-6 torr. Additionally, the specimens must be inherently conductive or coated to conduct the high surface
charges. Fourgeneral principles of these systems are:

• e-beam generation
• image formation
• specimen preparation
• elemental composition.
Typically, SEM analysis requiresonlya smallamount (10-3 to 10-12 g, depending on the application)of a solidspecimen. The

specimen is presented to the collimated e-bearn and scanned in a controlled raster pattern. Images, or micrographs, are
generated using secondary electron (SE) and/or back-scattered electron (BSE) detection. Specimen detail may be resolved to
10 nm even in the most simple systems.The collimation of the e-beam alsoyieldsgreat depth of field that isevident in a wide
dynamic range of magnification, practically spanning five orders of magnitude (5x-1 OO,OOOx).

The sizeof the final aperture controls the beam diameter and, accordingly, the image resolution and total current at a
specimen. Small apertures are required for high resolutionand large apertures provide high current for optimal X-ray emission
intensity. In many systems, the objectiveaperture can be adjusted during use with a slidingor rotating holder. Flexibility in
trading resolutionfor specimen current isalso important because specimen characteristics affect these two criteriadifferently.

Image magnification iscontrolled by altering the area of the electron beam raster; smallerareas yield higher magnification.
An Everhart-Thornley (ET) detector is used for electron detection; the resultant images are most similar to those of reflected
light microscopy. An ET detector consistsof a Faradaycage and a scintillatordiskconnected by a light pipe to a photomultiplier
tube. The Faradaycage serves three functions: (1) at positive bias it attracts SE; (2) at negative bias it repels SE to enable the
ET detector to collect BSE signalsalone; and (3) it shieldsthe primaryelectron (PE) beam from the scintillator potential. Various
scintillator coatings are used. Forexample, phosphorus based coatings yield intense, high-contrast images. Aluminum-based
coatings, although lesssensitive, can withstand the high SE flux generated during elemental analyses. Additionally, solid-state
detectors provide up to 10 times greater sensitivity for BSE collection.Theycan be placed at a varietyof positionsand distances
with respect to a specimen and used in conjunction with ET detectors.

Variable Pressure or Environmental Scanning Electron Microscopy (ESEM)

Robustand common variationsof the traditional high vacuum system prevail in today's labs. So-called variable pressure,
"environmental" or lowvacuum systems(LVSEf\1) appeared in the mid 1980s. Theseare electron microscopesystemsoperating
at a much higher, near ambient pressure state (up to 50 torr) at the specimen site, plus gas over-blanketing (almost any may
be used) and temperature control to 1500°C as well.

There are two keyadvantages for ESEM's: First, non-conducting samples do not require a conductive carbon or metal thin
film to be applied. The gas in the sample chamber is ionized by the electrons generated from the beam/sample interaction.
Theseionswill diffuse to the sample surface,thereby dissipating any negative charge buildup. Secondly, ifthe sample inquestion
is prone to outgassing volatile substances such as solventsand water, the near-ambient pressuresused in the sample chamber
can greatly diminish the likelihood of this occurring.. .

Scanning Transmission Electron Microscopy

The combination of a traditional transmission electron microscope system with scanning control yieldsspecimen analysis
with high micrograph resolution, informationat the atomic scalesuch as atomic structure, chemical information,and interfacial
bonding. Image acquisition is conducted in the same manner as SEM; however, use of thin specimens allows collection of
transmission images as well. Great increase in resolution is attained by controlling the e-beam probe volume, to atomic
dimensions. Figure 7shows the lattice image of a ceramic that was obtained using a scanning transmission electron microscopy
(STEM) instrument. As with any electron- or ion-beam method, the sample must be able to withstand the electron
bombardment. Thismay not always be the case with pharmaceutical materials, as they can degrade in the e-bearn during the
analysis. '

Figure 1. Scanning transmission electron
bright field (right) imaging modes.
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The basis for the formation of an electron image is the generation of an energetic flux of electrons that impinge upon the
sample surface. If the beam istoo energetic, the sample will be burned as the beam israsteredacross the sample's surface. This
is an important consideration when analyzing pharmaceutical materials.

Electron guns can be classified into two types: thermionicemitters and field emitters. With the former, the filamentisheated
under high vacuum, and a large potential is applied. Thefield that is created, combined with the heated filament, "boils" off
electrons that are subsequentlyfocused in the microscope optics. To increase the flux of electronsfrom thermionicemitters,
one must increasethe potential that isapplied acrossthe filament, which also increases the kinetic energy of the electronsand
the likelihood that the sample surfacewill be burned.

Another method used to produce electronic beams isto apply a large electricfield acrossan electronic emitter. Thefilament
can have a current passing through it or not. Wheresurface damage is a prime consideration, cold emitters are the best way
to obtain a clear image at high magnification without burning the surfaceor damaging the material. Typically tungsten isused
as the electron emitter, as it isstrong enough to withstand the mechanical forces. When usinga field emission gun, the cathode
must be kept at veryhigh vacuum,and no foreign contaminants must be allowed to deposit on the filament. Forthese reasons,
the column must be differentially pumped. Field emission instrumentsare better suited for the analysis of pharmaceutical
compounds, as they produce a verybright beam that is less damaging to the sample.Additionally, field emission electron SEMs
have higher spatial resolution, making them better suited for the identification of foreign particulate matter.

Electron Beam-Sample Interactions

Interaction of the electron beam (PE) with the specimen produces a varietyof physical phenomena that, when detected, are
used to form images and provideelemental information about the specimen. These phenomena include:

• emission of inelastic scattered secondary electrons (SE), proportional to specimen topography
• reflection of elastically scattered back-scattered electrons (BS,E), proportional to the atomic number (Z) of the specimen
• component X-ray emission (XRE, X in Figure 2)
• emission of Augerelectrons(AE)
• cathodoluminescence (Cl)
• conduction of current (specimencurrent)
• charging from induced voltages (IV) or adsorbed electrons
• electron transmission
• heat generation
• electromotiveforces (see Figure 2).

PE

0:::
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Figure 2. Interaction diagram.

SE are emitted from a specimen surfaceas the resultof inelastic collisions between primary(incident) electronsand the
specimen. When the energy imparted to a specimen electronexceeds the workfunction of a specimen,that electron isemitted
as SE. Mostsecondaryelectronshaveenergiesof5-20 eVielectronsinthis low-energy range can be efficiently collected, yielding
high signal-to-noise images. Because such low-energy electronscan penetrate onlyshort distances through the specimen, SE
originate from within 2-30 nm of.the surfaceand generate highlyresolved images.The actual e-beam penetration depth is
dependent on e-beam accelerating voltage, specimen elementalcomposition, specimen density, and specimen mounting
angle. Excitation volumesof0.5-5 J.Im indiameter (darkgray)are typical for a wide range of materials from metallic to biological.
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Back-scattered electronsare primaries that have been reflected from the specimen. The primary electrons can undergo
multiple collisions priorto exitingfrom the specimen; therefore, BSE have energies over a broad range and emerge from
relatively deep specimen penetration (::::0.1-5 urn) (see Figure 3).

Incident electron beam

Sample
surface I Increasingt interaction volume

Excitation volume is dependent upon
accelerating voltage and material density

Figure 3. Bulk penetration.

These high-energy(15-25 keV) BSE are collected less efficiently than SE, and they yield imageswith poorer resolution. The
efficiency of BSE reflection isa function of the atomic number (Z) of the specimen atoms; thus, the contrast of BSE images
depends on elementalcomposition. The penetration depth of all electrons isaffected by elementalcomposition, specimen
density, specimen tilt, and incident beam energy (accelerating voltage).There are a number of software algorithms to correct
for these influences, when known such as ZAF, Bence-Albee, etc. Forexample, the SE imagesof sodium phosphate and zinc
phosphate crystals are quite similar. However, the heavier nuclei of the zinc speciesproduce more efficient BSE reflection, and
BSE imageswill reveal higher contrast. BSE imagesof heavy- versus light-elementphases,or mixtures ofspecies, show dramatic
contrast differences that are representativeof elemental heterogeneity. Elemental mapping by energy dispersive X-ray
spectroscopy(EDS), discussed later, can providecomplementaryinformation.

SAMPLE PREPARATION

As scanning electronmicroscopy has advanced asan analytical technique, differentoptions havebecomeavailable forsample
preparation. Ideally, the objective is to obtain the required image or chemical analysis of the material to be examinedwith as
little interventionas possible. Additionally, one must considerthe purpose of the analysis and the amount of material that is
available. Ifthe material to be examined isa foreign particulate in a parenteral product, sample preparation could be quite
different than ifone is intending to image a bulkdrug substance material or excipients. The decision tree (see Figure 4) below
represents a simplified version of the available sample preparation method and isone possible construct to determine the
appropriate sample preparation method.

Forexample, in addition to metal (primarily aluminum) sample stubs there are alsovarious metal meshes that can be used
to support samples. If the particle in question is isolated from liquid, the filter itself may serveas a suitablesubstrate for the
powder without having to transfer the sample to another sample holder. Additionally, adhesive carbon tabs are a common
means to secure the sample to the stub. Thereare a variety of other adhesivematerials such as double-sided copper, silver and
aluminum tape, or carbon and silverpaint for this purpose.

Sample Coating

Historically, pharmaceutical materials, which are typically poor electrical conductors, had to be coated with a verythin layer
of conductive material (carbon, gold, platinum, or other metals) to ensure that the electron beam used for imaging could be
dissipatedfrom the sample surface. Coating was also used to create a layerof "electron rich" material that would serveas a
source for secondaryelectron emission.

With the advent of environmentalscanning electron microscopy (ESEM) or variable pressure scanningelectron microscopes,
coating of non-conductive materials is no longer a prerequisite. The atmosphere in the sample chamber itself generates
positively charged ionsthat will dissipate any charge that accumulates on the sample surface.
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No
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withoutbiasing
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Figure 4. Decision tree for SEM sample preparation.
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X-RAY GENERATION AND ELEMENTAL COMPOSITIONAL ANALYSIS

USP 43

When a PE encounters an orbital electron in an atom, the resultant collision can either promote that orbital electron to a
higher energy level or ionizethe atom. Stabilization of an atom by relaxation of a higher energy electron to fill a vacancyresults
in the emissionof an X-ray photon. TheseX-ray energies are discrete and element-specific; they equal the differences between
the shell electron energies for the various shellsof a given element. For instance, an ejected K-shell electron can be stabilized
by a higher energy L-shell electron,yielding a net energy (EL - EK) , which isspecific for the X-ray photon energy ofthe elemental K
line. X-ray emission lines are classified according to the electron shell in which the vacancy existed, e.g., K, L, M.The lines are
further categorized according to the shell from which the relaxing electron originates. Thus, a Ka X-ray line will arisefrom a
vacancy in a K-shell that isfilled from an L-shell; a Kp X-ray line will arisefrom a K-shell vacancyfilled from an M-shell, and so
on (see Figure 5).

PE beam

Characteristic
X-ray

Figure 5. Atom model.

Detection of the generated X-rays and subsequent elemental analysis of the feature of interest can be accomplished by two
different kinds of detectors: wavelength and enerqy dispersive X-ray spectrometers (WDS and EDS, respectively). Each has its
individual benefits and challenges. Historically, wavelength dispersive detectors are much lesssusceptible to spectral artifacts
that can create incorrect peak identification such as peak broadening and distortion, silicon escape peaks, absorption, etc.
Additionally, most Si(Li) EDS detectors require liquid nitrogen cooling, which can cause ice build-up on the detector window
in the sample chamber. The much larger EDS collection angle makes it more robust and lesssusceptible to detector
misalignment than WDS. Figure 6 illustrates the superior spectral resolution that is obtained with WDS. With WDS, it is much
easier to detect characteristicX-rays that are energeticallysimilar. The EDS exhibits peak broadening due to the close proximity
of the peaks. .
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Figure 6. Example of spectral resolution obtained with wavelength-dispersive detectors where S Ka and Mo La can be clearly
resolved by WDS (gray peaks) but are not resolved by EDS (broad yellowpeak). "Used Permission. Courtesy of Oxford

Instruments."

Advantages of EDS reside in the ease of use and speed to collectthe entire X-ray spectrum making it idealfor the routine
identification of particles and features withina sample.The two types ofdetector technology most widely available for energy
dispersive X-ray spectroscopy(EDS) analysis are based on lithium-drifted silicon [Si(Li)] and silicon drifttechnology. While Si(Li)
detectors have been around for the last40 years,silicon driftdetectors (SDD) have recentlyernerqed as the preferredtype due
to several key advantages including better detection of light elements (Z~ 4), abilityto handle high count rates, excellent
energy resolution even at high count rates, and even elimination of the need for liquidnitrogen to cool the detector prior to
use due to the use of Peltiercooling systems. While Si(Li) detectors were generally recommended to be run at 1,000-2,500
counts per second with an energy resolution of 129 eV at Mn-Ka, current SDD technology has superiorenergy resolution of
121 eVeven at the high count rate of 600,000 cps. For the average user, this means that the SDD detectgrmay drastically
shorten analysis time provided that a high count rate may be obtained and with significantly better resolution for detection of
light elements. In practicality, the achievable count rate isdetermined by the acceleratingvoltageand probe current, solid
angle of the detector and workingdistance to the sample,and ability of the sample to survive the electron beam without
charging or material change. Whether the user has an Si(Li) or SDD detector, it is a good ruleofthumb to keep the.dead time
to 30% or below.

The elemental content of a specimen has a bearing on the selectionof conditions for analysis. The most useful range of
acceleratingvoltage isapproximately3-20 kV; most elementsof interest can be ionized byelectrons withenergies in this range.
The energy required in order to excite X-ray emission from a given line is termed its critical excitation potential.The critical
excitation potential for a Klinecan be approximated by the sum of the primary lineenergies (Ka + La + Ma). Selection of an
acceleratingvoltage equal to 1.5 times this sum is usually sufficient for semi-quantitativeanalysis. Forexample, copper has Ka
at 8.05 keY + La at 0.93 keY =8.98 keY: and 1.5 x 8.98 keY =13.47 keY. Selection of 15-kV accelerating voltageyields sufficient
energy to ionize the K-shell of copper atoms and generate a useful analytical signal. It isgenerally suggested that EDS
practitioners should use the minimum accelerating voltage necessary to adequately excite the elements of interest (typically
1.5-10 times the critical excitationenergy). The interaction volume increases with increasing accelerating voltage, thus better
spatial resolution can be achieved by using loweraccelerating voltage. Depending on the dimensions and densityof the
particles, a signal from the substrate may be detected. Additionally, larger interactionvolumecausesincreased absorbance and
fluorescence within the sample volume. Several accelerating voltages may be experimented with to determine the minimum
acceleratingvoltage required. Routine use of a copper and a lighter metal standard such as aluminum allows quick verification
of elemental primaryline energies bracketingthe 0- to 10-keV range. An elemental collection for the metal standard prior to
or within the experimental protocol is conducted to verify the primary line is±0.04 keY of reference (but may depend upon
the detector manufacturerspecification). This is a practical internal standard practice.

Inter-elementinterferencesoriginate from many effects. High-energy X-rays emitted from heavy atoms can ionize lighter
elements to produce secondary X-ray emission from the lighterspecies. Lower high-Zelement fluorescence and higher low-Z
element fluorescence can be observed, in contrast to that expected from the PE-induced signal of a pure element. Conversely,
X:.ray emission from a light element may be absorbed by a heavier matrix to yielda negative bias in the light-elementsignal.
These effects always exist in heterogeneous specimensand must be corrected for during any quantitativeanalysis. Acommon
algorithm, ZAF, may be used to correct for Z-dependent interferences due to absorption and secondaryX-ray emission.
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Point analysis and mapping are common analysis modes availablefor the identification of particles by EDS regardlessof
detector type. Most modern user interfaces allowthe user to view a region of interest with secondary electron imaging and
collect a spectrum for the entire region or a defined sub-region. Upon collecting an initial spectrum, it is important the user
check that it appears satisfactory in terms of energy range for the elements present, .optimurn count rate, and isfree from
artifacts such as charging. Once optimized for collection, the user can choosetheir preferred analysis mode to identifytheir
sample. Point analysis isgenerallyuseful ifdifferentparticle morphologies can be readilyobserved by SEM. The usercan place a
cross-hairat the center of each particle to collecta spectrum for later comparison. Care should be taken for the analysis of
particles lessthan 5 IJm since the interaction volume may spread in the sample combined with the beam/sample interaction
and can excite electrons from the surrounding environment. Thiswill produce spectral peaksthat are not native to the feature
of interest. Forthis reason, chemicalanalysis of smallobjects in an SEM isdiffkult, Oth~rmore surface-sensitive techniques such
as X-ray photoelectron spectroscopy (XPS), scanning auger spectroscopy, and others provide more accurate spectral
information. Orthogonal analysis, both within and outside any given technique,isof great value.

When there is no obvious morphologicaldifference for a collection of particles,EDS mapping may be the best mode of
analysis. In this mode, the EDS detector collects informationas the electron beam rasters acrossthe sample, thus the elemental
information is in registrywith the SE/BSE image.The user can define the region of interest from the entire region observable
in the SE/BSE image to a sub-region. Additionally, the user can define the scan speed, dwell time/pixel, and resolution of the
map to suit their needs in terms of speed or resolution. A significantfactor to considerfor EDS mapping isthat the X-ray signal
will vary based on the surface texture and slope of the particle's surface. In the most severe case, a shadow may be observed if
that surface is no longer within the lineof sight of the detector. It may be possibleto minimize these artifactsdue to tilting the
sample further towards the detector. It isoften useful to map the elements of interestversus an element that does not exist in
the sample. The X-ray counts for the non-existentelement should provide a uniformbackground acrossthe entire region ifthe
surface is level.

Examples of elemental maps overlaid on the SE image are shown in Figure 7. The first image (Figure 7, left) shows maps for
barium and potassium overlaid on the corresponding SE image, thus showing that the particles represent an inhomogeneous
mixture of barium/potassium precipitates (left). Forthe second example, EDS mapping was used with Cryo-SEM to examine a
cryo-fractured silicone/water emulsion where the Si map represents siliconeand theO map represents water. The internal
structure of a large siliconedroplet within a continuous water phase can be observed in Figure 7 (right) where it is apparent
the silicone droplet contains several internalwater droplets. Many current EDS interfaces allowthe user to extract a spectrum
from any location within the map.

Figure7. Left: Potassium and barium maps overlaid on the SE image of a mixed potassium/barium precipitate. Right: Oxygen
and silicon maps overlaid on SE image of a vitrified silicone/wateremulsion.

IMAGE OPTIMIZATION

Instrumental parameters needed to acquirea qualityimage can be highlydependent on sample type andsample preparation.
Some important aspects with regard to the sample include the form (powders, monoliths,fibers, vitrified liquids, etc.), overall
dimensions, texture, atomic composition, and inherent conductivity. Since many instrumental parameters for a modern SEM
can be readilymodifiedwith the PC-based user interfacewith onlyslight re-optimization, it ishighlysuggested that the operator
experiment with operating conditions in order to choose the best imaging conditions for the features of interest. Parameters
that affect image quality can be further categorized as instrumental settings and observationsettings.

Common instrumental settings that may affect image quality include accelerating voltage, emission current, working
distance, SE/BSE detectors (ifmultiple modes are used), condenser lens current setting, and objective lens aperture diameter.
Of these, the accelerating voltage may be the most important instrumental parameter since it directlyaffectsthe penetration
depth of incident electrons thereby determining the features that can be observed. Ingeneral, choosing the optimal accelerating
voltage isa balance of achievingthe best contrast for the features that the user ismost interested in,whileminimizing unwanted
effectssuch as loss of topographic information or charging. The best approach to choosing an idealaccelerating voltage for an
unknown sample isto experiment with up to 3 acceleratingvoltages (e.g., 1, 3, and 10 kV), thenchoose the best one to continue
to further optimize the image. The working distance and choice of SE/BSE detector are normally chosen in combination
depending on the desired resolution, depth of focus, and sample tilt. Generally, shorter working distances result in higher
resolution but less depth of focus. Likewise, based on the position the SE detectors are placed in the column, a tradeoff exists
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for spatial resolution versus surfacetopography, where upper detectors generallydetect a high resolution SE signal and lower
detectors show more surface topography. Lastly, the condenser lenssetting and objectivelens aperture diameter can be
optimized to providethe idealspecimen current, resolution, and depth of focus required for a specific sample type.

Upon choosing an initial set of instrumental conditionsas mentioned above, basic image observation can be optimized in
the following manner:

1. Selecta low magnification (1000-3000x) initially
2. Courseadjust image brightness
3. Courseadjust focus
4. Selectan easy-to-visualize area of the specimen
5. Check/adjustto optimizethe electromagnetic alignment of the electron optics (beam, aperture, stigmation)
6. Selecta feature of interest at higher magnification
7. Adjust focus and astigmatism
8. Adjust image brightnessand contrast
9. Collect image.
Imagecollection can be accomplished using differentresolutions (1280 x 960 is most common) and capture speeds using

eitherslowscan collection orframe integration. Ingeneral,slowscancollection isusedto collecthigh-resolution imageswhereas
frame integration isusedfor specimen types that havechargingor stability issues. Acollection usinga highercapture resolution,
slowerscan speed, or additional frames mayimprovethe imageresolution, however the usermust take cautionof the increased
likelihood of specimen driftover this period which would negate any benefit.

fORENSIC ANALYSIS Of PARTICLES

Shape Analysis

Because of the three-dimensional nature of images obtained viascanning electron microscopy, particle shape provides a
great deal of information about the composition and source of the particlewithout obtaining a chemical analysis via EDS.

The most commonly identified particles found in pharmaceutical compounds generallyfall into several distinct categories.
Note that particles in parenteralproducts arisefrom three generalsources: (a) extrinsic or outsideof the product, as trulyforeign
solids; (b) intrinsic or associated with the product, its packageor manufacture; (c) inherent particles expected to compose the
formulation, such as proteins in biotherapeutic products (see Subvisible Particulate Matter in Therapeutic Protein Injections
(787», and may be encountered when probing those formulae. Some examples of extrinsic particles are the following:

• Corrosion products from one or more equipment sources, and may occur from formulation interaction
• Materials from the manufacturing environment such as cellulose (from paper bags), extraneous fibers (clothing,filters,

etc.)
• Inhomogeneities in the product, specifically incomplete mixing (forsolidoral dosage products) that can create cosmetic

or elegance issues with tablets
• Environmentally-sourced biological materials
• Material that has been exposed to extreme heat that might char. The causesfor this can varyfrom paper pyrolized during

depyrogenation to material sticking to components that are exposed to friction (powder milling, compaction, etc.). If
residue unintentionally builds up in these areas,' the exposure to friction can decompose the material, making it appear
burnt.

Figure 8 shows representative images of some of the particulate matter mentioned above that the user might encounter in a
forensic investigation.
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Figure 8. Scanning electron micrographs of commonly found particles in pharmaceutical manufacturing areas: A. cotton
fibers, B. glass particles, C. Teflon shavings, D. aluminum shavings. (All of the images provided courtesy of McCrone Atlas

(www.mccroneatlas.com.)

Interpretation of a particle's origin from characteristics observed by SEM analysis depends on the particle features; for
instance, any particlewith sharp corners and well-defined edges ismade from a materialthat isnot soluble in the product liquid.
Ifit is transparent to the beam, then the user could conclude it consists of very low Z elements. Crystalline particlesexhibit
obvious symmetry and growth patterns. Slow' growth ischaracterized by large crystals and fast growth by small, often
aggregated crystal masses.

Particle morphology and surfacecharacteristics may be helpful in sourcing unknowns.Aspectratio, or the ratio of the length
of a particledivided by itswidth, indicatesfibrous materials. Analysis by optical microscopy often servesas a more effective tool
to analyzefibers by determining diagnostic optical properties (refractive indices, birefringence, elongation, etc.) using plane
and crossed polarized light that can distinguish among variouspossiblesources.Witha scanning electron microscope, however,
elemental analysis can determine (a) ifthe fiber is inorganicor organic and (b) the presence of surface additives. Scanning
electron microscopyalsooffersthe added benefit of being able to image at much higher magnification to reveal morphological
structures of biological origin or features indicative of commercial manufacture.

As mentioned previously, different kinds of electrons are emitted when an electron beam interacts with a solid surface. The
two most useful types of electrons are secondary and back-scattered. By choosing the appropriate detector or instrument set
up, the image can be biased towards one or the other. Back-scattered electrons can provide useful information regarding the
chemical composition of the feature in question. Ifthe instrument is set up to use BSE to form the image, elements possessing
higher atomic mass will appear brighter than those having a lower atomic mass. By selecting this imaging mode, organic
particles are easily distinguished from metallic debris, for example. For instance, at low kV, glassor plasticmay appear as solid
objects, whereas at higher kV they may appear somewhat transparent. Further, appearance at low kV on a tungsten filament
SEM may mean something completely different than that at low kV on an FE SEM or environmental SEM. Different materials
require different operating conditions to suitablyimage using SE, to prevent charging and to improve contrast. Typically, use
low kV (3 kV or lessusing a semi-in-Iens or in-lens FE SEM) for non-conductive materialssuch as glassand plastic. Ifthe material
is extremely thin «100 nm), the material can be visualized in transmission mode (STEM) as well as SE mode.
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(1184) SENSITIZATION TESTING

INTRODUCTION

This chapter considers sensitization and hypersensitization in the context of medical devices and implants, and describes
methodologiesfor testing such articles for their potential to cause sensitization.

Thereare four types of hypersensitization reactions accordingto the Gell and Coombs classification system. Type I reactions
involve the fixation of IgE to mast cells that subsequentlyrelease pharmacologically activesubstances, such as histamine. Type
II reactions are the resultof IgG and/or IgM binding to target cells, followed by complement fixation and cell lysis. Type III
reactions are caused by the presence of antigen-antibodycomplexes that cause physical damage such as kidney damage due
to glomerularblockage. Type IV reactions are cell-mediated (involve the action of T cells and their interaction with the human
lymphocyteantigens). Type IV reactions are alsocalled delayed-type hypersensitivity reactions. Table 7 belowsummarizes the
types of reactions, the mediators of the reactions, and examplesof representative diseases.

Table 1. The Four Types of Hypersensitization Reactions·, Mediators, and Disease Examples

Reaction
Class Mediators Disease Examples

Type I IgE moleculesbound to mast cells interactwith antigen to reo Hayfever, bronchialasthma, other atopic reactions
lease pharmacologically activesubstances

Type II IgMand/or IgMmolecules interactwith target cells, fixcorn- Various drug allergies, erythroblastosis fetalis, hemolyticane-
plement, cell lysis mia, thrombocytopenia

Type til Antigen-antibody complexes, complement Arthusreaction, serum sickness, allergic glomerulonephritis

Type IV T lymphocytes, antigen, monocytes, macrophages . Contact dermatitis

* According to Gelland Coombs classification scheme

Amulti-stepprocess, delineated in chapter The Biocompatibility ofMaterials Used in Drug Containers, Medical Devices, and
Implants (1031) isfollowed in determining which, ifany, toxicological tests need to be performed on a given article. Insome
cases,sufficient evidenceto satisfy toxicology requirements may be available from previously marketedarticles (See Figure 7 in
chapter (1 031». Importantfactorsaddressed in Figure 7(chapter (1 031» includethe type and extent ofcontact with the body,
the chemical composition,the manufacturing process, the sterilization process,and, as mentioned above,similarity to previously
marketed articles.

If further toxicological testing isnecessary, the classification of medicaldevicesprovided in Table 2 fromgeneral information
chapter (1031) is important, because the degree and extent of toxicological testing that is required isstrongly influenced by
the nature and duration of the bodilycontact with the article. Theclassification derivedfrom Table 2 inchapter (1 031), coupled
with the length of exposure to the article, isused in Tables 3-5 of chapter (1031) to determine which toxicological tests need
to be performed. Table 2 below presents lnforrnatlon extracted from Tables 3-5 of chapter (1031) and indicates those
circumstances for which sensitization testing should be considered.

Table 2. Articles For Which Sensitization Testing Should Be Considered Based on Article Category and Length of Exposure

DeviceCategory BodyContact Contact Duration

Surface devices Skin A", Bb, cc
Mucosal membrane A,B,C

Breached or compromisedsurfaces A,B,C

External communicatingdevices Blood path, indirect A, B, C

Tissue, bone, or dentin communicating A, B,C

Circulating blood A,B,C

Implantdevices Tissue or bone A, B, C

Blood A,B, C

aA: limited (lessthan 24 hours)
b B: prolonged (24 hours to 30 days)
C C: permanent (more than 30 days)

There are nine test methodologies reviewed in this chapter. Table 3 lists the methods and the species with which they are
performed.

Table 3. Test Methodologies That May Be Used in Sensitization Testing, and Species Required for Test

Test Species Used in Test

Magnusson & Kligman Maximization Guineapig
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Table 3. Test Methodologies That May Be Used in Sensitization Testing and Species Required for Test (continued),
Test SpeciesUsed in Test

Standard Buehler Guinea pig

Open Epicutaneous Guinea pig

Freund's CompleteAdjuvant Guinea pig

Optimization Guinea pig

Split Adjuvant Guinea pig

Local Lymph NodeAssay Mouse

Mouse Ear Swelling Mouse

Vitamin AEnhancement Mouse

Given the preponderance of testing performed with either the Magnusson & Kligman Guinea Pig Maximization Test (GPMT)
or Buehler Tests (BT), those tests will be reviewed in detail in this chapter. A briefsummary of the remainingtests is provided
as alternatives to the more frequently used procedures.

Each test should be periodically validated in the performing laboratory using positivecontrols such as hexyl cinnamic
aldehyde, mercaptobenzothiazole, or benzocaine (positive controls recommended by the Organizationfor Economic
Cooperation and Development [DECO]).

MAGNUSSON & KLIGMAN GUINEA PIG MAXIMIZATION TEST (GPMT)

Anlmals

Either male and female albino guinea pigs or both may be used. All animals should be in good health and weigh between
300 g and 500 g at the start of the experiment. The females should not be pregnant, nor should they have borne young
previously. Priorto use, it isessentialto acclimatize the animalsto the laboratoryconditionsfor at least5 days.All animalsshould
be handled in accordance with the guidelines in the appropriate regulatory requirements establishedfor the humane treatment
of animals.At least 10 test animals and 5 control animalsshould be used. To obtain sufficient analytical power (i.e., to detect
weak sensitizers) it may be necessaryto use 20 test animalsand 10 control animals.Additional animalsmay be required to
establish the proper doses to administer (see Determination of Test ArticleConcentration).

Housing and Feeding

The animal room should be held at 20 ± 3°, at 30% to 70% relative humidity, with 12 hours of light and dark. Animals may
be housed individually or in group housing. Standard laboratory diets may be used (those satisfactory for guinea pigs ensure
an.adequate amount of ascorbic acid). Drinking water should be available ad libitum.

Animal Pretest Preparation

Animals should be randomized viaa validated randomization method. Forexample, such methods may utilize random
number tables or computer-generated random numbers. Siteson the animalsintended for test articleapplication(intrascapular
region) should have the hair removed in a manner that does not abrade the skin. Thismay be accomplishedvia clipping,
shaving, or with chemical depilatories.The chemicaldepilatory must not elicitirritation of itsown. General observations of the
animals prior to use in the test should be recorded, includingany indication of ill health (do not use such animals in tests), and
body weights.

Test Article Preparation1

The use of this test requires that the test article can be injected intradermally. When the test article is not suitable for direct
administration, extracts should be prepared according to the procedure provided in general chapter Biological Reactivity Tests,
In Vivo (88).

Determination of Test Article Concentration

The purpose of this preliminarystudy is to determine the concentrations of Test ArticlePreparation to be used during the
initial induction phase and the second challenge phase ofa GPMT study. Twoor three animalsmay be usedfor the concentration
determination.

Arange of concentrations of the test article, or extracts of the article,should be injected intradermally (0.1 mLper site), using
the solvent that will be employed in the Test Procedure. The concentration that causes only mild to moderate irritation (no

1 Forfurther information on sample preparation, see ANSI/MMI/ISO/CEN Standard 10993-12-1996: Biological Evaluation of Medical Devices-Part
12: Sample Preparation and Reference Materials.
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extensive skin destruction,with no evidence ofovert systemic toxicity to the animals) should be used inthe Intradermal Injection
InductionPhase of the Test Procedure.

Using two or more animals, apply via occlusive dressings and patches, a range of concentrations of test article or extractsof
the article. Remove the dressings/patches after 24 hours, and examine the sitesfor erythema. Choose the concentrationthat
causes onlyslight erythema for the Topical Application InductionPhase of the Test Procedure. Use the highest concentration of
test article or extract that does not cause erythema for the Challenge Phase of the Test Procedure. Ifthe irritation threshold is
not reached, then select the highest possible concentration for the Topical Application Induction Phase and Challenge Phase of
the Test Procedure.

Test Procedure

INTRADERMAL INJECTION INDUCTION PHASE

This phase requires three pairs of injections administered intradermally, with the test and control injection of each pairon
opposite sides intrascapularly. Each injection should contain 0.1 mL, with injection pairs1 and 2 administered nearer to the
head, and injection pair 3 administered slightly farther towards the tail.The pairs are nominally within an area of 8 crn-. The
pairs of injections consistof the following:

Injection pair 1: A1:1 (v/v)mixtureof Freund'sCompleteAdjuvant (FCA), an oil-wateremulsioncontaining mycobacteria, and the
appropriate solvent/vehicle (see Biological Reactivity Tests, InVivo (88». Controlanimalsreceive a mixtureof FCA and
physiological saline(1:1).

Injection pair2: The Test Article Preparation in the concentration as specified in Determination of Test Article Concentration, usingthe
appropriate solvent/vehicle. Controlanimalsreceive onlythe solvent/vehicle.

Injection pair 3: The Test Article Preparation in the concentration as specified in Determination of Test Article Concentration in a 1:1 (v/v)
mixturewith FCA. Controlanimalsreceive an injection of a 1:1 (v/v)mixtureof FCA and solvent/vehicle.

TOPICAL APPLICATION INDUCTION PHASE

Seven days (±1 day) after completion of the Intradermal Injection InductionPhase, administer the test sample by topical
application to the intrascapular region of each animal.Forboth test and control animals, ifthe Test ArticlePreparation does not
causeskin irritation, apply 10% sodium lauryl sulfate in petrolatum approximately 24 hours before the start of the Topical
Application Induction Phase to induce a local irritation.

Test animals should have 2- x 4-cm pieces of filterpaper or absorbent gauze fully loaded with the Test ArticlePreparation
(prepared within24 hours of use)usingthe concentration selected in Determination of Test ArticleConcentration appliedto each
injection site. The filter paper or absorbent gauze should be secured to the animals using occlusive dressings. Control animals
receive the same treatment, except that the appropriate solvent/vehicle is used instead of the test article. .

Remove the dressingsand patches approximately 48 hours after application.

CHALLENGE PHASE

This phase should occur 14 ± 1 days after the Topical Application InductionPhase. Hair should be removedfrom the test
application sites.Filter paper patches or chambersare soakedwitha freshly prepared Test ArticlePreparation inthe concentration
specified in Determination of Test ArticleConcentration. This isdone for all test and control animals. The patches or chambers
are secured with an occlusive dressingand removed after 24 ± 2 hours.

Observations

Atapproximately 24, 48, and 72 hours after removal of the challenge patches, the applicationsitesshould be examined for
signsof reactions. Of particularimportance are instances where the reaction of the test animals exceeds that of the control
animals. All signs of reactivity should be recorded, with particular attention paid to signs of erythema and edema. Atrue
edematous reaction will blanch under gentle pressure. The longer the period of blanching, the greater the severity of edema.

Interpretation

There is more than one way of evaluating and grading the results from GPMT. Tables 4, 5, and 6 listdetailsfor three such
grading systems. Grades of 1 or higher in the test animals, with grades of less than 1 in control animals, are indicative of
sensitization. If control animals display grade 1 reactivity, and ifthe test animals display reactivity above the greatest reactivity
seen in the control animals, sensitization due to the test article isagain suspected. The percentages in Table 4 need to be revised
ifthere are only 10 test animals (l.e., the categorieswould be 0, <10%, 10%-30%, 310/0-60%, 61%-80%, and 810/0-100%.)
Ifthere are 20 test animals, then multiples of 5% are appropriate.

Table 4. Classification Based on Percent of Responsive Test Animals
% of Positives in

Test Group Assigned Grade Class

0 - INonsensitizer

<8 1 IWeak
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% of Positives in
Test Group Assigned Grade Class

8-28 2 Mild

29-64 3 Moderate

65-80 4 Strong

81-100 5 Extreme

Table 5. Classification Based on Erythema and Edema Formation

Erythema and Eschar Grade

No erythema 0

Slightor equivocalerythema <1

Well-defined erythema 2

Moderate erythema 3

Severeerythema to slighteschar formation 4

Edema

No edema 0

Slightor equivocaledema <1

Well-defined edema 2

Moderate edema 3

Severeedema 4

Table 6. Classification Based on Erythema Formation Alone

Erythema formation Grade

No erythema 0

Discrete or patchy erythema 1

Moderate and confluent erythema 2

Intenseerythema and swelling 3

The results should be submitted for statistical analysis (e.g., chi-square contingency table) to determine ifthe differences in
scores between treated and control animalsare significant. The response of the test group versusthe control group should be
compared statistically. (The Mann-Whitney Utest can be used for the comparison.)

Rechallenge

The extent of any response in the negative control group, under experimental conditions, shows the irritation potential of
the Test ArticlePreparation. In this case, test and control animals should be rechallenged 1 week later on the untreated side of
the animal, with a reduced concentration of the Test ArticlePreparation. Asensitizedguinea pig will react to some degree to
both challenges. Aweak reaction occurring at a singletime point in only one challenge should cast strong doubt as to whether
that guinea pig is truly sensltized.?

STANDARD BUEHLER TESTS (SBT)

Animals

See Animals in the Magnusson Sf Kligman Guinea Pig Maximization Test (GPMT).

Housing and Feeding

See Housing and Feeding in the Magnusson Sf Kligman Guinea Pig Maximization Test (GPMT).

2 Basketter DA Guinea pig predictive tests for contact hypersensitivity. In Immunotoxicology and Immunopharmacology, 2nd ed.; Dean, J.H, Luster,
M.I., Munson, A.E., Kimber, I., Eds;Raven Press, Ltd: New York, 1994; pp 693-702.
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SeeAnimalPretest Preparation under Magnusson & Kligman Guinea Pig Maximization Test (GPMT). The fur of the guinea pig
may be removedfrom one flank by clipping.

Test Article Preparation

See Test Article Preparation in the Magnusson & Kligman Guinea Pig Maximization Test (GPMT).

Determination of Test Article Concentration

The purpose of this preliminary study is to determine the concentrations of Test Article Preparation to be used during the
initial inductionphase and the second challengephaseofan SBT study.Twoor three animals may be usedfor the concentration
determination.

Arange of concentrations of the test article, or extractsof the article, should be applied using patches (for example, four
4 em- absorbent pads) or chambers. The patches should be held in place usingtape (ifnecessary) and occlusive dressings. The
patches should be removed after approximately 6 hours, and any residues of the test chemical are removedfrom the test site.
Observations are made at that time, and at 24 and 48 hours.

The concentration that causes only mild to moderate irritation (slighterythema, with no evidenceof overt toxicity to the
animals) and can be applied repeatedly to the same site should be used in the Induction Phase of the Test Procedure. Use the
highest concentration of test articleor extract that does not cause erythema for the Challenge Phase of the Test Procedure.

Test Procedure

INDUCTION PHASE

Apply 0.4 mL of the Test ArticlePreparation in an appropriate solvent/vehicle at the dose identified in Determination of Test
Article Concentration. Use patches similar to those used in Determination of Test Article Concentration. The patches should be
applied to one flank (hairclipped off) and held in placeocclusively for 6 hours.Theanimals may need to be restrainedto ensure
occlusion. Patchesand any visible residues should be removed after 6 hours. Controlanimals also receive patches, but these
contain only the appropriate solvent/vehicle. This process should be repeated three times a weekfor both test and control
animals on the same site for three consecutive weeks (weekly intervals are used in the modified Buehler Test).

CHALLENGE PHASE

This phase should be carried out 14 days after the lastapplication of the Induction Phase. Clip the hair off the previously
untested flank of each animal 24 hours before the challengeapplication. As in the Induction Phase, apply patches containing
the test article (concentration specified in Determination of Test ArticleConcentration) or solvent/vehicle alone to the untested
areas of the test and control animals. Toobtain well-defined edges at the application sites, commercial chambers with a lipped
edge are preferred. Securethe patches with occlusive dressings, and keep them in placefor 6 hours. Remove all patches after
6 hours.

OBSERVATIONS

At22 ± 2 hours after removal of the patches, the application sitesshould have the animal'sfur removed via clipping or
depilation. After approximately 2 more hours, grade the sites (Tables 4,5 or 6 may be employed). All signsof reactivity should
be recorded,with particular attention paid to signsoferythema and edema. Repeat the grading once again after 24 to 48 hours
more haveelapsed.The responseof the test group versus the controlgroup can be compared statistically. (TheMann-Whitney U
test can be used for the comparison.)

INTERPRETATION

The results should be submitted for a statistical analysis (e.g., chi-squarecontingency table) to determine ifthe differences
in scores between treated and control animals are significant.

See Interpretation in the Magnusson & Kligman Guinea Pig Maximization Test (GPMT).

RECHALLENGE

See Rechallenge in the Magnusson & Kligman Guinea Pig Maximization Test (GPMT).

OTHER SENSITIZATION TEST PROCEDURES

The Magnusson & Kligman Guinea Pig Maximization Test and the Standard Buehler Tests are the most frequently performed
sensitization tests. However, there are a number of other methods that may be useful in the assessmentof the potential for
sensitization. Some may be applicableto both solid test articles and extracts, some only to extracts.
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Wherethe use of guinea pigs iscalledfor in thefollowing tests, the animals and theirhousing should meet the requirements
as specified for Animalsin the Magnusson &Kligman Guinea Pig Maximization Test. The fur of the guinea pig should be removed
from test sites as indicated for Animal Pretest Preparation in the Magnusson & Kligman Guinea Pig Maximization Test.

Draize Test

This was the first predictivetest accepted by the regulatoryagencies, and isstill in use. The test usesguinea pigs and the test
article isadministered via intradermal injections. .

TEST ARTICLE PREPARATION

This test requires that the test article be in the form of a solution that may be directlyapplied to the animal's skin.Therefore,
extracts of the material would need to be made. See Biological Reactivity Tests, In Vivo (88) for information on the preparation
procedure.

INDUCTION PHASE

One flank of each of 20 guinea pigs is shaved, then 0.05 mLof a 0.1% solution of test article is injected into the anterior
flank. The next day, and then every other day thereafter up to day 20, 0.1 mLof the test article is injected into a new site on
the same flank.

CHALLENGE PHASE

This phase begins 2 weeks after the final injection of the Induction Phase. The untreated flankisshaved, then 0.05 mLof test
article is injected into each of the 20 guinea pigs. Twenty previously untreated animals serve as the controls, and receive
injections of the test article as well.

OBSERVATIONS

The test sitesof allcontrol and test animalsare evaluatedfor erythema at 24 and 48 hours after the challenge injections. The
degree of reaction in test animals is compared to the reaction in control animals. Alarger and/or more intense response by the
test animalsversus the control animals is indicative of sensitization.

Open Epicutaneous Test

Thistest uses guinea pigs. The goal isto determine the dose required to induce sensitization by simulatinghuman usage via
topical application of the test article.

TEST MATERIAL PREPARATION

This test requiresthat the test article be in the form of a solution that may be directlyapplied to the animal's skin. Therefore,
extracts ofthe materialneed to be made. SeeBiological Reactivity Tests, In Vivo (88)for informationon the preparation procedure.

PRELIMINARY TESTING

Aseriesof concentrations of test articleisapplied to 2 ern- areas of skinon the anterior flank of 6 to 8 guinea pigs (0.025 mL
per application). The test sites should be examined for erythema 24 hours after test article administration.The highest
concentration that does not cause irritation (maximum nonirritant concentration) and the lowest concentration causing
erythema in approximately 25% of the animals(minimum irritant concentration) are determined.

INDUCTION PHASE

The test article (or control vehicle) isapplied to 8 ern"areas of the flankskinof 6 to 8 guinea pigs dailyfor 3 weeks, or five
times a weekfor 4 weeks.The amount per application is0.01 mL. Asetof increasingconcentrations isagain employed, ranging
from the minimum irritantconcentration usinga stepwise progression. The test articleshould be applied to the same siteseach
time, unless irritation develops, in which case a new site on the same flankshould be used. Control animals receive the same
seriesof treatments using the vehicle instead of the test article.

CHALLENGE PHASE

Each animal is challenged on the untreated flank 24 to 72 hours after the last InductionPhase treatment using 0.025 mL
applied to 2 ern- areas. Aset of increasing concentrations is used, from minimum irritant concentration to the maximum
nonirritant concentration, and five lower concentrations are also used.

OBSERVATIONS

The test sitesare evaluated at 24,48, and 72 hours post-treatment. The maximum concentration that does not cause irritation
in the control group isdetermined. Animals from the test groups that develop inflammatory responses at concentrations lower
than the maximum nonirritating concentration in the controls should be considered to be sensitized.
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This test is based upon the use of intradermal injections using the test article in a mixture of Freund's complete adjuvant and
distilled water (50:50).

TEST MATERIAL PREPARATION

Becausethis test uses intradermal injections, extracts of the test material need to be made in order to use this procedure.
See Biological Reactivity Tests, In Vivo (88) for information on the extraction procedure.

PRELIMINARY TESTING

The minimum irritating and the maximum nonirritating concentrations are determined in the same manner as for
Preliminary Testing in the Open Epicutaneous Test.

INDUCTION PHASE

The test area consists of six 2 ern- areas across the shoulders of the guinea pigs. Two groups of 10 to 20 guinea pigs each
should be used. The test group animals are injected intradermally with 0.1 mL of a 5% solution of the test article extract in
FCA/water. Control animals receive injections with FCA/water without the test article. These injections are repeated every 4 days
until a total of three injections have been given.

CHALLENGE PHASE

. This phase should begin 2 weeks after the last injection of-the Induction Phase. Topical applications of 0.025 mL of test article
at the minimum irritating and the maximum nonirritating concentrations, plus two lower concentrations, are administered to
2 ern- areas of the shaved flank. The test sites should remain uncovered.

OBSERVATIONS

The test sites are examined for the presence of erythema 24, 48 and 72 hours after the topical applications. The minimum
nonirritating concentration in the control animals should be determined. Those test animals that display erythema at
concentrations lower than the minimum nonirritating concentration in the control animals should be considered to be
sensitized.

Optimization Test

This test has some similarities to the older Draize Test. Unlike the Draize Test, however, this test usesboth intradermal and
topical treatments, and includes adjuvant for some induction injections.

. TEST MATERIAL PREPARATION

As with other test procedures that incorporate intradermal injections, the test article needs to be in a form suitable for
injection. See Biological Reactivity Tests, In Vivo (88) for information on the extraction procedure.

INDUCTION PHASE

Twenty test and 20 control guinea pigs are used. A total of 10 intradermal injections should be given to each animal. Test
animals receive 0.1 mL of a mixture of 0.1 % test article and 0.9% saline (50:50) on day 1, with one injection into a shaved
flank, and another into a portion of shaved dorsal skin. Two and 4 days later, one intradermal injection of the test article in
saline is given to eight new dorsal sites. Every other day during weeks 2 and 3, the test article is injected intradermally into 10
sites over the shoulders in a 50:50 mixture of saline and FCA.The same sequence of injections is given to the 20 control animals,
except that no test article is included with the saline or saline/FCA injections.

CHALLENGE PHASE

Thirty-five days after the first injection, the animals are challenged topically with 0.1 mL of the 0.1% solution of test article
in saline (for test animals). The control animals receive saline injections only. At 45 days after the first injection, a second topical
challenge is given. A nonirritating concentration of test article (0.05 mL) is applied topically to a 1 cm2 area of untreated skin.
This site should then be covered with a 2 ern- piece of filter paper, after which an occlusive dressing should be applied. The
patch should be removed after 24 hours.

OBSERVATIONS

Twenty-four hours after each injection during week 1, the thickness of a fold of skin over the injection sites for each animal
should be measured using a caliper (mm), and the two largest cross-diameters of each erythematous reaction should be
recorded (mm). The reaction volumes are calculated by multiplying the fold thickness by the products of the two cross-diameters
(expressed as IJL).The mean reaction (+1 SO) volume during week 1 should be calculated for each animal.
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Challengereactionvolumesare calculatedfor each animalfollowing the injectionsat day 35. Ifan animaldevelopsa challenge
reaction volume greater than its mean reaction volume + 1 SD, it should be considered sensitized.

Following the patch testing challenge, the test sites are evaluated for erythema and edema. Evaluations should be made
using Table 5. .

The number of positive animals should be compared statistically with the pseudopositivecontrol animals. This should be
done for both intradermal injection resultsand patch testing results. The Fisher exact test may be used.

The resultsfrom the intradermal injections and the patch testing, following separate statistical analysis, may be combined
and evaluated using Table 7 in order to classify a test article as a strong, moderate, or weak sensitizer; or not a sensitizer.

Table 7. Classification Scheme for Test Articles Based on the Optimization Test
Intradermal Patch Test

% of Positive % of Positive
Animals Animals Classification

5', > 75 and/or S, > 50 Strong sensitizer

S,50-75 and/or 5, 30-50 Moderate sensitizer

5,30-50 N.S:, 0-30 Weak sensitizer

N.S., 0-30 N.S., 0 Not a sensitizer

• 5 =significant; N.S. =not significant

Split Adjuvant Test

This test makes use of both FCA and skin damage. The test article is applied topically.

TEST MATERIAL PREPARATION

Because this test employs topical test articleapplications, the article can be either in solidor liquid form. Ifextracts are to be
made, see chapter Biological Reactivity Tests, In Vivo (88) for extraction procedures.

INDUCTION PHASE

Ten to 20 guinea pigsare used for both test and control groups. Anarea of backskinimmediatelybehind the scapulasshould
be shaved to the extent that the skin becomes glistening.The shaved areas should then be treated with dry ice for 5 to 10
seconds. Adressing made of loose mesh gauze with stretch adhesiveand a 2- x 2-cm opening should be placed over the treated
area, then secured with adhesive tape. The test article(0.2 mLof viscous materials, 0.1 mL of liquids, or solidmaterial) is placed
within the opening in the dressing on top of the treated skin. Twolayers of #2 filterpaper should be placed over the test article,
then backed by occlusive tape. Then the filter paper/occlusive backed material should be secured to the surrounding dressing
with adhesive tape. After 2 days have passed, the filter paper should be liftedfrom the test sites, and the test article reapplied
on the same site. The filterpaper and backingshould be secured once again. After2 more days, the filter paper should be lifted
and two injections of 0.075 mLof FCA should be administered into the edges of the test site. Then the test material is once
again applied, and the filter paper/backing resecured. The test article should be reapplied once more on day 7 and the filter
paper/backing resealed. On day 9, the filter paper arid all associated dressing material should be removed.

CHALLENGE PHASE

On day 22 following the induction treatment, 0.5 mL of test material (or the solid article)should be applied to a 2-x 2-cm
area of shaved midback.The test sites should be covered by filter paper and backed by adhesive tape. This should be held in
place with an elastic bandage secured with adhesive tape; Control animals receivethe same challenge phase treatment. The
preparation should be removed after 24 hours.

OBSERVATIONS

Twenty-four, 48, and 72 hours after the removal of the challenge phase preparation, the test sites should be evaluated for
erythema and edema. The grading scheme of Table 5 could be employed.

Mouse Ear Swelling Test

There are a number of potential advantages in using mice versusguinea pigs for sensitization methods. The classic guinea
pig tests tend to be costlyand require a long time to complete. Moreover,with the dependence upon relatively subjective
scoring based on edema and erythema, methodological robustness, and ruggedness may be questionable. Thistest uses mice
and employs both topical exposures and injections.

ANIMALS

Female, 6- to 8-week old CF-1, Balb/c, or Swiss mice should be used. They may be group housed in direct bedding cages.
Acclimatization should be for at least 5 to 7 days. Food (appropriate mouse feed) and water should be available ad libitum. No
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animals with damaged pinnae should be used in the study. The thickness of both ears of each animal should be measured and
recorded at this time.

TEST MATERIAL PREPARATION

As with other test procedures that incorporate intradermal injections, the test article needs to be in a form suitable for
injection. See Biological Reactivity Tests, In Vivo (88) for information on the extraction procedure.

PRELIMINARY TESTING

The minimally irritating and maximally nonirritating concentrations of test article for this procedure should be determined.
This is done by using four groups of two mice and examining the effects of at least four concentrations of test article.

INDUCTION PHASE

The abdomens of the animals should be shaved, then tape-stripped using a surgical adhesive tape until the test area is
glistening. A single injection of 0.05 mL of FCA is subdivided into two injection sites administered intradermally within the
shaved/stripped area, but along the borders. After the adjuvant injections, 100 ~L of test article (using the minimally irritating
concentration) or vehicle (controls) is applied to the center of the shaved test areas. After the test areasdry, the mice should
be returned to their cages. The tape stripping and application of test article (but not FCA) is repeated each day for the next
3 days.

CHALLENGE PHASE

This phase should occur 7 days after the final topical induction application. The test article (highest nonirritating
concentration) should be applied topically (20 ~L) to one ear, while the opposite ear receives 10 ~L of vehicle alone. This should
be done for both test and control animals.

OBSERVATIONS

The thickness of both ears of each animal should be recorded after 24 and 48 hours postchallenge. The measurements should
be made with a caliper (a spring-loaded caliper is preferable). A sensitized animal is one in which the test article-treated ear is
at least 20% thicker than its opposite ear. For the test to be valid, the test article-treated ears of control animals should not be
more than 10% thicker than the opposite ears. If the control animal ears do not meet the requirements, the test should be
repeated using lower concentrations.

local Lymph Node Test

This test is based on the observation that exposure of the mice to sensitizers can cause hyperplasia of T cells within the
auricular lymph nodes of mice. The method combines both in vivo and in vitro phases, and requires the use of radioisotopes.
An unusual aspect of this test is that no challenge phase is required.

ANIMALS

Four groups of four mice at least, male or female CBA/ca mice (only one sex in a given test) between the ages of 8 to 12
weeks should be used.

TEST MATERIAL PREPARATION

Although in theory one could apply a solid test article to the dorsal surface of the ear of a mouse, in practice an extract of
such an article should be used. See Biological Reactivity Tests, In Vivo (88) for information on the extraction procedure.

PRELIMINARY TESTING

A nontoxic concentration of test article should be used. If not already established, a preliminary test for overt toxicity may
be required to establish a suitable dose.

INDUCTION PHASE

Twenty-five ~L of the appropriate test article concentration, or vehicle (controls), should be applied to the dorsal surface of
each pinna for 3 consecutive days. Five days after the first treatment, the animals should be injected, via the tail vein, with
2.5 mL of phosphate buffered saline containing 20 ~Ci of 3H-methyl thymidine. Five hours after the isotopic injection, the
animals should be euthanized. The draining auricular lymph nodes should be removed from each animal of each test and control
group.The nodes from all animals within a given group should be combined, such that a single cell suspension can be made
from each group of animals. The cell suspension can be made by passing the nodes through a 200-mesh stainless steel gauze
using asyringe plunger. The cells should then be centrifuged at 190 x g for 10 minutes, resuspended in 3 mL of 5%
trichloroacetic acid (TCA), and held overnight at 4°.
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The resulting precipitate should be recovered by centrifugation, and the pelleted precipitate should be resuspended in 1 mL
of 5% TCA. The suspension should then be placed in scintillation vials with 10 mL of scintillation fluid, and the disintegrations/
minute (dpm) counted with a ~-counter.

OBSERVATIONS

The ratio of dpm for each test group should be compared to the dpm for the control group. Ifthe ratio equals or exceeds
3 for any test group, the concentration of test article used with that group may be considered to be sensitizing.

Vitamin A Enhancement Test

Thistest is similarto the Mouse Ear Swelling Test in that test articles are applied topicallyto the abdomen, with a challenge
applicationto the ears,followed by measurements ofear thickness. Aprincipal differenceisthe useof mousefeed supplemented
with vitamin Aacetate. The purpose of the supplementation is to increasethe reactivity of the immune system, thereby
increasing the potential sensitization reaction. .

ANIMALS

Male, 3- to 4-week old Balb/c mice should be maintained on a diet supplemented with vitamin Aacetate. The diet may be
prepared by mixing each kg of feed with 0.477 g of gelatinized vitaminAacetate. The feed mixture should be used within 3
weeks of preparation. Mice intended for use in sensitization studies should have been on the supplemented diet for at least 4
weeks.The mice at the time of the sensitization study should therefore be between 7 and 1Oweeks old. The thickness of both
ears of each animal should be measured and recorded at this time.

TEST MATERIAL PREPARATION

Although, in theory, one could apply a solid test article to the dorsal surfaceof the ear of a mouse, in practice an extract of
such an article should be used. See Biological Reactivity rests, In Vivo (88) for information on the extraction.

PRELIMINARY TESTING

The maximally nonirritating dose and minimally irritating concentrations should be determined using separate groups of
animals. Thiscould be done as described for Preliminary Testing in the Mouse Ear Swelling Test.

INDUCTION PHASE

The fur of the abdomen and thorax of 10 mice per group should be shaved. Then 100 IJL of test article (at the minimally
irritating concentration) should be applied to the test areas on days 0, 2, 4, 7, and 11. Control animals receive 100 IJL ofvehicle
alone on the same schedule.

CHALLENGE PHASE

This phase should occur 4 daysafter the final applicationof the Induction Phase. Twenty-five IJL oftest article(at the maximally
nonirritating concentration) should be applied to each ear of each animal in the test and control groups.

OBSERVATIONS

Ear thicknessfor both ears ofeach animalshould be recorded after 24 and 48 hours postchallenge. The measurementsshould
be made with a caliper (a spring-loaded caliper is preferable). The percent increase in ear thicknessshould be calculatedfor
each ear by subtracting the pretreatment measurement from the post-treatment measurement, dividing the result by the
pretreatment measurement, then multiplying by 100. The response of the test group versus the control group should be
compared statistically. (The Mann-Whitney Utest could be used for the comparison.)

The results of individual animals should also be calculated. Ifan increase in ear thicknessfor an animal from the test group
isat least 50% greater than the largest increase of a control animal, that is indicative of sensitization. As an overall evaluation,
should the results of the study provide a significant result of the statistical test at p < 0.01 for the control versustest group
comparisons, or if at least two test animals have ear thickness increases in excessof 50% of the maximum control thickness
changes and the group comparison showed a p < 0.05, sensitization is indicated for the test article.

(1191) STABILITY CONSIDERATIONS IN DISPENSING PRACTICE

[NOTE-Inasmuch as this chapter isfor purposes of general information only, no statement inthe chapter is intended to
modifyor supplant any of the specific requirements pertinent to Pharmacopeial articles, which are given elsewhere in this
Pharmacopeia.]

Aspectsofdrug product stabilitythat are of primaryconcern to the pharmacist in the dispensing of medicationsare discussed
herein.

Pharmacists should avoid ingredients and conditions that could result in excessive physical deterioration or chemical
decomposition of drug preparations, especially when compounding (see Pharmaceutical Compounding-Nonsterile Preparations
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(795»). The stability and clinical effectof manufactured dosage forms can be greatlycompromised by seemingly negligible
alterations or inappropriate prescription compounding. Pharmacists should establish and maintain compounding conditions
that include the ensuring of drug stability to help prevent therapeutic failure and adverse responses.

Stability-Stability isdefined as the extent to which a product retains, within specified limits, and throughout its period of
storage and use (l.e., its shelf-life), the same properties and characteristics that it possessed at the time of its manufacture. Five
types of stability generallyrecognized are shown in the accompanying table.

Criteria for Acceptable Levels of Stability

Type of Conditions Maintained Throughout the
Stability Shelf Lifeof the Drug Product

Chemical Each activeingredient retainsits chemicalintegrityand labeled potency,withinthe specified limits.

Physical The original physical properties, including appearance, palatability, uniformity, dissolution, and suspendability,
are retained.

Microbiological Sterility or resistance to microbial growth is retained according to the specified requirements.Antimicrobial
agents that are present retaineffectiveness within the specified limits.

Therapeutic The therapeuticeffectremainsunchanged.

Toxicological No significant increasein toxicity occurs.

FACTORS AFFECTING PRODUCT STABILITY

Each ingredient,whether therapeutically active or pharmaceutically necessary, can affectthe stability ofdrug substancesand
dosage forms. The primaryenvironmental factors that can reduce stability includeexposure to adversetemperatures, light,
humidity, oxygen, and carbon dioxide. The majordosage form factors that influence drug stability include particle size
(especially inemulsions and suspensions), pH, solventsystemcomposition(Le., percentage of "free"water and overall polarity),
compatibility of anions and cations, solution ionic strenyth, primarycontainer, specific chemical additives, and molecular
binding and diffusion ofdrugs and excipients. Indosage forms, the following reactions usually cause loss ofactivedrug content,
and they usually do not provide obvious visual or olfactory evidence of their occurrence.

Hydrolysis

Esters and p-Iactams are the chemical bonds that are most likely to hydrolyze in the presenceof water. Forexample, the .
acetyl ester in aspirin is hydrolyzed to acetic acid and salicylic acid in the presence of moisture, but in a dry environment the
hydrolysis of aspirin is negligible. The aspirin hydrolysis rate increases in direct proportion to the water vapor pressure in an
environment.

The amide bond also hydrolyzes, though generally at a slowerrate than comparable esters.Forexample, procaine(an ester)
will hydrolyze upon autoclaving, but procainamide will not. The amide or peptide bond in peptides and proteins varies in the
lability to hydrolysis. .

The lactamand azomethine (or imine) bonds in benzodiazepines are also labile to hydrolysis. Themajorchemical accelerators
or catalysts of hydrolysis are adverse pHand specific chemicals (e.g., dextrose and copper in the case of ampicillin hydrolysis).

Epimerization

Membersof the tetracycline family are most likely to incur epimerization. This reaction occurs rapidly when the dissolved
drug isexposed to a pHofan intermediaterange (higherthan 3), and it results in the stericrearrangementof the dimethylamino
group. The epimer of tetracycline, epitetracycline, has little or no antibacterialactivity.

Decarboxylation

Some dissolved carboxylic acids, such as p-aminosalicylic acid, lose carbon dioxidefrom the carboxyl group when heated.
The resulting product has reduced pharmacological potency.

p-Keto decarboxylation can occur in some solid antibiotics that have a carbonylgroup on the p-carbon of a carboxylic acid
or a carboxylate anion. Suchdecarboxylations will occur inthe following antibiotics: carbenicillin sodium,carbenicillin free acid,
ticarcillin sodium, and ticarcillin free acid.

Dehydration

Acid-catalyzed dehydration of tetracycline formsepianhydrotetracycline, a product that both lacks antibacterial activity and
causes toxicity.

Oxidation

The molecular structures most likely to oxidize are those with a hydroxyl group directly bonded to an aromatic ring (e.g.,
phenol derivatives such as catecholamines and morphine), conjugated dienes (e.g., vitamin Aand unsaturatedfreefatty acids),
heterocyclic aromatic rings, nitroso and nitrite derivatives, and aldehydes (e.g., flavorings). Products of oxidation usually lack
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therapeutic activity. Visual identification of oxidation, for example, the change from colorless epinephrine to its amber colored
products, may not be visible in some dilutionsor to some eyes.

Oxidation iscatalyzed by pH valuesthat are higher than optimum, polyvalentheavy metal ions (e.g., copper and iron),and
exposure to oxygen and UV illumination. The latter two causes of oxidation justify the use of antioxidant chemicals, nitrogen
atmospheres during ampul and vial filling, opaque external packaging, and transparent amber glass or plasticcontainers.

Photochemical Decomposition

Exposure to, primarily, UV illumination may cause oxidation (photo-oxidation) and scission (photolysis) of covalent bonds.
Nifedipine, nitroprusside, riboflavin, and phenothiazines are very labileto photo-oxidation. In susceptible compounds,
photochemical energy creates free radical intermediates, which can perpetuate chain reactions.

Ionic Strength

The effect of the total concentration of dissolved electrolyteson the rate of hydrolysis reactions resultsfrom the influence of
ionicstrength on interionicattraction. In general, the hydrolysis rate constant is inversely proportional to the ionicstrength
with oppositely charged ions (e.g., drug cation and excipient anions) and directlyproportional to the ionicstrength with ions
of like charge. A reaction that produces an ion of opposite charge to the originaldrug ion because of the increasing ionic
strength, can increase the drug hydrolysis rate as the reaction proceeds. High ionicstrength of inorganic salts can also reduce
the solubility of some other drugs.

pH Effect

The degradation of many drugs in solutionacceleratesor decelerates exponentiallyas the pHisdecreased or increasedovera
specific range of pHvalues. Improper pH ranks with exposure to elevated temperature as a factor most likely to cause a clinically
significant lossof drug, resultingfrom hydrolysis and oxidation reactions. Adrug solution or suspension, for example, may be
stable for days, weeks, or even years in its original formulation, but when mixed with another liquid that changes the pH, it
degrades in minutes or days. It is possiblethat a pH change of only 1 unit (e.g., from 4 to 3 or 8 to 9) could decrease drug
stability by a factor of 10 or greater.

A pH buffersystem, which is usually a weak acid or base and its salt, is a common excipient used in liquid preparations to_
maintain the pH in a range that minimizes the drug degradation rate. The pH of drug solutions may also be either bufferedor
adjusted to achieve drug solubility. Forexample, pH in relationto pKa controls the fractionsof the usually more soluble ionized
and less soluble nonionizedspecies of weak organic electrolytes.

The influenceof pH on the physical stability of two phase systems, especially emulsions, is also important. Forexample,
intravenousfat emulsion isdestabilized by acidic pH.

Interionic (lon'<-lon'") Compatibility

Thecompatibilityor solubility ofoppositelycharged ionsdepends mainlyon the number ofcharges per ionand the molecular
size of the ions. In general, polyvalent ions of opposite charge are more likely to be incompatible. Thus, an incompatibility is
likely to occur upon the addition of a large ion with a charge opposite to that of the drug.

Solid State Stability

Solid state reactionsare relatively slow;thus, stabilityofdrugs in the solidstate israrely a dispensingconcern. The degradation
rate of dry solids is usually characterized by first-order kinetics or a sigmoid curve. Therefore, solid drugs with lower melting
point temperatures should not be combined with other chemicals that would form a eutectic mixture.

When moisture is present, the solid drug decomposition may change to zero-order chemical kinetics because the rate is
controlled by the relatively smallfraction of the drug that exists in a saturated solution, which is located (usually imperceptibly)
at the surface or in the bulkof the solid drug product.

Temperature

Ingeneral, the rate of a chemical reaction increasesexponentiallyfor each 10° increase in temperature. Thisrelationship has
been observed for nearly all drug hydrolysis and some drug oxidation reactions. The actual factor of rate increasedepends on
the activation energy of the particular reaction. The activation energy is a function of the specific reactive bond and the drug
formulation (e.g., solvent, pH, additives).As an example, consider a hydrolyzable drug that isexposed to a 20° increase in
temperature, such as that from cold to controlled room temperature. The shelf life of the drug at controlled room temperature
should be expected to decrease to one-fourth to one-twenty-fifth of its shelf life under refrigeration.

The pharmacist should also be aware that inappropriatelycold temperatures may cause harm. Forexample, refrigeration
may cause extreme viscosity in some liquid drugs and cause supersaturation in others. Freezing may either break or cause a
large increase in the droplet sizeof emulsions; it can denature proteins; and in rare cases, it can cause less soluble polymorphic
states of some drugs to form.
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STABILITY STUDIES IN MANUfACTURING

The scope and design of a stability study varyaccording to the product and the manufacturerconcerned. Ordinarily the
formulatorof a product first determines the effects of temperature, light, air, pH, moisture, trace metals, and commonly used
excipients or solventson the active ingredient(s). From this information, one or more formulations of each dosage form are
prepared, packaged in suitablecontainers, and stored under a variety of environmental conditions, both exaggerated and
normal.Atappropriate time intervals, samples of the product are assayed for potency by use of a stability-indicating method,
observedfor physical changes, and, where applicable, tested forsterility and orfor resistance to microbial growthand for toxicity
and bioavailability. Such a study, in combination with clinical and toxicological results, enables the manufacturer to select the
optimum formulation and container and to assign recommended storage conditions and an expiration date for each dosage
form in its package.

Responsibility of Pharmacists

Pharmacists help to ensure that the products under their supervision meet acceptable criteria of stability by (1) dispensing
oldeststockfirstand observing expirationdates, (2)storingproductsunder the environmentalconditionsstated inthe individual
monographs, labeling, or both, (3) observing products for evidenceof instability, (4) properlytreating and labeling products
that are repackaged, diluted, or mixed with other products, (5) dispensing in the proper containerwith the proper closure, and
(6) informing and educating patients concerning the proper storage and use of the products, including the disposition of
outdated or excessively aged prescriptions.

ROTATION OF STOCK AND OBSERVANCE OF EXPIRATION DATES

Proper rotation of stock is necessary to ensure the dispensing of suitable products. A product that isdispensed infrequently
should be closely monitored so that old stocksare given special attention, particularly with regard to expiration dates. The
manufacturercan guarantee the qualityof a product up to the time designated as its expiration date onlyifthe product has
been stored inthe original container under recommended storage conditions.

STORAGE UNDER RECOMMENDED ENVIRONMENTAL CONDITIONS

In most instances, the recommended storage conditionsare stated on the label, in which case it is imperative to adhere to
those conditions.They may includea specified temperature range or a designated storage place or condition (e.g.,
"refrigerator," or "controlled room temperature") as defined in the Packaging and Storage Requirements (659). Supplemental
instructions, such as a directionto protect the product from light,alsoshould be followed carefully. Wherea product isrequired
to be protected from light and is in a clearor translucent container enclosed in an opaque outer covering, such outer covering
is not to be removed and discarded until the contents have been used. In the absence of specific instructions, the product
should be stored at controlledroom temperature (see Packaging and Storage Requirements (659». The productshould be stored
awayfrom locationswhere excessive or variable heat, cold, or light prevails, such as those near heating pipesor fluorescent
lighting.

OBSERVING PRODUCTS FOR EVIDENCE OF INSTABILITY

Loss of potency usually results from a chemical change, the most common reactions being hydrolysis, oxidation-reduction,
and photolysis. Chemical changes may alsooccur through interaction between ingredientswithina product, or rarely between
product and container. An apparent loss of potency in the active ingredient(s) may resultfrom diffusion of the drug into, or its
combination with, the surfaceof the container-closure system. An apparent gain in potency usually iscaused by solvent
evaporation or by leachingof materials from the container-closuresystem.

Thechemicalpotency ofthe activeingredient(s) isrequiredto remainwithinthe limits specified inthe monograph definition.
Potency isdetermined by means of an assay procedure that differentiates between the intact moleculeand its degradation
products. Chemical stability data should be available from the manufacturer. Although chemical degradation ordinarily cannot
be detected by the pharmacist, excessive chemical degradation sometimes isaccompanied by observable physical changes. In
addition, some physical changes not necessarily related to chemical potency, such as change in colorand odor, formation of a
precipitate, or clouding of solution, may serve to alert the pharmacistto the possibility of a stability problem. It should be
assumedthat a product that hasundergone a physical change not explainedinthe labeling mayalsohaveundergone a chemical
change, and such a product is never to be dispensed. Excessive microbial growth, contamination, or both, may also appear
as a physical change. Agross change in a physical characteristic such as color or odor isa sign of instability in any product.
Other common physical signs of deterioration of dosage forms includethe following.
Sollddosage forms: Many soliddosage formsare designedforstorage under low-moisture conditions. Theyrequireprotection
from environmentalwater and therefore should be stored in tight containers (see Packaging and Storage Requirements (659»
or in the container supplied by the manufacturer.The appearance of fog or liquid droplets, or clumpingof the product, inside
the container signifies improper conditions. The presence of a desiccant inside the manufacturer's container indicates that
special care should be taken in dispensing. Some degradation products, for example, salicylic acid from aspirin, may sublime
and be deposited as crystals on the outside of the dosage form or on the walls of the container.

Hard and soft gelatin capsules: Sincethe capsuleformulation isencased in a gelatin shell, a change in gross physical
appearance or consistency, including hardening or softeningof the shell, is the primaryevidenceof instability. Evidence of
releaseof gas, such as a distended paper seal, is another sign of instability.

Uncoated tablets: Evidence of physical instability in uncoated tablets may be shown by excessive powder and/or pieces(l.e.,
crumblingas distinctfrom breakage)of tablet at the bottom of the container (fromabraded, crushed, or broken tablets);cracks
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or chips in tablet surfaces; swelling; mottling; discoloration; fusion between tablets; or the appearance of crystals that obviously
are not part of the tablet itself on the container walls or on the tablets.

Coated tablets: Evidence of physical instability in coated tablets isshown by cracks, mottling, or tackiness in the coating and
the clumping of tablets.

Drypowders andgranules: Drypowders and granules that are not intended for constitution into a liquid form in the original
container may cake into hard masses or change color, which may render them unacceptable.

Powders andgranules intended for constitution as suspensions: Drypowders and granules intended for constitution into
solutions or suspensions require special attention. Usually such forms are antibiotics or vitamins that are particularly sensitive
to moisture. Since they are always dispensed in the original container, they generallyare not subject to contamination by
moisture. However, an unusual caked appearance necessitates carefulevaluation, and the presence of a fog or liquid droplets
insidethe container generally renders the preparation unfit for use. Presenceof an objectionable odor also may be evidence of
instability.

Effervescent tablets, granules, and powders: Effervescent products are particularly sensitive to moisture. Swelling of the mass
or development of gas pressure is a specific sign of instability, indicating that some of the effervescent action has occurred
prematurely.
liquid dosage forms: Of primaryconcern with respect to liquid dosage forms are homogeneity and freedom from excessive
microbial contamination and growth. Instability may be indicated by cloudinessor precipitation in a solution, breaking of an
emulsion, nonresuspendable caking of a suspension, or organoleptic changes. Microbial growth may be accompanied by
discoloration, turbidity, or gas formation.

Solutions, elixirs, and syrups: Precipitation and evidence of microbial or chemical gas formation are the two major signs of
instability.

Emulsions: The breaking of an emulsion (Le., separation of an oil phase that is not easily dispersed) isa characteristicsign of
instability; this is not to be confused with creaming, an easily redispersible separation of the oil phase that isa common
occurrence with stable emulsions.

Suspensions: Acaked solid phase that cannot be resuspended by a reasonable amount of shaking is a primary indication of
instability in a suspension. The presence of relatively large particlesmay mean that excessive crystal growth has occurred.

Tinctures and f1uidextracts: Tinctures, fluidextracts, and slmtlarpreparations usually are dark because they are concentrated,
and thus they should be scrutinizedcarefully for evidence of precipitation.

Sterile liquids: Maintenance of sterility isof course critical for sterileliquids. The presence of microbial contamination in sterile
liquids usually cannot be detected visually, but any haze, colorchange, cloudiness, surfacefilm, particulateor flocculent matter,
or gas formation is sufficient reason to suspect possiblecontamination. Clarity of sterile solutions intended for ophthalmic or
parenteral use isof utmost importance. Evidence that the integrity of the seal has been violatedon such products should make
them suspect.
Semisolids (creams, ointments, and suppositories): Forcreams, ointments, and suppositories, the primary indication of
instability isoften either discoloration or a noticeable change in consistencyor odor.

Creams: Unlike ointments, creams usually are emulsionscontaining water and oil. Indications of instability in creams are
emulsion breakage, crystal growth, shrinking due to evaporation of water, and gross microbial contamination.

Ointments: Common signs of instability in ointments are a change in consistencyand excessive "bleeding" (Le.,separation
of excessive amounts 'of liquid) and formation of granules or grittiness.

Suppositories: Excessive softening isthe major indicationof instability in suppositories, although some suppositories may dry
out and harden or shrivel. Evidence of oil stains on packaging material should warn the pharmacist to examine individual
suppositoriesmore closely by removinganyfoil covering.As a general rule(although there are exceptions),suppositoriesshould
be stored in a refrigerator (see Packaging and Storage Requirements (659»).

PROPER TREATMENT OF PRODUCTS SUBJECTED TO ADDITIONAL MANIPULATIONS

In repackaging, diluting a product or mixingit with another product, the pharmacist may become responsiblefor itsstability.
Repackaging: In general, repackaging is inadvisable. However, if repackaging is necessary, the manufacturer should be
consulted concerning potential problems. In the filling of prescriptions, it is essentialthat suitable containers be used.
Appropriate storage conditions and, when appropriate, an expiration date and beyond use date should be indicated on the
label of the prescription container. Single-unit packaging calls for care and judgment and for strict observance of the following
guidelines: (1) use appropriate packaging materials, (2) ifstability data on the new package are not available, repackage at any
one time only sufficient stockfor a limitedtime, (3) include on the unit-dose labela lot number and an appropriate beyond-use
date, (4) ifa sterile product is repackaged from a multiple-dosevial into unit-dose (disposable) syringes, discard the latter ifnot
used within 24 hours, unlessdata are available to support longer storage, (5) ifquantities are repackaged in advance of
immediate need, maintain suitable repackaging records showing name of manufacturer, lot number, date, and designation of
persons responsiblefor repackaging and for checking (see General Notices), (6) ifsafety closures are required, use container
closure systems that ensure compliance with compendial and regulatory standards for storage.
Dilution or mixing: Ifa product isdiluted, or iftwo products are mixed, the pharmacist should observegood professional and
scientific procedures to guard against incompatibility and instability. Forexample, tinctures such as those of belladonna and
digitalis contain high concentrations of alcohol to dissolve the active ingredient(s), and they may develop a precipitate ifthey
are diluted or mixed with aqueous systems. Pertinent technical literature and labelingshould be consulted routinely; it should
be current literature, because at times formulas are changed by the manufacturer. Ifa particularcombination iscommonly
used, consultation with the manufacturer(s) is advisable. Sincethe chemical stability of extemporaneously prepared mixtures
isunknown, the use of such combinations should be discouraged; ifsuch a mixture involves an incompatibility, the pharmacist
might be responsible. Oralantibiotic preparations constituted from powder into liquid form should never be mixed with other
products.

Combining parenteral products necessitates special care, particularly in the case of intravenoussolutions, primarily because
of the route of administration. This area of practice demands the utmost in care, aseptic technique, judgment, and diligence.
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Because of potential unobservable problems with respect to sterility and chemical stability, all extemporaneous parenteral
preparations should be used within 24 hours unlessdata are available to support longer storage.

INFORMING AND EDUCATING THE PATIENT

As a final step in meeting responsibility for the stabilityof drugs dispensed, the pharmacist isobligated to informthe patient
about the proper storage conditions (for example, in a cool, dry place-not in the bathroom) for both prescription and
nonprescription products, and to suggest a reasonable estimate of the time after which the medication should be discarded.
When beyond-use dates are applied, the pharmacist should emphasize to the patient that the dates are applicable only when
proper storage conditions are observed. Patients should be encouraged to clean out their drug storage cabinets periodically.

(1195) SIGNIFICANT CHANGE GUIDE FOR BULK PHARMACEUTICAL
EXCIPIENTS

BACKGROUND

This general informationchapter was derivedfrom an international guidance on the evaluationof the significance of changes
involving the manufacture of bulk pharmaceutical excipients. It is intended to assistexcipient manufacturers in determining
the need for informingthe excipient user and regulatory authorities about the nature of the change.

The chapter provides minimum recommendations when considering the effect of a change in the manufacturing process
on the excipient. When deciding how to use this chapter, each manufacturer must consider how it may apply to that
manufacturer's product and processes, The diversity of excipients means that some principles of this chapter may not be
applicable to certain products and processes.

Thischapter isdivided into severalsections.The firstsection providesthe general quldance necessaryfor evaluating a change
and determining the necessityof informingthe userand/or regulatoryauthorities. One section providescriteriafor determining
whether a change will involve a significant risk. Also included isa decision tree that is useful in considering the potential effect
of a change on excipient performance.

INTRODUCTION

Purpose

Thisdocument is meant to establish uniform considerationsfor evaluating the significance of changes involving the
manufacture of bulk pharmaceutical excipients (BPEs). The purpose of the evaluation is to determine the need for informing
the excipient user and regulatory authorities about the nature of the change.

Scope

The principles and information in this chapter can be applied to the manufacture of all bulk pharmaceutical excipients
[referredto throughout this document as "excipient(s)"] intended for use in human drugs, veterinarydrugs, and biologics. The
principles set forth here must be applied once it has been determined that a chemical is intended for use as a component of a
drug product. As the excipient manufacturing processprogresses,the degree ofassuranceconcerning the qualityof the product
should increase and should be controlled and documented. However, at some logical processing step, as determined by the
manufacturer, the GMP as described in GoodManufacturingPractices for Bulk Pharmaceutical Exciplents (1 078) should be applied
and maintained. Judgment, based on risk analysis and a thorough knowledge of the process, is required to determine from
which processing step the GMPs should be implemented.

Principles Adopted

This chapter should be of international application, bearing in mind that pharmaceutical excipients are diverse and often
have uses other than pharmaceutical applications. It providesminimum recommendations when considering the impact of a
change on the excipient. As an international guidance document, it cannot specify all national legal requirements nor cover in
detail the particular characteristics of every excipient.

When considering how to use this chapter, each manufacturer should consider how it may apply to that manufacturer's
product and processes.The diversity of excipients means that some principles of the chapter may not be applicable to certain
products and processes. The terminology "should" and "it is recommended" do not necessarily mean "must" as used in the
application of this chapter.

Excipients may contain minor components that are known to be or might be necessaryfor the correct functioning of the
excipient. The presence of these "essential concomitant components" in the excipient should not be construed as undesirable.
These concomitant components are not considered part of the impurity profile,but should be considered separately. Water
may be a concomitant component in some excipients, but may be included inthe impurity profile for others. (See Impurity
Profile in Appendix 3 for more information.)
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This chapter is divided into several sections. The first section provides a background discussion necessaryfor evaluating a
change and determining the necessity of informing the user and/or regulatory authorities. Asecond section providescriteria
for determining the risk that a change will be significant, including quldance on development of an impurity profile. Also
included are the following: The Glossarycontains terms and definitions used in all sectionsofthis document. Appendix 1 includes
some examples of changes that would be classified into each of the three risk levels. Appendix 2 providesa decision tree useful
inconsideringthe potential impact ofa change on excipient performance. Appendix 3 delineatesthe development ofan impurity
profile.

GENERAL GUIDANCE

Differentiation of Excipient Manufacture

Evaluating the impact of a change in the manufacture of an excipient could be more difficult than that for an active
pharmaceutical ingredient (API). Although the API is seldom used for more than a handful of therapeutic purposes, the BPE is
often used with a broad range of activeingredients and in a diverse range offinished dosage forms. Whereasthe API istypically
of high purity and well characterized by the quality control and analytical laboratory, the BPE isoften a natural substance,
mixture,or polymer,the chemicaland physical propertiesofwhich are more difficult to quantify. Fora more thorough discussion
of GMPs that apply to excipient manufacture, see the general information chapter Good Manufacturing Practices for Bulk
Pharmaceutical Excipients (1078).

Definition of Significant Change

Any change by the manufacturer of an excipient that alters an excipient's physical or chemical property outside the
established limits, or that is likely to alter the excipient performance in the dosage form, isconsidered significant. Suchchanges
may necessitate notifyingthe local regulatoryauthority if required. Regardless of whether there is a regulatory requirement,
the manufacturer has an obligation to notify its users of a significantchange so that the user can evaluate the impact of the
change on the user's products. It issuggested that unless there is clear indicationfrom evaluation of the change that it is not
significant as stipulated by this general chapter, the pharmaceutical user should be notified.

The types of change that are considered here are changes to the following: site, scale, equipment, process, packaging and
labeling, and specification (including raw materials).

The requirement for evaluating the impact of change on the excipient begins, at a minimum,with the raw materials for the
firstprocessingstep from where GMP compliancebegins. GMP requirements increaseas the manufacturing process progresses.
Thus, at some logical processing step, usually well before the final finishing operation, appropriate GMPs should be imposed
and maintained throughout the remainderof the process. Methods such as HACCP (Hazard Analysis and Critical Control Point),
FEMA (Failure Effects Mode Analysis), or a detailed process flow diagram may be used to identify the unit operations, required
equipment, stages at which varioussubstances are added, keysteps in the process, critical parameters (time, temperature,
pressure, etc.), and necessarymonitoring points. Judgment, based on risk analysis and a thorough knowledge of the process,
is reguired to determine at which processing step the GMP should be implemented.'

It IS important to give careful consideration to any processing changes that occur after the excipient has been synthesized
or isolated but prior to packaging. However, it must be recognized that a change made earlier in the process can result in a
change in the excipient functionality, and it is recommended that such changes also be considered.

SIGNIFICANT CHANGE

Evaluation Criteria

These criteria, in the form of questions, are presented for consideration when evaluatingthe impact of a change relating to
excipient manufacture:

1. Hasthere been a change in the chemical properties or composition of the excipient as a result of the change?
2. Has there been a change in the physical properties of the excipient as a result of the change?
3. Has there been a change in the "essential concomitant components" profile for the excipient as a result of the change?
4. Has there been a change in the functionality of the excipient as a resultof the change?
5. Where applicable, has the moisture level changed?
6. Where applicable, has the bioburden changed?
7. Has there been a change in the originof any raw materials or contact packaging? .
Anaffirmative answer to any of these questions indicates that the impact of the change on the excipient may lead to changes

in its performance in the dosage form.
It is important to provide objectivecriteria for evaluating when a change has occurred in an excipient property or

composition, in the essential concomitant components profile, in biological origin, or in its functionality. This enables the BPE
manufacturer to evaluate the significance of the change on the excipient for the purposeof notifying the regulatoryauthorities
and/or the user.

, See chapter (1078), GMPs ForExcipients.
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Criterion 1: Evaluation of the chemical properties or composition of an excipient should include, at a minimum, all
monograph and manufacturer specification parameters. Acomparison of these test resultsfor the excipient before and after a
change should be done to determine if there is a statistically significantdifference.

Criterion 2: Physical properties should be considered based upon the physical form of the excipient and itsfunctionalityas
known or as used by the end users. A physical property that is part of a mutually agreed-upon specification between the
manufacturer and end user should also be evaluated. Forexample, a manufacturer of an excipient powder should consider
measuring the impact of changes on such physical parameters as bulk density, surface area, particle shape, and particle size
distribution. Liquid excipients might be evaluated for changes in their pH and viscosity. Forall polymeric excipients, the effect
of a change on a physical property, such as molecularweight distribution, should be considered.

Criterion 3: Objectivecriteria are also necessarywhen considering changes to the "essentialconcomitant components"
profile for an excipient as a result of changes. The profile, as noted in Appendix 3, contains the following:

• identifiedorganic impurities,
• unidentified organic impuritiesat or above 0.' 0%, whether specified or not,2
• residual solvents, and
• inorganic impurities
The feasibility of developing 'an impurity profile varies with the composition and origin of the excipient. It is important to

note that identifying and quantifying impurities insome excipientsare extremely difficult. Thus,an excipientmanufacturer may
not have developed an impurityprofile. Inthat case, it is important for excipient manufacturers to either document their efforts
to identifyand quantify the impurities that may be present to justify their limited resultsor to justify other means by which
changes may be evaluated. .

The significance of the change can be determined by comparing the impurity profileof the pre-change materialwith that
of the post-change product. Therefore, once the profile has been developed, it should be reassessed following changes to the
process. An impurity should be monitored as part of the profile if it is present at or greater than 0.' 0%, if it has an established
physiological effect, or if it is known to be unsafe at a lower level.

The content of the impurity profilevarieswith the nature of the excipient, the raw materialsused in its manufacture, and its
chemical composition. Where possible, changes are considered significantwhenever a new impurityisintroduced at the O. '0%
concentration or higher, or when an impuritypreviously present at or greater than 0.' 0% disappears. Changes to the quantity
of an existing impurityspecified in a monograph and reported on the Certificate of Analysis (COA) should be treated as a
chemical property for the purposes of this evaluation.

Changes in the levels of residual solvents should be considered when determining the significance of change. See Residual
Solvents (467) for details. '

Criterion 4: Objectivecriteriafor evaluating changes to excipient functionality are desirable. However, the nature of this
type of study can vary broadly based upon the excipient and itsapplication in the dosage form. It must also be recognized that
the excipient manufacturer does not always know each use of the excipient. Therefore this chapter cannot provide objective
criteriafor this study but stresses the importance of such a consideration by the manufacturer. Ifthere isthe potential that the
functionalityof the excipient may be affected by the change, users should be notified and material provided upon request so
that they can determine the impact of the change in their finished pharmaceutical products.

Criterion 5: Often the excipient contains moisture, the presence of which can have an impact on excipient performance in
the preparation of the pharmaceutical dosage form. Thereforea change in the moisture level beyond the range typical of
production, even though within the compendial or specification limit, can affect its stability and/or end use.

Criterion 6: Change in the processing steps, raw materials, or equipment can adverselyaffect control of microorganisms in
the excipient. Therefore the effect of the change on the bioburden should be evaluated, particularly for excipientssusceptible
to microbial growth.

Criterion 7: Change in the origin of a raw material or contact packaging can result in a change to the other sixchange
criteria. Change in origin can involve the country of origin, geological origin, or species of origin for the raw material.

Achange in the country of origin of a raw material or contact packaging material can affect the status of the excipient as it
relatesto the potential presence of bovinespongiform encephalopathies (BSEs), transmissible spongiformencephalopathy (TSE)
material, or genetically modified organisms (GMOs). The country of origin of animal raw material, or of components used in
the manufacture of the raw material, can result in noncompliance with relevantTSE requlatlons." 4 Current informationon BSE
and related diseases can be accessed on the United States Department of Agriculture (USDA) website (usda.gov).

Achange in the geological origin of a mineral-based excipient can alter the composition of the excipient. Geological
formations containing the same mineralcan differin their chemical composition, crystalline structure, density, etc. Achange
in geological origin of raw material can affect the excipient's chemical or physical properties, the impurity profile, or excipient
functionality.

Achange to the species of origin for raw materialsof either animal or vegetable origin can raiseconcern. Switching from
one animal species to another can affect the status of the excipient as it relates to the presence of BSE or TSE material in the
excipient, as noted above. Switching from animal-derived to plant-derived raw materials, although eliminating the issueof BSE
or TSE material, raises the potential for the presence of plant-based allergenic material in the excipient. SWitching from one
plant species to another also can result in the possible presence of an allergen in the excipient. In addition to this issuewith

21tis recognized that whiledesirable, it may not be possibleto achievethis for allexcipients, particularly those of a more complex chemicalnature, e.g.
natural polymers, for which there may be no adequate means of determining related substances. However, the impurityprofile documentation should
demonstrate why this was not achievable.
3 European Pharmacopoeia, GeneralText'S.2.8, Minimizingthe Risk of Transmitting AnimalSpongiform Encephalopathy Agents Via Medicinal Products.
4 U.S. Department of Agriculture, Animal and Plant Health Inspection Service (APHIS), Federal Register: November4, 2003, Volume 68, Number 213
(Proposed Rules), 9 CFR Parts93, 94, and 95, Bovine Spongiform Encephalopathy; Minimal Risk Regions and Importation of Commodities.
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allergens, use of plant-derived raw materials can affect pharmaceutical manufacturers who have a concern about the presence
of GMOs in the excipient.

Risk levels

In the evaluation of the effect of changes on the excipient, it is recognized that even with objectivecriteria, some judgment
may be necessary. To facilitatethe decisionas to the significance of a change and the likely effecton the dosage form, the types
of changes are classified using three levels:

• Level 1: Minor Change
• Level 2: Might BeSignificant
• Level 3: Always Significant

LEVEL 1: MINOR CHANGE

These changes are considered unlikely to affect the excipient's chemical or physical properties, impurity profile, or
functionality. Such changes should be documented, but notifications to the usersand regulatoryauthorities are not necessary.

LEVEL 2: MIGHT BE SIGNIFICANT

The effectof the change should be evaluatedagainst Criterion 1, Criterion 2, and Criterion 3 (chemicaland physical properties
and impurity profile) to determine its potential effect on excipient functionality. Achange in the biological origin of a raw
material should be considered with regard to TSE or GMO regulations. A Level 2 change should always be communicated to
the users and regulatory authorities.

LEVEL 3: ALWAYS SIGNIFICANT

This type of change should always be communicated to the users and regulatory authorities. Shipment of the changed
excipient to the user should not occur without consent from the user's company.

Protocol Design

There should be a written protocol for the evaluationof a change to determine whether it issignificant. The protocol should
describe the nature of the change, the reason it may be significant, the testing to be performed to evaluate the change, and
the criteria for determining the significance. Ifthe change is attributable to a new biological source for raw materials used in
the manufacture of the excipient, it is recommended that the regulatory status of the raw material (i.e., BSE/TSE, GMOagents)
be evaluated first. Then, where possible, the results from the testing of a minimum of 10 pre- and 3 post-change batches of
excipient should be compared (see Supporting Data, below). Ifsignificantchanges are seen, then an assessment of the
significance should be made.

The manufacturer should test the excipient made after the change for allspecification properties and compare the results to
the historical data. A standard statistical test, such as a t-test of the means, should be used to compare the new data with the
historical data. Ifwhen using an appropriate statistical analysis there is sufficient evidence that the populations are differentat
the 95% confidence interval, the change should be considered significant. As an additional check on consistency, it is also
recommended that the new batch specification properties be plotted on standard Statistical QualityControl (SQC) control
charts, along with standard batch results.

Supporting Data

It is preferable to use data to measure the effectof a change on the excipient. The comparison should begin with chemical
and physical properties, followed, where appropriate, by moisture, bioburden, impurity profile, and functionality. The
manufacturer should use good judgment on sample comparisons for the other evaluations.

Chemical and physical properties lend themselves to quantitative measurement. Often these properties are part of the
specification for the excipient. As such there should be a large body of test data to usefor the properties affectedfor comparison
to the corresponding data of the excipient made after the change. . > >

Equivalence of impurity profiles isshown bycomparing the data for the pre-change and post-change batches. Ifthe following
conditions are met, there has been no significant change in the impurity profile. [NoTE-Residua/So/vents (467) notes that under
certain circumstances an impurity concentration below 0.10% may be of concern and the excipient manufacturer should take
this under consideration.]

1. No new impurity is present at or above 0.10%, nor has an impurity at this level disappeared that was previously in the
impurity profile. . .' >

2. Residual solvent and impurities remainwithin the 95% confidence interval of the mean of the batches produced before
the change.
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Achange in site can involve either the production or packagingof the excipient or itsqualitycontrol testing. Ifthe proposed
manufacturing site was never used to produce the excipient, then the change poses a greater risk of altering the excipient's
performance and isconsidered a Level 3 change. Ifthe proposed site was used for this purpose within the past year and the
process, equipment, utilities, and raw materialsare all unchanged, the risk is considered minor and thus a Level 7 change.
However, ifthe excipient was produced before at the proposed site with the same process, equipment, utilities, and raw
materials more than 1 year ago, the risk is moderate and thus Level2.

Ifthe change involves the quality control laboratory, then the impact hinges on the test method. Ifthe method remainsthe
same, the change is a Level 7, provided a formal method transfer or validation isconducted. Ifthe new lab uses a different
analytical technique or analytical equipment, then the change should be evaluated more carefully, as required by a Level 2
change.

Scale

Manufacturersoften find waysto increasethe scaleof production. Ifthe excipient isbeing scaled up from pilotto production,
the change is likely to be significantand thus a Level 3. When the change in scale resultsfrom the use of new and larger, or
smaller, production equipment using the same operating principle, which isoften the case in batch processing, the change isa
Level 2. Ifthe existingequipment is optimized to increasecapacity without altering the process, often found in continuous
processing, the change is considered minor and treated as Level 7 provided that a comparison of pre- and post-change data
shows no statistically significantdifference. However, careful consideration should be given to changes that are made that can
clearlyaffect the properties of the excipient.

Equipment

The evaluation of equipment change concerns the issueof whether it is equivalent to the equipment it replaces. Generally,
equipment that isa replacement in kind is considered a minor Level 7 change. Ifthe new equipment is not a replacement in
kind but is included in the process validation, then the change is still a Level 7. Otherwise the change isconsidered Level 3.

Manufacturing Process

Achange in process often involves changes to the processing instructions, such as target levels for such parameters as
temperature, pressure, andflow rate; the raw materialsto be used; the sequence of operating steps; and the operation to be
performed, including reprocessing.As illustratedin the decision tree in Appendix 2, each type of processchange can be further
detailed.

Ifthere isa change in a process parameter that iswithin the process validation,such as operating at a new target within the
qualified range, then the change is a Level 7. However, ifthe process parameter isoutside of the validation, then the change
should be evaluated as a Level2.

Ifminor changes are made to the processing steps, such as a smallchange outside of the validated range in the rate of
addition of an ingredient, then the change isa Level 2. Amajor change, such as changing the point at which an ingredient is
added to earlier or later in the process, is potentiallysignificant and thus a Level 3.

Reprocessing of an excipient followed by a purification step, when not typical of the process, should be evaluated as a Level
2 change. However, if no further purification of the bulkexcipient occurs, this type of change isconsidered a Level 3.

Packaging and labeling

These changes involve the package components meant for protection and distribution of the excipient.Anychange in the
package or packaging components such as the drum, box, liner, or tamper-evident seal that is a replacement in kind is a
minor change (Level 7). Replacement in kind applies to containers constructed of the same materials and sealed in a similar
manner, and liners made of the same components. Any change that is not a replacement in kindshould be evaluated as a Level
3. Anychange to labeling pertaining to the site of manufacture or testing, the biological origin, additives, or storage and
handling conditions should be evaluated as a Level 3.

Specifications

Differences in raw materialscan be further defined by the supplier used, their specifications, biological origin, country of
originfor those derivedfrom animals, or the addition to or removal of the raw materialfrom the BPE process. Ifthe new supplier
provides its raw material against a specification essentially the same as that of the former supplierand the raw material method
of manufacture issimilar, the change is minor and treated as Level 7.However, ifthe specifications, biological origin, or country
of origin changes, or the manufacturing process is different, then the change should be evaluated as potentiallysignificant
(Level 2). Also, any change of source for an animal-origin material should be treated as a Level 2 change, ifthe source is
determined to be not from a risk country as codified in 9 CFR 94.18. Finally, ifthe change in raw material involves the addition
or removalof an ingredient from the process to produce or preservethe BPE or isotherwise used to produce the bulkexcipient,
the change is likely to be significant (Level 3). Similar consideration should be given for any change in origin of raw materials
that results in a potential that the raw material might contain risk materials (l.e., BSE, TSE, allergens, or GMOs).
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Changes are sometimes made to the excipient specification or the quality control test method. When changes are not the
result of a monograph change, their significance should be evaluated. Such test or specification changes may be made to the
excipient product or to the intermediate component. [NoTE-In some circumstances, relaxing the specification may lower the
quality ifthe specification isfor a significant property; therefore any change needs to be evaluated and its significance needs
to be documented.]

Changes to an excipientspecification or test method are Level 3 changes. Forexample, adding a new specification parameter
for the purpose of improving the quality of the excipient through lot selection is potentially a verysignificantLevel 3 change.
Ifthe specification change relaxes a specification parameter, the effect on excipient quality should be evaluated as a Level 2
change. An example of a minor change is the additional testing of the excipient initiated with the sole purpose of further
characterizing the materialwithout altering its quality, and isa Level 7 risk; however, notification issupported.

Ifa specification for a raw material from the same supplier(s) is made more stringent, then the change is unlikely to be
significant (Levell), whereas ifthe specification becomes less stringent, then the change should be evaluated carefully (Level
2).

When a change ismade that either increases or maintainsthe level of processcontrol in the manufacturing process, it should
be treated as a Levell. Ifthe change in processcontrol relaxes the control, then the effect should be carefully evaluated as Level
2. An illustrative example is pHcontrol. Ifa new pHmeter allows for more precise measurement, the processcontrol isimproved
and the change falls under Levell. However, ifthe pH control is relaxed by using a less precise measuring device, the change
is treated as Level 2.

Multiple Changes

Multiple changes involve more than one change occurringsimultaneously. The risk level for consideration of the impact of
the changes should be the highest level for any single change. However, the effect of the totality of changes should also be
assessed, because this may suggest that the overall risk is higher.

REPORTING REQUIREMENTS

Documentation

It is recommended that the evaluation of changes to the excipient be documented, regardlessof the level of change. The
report should indicate the basisfor evaluating the effectof the change on the excipient, the significance of the data used in
reaching the conclusion, and the actions taken.

Where appropriate, the process validation should be updated to reflectthe changed process.This isclearly indicated where
the evaluation has led to the conclusion that the change should be considered significant.

Notification

The user should be given as much advance notification of impending change as possible. For Level 3 changes in particular,
the user may require time to complete the evaluationof the impact of the change on their formulations. Duringthis period the
user may request inventoryof the excipient produced before the change was made. The manufacturer should plan for the
change with this eventuality in mind.

Regardless of the apparent level of the change, changes that are found to meet the definition of significant change resulting
from the evaluation require user notification.

Regulatory authorities often require notification of significant changes involving the manufacture of excipients. Such
notification should be done as required by the applicable authority.

GLOSSARY
Active Pharmaceutical Ingredient (API): Any substance or mixture of substances that is intended to be used in the

manufacture of a drug (medicinal) product and that, when used in the production of a drug, becomes an active ingredient of
the drug product. Suchsubstances are intended to furnish pharmacologicalactivityor other direct effect in the diagnosis, cure,
mitigation, treatment, or prevention of disease, or to affect the structure or any function of the body of humans or animals.

Batch Process: A manufacturing process that produces the excipient from a discrete supply of the raw materials that are
present before the completion of the reaction.

Bioburden: The nature and quantity of microorganisms present in the excipient.
Biological Origin: Defined as either animal origin or nonanimal origin, based on the source of the raw material used in

the manufacture of the excipient, and also includes materials that potentially come into contact with equipment used in the
manufacture of other materialswith animal-derived or GMO-derived components.

Bovine Spongiform Encephalopathy (BSE): Apathologicalbrain deterioration condition of cattle believedto be caused
by a prion that can be transmitted to cause variant Creutzfeldt-lakob disease (vCjD) in humans.

Bulk Pharmaceutical Excipient (BPE): See Excipient.
Chemical Property: Aquality parameter that is measured by chemical or physicochemical test methods.
Concomitant Component: Asubstance found in an excipient that is not the intended chemical entity, but may be

necessaryfor ensuring the proper performance of the excipientin its intended use, and isnot an impurityor a foreign substance
(formerly referred to as a minor component). . .

Confidence Interval: Arange, calculatedfrom sample data, within which a population parameter, such as the population
mean, is expected to lie, with a given level of confidence.
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Continuous Process: A manufacturing process that continually produces the excipient from a continuous supply of raw
material.

Decision Tree: Avisual presentation of the sequence of events that can occur, including decision points.
Drug Substance: See Active Pharmaceutical Ingredient.
Equipment: The implements used in the manufacture of an excipient.
Excipient: Anysubstance, other than the drug substance, in a drug product that has been appropriatelyevaluatedfor safety

and is included in a drug delivery system to either aid the processing of the drug product during its manufacture; protect,
support or enhance stability, bioavailability, or patient acceptability; assist in product identification; or enhance any other
attribute of the overall safetyand effectiveness of the drug product during storage or use.

Foreign Substance: Acomponent that is present in the BPE but that isnot introduced into the excipientas a consequence
of its synthesisor purification and isnot necessaryto achieve the requiredfunctionality (formerly referredto as a contaminant).

Functionality: The set of performance criteria that the excipient is intended to meet when used in a formulation.
Genetically Modified Organism (GMO): Living organisms such as animals, plants, or microbeswith an altered genetic

makeup produced using a special set of technologies.
Impurity: Acomponent of an excipientthat isnot the intended chemicalentity or a concomitant component but ispresent

as a consequence of either the raw materialsused or the manufacturing process and is not a foreign substance.
Impurity Profile: Adescription of the impurities present in the excipient.
Mass Balance: The sum of the quantifiable material present in the excipient.
Packaging: The container and its components that hold the excipientfor transport to the user.
Physical Property: Aquality parameter that can be measured solelyby physical means.
Physiological Effect: Any effect on the normal health of the human body.
Process: The set ofoperating instructionsdescribing how the excipient isto be synthesized, isolated,purified, packaged, etc.
Process Parameter: Ameasurable operating condition.
Process Step: An instruction to the BPE manufacturing personnel directing that an operation be done.
Process Validation: Adocumented program that provides a high degree of assurance that a specific process will

consistently produce a result that will meet predetermined acceptance criteria.
Raw Material: Any substance used in the production of an excipient, excluding packaging materials.
Replacement In Kind: Manufacturing equipment that uses the same operating principles and is of similar construction

or packaging components made with the same materialsof construction and sealed in a similar manner.
Reprocessing: Introduction of previously processed material that did not conform to standards or specifications back into

the process and with repetition of one or more necessarysteps that are part of the normal manufacturing process.
Residual Solvent: Anorganic volatile chemical that is used or produced in the manufacture of excipients. The residual

solvent is not completely removed by practical manufacturing techniques.
Scale: An increase or decrease in the batch size in batch processing or the throughput capabilityfor continuous processing,

whether or not different equipment is used.
Significant Change: Achange that alters an excipient's physical or chemical property from the norm or that is likely to

alter the excipient's performance in the dosage form.
Site: Adefined locationof the equipment in which the excipient ismanufactured. It may be within a largerfacility. Achange

insite may be to a differentpart of the existingfacility but ina differentoperational area or may be to a remote facility, includinga
contract manufacturer.

Solvent: Avehicle, other than water, used in the synthesisof the product that remains chemically unchanged.
Specification: The quality parameters to which the excipient, component, or intermediate must conform and that serve

as a basisfor quality evaluation.
Statistical Quality Control (SQC): The plotting of sequential test results to show their variation relative to the

specification range and their normal variation.
Transmissible Spongiform Encephalopathy (TSE): Anyagent that causes a symptomatic illness in animalsor humans

akin to BSE and variant Creutzfeldt-Jakob disease (vCjD), e.g., scrapie in sheep.

APPENDICES

Appendix 1: Change levels

Forguidance, examples of changes that typically would be classified into the three change levels are provided.

LEVEL 1

1. Aprocessing parameter changed to a new set point that is within the process validation.
2. Useof alternate equipment that is listed as an alternate in a regulatorydocument (Le., Drug Master File).
3. Use of equipment that isa replacement in kind.This is typically new equipment that uses the same operating principles

as the equipment replaced.
4. Revision to a specification for one of the excipient's raw materialsthat involves more stringent quality or conformance

to additional pharmacopeias.
5. Addition of a test parameter or tightening of an existing parameter to an excipient specification that is used for

informational purposes only. This is not used for quality improvement or control purposes.
6. Improved environmental control to prevent cross-contamination of the excipient. An example of this isan improved

packaging room or additional segregation of manufacturing equipment.
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LEVEL 2

USP 43

1. A processing parameter changed to a new set point that isoutside of the processvalidation.
2. Asite change returning the manufactureof an excipient to a site previously used for this purposemore than 1 year ago.
3. Process control that isoutside the normal limits of variability. An example of this is new process controlequipment for

control of excipient properties not previously controlled that create processadjustments.
4. Achange in the handling, storage, or delivery of the excipient. An example of a handling change isthe movement of a

powder with new powder-conveying equipment. Thestorage of the excipient in bulkversus the shippingcontainer is
illustrative of a change in storage. The delivery of the excipient in temperature-controlled trucks versus uncontrolled
trucksexemplifies a change in delivery but not viceversa.

5. Achange in container sizeor shape.

LEVEL 3

1. Addition or removal of a chemical entityfrom the manufacturing process. An examplewould be the additionor removal
of a preservative agent, buffering agent, stabilizer, or catalyst.

2. Manufactureat a new site never used for this purpose.
3. Revision to a sales specification made for the purpose of improving the qualityof the excipienteither through improved

process control or lot selection.
4. Use of a new package, such as a drum of a different construction (i.e., plasticversus steel).
5. Revision of the product label.
6. Revision of the tamper-evident seal.
7. Achange to the stated shelf life or retest interval.

Appendix 2: Decision Tree

Adecision tree has been developed to aid inclassifying the change into levels. Thediagram beginswiththe proposed change
and guides the BPE makerto an indication of the likelihood that the change will affect the excipientuser. The decision tree
classifies the types of change that occur in excipient manufacture as involving the site of manufacture, the processing steps,
packaging, and testing and qualitycontrol.
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Appendix 2 : Decision tree (continued)

USP 43

Supplier

Materials

Type Specification Process
control

Manufacturing
process

Process steps Reprocessing

Scale

Yes

( Levell)

Appendix 3: Impurity Profile

DEFINITION OF IMPURITY PROFILE

The impurity profile of an excipient may be defined as a description of the impurities present in a typical lot of excipient
produced by a given manufacturing process.The impurityprofile includesthe identity of each major impurityor an appropriate
qualitativedescription, such as peak retention time (ifunidentified), the quantity of impurityobserved expressed as a range,
and the classification, as discussed below, of each identified impurity. Excipients frequently function because they are not
"pure". That is to say that often there are concomitant components that are necessaryfor the correct functioning of the
excipient. These essential concomitant components should not be considered as part of the impurity profile but should be
evaluated separately, if possible.

The composition of the impurity profile isdependent upon such variables as the raw materials, solvents, reagents, catalysts,
and manufacturing process used in the excipient's manufacture. Foreign substances, such as manufacturing aids that can be
present in the excipient, should be controlled to a level that is unobjectionable.'

It is recognized that the presence of essential concomitant components is important to the performance of the excipient in
the drug product. Therefore, the presence of these essential concomitant components in the excipient should neither be
construed as being undesirable nor be confused with the presence of foreign substances or impurities.

It should be noted that in some excipients, water may be an essential concomitant component, necessaryto achieve the
desiredfunctionality. Forother excipients, water may be included in the impurityprofile, ifappropriate, and should be classified
as an inorganic impurity in such circumstances.

USE OF THE IMPURITY PROFILE

The impurity profile, as used in this chapter, is meant to help determine the significance of a change. Impurities should be
profiled by the excipient manufacturer ifpossible. This may be accomplished through knowledge of the starting materials and
manufacturing process and subsequent application of validated analytical testing to provide a qualitative and/or quantitative
resultof the impurity profile.

S Current USP General Notices.
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PROCEDURE FOR DEVELOPMENT OF AN IMPURITY PROFILE

Because of the diversenature ofsubstances that may be incorporated as pharmaceuticalexcipients, includinghighlycomplex
mixturesfrom animal, botanical, mineral,and/or synthetic sources, differing approaches to characterizingtheir properties may
be required. It is recognized that the development of an impurity profile may not be technically feasible for certain excipients.
Insuch cases, the manufacturer should document what method isbeing used to monitor the excipientfor the effectof changes
as noted in this chapter in Evaluation Criteria and Determination of Significance in Significant Change.

CLASSIFICATION OF IMPURITIES

Excipient impuritiesare classified as follows.
Organic Impurities: Any organic material that arises during the manufacturing process that is not listed as the intended
excipient in the monograph or specification and isnot a concomitant component or foreignsubstance. Thismay includestarting
materials, byproducts, intermediates, reagents, ligands, and catalysts.
Inorganic Impurities: Any inorganic material that arises during the manufacturing process that is not listed as the intended
excipient in the monograph or specification and isnot a concomitant component or foreignsubstance. Thismay includestarting
materials, byproducts, intermediates, reagents, ligands, and catalysts. '
Residual Solvents: Solvents resultingfrom the incomplete removal of organic or inorganic liquids, regardlessof the source.
See Residual Solvents (467) for details. Note that the limits specified apply to the drug product as considered in Option 2 and
to the excipient as in Option 7. It should be noted that a residual solvent can also be classified as a concomitant component
but still must be considered.

IMPURITY PROFILE

The characterization of the impurity profile of an excipient should be attempted by the manufacturer, where possible, by
taking into account the manufacturing process and potential impuritiesanticipated as a consequence. Asensible approach
includescontrol of all impurities that have known toxicological characteristics. The limits of these impurities may be based upon
the usage ofthe drug product when so informed by the user and should complywith the requirements of ICH Q3B(R) Impurities
in Drug Products and of Residual Solvents (467).

Forthe purpose of developing an impurityprofile, excipientsmay be classified as those where puritycan be directlymeasured
and those where purity cannot be directlymeasured. Examples of the former are excipientswhose monograph or specification
includesa requirement for purity.Polymers or derivatives of naturallyoccurring products are often examples of excipientswhere
purity cannot be directly measured. ,

The material to be used for the development of the impurity profile should be sampled using the same sampling technique
and sampling point in the manufacturing process as the sample taken for use in the quality control release of the lot.

EXCIPIENTS FOR WHICH PURITY CAN BE MEASURED

A mass balance is desirable, but it is recognized that a mass balance of 100% cannot generally be achieved because of the
inherent limitation in accuracy and precision of the available tests, as well as the possible lackof suitable tests for some
components. Mass balance of the excipient composition should be computed through the addition of the organic impurities,
inorganic impurities, residual solvents, and excipient. Ifthere are measurable essential concomitant components, they should
be included with the excipient for purposes of this calculation.The purpose of calculating the mass balance is to estimate the
amount of material not measured in the impurity profile. The excipient manufacturer should include in the report of the
development of the impurityprofile the massbalance achieved and what are thought to be the components not fully quantified.
Organic Impurities: Identify each impurityat or greater than 0.10% using appropriate analytical techniques. Iforganic '
impuritiescannot be identified, a qualitativedescription, such as chromatographic retention time, should be assigned for all
impuritiesat or greater than 0.10%. Ifdirect measurement of organic impurities is not possible, total OrganicImpurities can be
reported as:

100 - (Inorganic Impurities + Residual Solvents+ Excipient)

Inorganic Impurities: Identify each impurityat or above 0.10% using appropriate analytical techniques. Ifdirect measurement
of inorganic impurities is not possible, total Inorganic Impurities may be estimated as:

100 - (Organic Impurities + Residual Solvents + Excipient)

Residual Solvents: Reportthe solvents present by classification (see Residual Solvents (467» and level.

EXCIPIENTS FOR WHICH PURITY CANNOT BE MEASURED

Although a mass balance of the excipientcomposition of 100% isdesirable, it is recognized that this goal isoften technically
difficult, if not impossible, to achieve.Therefore, manufacturers should include reports of the development of the impurity
profile, the mass balance achieved, and what are thought to be the components not otherwise quantified.

Forexcipients produced by continuous chemical processing, it may not be possible to calculate a chemical mass balance,
only an overall process balance.

Where direct measurement of the excipient purity is not feasible, techniques should be used to provide an estimate of
excipient purity.Thisinformationisthen applied in the equations listedabove under Excipients for Which PurityCanBe Measured.

www.webofpharma.com

https://nhathuocngocanh.com/



8060(1195) / General Information

DOCUMENTATION
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Theexcipientsuppliershould develop documentation to support the development ofan impurityprofile. This documentation
can be compiled in variousways by the supplier so that it can be retrieved to support the impurityprofile. Documentation of
an excipient impurity profile should include the following information:

1. Sampling plan
2. Analytical test methods
3. Identityand quantity of each component of the excipient, including both the excipient components and identified

impurities
4. Discussion of the uncertainty in the measurement of each component of the excipient and impurity
5. Discussion of the mass balance

(1197) GOOD DISTRIBUTION PRACTICES FOR BULK
PHARMACEUTICAL EXCIPIENTS

SECTION 1. INTRODUCTION AND SCOPE

1.1 Introduction

Excipients are used in virtually all drug products and are essential to product performance and quality. Typically, excipients
are manufactured and supplied so that they comply with compendial standards. The pharmaceutical excipient supply chain
participants include manufacturers, distributors, brokers, suppliers, traders, transporters, forwarding agents, and repackagers.
The qualityof pharmaceutical excipients is affected by inadequate control of activities includingdistribution, packaging,
repackaging, labeling, and storage. Improper or inadequately controlled trade and distribution practicescan pose a significant
risk to the quality of pharmaceutical excipientsand can increase the risk of contamination, cross-contamination, adulteration,
mix-ups, degradation, or changes in physical or chemical properties. To maintain the original and intended quality, all
participants in the excipient supply chain should carryout their activities according to appropriate standards for good trade
and distribution practices as discussed in this chapter.

[NOTE-The Appendix consists of definitions and acronyms.]

1.2 Scope

This general information chapter provides recommendations for those activities and practicesthat ensure good trade and
distribution practicesfor pharmaceutical excipients in order to ensure their intended quality.These activities and practices
includequalitymanagement, organization, documentation, premises,storage, equipment, stability, prevention of adulteration,
importation, packaging, repackaging, labeling, dispatch, transport, returned goods, and compounding practices. In addition,
personnel, authenticity of data, expiration dating, retesting, complaints and recalls, handling of nonconforming materials,
internal/externaljthird-party audits, quality agreements, shelf life, traceability, economically motivated adulteration, and
conformance to compendial monographs are included. The procedures outlined here are applicable to all persons and
manufacturers involved in the handling of pharmaceutical excipients and apply to everystep in the supply chain. Thischapter
covers all materialsdesignated as, or intended for use as pharmaceutical excipients, beginning with the point in the
manufacturing process at which the final excipient is designated for pharmaceutical use.

1.3 General Considerations

Manufacturers, distributors, users, regulators,and consumers expect pharmaceutical excipientsto be manufactured, packed,
stored, and transported in a manner that does not compromise their suitability for use in medicinal products for human or
veterinary use. Because they are components of drug products, excipients are drugs within the meaning of the U.S. Federal
Food, Drug, and CosmeticAct (FD&C Act), and thus the U.S. Food and Drug Administration (FDA) definition of adulteration
applies when an excipient is not fit for its intended use.

Excipients are a diverse group of materials. They can be of animal, mineral, synthetic, or vegetable origin, and they include
materials that are solids, liquids, or gases. Excipients can be packed and transported in container sizes ranging from a few grams
to a railroad tank car.

Because of their diversenature and the number of ways in which excipients can be transported from the manufacturing site
through the supply chain to-the ultimate site of use, this general information chapter cannot provide exhaustive detail for
specific materialsand modes of transport. Rather, this chapter provides general guidance about what isexpected of those
people and organizations involved in the supply and distribution of pharmaceutical excipients intended for use in the
manufacture of pharmaceutical finished products. Hence, there are instances when USP-NF chapters GoodManufacturing
Practices for Bulk Pharmaceutical Excipients (1078), Bulk Pharmaceutical Excipients-Certificate ofAnalysis (1080), and Significant
Change Guide for Bulk Pharmaceutical Excipients (1195) provide a more detailed guide about what isexpected in these specific
areas.

Excipients also are used in a variety of industries. Although most drug substances typically are made exclusively for use in
pharmaceutical finished products, the pharmaceutical use of an excipient may be only a small fraction of the total use of the
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material across all industries. This complicates the regulation of both the manufacture and the supply of pharmaceutical
excipients. Excipients often are manufactured outside the United States, which further complicates the regulation of the
manufacture and the supply of pharmaceutical excipients.Thus, allstages in the supply chain for the pharmaceuticalexcipient
require transparency and proper flow of the necessary information regarding the excipient shipment. In addition, to ensure
compliance with this chapter, suppliersof pharmaceutical excipientsmust follow allapplicable national, regional, and locallaws
and regulations.

1.4 Pharmaceutical-Grade Excipients

Pharmaceuticalexcipientsmust be prepared according to the recognized principles of good manufacturingpractices(GMPs)
using ingredients that comply with specifications designed to ensure that the resulting substances meet the requirements of
the compendial monograph (see General Notices, 3.10. Applicabilityof Standards and chapter GoodManufacturing Practices for
Bulk Pharmaceutical Excipients (1078».

USP or NF standards apply to any excipient marketed in the United States that is recognized in the compendium and is
intended or labeled for use as an ingredient in a pharmaceutical product. The applicable standard applies to such articles .
whether or not the added designation "USP"or "NF" is used (see General Notices, 3.10.10. ApplicabilityofStandards to Drug
Products, Drug Substances, and Excipients). An ingredient may include the designation "USP"or "NF" in conjunction with its
official title or elsewhere on the label only when a monograph is provided in the compendium and the article complies with
the monograph standards and other applicable standards in the compendium including, but not limitedto, the principles of
GMP manufacture (see General Notices, 3.20. Indicating Conformance).

When USP- or NF-grade excipients are unavailable, manufacturers should first explore the use of materials which claim to
comply with other pharmacopeias (e.g. EP, JP). Ifunavailable, pharmaceutical manufacturers should then consider appropriate
alternatives (e.g. food-grade ingredients), provided such materialsare suitable for the intended use. If a pharmacopeial grade
is not used, awritten justification should be available. The pharmaceutical manufacturer/user isresponsible for the development
and confirmation of suitable qualitytests, procedures, and attributes to ensure that the material is appropriate for its intended
use and that manufacturing iscarried out under GMPs or a quality management system that demonstrates the same level of
assurance of quality as that provided in USP (see (1078». It isan unacceptable practice to upgrade technical-or industrial-grade
material to pharmaceutical-grade quality based only on analytical results that show compliance with the requirements of a
pharmacopeia I monograph. .

1.5 Authenticity of Data

In the United States, the responsibility for the quality of the components of a finished pharmaceutical product lieswith the
organization that guarantees the quality of the finished pharmaceutical product. Thus, an important consideration in the
purchase and supply of a pharmaceutical excipient is confirmation that the material iswhat it purports to be, that it meets
specifications, that it was manufactured under applicable GMPs, that it has not been tampered with in any way before arriving
at the site of intended use, that the appearance of the containers and other attributes of the shipment are comparable to those
of previously receivedshipments of the same excipient and grade from the same supplier, and that it isfit for its intended use.
Certain paperwork should accompany all shipments of pharmaceutical excipients. This paperwork should include a bona fide
and legible copy of a Certificate of Analysis (CQA) (see Bulk Pharmaceutical Excipients-CertificateofAnalysis (1080».

When they receivea COA, manufacturers should take appropriate steps to verify the authenticity of the COA and the data
contained therein. This has become particularly important in recent years because of instances of adulteration of excipients
intended for use in the manufacture of pharmaceutical products. Steps to verify the authenticity of the COA should be taken
at all stages in the supply chain.

Data on the COA can be verified in a number of ways, but the excipient user is responsiblefor confirming that the data are
authentic by means of periodicverification of compliance with established specifications as stated in 21 Code of Federal
Regulations Part 211 (21 CFR 211; see Current GoodManufacturing Practice ForFinished Pharmaceuticals, http://
www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfcfr/CFRSearch.cfm?CFRPart=211, http://www.fda.gov/downloads/AboutFDA/
CentersOffices/CDER/UCM095852.txt). Inaddition, other documents such as dispatch notes from previous stages in the supply
chain can provide further evidence of the pedigree of the excipient shipment. Such documents are termed "pedigree
documents" .1

Thischapter may present additional challenges for certain excipient users, e.g., compounding pharmacies. However, those
who compound still are obliged to take all reasonable steps to verify that excipients they receiveare fit for their intended use.
Part of this verification can includean examination of pedigree documents and a signed certificateof conformance (COC)from
the suppliers. Information contained in the USP-NF monograph's labeling requirements, FDA's Inactive Ingredient Database,
and the CFR provide specific information about the excipient's permitted use in FDA-regulated products. All purchasers of
pharmaceutical excipients should establish written procedures for the verification of data and verification that the excipient is
fit for its intended purpose.

1 tPEe.The IPEC Excipient PedigreeWhitePaper.Arlington, VA: IPEC; NO.Available at: http://ipecamericas.org/sites/defautt/files/Excipient_Pedigree.pdf
(Accessed July 6, 2011).
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SECTION 2: QUALITY, ORGANIZATION, AND DOCUMENTATION

2.1 Quality Management

USP 43

AQualityManagement System(QMS) isa tool bywhich all parties involved inthe excipientsupplychain maintainthe quality
of the excipient. Adocumented quality policyis the cornerstone of the QMS and formally describes the company's overall
philosophywith regard to qualityasauthorized by top or seniormanagement. Additionally, an appropriate QMS should include:

• An organizationalstructure capable of supporting the elements of the quality policy
• Documented procedures and relevant records that demonstrate that a product will meet establishedqualitycriteria.This

is commonly known as quality assurance (QA)
• Established procedures for approving suppliersof starting materialsand verifying that they continue to meet

agreed-upon requirements
• A material-release testing procedure to confirm the qualityof excipients for their intended purpose(s)
Excipient manufacturers and suppliers should prepare a QualityManual.The Quality Manual describesthe elements of the

QMSand includesthe qualityorganizationalstructure, written policies, procedures, and processesor referencesto them, and a
description of departmental functions as they relate to the policies, procedures, and processes(see Section 2.3 Documentation
Requirements). In implementing the QMS, companies must ensure that adequate qualified personnel are available to carry out
the actions calledfor in the QMS and must avoid givinganyone individual such extensive responsibilities that qualitycould be
at risk.

COCto qualitysystemssuch as applicable InternationalOrganizationfor Standardization (ISO) guides or hazard analysis and
critical control point (HACCP) analysesare not mandatory but provide assurance that products are produced and handled
appropriately. However, certification to these qualitysystemsshould not be viewedas a substitute for the informationcontained
in this chapter. In addition, internal audits should be conducted at regular intervals to confirm compliance with GMP (as
applicable) and good distribution practices (GDP), and manufacturers should seek opportunities for improvement (see Section
2.7 Audits: Internal, External, and Third-Party). '

All parties involved in the excipient supply chain share responsibility for the quality and safetyof pharmaceutical excipients.
These responsibilities should be delineated in a quality agreement between parties in the supply chain (see Section 2.9 Quality
Agreements). All parties and their activities in the supply chain should be documented, and recordsshould be maintained
according to written procedures that ensure the traceabilityof all products acquired and distributed.All members of the supply
chain have an obligation to protect excipientsintheir custodyfrom deliberate economicallymotivatedadulteration or deliberate
introduction of foreign materialsthat could compromise the qualityor performance of the excipientor adversely affect human
or animal health.

2.2 Organization and Personnel

The organizationalstructure should be adequate and sufficiently staffed, and workersshould be appropriatelyauthorized for
the activities they conduct. An organizational chart should delineate the responsibilities and interrelationships of personnel.
Management ultimatelyis responsiblefor implementation of GDPs and ongoing verification that the QMS is maintaining the
intended excipient quality. '

Individuals within the company should have clearlydefined responsibilities that are documented in writing. All individuals
should understand their responsibilities and should be suitablyqualified to perform their assigned duties. Theirqualifications
should be assessedfor adequacy for their responsibilities and should be documented. Qualifications can includea combination
of formal education, training, and experience. Thisalso extends to any contracted service providers. Proceduresshould be in
place to ensure that permanent, temporary, and contract employees minimize the possibility that unauthorized individuals will
handle products.

Anemployee at each supplychain siteshould be designated and giventhe authority and responsibility for the implementation
and maintenance of the QMS. The designated employee should have sufficient authority, qualifications, and resources to
perform this function, as well as to identifyand correct deviations from the QMS. Management and other personnel must not
be subject to conflicts of interest or other pressures that could have an adverse effect on their ability to perform their duties
related to product quality.

Staffshould be aware of the principles of GDP included in this chapter and should receiveregular, on-going training relevant
to their responsibilities and to general quality principles. All training should be conducted according to a written training plan,
and records of this training should be maintained. Personnel who have special duties such as handling hazardous materials or
supervising activities required by local legislation may require additional training, including specific hazard management.
Effectiveness of training should be verified regularly.

Personnelworkingwith open product must understand and maintain good hygiene, health, and sanitation practices. Staff
should use appropriate, nonshedding, protective apparel that will protect the product from the sampler as wellas the sampler
from the hazards of the product. Established procedures should eliminate the potential for product contamination by personal
items such as jewelry, food, drink, or tobacco products. Written procedures that address hygiene, health, sanitation, and
protective apparel should be in place.

Each supply channel party should have in place disciplinary procedures to address situationswhen personnel involved in the
handling of products are suspected of or are implicated in inappropriate or illegal activities.

Some quality-related duties may be contracted to third parties, persons, or entities outside of the direct employ of the
supplier. The delegation of these activities should be documented in a quality agreement or contract with the third party, and
the organization should confirm compliance with the principles of GDP by conducting periodicon-site audits of these third
parties. Delegation to a third party does not remove the organization's overall responsibilities for these activities.
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2.3 Documentation Requirements

2.3.1 GENERAL
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Organizations should have in place a system to control documents and data that relate to the requirements of the QMS.

2.3.2 QUALITY MANUAL

Organizations alsoshould maintain a quality manual that describesthe QMS, the qualitypolicy, and the company's
commitment to applyingthe appropriateGDP and qualitymanagement standardscontained inthischapter. This manualshould
includethe scope of the QMS, reference(s) to supporting procedures, and a description of the interaction between quality
management processes.

2.3.3 DOCUMENT CONTROL

Procedures for the identification, collection, indexing, filing, storage, withdrawal, archiving, maintenance, and disposition
of controlled documents, including documents of externalorigin that are part of the QMS, should be established and
maintained. Procedures used for the handling and distribution of excipients should be documented, implemented, and
maintained. Inaddition, organizationsshouldestablish formal controlsrelatingto procedureapproval, revision, and distribution.
Thesecontrols should provide assurancethat the current version of a procedure is used throughout the operational areas and
that previous revisions of documents have been removed or withdrawn.

Designatedqualified personnel should review documents and subsequent changes to the documents before the latter are
issued to the appropriate areas. Documentsthat influence product qualityshould be reviewed and approved by the quality
unit. Controlleddocuments may includea unique identifier, date of issue, and revision number to facilitate identification of the
most recent document. The department with the responsibility for issuing the documents should be identified. The reasonsfor
changes and the implementation date should be documented.

Electronic documentation should meet the requirementsstated above for the document control system. If electronic
signaturesare used, they should be controlled to providesecurity equivalentto that givenbya hand-writtensignature. Electronic
documents and signatures also may need to satisfy local regulatoryrequirements.

2.3.4 CONTROL OF RECORDS AND DATA

Procedures for the identification, collection, indexing, filing, storage, maintenance, and disposition of records and data
should be established and maintained. Records and data should be maintained to demonstrate achievement of the required
qualityand the effective operation ofthe QMS. Records and data should be legible and clearly linked with the product or process
involved. Pertinent third-party qualitydata alsoshould be an element of these records.

Entries in records and data should be clearand indelible and should be made directly after the person performsthe activity
and then should be signed and dated by the person who made the entry. Corrections to entries should be signed and dated,
leaving the original entry legibleand with an explanationfor the change, especially if this may not be obvious to subsequent
reviewers.

Records and data should be keptfora definedperiodthat isappropriate for the excipient, itsuse,and itsretestor re-evaluation
date. Records and data should be stored and maintained in such a manner that they are readily retrievable and in facilities that
providea suitable environment to minimize deteriorationor damage. Electronic recordsand automated data-capture systems
should meet the requirementsfor controlled recordsand data as stated above.

2.3.5 CHANGE CONTROL

Procedures to evaluateand approve all changes, including evaluating the impactofthe change on the qualityofthe excipient,
should be established and maintained, for example, changes to the following:

• Authorized excipient manufactureror packaging material supplier
• Manufacturing or packagingsites
• Excipient or packaging material specifications
• Test methods and laboratory
• Repackaging, labeling, and storage equipment
• Analytical equipment
• Repackaging, labeling, and storage processes
• Process and equipment changes at the original excipient manufacturer's site (see Significant Change Guide for Bulk

Pharmaceutical Excipients (1195»
An independentQA group should havethe responsibility and authorityfor the final approval of any changes. The QA group

may be part of another operational unit such as regulatoryaffairs or research and development.
Customersand, ifapplicable, regulatory authorities (e.g., those responsible for drug master files or certificates of suitability

to the European Pharmacopoeia) should be notified of significant changes to established production and processcontrol
procedures that could affect excipientquality. The original manufacturerand downstream intermediaries (distributors and
traders) should have excipient change control agreements in place definingthe extent of notification by the original
manufacturer in case of a change as describedabove. Each of the handling partieswithinthe supplychain should havechange
control agreements to ensure that changes from the original excipient manufacturerare communicated to the end user. This
change control agreement is part of the overall contractual agreements between the parties.
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2.4 Complaints and Deviations
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Customer complaints and information about possible defects should be systematically documented and investigated based
on a written procedure with assigned responsibilities that describes the action that will be taken and includesthe criteriaon
which a decision to recall a product should be based. Investigations should be formally conducted and written up in a timely
manner to establish ifthe complaint is justified, to identify the origin or reason for the complaint (e.g., the repackaging
procedure, the original manufacturing process, etc.), to identifyroot cause(s), to define any initial and follow-up action(s), and
the method of communication (e.g., to the customer, original excipient manufacturer, authorities, etc.). Complaint records
should be retained and regularly evaluated for trends, frequency, and criticality in order to identifypossibly needed corrective
or preventive actions.

Investigations should identify whether the reported defect is limitedto a single batch of materialor ifother batches must be
investigated. Ifadditional batches are implicated, they should be identified and labeled accordingly(e.g., "under quarantine").
As necessary, appropriate follow-up action, possibly includinga recall (as outlined in Section 2.5 Recalls), should be taken after
investigationand evaluation of the complaint. Confirmedserious problems related to product quality (e.g., faulty
manufacturing, packaging, or product deterioration) should be communicated upstream to the manufacturerand downstream
to customer(s) in case they received material with the same batch number. Asimilar process should be implemented for the
handling of deviations and product defects not identified by a customer complaint.

2.5 Recalls

Those involved in the excipient supplychain should have a systemfor recalling promptly and effectively any materials known
or suspected to be defective. Entities involved in the supply chain should implement written procedures to manage excipient
.recall (retrieval) in a timely manner. The procedures should:

• Describe how the process of recall (retrieval) should be managed based on the risk involved
it Describe a decision-making processwith defined responsibilities
• Definethe functions involved in the process (e.g., QA, sales, logistics, senior management, competent authorities, etc.)
• Define the communication process and documentation to parties within the supply channel as well as to regulatory

authorities
• Define the steps needed to retrieve the material
Ifthe originalexcipient manufacturer does not initiatea recall, it should be informed of the recall. Entities in the supply chain

should have written procedures for the organization of any recall activity, and these should be regularly checked and updated.
All recalledmaterialsshould be stored ina secure, segregated (quarantined) area while their dispositionisdecided. In the event
of seriousor potentiallylife-threatening situations,allcustomers and competent authorities inallcountries to whichan excipient
potentiallywas distributed should be promptly informed of any intention to recall the excipient. All records should be readily
available to the designated person(s) responsible for recalls. These recordsshould contain sufficient information about materials
supplied to customers (including exported materials). At regular intervals, QAgroups in supply-chainorganizationsshould
evaluate the effectiveness of recall arrangements.

2.6 Handling of Nonconforming Materials

Nonconforming materials should be handled in accordance with a procedure that will prevent their inadvertent introduction
or reintroduction into the market. Theyshould be stored separately, either physically separated or under electroniccontrol, to
prevent their inadvertent introduction into commerce. Firms that conduct recalls should maintain recordscoveringallactivities, .
including destruction, disposal, return, and reclassification, and should perform an investigation to establish whether any other
batches also are affected. Theyshould document the investigation and actions taken to prevent recurrence of the problem. As
necessary, firms should take corrective measures. Proceduresshould existfor the evaluation and subsequent disposition of
nonconforming products, and the disposition of the material, including downgrading to other suitable purposes, should be
documented. Nonconforming materials should never be blended with materialsthat comply with specifications.

2.7 Audits: Internal, External, and Third-Party

To verify compliance with the principles of GDP for pharmaceutical excipients, firms in the excipient supply chain should
perform regularly scheduled internal audits in accordance with approved procedures. Firms should document audit findings
and corrective actions and ensure that they are brought to the attention of responsible management. Accepted corrective
actions should be completed in a timelyand effective manner and should be conducted by designated, qualified individuals.
Qualified individuals may be employees of the company, but they must be sufficiently removed from the function under audit
so that their independence is not compromised.

Firms should perform external audits in accordance with approved procedures and schedules to assess the capabilityof
suppliers to meet requirements for a product or service, as specified. Aresponse to a questionnaire may be considered in the
auditinq process but generallydoes not take the place of on-site inspections and should not be considered a substitute when
an audit is required. Independent auditing organizations can perform third-party audits to determine the level of compliance
or conformance to specified standards and regulations (e.g., GMP, GDP, and ISO).

2.8 Contract Activities .

AnyGDP-related activity that is delegated to another party should be agreed upon in writing in an approved contract with
clearly defined responsibilities. The contract should clearly establish which party is responsiblefor each applicable quality
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activity. Before entering into an agreement, the contract givershould evaluate the proposed contract acceptor's compliance
with GDP as described in this general chapter. The evaluationshould include an initial on-site audit of the contract acceptor's
premisesand qualitysystem, givingspecialconsiderationto the prevention ofcross-contaminationand maintainingtraceability.
The contract should also include the responsibilities of the contract giver for measures to avoid the entrance of counterfeit or
adulterated materials into the distribution chain.

There should be no gaps or unexplained lapses in the application of GDP. The contract acceptor should conduct periodic
on-site auditing of contracted distribution activities with regard to the application of GDP by the contract giver.Subcontracting
may be permissible under certain conditions, subject to approval by the original contract giver, especially for activities such as
sampling, analysis, repacking, and labeling. If subcontracting occurs, the subcontractor should conform to the same GDP
standards as the primarycontract giver.The subcontractor alsoshould permit an on-site audit by the contract acceptor's quality
unit or its deslqnee" 3

2.9 Quality Agreements

Qualityagreements are legally binding and are mutually negotiated between parties involved in the supply chain for
pharmaceutical excipients. The quality agreement identifies who is responsiblefor certain quality activities and how quality
issues will be resolved between the parties. Although they are intended to address the parties' quality commitments, quality
agreements are not designed to take the place of an audit.

Suppliers should have in place qualityagreements between themselves and the partieswith whom they do business. Original
excipient manufacturers should have qualityagreements in placewith their direct customers and authorized distributorsof their
products. Distributors should also have agreements with end users and other parties in the supply chain to whom they supply
products. All entities in the supply chain should fully understand which entity is responsiblefor the GDP-related activities (as
outlined in this chapter) at each step in the supply chain.

Qualityagreements should address the qualitysystems requirements, but they are not intended to listeveryelement of the
quality system. It is not necessary to reiterate agreement on every point of the quality system when the parties state general
agreement on the applicable quality standard. Quality responsibllities included in a quality agreement should be those that
may require action by one or both parties to the agreement.

Akeyelement that must be defined in the qualityagreement is the communication pathways and timing for qualityevents.
Parties must be clear about their responsibility for notifying the next party in the supply channel and for notifying the applicable
regulatory authorities in the case of a significant quality event. Many times a decision about who should notifythe regulatory
authority isa collaborativeeffort between the parties. Depending on the issue'simpact, the timing of these notifications relative
to the time of the incident should be specified within the quality agreement.

Bothparties to the agreement are responsible for ensuring that the qualityagreement ismaintained as an accurate document
throughout the life of the business relationship. Revisions to this document may be needed as regulatory requirements change,
new products are supplied, or a new material risk arises. The parties should maintain a historyof the revisions to the quality
agreement.

SECTION 3: PREMISES, STORAGE, REPACKAGING, AND STABILITY

3:1 Buildings and Facilities

Organizations should establish operating procedures for the use of buildings and facilities, including the areas discussed
below, and firms should consider protective measures to ensure the security of the grounds (e.g., fencing or perimeter walls).

The buildinqs and facilities used in the storage and handling of excipients should restrict access to allowentrance only by
authorized persons to areas used for the manufacture, packaging, and holding. Organizations should take precautions to
prevent unauthorized persons from entering limited-access areas. When the status of excipients requires protection from use
(e.g., quarantine), organizations must have clearly marked limited-access controls in place, or they should use validated
computerized systems to prevent material distribution before approved release.

Buildings should be of adequate size and capacity to allowthe orderly flow of materials, proper storage and handling of
materials, and appropriately controlled environmentalconditionsfor the final dispatch ofexcipientsinto and out ofthe premises.
Buildingsshould be maintained in a good state of repair. The construction materialsmust be easily cleanable and maintained,
and buildings and facilities should be designed to prevent cross-contamination, product mix-ups, or the accumulation of filth
or contaminating materials, particularly when excipients are exposed to the environment. Adequate storage space must be
available for excipients that are highlysensitizing or toxic, and dedicated facilities may be necessary. Adequate procedures
should be in place to ensure the cleaning, maintenance, and use of buildings and facilities.

Receiving and dispatch baysshould be designed to protect the facilities and excipientsduring loading and unloading during
adverse weather conditions. Incoming bay areas should be designed and equipped to allowcontainers to be cleaned before
storage. A pest-control system should be in place to ensure that materials are protected from infestation by insects, rodents,
animals, birds, or other vermin. There should be written procedures defining the adequate holding and storage of excipients,
including pest-control processes.The pest-control materials must be safe and must be known not to cause contamination.
Approved pesticides, insecticides, and rodenticides should be used and documented. Excipients that may contain

2 WHO. GoodTrade and Distribution Practices for Pharmaceutical StartingMaterials. Geneva;WHO: Technical ReportSeries, No. 917, 2003, Annex2.
Available at: http://who.int/medicines/areas/quality_safety/quality_assurance/GoodtradeDistributionPracticesTRS91 7Annex2.pdf?ua=1 (Accessed
March2, 2015).
3 WHO. Finished Products: GoodDistributionPractices for Pharmaceutical Products. Geneva; WHO: Technical ReportSeries 957, 2010, Annex5. Available
at: http://whqlibdoc.w~o.int/trs/WH03RS_957_eng.pdf (Accessed July 7, 2011).
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contamination must be controlled to prevent cross-contamination in holding areas or the spread of contamination to other
areas of the facility.

3.2 Warehousing and Storage

Written procedures should describe the receipt, storage, dispatch, and other handling of excipients, as well as the security
measures necessaryto prevent theft of materials or the introduction ofcounterfeitor adulterated materialsinto the supplychain.
Buildings should be adequately lighted and should have proper utilities for the intended activities. Theyshould be dry and
controlled to appropriate environmentalconditions. Buildings and facilities should store excipients in the proper environmental
conditions. Temperature-controlled and -monitored storage should be available as required for any building used for holding
excipients.

Warehousing and storage conditions for excipients should comply with the monograph specifications, as reflected in the
excipient's container label.When specific storage conditions are required for excipients(e.g., temperature and humidity
control), they should be providedina controlledmanner, monitored (e.g.; byan alarmsystemor manualcontrol),and recorded.
Anyautomated system(s) used to monitor the environmental conditionsfor areas where excipientsare handled or stored must
be validated.Anapproved document should indicate the locationofeach environmentalmonitoringdeviceand the condition(s)
it monitors. The locationsfor these devices or probes should reflectthe extreme environmental conditions of the space as
determined by an environmental mapping exercise. Excipients that present risks such as fire or explosionshould be stored in
safe, dedicated areas. Excipients that are sensitizing or toxicshould be adequately and appropriatelysegregated, and warehouse
and storage areas should be routinelycleaned, appropriately maintained, and free of pests.

Excipients should be stored in a manner that permits cleaning of the storage area and movement of materials. Pallets used
to hold materialsshould not cause contamination, and required pallet qualityand construction materialsshould be defined in
writing. Pallets should be clean and in a good state of repair, and firms should appropriately track supplies to ensure adequate
treatment of the wood materials. Wood pallets, if used, should comply with import requirements.

Organizations should have in place written procedures to ensure that the excipientwill be supplied within itsexpiryor retest
period and should have adequate controls to prevent the distribution of expired excipients. Ifno expirydate isapplicable, the
first-in-first-out principleshould be used. Rejected excipients and other materials related to excipient quality (e.g., packaging
components) should be so labeled or identified, and controls such as physical or electronic separation should prevent their use
pending final disposition. During the warehousing or storage of excipients, any known broken or damaged containers should
be withdrawn from usable stock, and the containers should be handled as rejected materials.

Materials quarantined pending a releasedecisionshould be labeled or identified (e.g., electronically) to prevent unauthorized'
use. These materialsshould be held from use, and written procedures should guide final disposition. There should be written
procedures for the cleanup of any spillageto ensure complete removal of a":lY risk of contamination.

3.2.1 ENVIRONMENTAL CONTROLS

When excipients require specific storage conditions to preserve their integrityand quality during the retest/re-evaluation or
expiry interval, the storage conditions required should be stated on the label, labeling, or other literature, e.g., the EXcipient
InformationPackaqe" or COA. Distributors should follow the informationand requirements for environmentalcontrolsprovided
by the manufacturer and should provide appropriate controls and monitoring to ensure adherence to the stated storage
conditions with appropriate documentation: Distributors should also maintain records to indicate the excipientwas stored
according to the manufacturer's recommendations and should conduct regular assessments to confirmthat designated
conditions are met.

Ifthe manufacturer does not indicatespecific storage conditions, the distributorshould ensure that proper storage conditions
are maintained to protect the packaging and labeling. Uncontrolled warehousing conditions varywith geographical location,
particularly with latitude. Ifthe excipient isshipped to geographical locations that have storage conditions well outside the
conditions used in the manufacturer's stability study or justification for the absence of specialstorage conditions,then additional
studies may be required to show stability at the new conditions. Awarehouse-monitoring program should be established ifthe
effects of the new environmental conditions are not known.

Outdoor storage of excipients (for example, bulk materials, flammable materials, acids, or other corrosive substances) is
acceptable provided the containers givesuitable protection against deteriorationor contamination of their contents, identifying
labels remain legible, discharge ports have adequate protective closures, and the exteriors of moveable containers are
adequately cleaned before opening and use.

3.3 Equipment

Equipment used in bulktransport, repackaging, labeling,testing, or storage of the excipient should be maintained in a good
state of repair and should be of suitable size,construction, and location to facilitate cleaning, maintenance, and correct
operation. Equipment should be verified before use to ensure that it is constructed, installed, and functioning as required for
the excipient. When equipment is located outdoors, there should be suitable controls (e.g., closed systems or protective
encasements) to minimizeenvironmental risks to excipient quality. '

When possible, dedicated equipment (e.g., bulktrucks, packaging equipment, storage tanks, pipework, hoses, and pumps)
should be used in direct contact with the excipient.When nondedicated equipment is used indirect contact with the excipient,
validated cleaning procedures should be applied. Arestricted prior-cargolistshould be supplied to transport companies in case
non-dedicated bulktransport equipment is used. Quality-critical measuring equipment and balancesfor the handling and
testing of the excipient should,be of appropriate range and precision. Such equipment should be identified.

4IPEC. TheIPEe Excipient InformationPackage (EIP); Template and User Guide. Arlington, VA: IPEe; 2013. Available at: http://ipecamericas.org/reference­
center/document-depot (Accessed June 23, 2017).
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Equipment incontact with an excipientshould be constructed so that contact surfacesare not reactive, additive,or absorptive
and thus do not alter the quality of the excipient. Substances required for operation, such as lubricantsor coolants, preferably
should not come into contact with excipients and packaging materials. When contact is possible, distributors should use
materials of suitable quality that will not affect product quality. The choice of such materialsshould be justified.

Equipment should be designed to minimize the possibility of contamination from the environment and direct operator
contact during activities such as unloading bulktrucks, use of transfer hoses (particularly those used for transfer of excipients),
sampling, repackaging, and cleaning. Distributors should consider the sanitary design of equipment in contact with excipients.
They should assess the suitability and integrity of seals in order to minimizethe risk of contamination. Piping should be
appropriately labeled to indicate the content and direction of flow.

3.3.2 EQUIPMENT MAINTENANCE

Documented procedures should be establishedand followed for maintenance of critical equipment used in the repackaging,
labeling, testing, or storage of the excipient. Distributors should maintain records (e.g., logs, computer databases, or other
appropriate documentation) of quality-critical equipment use and maintenance. Defective equipment should be removed or
appropriately labeled to avoid misuse.

Quality-critical measuring equipment and balances should be controlled on a scheduled basis. Thiscontrol should include
the following:

• Calibration of instruments or other appropriate verification at suitable intervals, according to an established
documented program

• Establishment of the equipment's limits of accuracyand precision
• Provisions for remedial action in the event that accuracyor precision requirements are not met
Calibration standards should be traceable to recognized national or compendial standards as appropriate. Instruments and

equipment that do not meet established specifications should not be used, and an investigation should be conducted to
determine the validity of the previous resultssince the last successful calibration.The current calibrationor verification status
of quality-critical equipment should be known to usersand should be verifiable.

3.3.3 EQUIPMENT CLEANING

Cleaning equipment should be chosen and used so that it cannot be a source of contamination. Cleaning materialsshould
be appropriate for the task, and their selection should be justified. Rotation of sanitizing and cleaning agents should be
considered where appropriate. Inorder to avoid contamination with cleaning products or products previouslyprocessed in the
equipment, written cleaning procedures should be establishedfor equipment that comes incontact with the excipient.Cleaning
procedures should contain sufficient detail to allowcleaning in a reproducible and effective manner. Cleaning and sanitation
processes should be recorded, and evidence of their effectiveness should be provided, for example, by the following:

• Testing the final rinse after cleaning for residues of the previous product
• Checking the equipment after cleaning for residues of the previous product .
• Testing each batch for residues of the previousproduct handled with the same equipment

3.4 Sampling, .Repackaging, and Labeling

To minimize risks associated with repackaging and labeling, appropriate GMPs should be applied (see GoodManufacturing
Practices for Bulk Pharmaceutical Excipients (1078». Forcompleteness, certain keyactivities and the necessary precautions are
discussed below.

3.4.1 BLENDING, REPACKAGING, AND LABELING

Operations such as combining sublots into a homogeneous batch, repackaging, or labeling are manufacturing processes,
and therefore distributors should follow appropriate GMPs (see (1078»):

• Processes whereby the excipient's packaging isopened and the excipient isexposed to the environment (for example,
transferringexcipientfrom one container to another, includingfrom bulkequipment to storage tanks/silosor from storage
tanks/silos into containers) are critical handling steps related to the integrity of the finished product. Ifonly the secondary
packaging is modified, operators should take appropriate care to maintain the integrity of the primarypackaging and the
excipient.

• Excipients may degrade because of exposure to the repackaging atmosphere (e.g., oxygen, humidity, light, and
temperature).

• Excipients can be contaminated by foreign matter such as lubricants, cleaning materials, or other substances.
• Transparency to the customer that relabeling, with or without opening the originalexcipient manufacturer's packaging,

has occurred iscritical to representation of the product quality and suitability for use. .
• Transparency to the customer of data sources listedon certification documentation (labeling) iscritical to representation

of the product quality and suitabilityfor use. '

3.4.2 REPACKAGING AND LABELING BATCHES

Staffin the excipient supply chain should givespecialattention to the following points:
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• All repackaging and labeling requirements should be defined in written procedures.
• Contamination, cross-contamination, and mix-upsshould be avoided by the use of suitable equipment and cleaning

procedures and with adequate labeling.
• Environmental conditions and repackaging procedures should be designed to avoid contamination and to maintain the

integrity of the excipient during repackaging and labeling.
• Operators should consider the use of filtered air in the repackaging area ifnecessaryfor the product. The standard of

filtration should be justified.
• Labels should be printed using a controlled process (see Section '3.4.9 Repackaging and Labeling).
• Personnel involved in repackaging processesshould wear clean protective apparel such as head, face, hand, and arm

coverings, as necessary, and should practice appropriate personal hygiene (e.g., hand disinfection following health
requirements, health monitoring, and removal of jewelry). Personnel should be trained about special hygiene
requirements, and this training should be documented.

• Repackaging areas should be cleaned and sanitized regularly.
Batch numbers should be assigned according to documented procedures. When staff assigns new batch numbers, they

should ensure traceabilityto original batch numbers by proper documentation. Assigning one batch number to containers of
different batches that comply with the same specification is an unacceptable practice (see also Sections 3.4.3 Excipient Batch
Homogeneity and 3.4.4 Blended Excipients).

• As part of the batch record, a copy of the information on the original labels should be retained (e.g., a photocopy). A
sample of the new labelshould also be kept.

• All repackaging and labeling processesshould be designed and carried out to avoid commingling, contamination, and
mix-up and to ensure full traceability of the excipients back to the original excipient manufacturer and traceability
downstream to the final customer. Responsible personnel should sufficiently record everycompleted step, along with the
name of the operator and the date and time each step was completed, e.g., in the master batch manufacturing record,
or by means of computerized systems.

3.4.3 EXCIPIENT BAtCH HOMOGENEITY

Mixing to form a homogeneous batch is a manufacturing step and should be defined in a written procedure. Abatch can
be homogeneous only when conforming materialsare thoroughly mixed. The conformity of each batch with its specification
should be confirmed before it is added. Mixing should always be controlled, and homogeneity should be verified and
documented (see GoodManufacturingPractices for Bulk Pharmaceutical Excipients (1078»). Blending of batches or lots of
excipients that lndividually do not conform to specifications with other lots that do conform (in an attempt to salvageor hide
adulterated or expired material) is not an acceptable practice. Only excipientsfrom the same manufacturing site received by a
distributor and shown to conform to the same specifications can be mixed. The customer should be informed that the material
supplied isa mixture of the manufacturer's batches,

3.4.4 BLENDED EXCIPIENTS

The blending processshould be verified to ensure that it does not influencethe qualityofthe excipient.The blended excipient
should be tested to ensure conformance to the specification and to provide data for the COA (see Significant Change Guide for
Bulk Pharmaceutical Excipients (1195»). Under certain circumstances and with appropriate controls, a COC can be used ifthe
basisfor the claim of conformity is traceable within the document. The blended batch referred to in the new certification
document should be traceable to all the original certification documents and batch numbers (see (1078»).

3.4.5 CERTIFICATES OF ANALYSIS

The originalexcipient manufacturer's COA should be retained and made available to the user on request. The batch referred
to in the COA delivered to the end user should be traceable to the originalexcipient manufacturer's COA. Qualitydocuments
accompanying deliveries should be subject to an agreement between the distributor and the final customer. For retesting,
analytical methods of the original excipient manufacturer or pharmacopeial methods should be applied. When other methods
are applied, these should be agreed upon by both parties.

3.4.6 CONTAINER-CLOSURE SYSTEMS

Forrepackaged material, the repackager is responsiblefor justifying the shelf life and repackaging conditions. The original
manufacturer and the distributer should share information and agree about repackaging conditions and primary packaging
materials. They should establish primarycontainer-closure system material and packaging configuration specifications, and
they should develop a written procedure that clearly defines packaging for each individual excipient based on its stability.

If the same types of primarycontainer-closure system and packaging configurationare used for repackaging, then the new
container-closure systemand packagingconfigurationshould be equivalent to that used bythe originalexcipient manufacturer.
The repackager and distributor should consider exposure of the excipient to the repackaging environment, and both can rely
on the manufacturer's stability evaluationand thus assign the same shelf life for the excipient. .

When the repackager's primarycontainer-closure system's packaging configuration differs significantly from that of the
original manufacturer [e.g., in terms ofdesiccants, permeabilityof the protective barrier layer(which may be either the primary
or secondary container-closure system),or the headspace], the repackager must demonstrate that the new system isadequate
to protect the excipient from contamination and deterioration for the shelf life (retest or expiration period) defined by the
excipient manufacturer. Otherwise,the shelf life defined by the manufacturer cannot be transferred to the repackaged material.
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The need for stabilitystudies should be confirmed (see Sections 3.4.74 Stability and Expiration Dates and 3.5 Retesting and
ShelfLife).

The container-closure system for the pharmaceutical excipient should protect the materialfrom the time of packaging until
its final use by the drug product manufacturer. The container-closure system should be designed to help prevent theft or
adulteration by counterfeiting.

Storage and handling procedures should protect containers and closures and minimizethe risk of contamination, damage
or deterioration, and mix-ups (e.g., between containers that have different specifications but are similar in appearance).

3.4.7 RETURNED AND REUSED CONTAINERS

Returned containers may have unknown residuesfrom uses other than the intended one. Therefore, use of new containers
is recommended for excipients. Ifcontainers are reused, a rationalefor the extent of cleaning should be justified and
documented for specific excipients and different types of containers. Repackagers should collect evidence that the quality of
the material packed is not adverselyaffected by reuse of containers.

Distributors and customers should have an agreement defining the specific conditions for reuse (e.g., handling, sealing, and
cleaning). Ifreturnable excipient containers are reused, all previous labeling should be removed or obliterated.

3.4.8 ENVIRONMENTAL CONTROLS

Environmental controls should ensure that temperature, humidity, and cleanliness of air and equipment are appropriate to
avoid any contamination to or deterioration of the excipient.The necessary environmental conditions for the repackaging of
each excipient should be defined. Environmental control isa specialistsubject, and experts should be consulted (see also Section
2.6 Handlingof Nonconforming Materials).

3.4.9 REPACKAGING AND LABELING

Repackagers should implement procedures to ensure that the correct quantity of labels is printed and issuedand that labels
contain the necessary information. Sufficient crosschecks should be in place to ensure proper data transfer. Proceduresshould
be in place to avoid mislabeling, and printing and use of labels should be restricted. AI/labelingoperations (e.g., generating,
printing, storage, use, and destruction) should be recorded. Labeled containers should be inspected, and surplus labelsshould
be destroyed to avoid any misuse. If labelsare not printed immediately before each specific labelingoperation, the securityof
the label stock should be controlled, and access limitations should be defined. Repackaging and labelingfacilities should be
inspected immediately before use to ensure that all materialsthat are not required for the next repackaging operation have
been removed.

3.4.10 REPACKAGED EXCIPIENTS-ACCOMPANYING DOCUMENTATION

Deliveries of repackaged excipientsshould be accompanied by information about the original manufacturingsite (name and
address) and repackaging and labeling sites. This informationshould be provided in the supplier certification documentation
(e.g., COAs) or by other means (see Section 4.8 Traceability). The supplier should provide this information to the customer via
official communications.

3.4.11 TESTING OF REPACKAGED EXCIPIENTS

Appropriate testing of repackaged excipients should be performed to demonstrate consistent excipient quality.Testing to
the complete monograph may not be necessary, but the recipient should test defined keyquality parameters that could be
affected by the repackaging process. Recipients should consider the manufacturer's recommendations for keyquality
parameters, and until these tests have been performed the repackaged materialsshould be kept under quarantine and should
be identified as quarantined material. The materialsshould comply with the defined specifications before they are releasedfor
distribution.

Excipient testing and releaseshould be performed under the responsibility of the quality unit and should conform to written
specifications and analytical test requirements. Repackagers should ensure that test data are recorded and that resultsare
evaluated before release of the repackaged or transferred excipient. .

The excipient cannot be upgraded as a resultof any repackaging process. It is unacceptable to upgrade nonpharmaceutical
grades to pharmaceutical grades on the basisof conforming analytical results, l.e., by testing to pharmacopeial standards. .
Pharmaceuticalgrades can be achieved only when the excipient is originally produced and subsequently processed in
accordance with GMPs (see GoodManufacturing Practices for Bulk Pharmaceutical Excipients (1078»).

3.4.12 OFFICIAL PHARMACOPEIAL METHODS FOR RETESTING

Forcontrol of key parameters during repackaging or full retesting of excipients, official pharmacopeial methods or methods
validated against the pharmacopeiaI methods should be used. Otherwise, repackagers should use the original excipient
manufa.cturer's analytical methods. The methods used should be listed on the COA accompanying the excipient or should be
made available to the customer by other documents. These documents should also reference any contract laboratorythat is
used to performanalyses. The COA should clearly identifywhichtests have not been performed on the repackaged or transferred
batch but have been taken from the original manufacturer's COA. .
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Excipient sampling must be done in a manner that prevents contamination, and dedicated sampling areas with adequate
environmental controls are necessary. Areas for sampling should be designed to allowcleaning of the outside of the container
before the container isopened. Adequate cleaning proceduresshould be in placefor the samplingareas. Samplingtools should
be dedicated to the sampling area and also to the specific material, or sampling tool cleaning must be validated to ensure no
cross-contamination from the tool.

Anycontainer opened for sampling should be marked with the date and name of the person who performs this operation.
The amount of sample removed should be recorded.

Ifexcipientsare repackaged, processed, or packaged from bulk, retained samples representativeof the excipientbatch should
be kept for at least one year after the expiration or re-evaluation date or for at least one year after distribution iscomplete,
whichever is longer. The minimum sample sizeshould be based on the amount required to perform at least two complete
analyses. Sample storage conditions should prevent any contamination or deterioration and should comply with the label
storage conditions (see general information chapter, Bulk Powder Sampling Procedures (1097».

3.4.14 STABILITY AND EXPIRATION DATES

Excipient stabilityand expiration dating of excipientsare primarily the responsibility of the original manufacturer.Whenever
the original manufacturer's packaging isopened, the repacker is responsible for providing evidence that the excipient
manufacturer's stability and expiration dating are still applicable.

Ifa distributor transfersan excipient to another container or repackages it, stability and shelf life (retest or expiry period)
should be taken into account. The type of container, primarypackaging materials, barrier packaging materials, packaging
configuration, environmentalexposure during repackaging, and storage conditions at the repackagingsite should alsobe taken
into account when the shelf life (retest or expiryperiod) isdefined. The recommended expirationdate provided by the original
excipient manufacturer should not be extended without demonstrating sufficient stabilityto justify extended shelf life (retest
or expiry period). Ifshelf life isextended beyond the original manufacturer's recommendation, the type of packaging, storage
conditions, and stability-indicating analytical data should be clearly defined, and the repackerassumesthe primaryresponsibility
for the extension.

Ifspecial storage conditions (e.g., inert gas overlay, protection from light, heat, moisture, etc.) are needed, the restrictions
should be indicated on the new labeling (see Section 3.5 Retesting and ShelfLife).

3.5 Retesting and Shelf life

The organization's stated shelf life or retest/re-evaluation interval should be maintained for the excipient. Expiration or shelf
life dates indicate the period beyond which the excipient should not be used or distributed. Retest/re-evaluation intervals
indicate the period beyond whichthe excipientmust be evaluatedto determine continuing acceptabilityfor use.The expiration/
shelf life date provided by the original excipient manufacturer should not be extended without documentation from the
manufacturer demonstrating sufficient stabilityto justify an extended shelf life. Such documentation should specify the type of
container and storage conditionsnecessaryto makethis claim, and the distributorshould havedocumentation that the excipient
was stored in the stated container and under the necessaryconditions.

Excipients without expiration, retest, re-evaluation, or shelf life dates should be accepted for use only ifthe manufacturing
date can be confirmed and only if the excipient has been held and shipped under conditions that conform to the appropriate
standards of GMP or GDP. Distribution of the excipient beyond the retest/re-evaluation period should be done only in
consultation with the manufacturer and with the consent of the purchaser or recipient. Ifthe distributor has the capabilities for
sampling and performing the manufacturer's specifiedevaluation, then the distributor can perform the assessment. Sampled
lots should be placed under quarantine to prevent shipping during the evaluation.

Distributors who do have capabilities for sampling according to the manufacturer's instructionsbut do not have testing or
evaluation capabilities should send the samples to the manufacturer or a qualified third-party laboratoryfor retesting/
re-evaluation. Excipient lots that conform to the manufacturer's criteriacan be releasedfrom quarantine, and the distributor's
supporting evaluation data should accompany the original excipient manufacturer's data to indicate the excipient's
acceptabilityfor use. If the distributor does not have the capabilityto sample or evaluate the excipient, it should not be shipped
to customers beyond the end of the retest/re-evaluation interval. The excipient or a representativesample of the excipient can
be returned to the manufactureror a third partyfor retesting/re-evaluation.Theexcipientcan be held bythe distributorpending
further results obtained from the representative sample.

Ifan excipient istransferred to another container or is repackaged by the distributor, the latter must conduct an assessment
of the stabilityof the excipient to determine if the originalexcipient manufacturer's information can be carried forward. Ifthe
distributor uses the same type of packaging material that provides the same packaged environment (headspace, surface area,
closure tightness, etc.) as that used by the original manufacturer and ifthe transfer or repackaging is performed in a manner
that protects the excipient from adverse environmental effectsthat could affect the stability, then the original excipient
manufacturer's shelf life/expiry date or retest/re-evaluation interval can be carriedforward. Ifprimarypackaging material or
barrier packaging material differs from the originalexcipient manufacturer's primary packaging material or ifthe packaged
environment variessignificantly, then an evaluation of the container and its closure system should demonstrate that it is
adequate to protect the excipient from deterioration and contamination during the manufacturer's shelf life/expiry date or
retest/re-evaluation interval. Otherwise, a stabilityassessment is necessaryto determine the appropriate shelf life/expiry date
or retest/re-evaluation interval for the repackaged excipient. Such assessmentsshould be conducted according to the
manufacturer's specifications and test methods.
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Not all excipients have an expiration date, but ifone is assigned it should be displayed on the container and should show
the period during which the excipient isexpected to remain within specifications ifstored properlyand after which it should
not be used. It is established for every batch by adding the shelf life to the date manufacturing began. The expiration date is
based on the type of container and storage conditions, so these parameters should be clearly defined. Ifspecial storage
conditions are needed (e.g., protection from light, oxygen, heat, humidity, etc.), they should be indicated on the labeling
because they could influence usability through the expiration date.' .

The expiration dates for excipientsshould be established by documented stabilitytests or long-term stability data.
Occasionally, the expiration date may be established by reference to historical data. Stability involves not only the compendial
requirements but also changes in performance properties. Excipient stabilitytests should determine whether possible
degradation, changes in molecularweight and distribution, moisture gain or loss, viscosity changes, microbiological
contamination, or other possible changes in excipientscould occur when the excipient isstored in a specific container-closure
type at specificstorage conditions. Stability for repackaged excipients can be found under Section 3.5. Retesting and ShelfLife.

3.7 labels, Icons, and labeling

3.7.1 LABELS AND ICONS

Label-generating systems and processesshould be secure, controlled, and documented. Appropriate verification records
should be maintained, and each container should be appropriately identifiedand labeled. Labels applied to individual small
containers should be clear, unambiguous, and permanently fixed in the company's establishedformat. The informationon the
label should be indelible. Alternative methods can be used for bulk containers/transport and should be justified.

The label may include wording or depict icons to highlight storage and transportation handling requirements and hazards
(e.g., avoid dropping, maintain specified environmental conditions, etc.). The use of symbols that are recognized by
international organizations is recommended (see GoodStorage and DistributionPractices for Drug Products (1079) ). During
international distribution, the proper language(s) should be used to ensure that handlers understand the requirements set forth
on the label.

3.7.2 LABELING

The labeling (which includes both the label and any accompanying documents) should include at least the following
information:

• Name of the excipient, including grade and reference to pharmacopeia, as relevant
• Ifapplicable, the International Nonproprietary Name
• Amount (weight or volume) .
• Batchnumber assigned bythe original excipient manufactureror the batch number assigned bythe repackerifthe material

has been repacked and relabeled
• Retestdate or expiry date (as applicable) .
• Any specified storage conditions, as applicable
• Handling precautions, where necessary
• Identification of the original manufacturing site 'as agreed with the pharmaceutical customer (see Section 4.8

Traceability)
• Name and contact details of the suppliers

SECTION 4: RETURNED GOODS, DISPATCH, TRANSPORT, IMPORTATION, ADULTERATION,
AND TRACEABILITY

4.1 Returned Goods

4.1.1 GENERAL

Return of goods by users to suppliersshould be reviewed on a case-by-case basis. The distributor should facilitate a root
cause analysis and investigationof complaints.

[NOTE-Users should document the reason(s)for return of goods to the supplier.]
Before returning the goods, if the user identifies and confirms unacceptable product quality the user should provide the

supplier with the user's supporting documentation, such as tests and investigation results. Ifrequested, the user should also
provide product samples used for tests and investigations. Thesupplier should be provided an opportunity to conduct thorough
investigationsto confirm the validity of the user's quality complaint. While the investigation proceeds, the user should
quarantine the material in accordance with internal standard operating procedures and should store the material in an area
specifically designated for returns, with limited access to operations, and well-separatedfrom incoming or released raw
materials.

S IPEe. The IPEe Excipient StabilityProgram Guide 201O. Arlington, VA: IPEe; 2010. Available at: http://ipecamericas.org/reference-center/document-depot
(Accessed June 23, 2017).
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Goods returned by the user because of excess inventoryor other causes unrelated to quality can re-enter commerce within
the specified shelf life, provided conditions of storage, transportation, and container integrity have been thoroughly reviewed
by the supplier and the quality of the excipient has not been compromised in any way. Aformal documented review of each
returned container and container tamper-evidencedeviceshould be done to verify that these match the container configuration
when the materials left the supplier's facility.

Ifthe user opens a commercial packagingcontainer for sampling or investigation (related or unrelated to quality issues) and
whether any material was taken out or not, each container should be clearly labeled Opened. Written documentation should
be provided to the supplier confirming that the container(s) were opened and resealed according to GMPs and describing the
reasons for opening, amount withdrawn, and how the pack/container was resealed. Documentation of returned goods should
contain a detailed descriptionofall such events includingrepackaging. Returnedexcipientcontainersopened bythe usershould
be clearlyidentifiedas such and should not be released as pharmaceutical excipients. Inexceptional cases, the material can be
released as excipient-grade product ifa documented thorough investigation shows no risk of product contamination or
deterioration. The quality department should release this material.

Users and suppliers should maintain records of all returned goods, including the product name (trade name and chemical
name), batch or lot number, reason for the return, quantity returned, and investigation documentation when applicable. In
addition, the suppliershould recordthe final disposition of the material. If returned excipientshave been held, stored, or shipped
under conditions that could compromise product quality (including ingredients, containers, or labeling), the manufacturer
should destroy the excipients. Exceptionally, manufacturers can releasethe excipients iftheir examination, testing, and
investigations prove that the material meets suitable standards of identity, quality, and purity and that GMPs and GDPs have
not been compromised.

4.1.2 DISPOSITION OF RETURNED GOODS

The excipient manufacturer's and/or supplier'squalityunit should assess the returned product. The options are the following:
• Return to commerce
• Reprocess
• Regrade to a lessstringent standard such as technical or industrial grade (non-GMP use)
• Destroy
Only containers that have not been opened should be considered for return to commerce without further action.
Ifthe qualityassessment of returned goods leads to their final destruction and ifassociated batches are potentiallyimplicated,

an appropriate investigation should be conducted and documented to show that the quality of the associated batches is not
affected.

4.1.3 REPROCESSING

Reprocessing isa manufacturingstep, and the requirements of GoodManufacturingPractices for Bulk Pharmaceutical Excipients
(1078) apply. The requirements of (1078) apply only to those intermediate supply chain entities that undertake reprocessing.

4.2 Shipping and Transportation

4.2.1 SHIPPING

The supplier (the manufacturer or distributor) of pharmaceutical excipientsshould ensure that the integrity of the
pharmaceutical excipient is maintained by the appropriate storage and transport conditions as described in product labeling.
Aftertraining, staff should follow written procedures for shipping pharmaceutical excipients. These procedures include the
requirement to follow the recommended storage and transportation requirements including temperature, humidity, or other
special handling precautions.

Actions should be documented when they are performed. Shipping records for pharmaceutical excipients should provide
for the following information:

• Date of shipment
• Name and address of the entity that accepted the materialsfor the transportation
• Mode of transportation
• Name, address, and status of the consignee
• Material name
• Quantity shipped
• Batch number and expirydate
• Required storage and transport conditions (refrigeration, freezing, or controlled room temperature required)
• Shipping code or identification number of the delivery order
When regulatory actions such as FDA Field Alerts or drug product recalls occur, the excipient handler must be prepared to

act promptly. Shipping documentation must be sufficient to allowadequate handling of any excipient associated with
regulatory action. When reasonable, the shipping schedule for excipientsshould be documented, and responsibilities can be
enumerated in a quality or collaborative agreement between entities to show ownership in the supply chain (Entity Ato Entity
B; Entity Bto Entity C; etc.-see Section 4.4 Packaging: Tamper-Evident Seals). The buildingsand facilities used to ship materials
should be appropriate for their intended use in the storage and handling of excipients (see Section 3.7 Buildings and Facilities).

Before loading materials, shippers should inspect the container and vehicleto ensure cleanliness and other consignments (if
the shipment is a part load) to ensure no form of contamination is likely to occur. This inspection should be documented
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according to a written procedure. Materials should not be offloaded into other containers or vehicles without the written
permission of the material owner or consignee.

4.2.2 TRANSPORTATION

Materials should be transported in a manner that will ensure the maintenance of controlled conditions as specified by the
manufacturer. The transport process should not adversely affect the materialsor integrity of the packaging. The supplier of
transport services must be provided with the required information in order to maintain specified conditions.

The pharmaceutical excipient manufacturer or supplier should agree with the purchaser for arranging transportation. The
need for temperature-controlled storage and transport should be determined using a risk-based approach, taking into account
the nature of the excipient, resultsof stabilityassessmentsavailable from the excipient manufacturer or repackager, the supply
chain, and the potential risks to the excipient. If temperature-controlled transportation iscontracted, the shipper must have a
mechanism for noting and reporting temperature excursions. Labeling on containers and transportation documents should
detail the environmental conditions in a manner that providesthe transporter or receiverwith knowledge and immediate
identification of these conditions, if required. The responsibility for ensuring that the proper storage conditions are met rests
with each entity that handles, stores, or transports the materials.

Pharmaceutical excipients should be stored and transported in such a way that the identity and integrityof the material are
retained, the material does not contaminate and is not contaminated by other materials, and adequate precautions are taken
against spillage, breakage, misappropriation, and theft. The required storage conditions for pharmaceutical excipients should
be maintained within acceptable limits during transportation.

Excipients that are potentiallydangerous because of the risk of fire or explosion (e.g., combustible liquids, solids, and
pressurizedgases) should be stored and transported in safe, dedicated, and secure areas, containers, and vehicles. In addition,
applicable international agreements and federal regulations should be followed.

4.3 Tampering or Damaged Materials

Materials that are suspected of being tampered with or damaged must be quarantined immediately, and the manufacturer
or distributor should be notified.The disposition of the quarantined material should be determined by the excipient
manufacturer or supplier, after consultation with the customer. The excipient may be returned to the manufacturer or supplier.
Alternatively, arrangements could be made for localcertifieddestruction of the quarantined material.The supplier should make
every effort to prevent these materialsfrom being used until an investigation iscompleted and the final disposition of the
material is determined. Written procedures should quide treatment of excipients that have been tampered with or the
identification and handling of damaged material.

4.4 Packaging: Tamper-Evident Seals

Atamper-evident package has one or more indicators or barriersto entry that, if breached or missing, can reasonably be
expected to provide visible evidence that tampering has occurred. To reduce the likelihood of successful tampering and to
increase the likelihood that any breach will be discovered, the package should be distinctive by design or should employ one
or more indicators of or barriers to entry. The term distinctive by design means that the packaging cannot be duplicated with
commonly available materialsor by commonly available processes.

Atamper-evident package may involve an immediate container-closure system in direct contact with the contents (primary
packaging), a secondary container-closure system not in direct contact with the contents (secondary packaging), or any
combination of systems intended to provide visual evidence of package integrity. Forprimary packaging in direct contact with
the excipient (e.g., paper bags), any leakor break should be considered tampering even if the leakor tear issimply accidental
damage. Forexcipients shipped in bulk, using, e.g., tank cars or containers, other means may be appropriate. However,
whatever methods are adopted should provide adequate assurance as to the integrity of the excipient being shipped.

Visual examination of the packaging at each stage in the supply chain should provide evidence of repackaging or tampering
with commercial packaging. In addition, the manufacturer's name and address, net weight of the material, material name,
batch or packaging number, date of manufacture, and date of retest should be identifiedon a packaging label.The labelshould
be prominently placed on the package and should be unaffected ifthe tamper-evident feature of the package is breached or
missing.

The tamper-evident feature forexcipient packaging should be designed so that it remains intact when handled ina reasonable
manner from the time of packaging at the site of manufacture and throughout the supply chain-including but not limited to
warehouse storage during various phases of the supply chain, transport, distribution, receipt, and storage at the user's facility
until use for drug product manufacture.

The manufacturer should communicate tamper-evident features to the downstream members of the supply chain. Ifthe
latter observe any evidence that the tamper-evident feature or other part of the package has been compromised in any way,
they should quarantine the material immediately and inform the supplier. Appropriate arrangements should.be made with the
supplier to return the material promptly with a description of the packagingbreach. Alternatively, arrangements can be made
by the excipient manufacturer or supplierfor the local certifieddestruction of the quarantined material.The user should ensure
adequate protection of the breached packaging during shipment to the supplier and can send photographs of the breached
packaging to aid the supplier's investigation.

The supplier is responsiblefor the integrity of packaging, including but not limited to its tamper-evident features, until
ownership of the commercial packages is transferred to the user. Material returned because of breach in packaging should be
thoroughly reviewedand investigated by the supplier. The material should not be returned to commerce until the supplier has
established that the integrity, identity, quality, purity, and safety of the excipient have not been compromised. The
documentation requirement should comply with GMP expectations as well as elements of documentation and investigation
suggested in Section 4.7 Returned Goods.
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The excipient user is responsiblefor purchased materials throughout the supply chain. The supply chain qualification is
documented by audits and COAs for allpartiesinvolved intrade and distribution ofthe materials. Suchsupplychain qualification
and documentation supports the Excipient Pedigreeand ownership of the excipient. The pedigree includesdocumentation of
suitable excipient GMPs applied by the excipient manufacturer and suitable GDPs.

Ownership of the materials begins with the original excipient manufacturer and transfers to an intermediaryor customer
according to agreed-upon terms for insurancecosts, transportation, and risk assumption. Such agreements are defined
according to International Chamber of Commerce terms (lncoterrns)." Incoterms are a seriesof international sales terms that
are used to divide transaction costs and responsibilities between buyer and sellerand reflectstate-of-the-art transportation
practices.

4.6 Adulteration

4.6.1 ADULTERATION

Adulteration is defined in the FD&C Actand 21 CFR in Sections 501(a)(2)(B) and 501(b)? and 21 CFR 211 for finished
pharmaceuticalsand Sections402(a)(3) and (4)8 and 21 CFR 110 for human food, and in 21 CFR 111 for dietary supplements.
These lawsand regulations establish the minimum current GMP (cGMP) necessary to prevent adulteration for finished
pharmaceuticals, food products, and dietary supplements, respectively. Excipients for pharmaceutical use must be
manufactured under appropriate GMPs and must meet the required chemical and physical specifications. In addition to
specifications, excipient manufacturers and users have generally agreed quality attributes and limits defined by regulatory
agencies, common industry practices, and pharmacopeial expectations. Adulterationor contamination of the products can be
monitored and detected by many means including, but not limited to, compliance with these predefined qualityexpectations.

Adulteration can occur when any possible contamination of a product takes place, e.g., from foreign materials or undesirable
microorganisms. The problem of adulteration can be addressed by standard practices supporting cGMPs, such as HACCP,
Standard Operating Procedures, and staff training to control product safety and purity. This type of adulteration is the
unforeseeable and unintentional type that can be controlled and, at worst, detected before the product leaves the
manufacturer's site.

FDA specifies that a product can be consideredadulterated when conditions may lead to adulteration because it isimpossible
to test every product for everyconceivablecontaminant. The safety and purityof substances requirethat manufacturersshould
build quality controls into the process rather than relying on QC testing.

4.6.2 INTENTIONAL ADULTERATION

Compared to unintentional adulteration, intentional adulteration is more specific because it requires a willful and knowing
violation of regulations and standards designed to protect end user safety. It isthe deliberate adulteration of an excipient.When
an excipient is deliberately adulterated by substituting a lower-cost material for a material of higher cost, it is considered
economically motivated intentional adulteration. Every participant in the supply chain should know and monitor their supply
chain for any adulterated materialsand takeall reasonable precautions to prevent intentional adulteration."

4.7 Importation

Excipients manufactured outside the United States are subject to US FDA and US Customs and BorderProtection (CBP)
regulationsfor importation into the UnitedStates. The Bioterrorism Act (Public Health Security and Bioterrorism Preparedness
and Response Act of 2002, Title III-Protecting Safety and Securityof Food and Drug Supply)!" has further formalized the
requirements for importation of foods and drugs into the United States.

Overseas manufacturers of excipients used in drugs, food, and dietary supplements intended for human or veterinary use
who intend to export products into the United States are required to followthe FDA, CBP, and Bioterrorism Act regulations.A
streamlined processfor the importation ofexcipientsused in pharmaceuticals, food, and dietarysupplements must be followed
and implemented before the imports are allowed into the United States.

The manufacturing facilities and the manufacturerswho produce the excipients should be registered with FDA. An FDA
registration number is requiredfor importation. Inaddition, FDA requires informationabout Prior Notice(PN)of Imports. Upon
receipt of the information, FDA grants a PN confirmation number. FDA must confirm PN beforethe products are shipped, and
the PN confirmation number must appear on the customs declaration that accompanies the package. PN information can be
submitted electronically to FDA's PriorNoticeSystems Interface(PNSI), a free Internet applicationthat allows facilities to provide
information regarding the expected imports. PN information also can be submitted via CBP's Automated CommercialSystem
(ACS), a system that processesimports and obtains informationneeded to makedecisionsregarding articles entering the United
States.

6 International Chamber of Commerce. Incoterms. http://www.iccwbo.org/incoterms (Accessed June 6,2011).
7 FD&CAct. Chapter V: Drugs and Devices. Sec. 501. [21 USC§351] Adulterated Drugs and Devices. http://www.fda.gov/Regulatorylnformation/
Legislation/FederaIFoodDrugandCosmeticActFDCAct/FDCActChapterVDrugsandDevices/ucml08055.htm.
8 FD&CAct. Chapter IV: Food. Sec. 402. [21 USC§342] Adulterated Food. http://www.fda.gov/Regulatorylnformation/Legislation/
FederaIFoodDrugandCosmeticActFDCAct/FDCActChapterIVFood/ucm1 07527.htm (Accessed June 6, 2011).
9 FDA. Public Meeting on Economically Motivated Adulteration. 2009. http://www.fda.gov/NewsEvents/MeetingsConferencesWorkshops/
ucm 163619.htm (Accessed June 6, 2011).
10 FDA. Guidance for Industry:Questions and Answers Regarding the InterimFinalRule on PriorNoticeof ImportedFood, (Edition 2); Availability. 2004. http://
www.gpo.gov/fdsys/pkg/FR-2004-05-03/pdf/04·1 0023.pdf (Accessed June 6, 2011).
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CBP processes imports of all goods for entry into United States, including but not limitedto pharmaceuticals, food, and
dietary supplements. CBP inspects but does not release products regulated by the FD&C Actand delegates the final release
responsibility at the port of entry to the FDA for such materials. After reviewing the PN information, FDA may determine that
the regulated articles should not be allowed into the United States or may allowconditional import of articles subjectto testing
and releaseat the port of entry. Inaddition, during FDA review at the port the regulated articles must meet all requirements of
the FD&C Actand 21 CFR before they are released by FDA to the importer.

Importersof record (individuals or companies) for excipientscan contract with a broker to transmit PN informationand other
documents for them. In this case, the submitter is the person responsiblefor providing the information, but the broker is the
transmitter. Brokers are licensed private individuals or companies regulated by CBPwho aid importersand exporters in moving
merchandise through CBP. Brokers provide the proper paperwork and payments to CBP for clientsand charge a fee for this
service. Before brokersapply for a license, they must pass the customs broker examination.

FDA currently uses its Operational and Administrative Systemfor Import Support (OASIS)11 for making its admissibility
determinations to ensure the safety, efficacy, and quality of the foreign-origin products for which FDA has regulatory
responsibility under the FD&C Act. OASIS is integrated with CBP's ACS and FDA's PNSI systemsto receive information related
to imported articles.

US Customs and FDA storage areas at the Port of Arrival may not strictlybe in compliance with storage conditions required
for certain excipients. Importersof record and brokerswho represent importers must ensure that the products are releasedfrom
Customs and FDA inspection as soon as possible. Ifrelease is delayed, FDA generallyallows removal by Customs and FDA and
quarantine in the importer's warehouse until release.FDA staffwho reviewimports at the port ofentry are trained to understand
that pharmaceutical excipients must be stored under defined conditions. The manufacturer, the importer on record in the
importing country, and brokershave a responsibility inworkingwith Customsand FDA staffto ensure that the storage conditions
do not adversely affect product quality during quarantine and review.

4.8 Traceability

4.8.1 TRACEABILITY

The pedigree of the excipient should be tracked from the manufacturer's storage through the final delivery to customers by
means of recorded identification. The entire supply chain should provide full traceability(for example, via lot numbers and
shipping documents) in order to allowfast and efficient investigation of any quality issueor product recall. Every entity in the
supply chain should also take responsibility from the preceding supplier and pass the product to subsequent intermediaries
down to the end user.Therefore, the originalexcipient manufacturer and subsequent handlersshould always be traceable, and
the information should be available both downstream and upstream in the supply chain. All parties to the excipient supply
chain should ensure that the excipient is strictlyhandled according to GDP at everystage.

To ensure the integrity of the supply chain, intermediariesshould use contracts, agreements, inspections, and audits
downstream and upstream to monitor compliance with GDP principles. When multiple entities constitute the supply chain for
each single batch of excipient, each entity should provide its own supplier's certification documentation (see Appendix:
Definitions andAcronyms) that represents their manufacture or receipt of the excipient batch through releaseto the subsequent
entity. The total of each entity's supplier certification documentation should represent the entire supply chain from original
excipient manufacture through use in the final, drug product.

4.8.2 TRACEABILITY-RELATED DOCUMENTS

To ensure traceability, all entities in the supply chain should have clear definitions about the shipping documents to be
expected with every delivery. At a minimum the documents for everydeliveryshould provide the following information:

• Name and grade of the excipient
• Lot number(s) assigned by the original excipient manufacturer (see Section 3.4.2 Repackaging and Labeling Batches)
• Qualityand compliance data (e.g., COA) of the excipient
• Origin of the excipient (manufacturer and manufacturing site)
• Original excipient COA(s) (see Section 3.4.5 Certificates of Analysis)
• Entity and site of repackaging (when performed), including opening or relabelingthe original excipient manufacturer's

packaging for any purpose
• Date of shipment and carrier
• Consignor and consignee
A copy of the COA also should accompany the shipment (see Significant Change Guide for Bulk Pharmaceutical Excipients

(1195) and Bulk Pharmaceutical Excipients-Certificateof Analysis (1080»).
In the event of repackagingfrom the originalexcipient manufacturer's package into another container (includingany breach

or labeling that does not result in a new package), the identity and address of the repackaging entity should be included in
the shipping documents.

Additional data resultingfrom analysesconducted by entitiesother than the laboratoryof the original excipient manufacturer
should be provided, along with a clear indication of the source. Qualitydocuments should facilitate traceabilityback to the
original manufacturer with contact information. The COA issued by the manufacturer should indicate which results were
obtained by testing the original material and which resultswere obtained by other means. Adistributorshould not change the
original title and data of the COA or other quality documents. Whenever possible, the original excipient manufacturer's

11 FDA. Operational and Administrative Systemfor Import Support (OASIS). 2009.
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documentation should be used, or data transcription should be verified. The original manufacturingsite should be identified
on the COA.

Ifany lot mixing is carried out, COAs from manufacturersare no longer valid, and the distributorshould perform analyses
in its own laboratory or at an approved and qualified contract laboratory; The distributor should supply a COC, and ifthe
blended lot has not been retested, the distributorshould informthe customer that the material isa mixture of differentoriginal
excipient manufacturers' lots, provided that all other repackaging and storage activities are carried out according to GOP.

SECTION 5: EXCIPIENTS USED IN PHARMACY COMPOUNDING

Although analytical testing of incoming components by the compounding pharmacyto confirm quality attributes stated in
the COAs is ideal, generally because of resource limitations, compounding pharmacists relyupon the distributors of excipients
for assurance of quality and pedigree. Additional guidance on the quality attributes of excipients received by compounding
pharmacies can be found in USP general chapter Pharmaceutical Compounding-Nonsterile Preparations (795). In certain
instances USP-NFhandles compounded preparationsdifferently than commerciallymanufactured lots. Forexample, expiration
dates are assigned to commercially manufactured products, and beyond-use dates are assigned to compounded preparations
(see Labeling (7), Labels and Labeling for Products and OtherCategories, Compounded Preparations). Asimilarsituation is needed
for bulk pharmaceutical excipients as not all excipients that are useful in compounding are listed in official compendia (see
Pharmaceutical Compounding-Nonsterile Preparations (795».

State boards of pharmacy regulate pharmacy compounding. USP standards are provided in Pharmaceutical Compounding­
Nonsterile Preparations (795), Pharmaceutical Compounding-Sterile Preparations (797), and QualityAssurance in Pharmaceutical
Compounding (1163).

APPENDIX: DEFINITIONS AND ACRONYMS
Acceptance Criteria: Thespecifications and acceptance or rejection limits-such as acceptable quality level or

unacceptable quality level with an associated sampling plan-that are necessaryfor makinga decision to accept or reject a lot
or batch of raw material, intermediate, packaging material, or excipient.

ACS: Automated CommercialSystem.
Adulterated Material: Amaterial that fails to conform to its purported quality standard or is intentionallycontaminated,

diluted, or substituted for another substance or which was not manufactured, processed, packaged, distributed and held in
conformance with current good manufacturing practice.

Audit: Anassessment of a system or processto determine its compliance with the requirements of a particularstandard of
operation. See also External Audit, Internal Audit, and Third-Party Audit.

Batch (Lot): Adefined quantity of processed excipientwhich can be expected to be homogeneous. In a continuous
process, a batch corresponds to a defined portion of the production based on time or quantity (e.g., vessel'svolume, one day's
production, etc.).

Batch Number (Lot Number): Aunique and distinctive combination of numbers and/or lettersfrom which the complete
historyof the manufacture, processing, packaging, coding, and distribution of a batch can be determined.

Batch Process: A manufacturing processwhich produces the excipient from a discrete supply of raw materials processed
through discrete unit operations in one mass.

Batch Record: Documentation that provides a historyof the manufacture of a batch of excipient.
Blending (Mixing): Intermingling differentconforming grades into a homogeneous lot.
Broker: Anentity that acts as an intermediarybetween a buyer and a sellerof products or services. Brokers neither buy nor

take possession of the products or services.
Calibration: The demonstration that a particular instrument or measuring device produces resultswithin specified limits

by comparison with those produced by a referenceor traceable standard over an appropriate range of measurements.
CBP: Customs and Border Protection.
CEP (Certificate of Suitability to the European Pharmacopoeia): Certification granted to individual manufacturers

by the European Directoratefor the Qualityof Medicines when a specificexcipient or active ingredient is judged to be in
conformitywith a European Pharmacopoeia monograph.

CFR: Code of Federal Regulations.
CFR (Cost and Freight, Named Destination): (Incoterm) Sellermust pay the costs and freight to bring the goods to

the port of destination. However, risk is transferred to the buyer once the goods have crossed the ship's rail (maritime
transport only).

cGMP: Current good manufacturing practices.
CIF (Cost, Insurance, and Freight, Named Destination): (Incoterm) Same as CFR except that the seller must, in

addition, procure and pay for insurancefor the buyer.
CIP (Carriage and Insurance Paid, Named Destination): (Incoterm) The containerized transport or multimodal

equivalent of CIF. Seller pays for carriage and insuranceto the named destination, but risk passeswhen the goods are handed
over to the first carrier.

Closed-Container Distributor (Pass-Through Distributor): Adistributor who sells only products that are tested,
packaged, and sealed in the containers provided by the original manufacturer.

Closed System: Asystemthat isisolatedfrom itssurroundings by a boundary so that no material can be transferredacrossit.
COA (Certificate of Analysis): Adocument that reports the results of a test of a representativesample drawn from the

batch of material that will be delivered.
COC (Certificate of Conformance): Adocument that certifies that the supplied goods or service meets the required

specifications. Also known as Certificate of Conformity and Certificate of Compliance.
Commissioning: The introduction of equipment for use in a controlled manner.
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Compounding: The preparation, mixing,assembling, altering, packaging, and labeling of a drug, drug-delivery device,or
device inaccordance with a licensedpractitioner's prescription, medication order, or initiative based on the practitioner/patient/
pharmacist/compounder relationship in the course of professional practice (defined in US? general chapter Pharmaceutical
Compounding-Nonsterile Preparations (795»).

Consignee/Consignor: Person or firm (usually the seller) who delivers a consignment to a carrierfor transportation to a
consignee (usually the buyer) named in the transportation documents.

Contamination: The undesired introduction of impurities of a chemical or microbiological nature or foreign matter into
or onto a raw material, intermediate, or excipientduring production, sampling, packaging or repackaging,storage, or transport.

Continuous Process: Amanufacturing process that continually produces the excipient from a continuous supply of raw
material.

Contract Giver: A person or organization letting a contract.
Contract Acceptor: Aperson or organization accepting the terms of a contract and thereby agreeing to carryout the

work or provide the services as specified in the contract.
Critical: A process step, process condition, test requirement, or other relevant parameter or item that must be controlled

within predetermined criteria to ensure that the excipient meets its specification.
Critical to Quality: See Quality, Critical.
Cross-Contamination: Contamination of a material or product with another material or product.
Customer: The organization that receives the excipient once it has left the control of the excipient manufacturer; includes

brokers, agents, and users.
Deviation: Departure from an approved instruction or established standard.
Distributor: An entity that buys products from a manufacturer, takes possessionof those products, and resells them to

another party or parties. Anessential characteristicof a distributor isthe order of these transactions. Distributors buy products
(Le., hold inventory) before making sales.

Drug Master File (DMF): Detailed information about the manufacture of an excipient that issubmitted to the US FDA.
Drug (Medicinal) Product: The dosage form in the final immediate packaging intended for marketing.
Drug Substance: Any substance or mixture of substances that is intended for use in the manufacture of a drug product

and that, when used in the production of a drug, becomes an active ingredient of the drug product. Such substances are
intended to furnish pharmacologicalactivity or other direct effect in the diagnosis, cure, mitigation, treatment, or prevention
of disease, or to affect the structure or any function of the body of humans or animals.

Economically Motivated Adulteration: The fraudulent, intentional substitution or addition of a substance in a product
for the purpose of increasingthe apparent value of the product or reducing the cost of its production for economic gain.

Electronic Signature: Acomputer data compilation of any symbolor seriesof symbols, executed, adopted, or authorized
by an individual and intended to be the legally binding equivalent of the individual's handwritten signature.

Excipient: Anysubstance, other than the active pharmaceutical ingredient or drug product, that has been appropriately
evaluated for safety and is included in a drug delivery system to aid the processing of the drug delivery system during .
manufacture; to protect, support, or enhance stability, bioavailability, or patient acceptability; to assistin product identification;
or to enhance any other attribute of the overall safety and effectiveness of the drug deliverysystem during storage or use.

Excipient Pedigree: Includes documentation of suitable excipient good manufacturing practicesapplied by the excipient
manufacturer and suitable good distribution practices. See IPEC Excipient Pedigree White Paper.

External Audit: (See also Audit, Internal, and Third-Party Audit.) An audit carried out typically on behalf of an excipient
manufacturer's customer by a person or organization that is not the manufacturer or the customer.

Expiry (Expiration) Date: The date designating the time during which the excipient isexpected to remain within
specifications and after which it should not be used.

FCA (Free Carrier, Named Place): The sellerhands over the goods, cleared for export, into the custody of the firstcarrier
(named by the buyer) at the named place. This term issuitable for all modes of transport, including carriage by air, rail, road,
and containerized/multimodal transport (also called roll on-roll off).

FDA: Food and Drug Administration.
FD&C Act: Food, Drug, and Cosmetic Act.
FOB (Free on Board, Named Loading Port): The classic maritime trade term according to which the sellermust load

the goods on board the ship nominated by the buyer, and cost and risk are dividedat ship's rail. The sellermust clear the goods
for export. The purchaser isthen responsiblefor allfurther costs associated with transport, importation, and storage until the
shipment reaches its destination. The term also isapplied to air transport when the seller is not able to export the goods
according to the time schedule detailed in the letter of credit. Inthis case the sellerallowsa deduction equivalent to the carriage
by ship from the air carriage. FOB also can be qualified in other ways. Forexample, FOB Factory Gate means that title and
responsibility change as soon as the shipment leavesthe supplier's premises.

Forwarding Agents (Freight Forwarders): Agents who assistother organizations or individuals in moving cargo to a
destination and are familiar with the import and export rulesand regulations of their own and foreign countries, the methods
of shipping, and the documents related to foreign trade.

Freight Forwarder: See Forwarding Agent.
GOP: Good distribution practices.
GMP: Good manufacturing practices.
Headspace: The volume left at the top of an almost-filled container before sealing.
HACCP (Hazard Analysis Critical Control Point): Hazard Analysis and Critical Control Points has seven principles

established by the National Advisory Committee for Microbiological Criteria for Foods to control product safety.
Importer: Either the US owner or consignee at the time of entry into the United States or the US agent or representative

of the foreign owner or consignee at the time of entry into the United States who is responsiblefor ensuring that goods offered
for entry into the United States are in compliance with all lawsaffecting the importation.

Impurity: Acomponent ofan excipient that isnot the intended chemicalentity or a concomitant component but ispresent
as a consequence of either the raw materialsused or the manufacturing process and is not a foreign substance.
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Independent: In the context of internal audits, the qualityof being free from any influence, economic or otherwise, from
the group, department, or organization under audit.

In-Process Control: Checks performed during production in order to monitor and if necessary to adjust the process to
ensure that the materialconforms to its specifications. The control of the environment or equipment alsocan be regarded as a
part of in-process control.

In-Process Control/Testing: Checks performed during production to monitor and, if appropriate, to adjust the process
to ensure that the intermediate or excipient conforms to its specification.

Intermediate: Material that must undergo further manufacturing steps before it becomes an excipient.
Internal Audit: Anaudit conducted by an employee of the organization or by an individual from outside the organization,

but on behalf of the organization, to determine the effectiveness of a system. (See: Audit, External Audit, and
Third-Party Audit).

International Nonproprietary Name: International Nonproprietary Names (INN) facilitate the identification of
pharmaceutical substances or active pharmaceutical ingredients. Each INN is a unique name that isglobally recognized and is
public property. A nonproprietary name also is known as a generic name.

ISO: International Organization for Standardization.
lot: See Batch.
labeling: The affixing to a container or vessel of a tag or document that contains informationabout that container and its

contents.
Manufacturer/Manufacturing Process: All operations of receipt of materials, production, packaging, repackaging,

labeling, relabeling, quality control, release, and storage of excipients and related controls.
Master Production Instruction (Master Production and Control Record): Documentation that describes the

manufacture of the excipientfrom raw material to completion.
Material: Ageneral term used to denote raw materials (starting materials, reagents, and solvents), processaids,

intermediates, excipients, packaging, and labeling materials.
Nonconforming Material: Amaterialthat isdeficientina characteristic,product specification, processparameter, record,

or procedure that renders its quality unacceptable, indeterminate, or not according to specified requirements.
OASIS: Operational and Administrative System for Import Support.
Original Excipient Manufacturer: Organization responsible for manufacturing, under appropriate GMPs, the

excipient(s) distributed and addressed by this chapter.
Packaging/Repackaging Distributor: Adistributor who transfers products from the original packaging or transport

vessel(s) provided by the original manufacturer into alternativepackaging and sells the products in the alternativepackages.
See Distributor and Repackager.

Primary Container-Closure System: The packagingcomponents that come into direct contact with the excipient in the
closed, sealed package during storage and transport.

Packaging Material: A material intended to protect an intermediate or excipient during storage and transport.
Packaging: The container and its components that hold the excipient for storage and transport to the customer.
Pass-Through Distributor: See Closed-Container Distributor.
PN: Prior notice.
PNSI: Prior Notice Systems Interface.
Primary, Secondary Packaging: See Packaging/Repackaging Distributor and PrimaryContainer-Closure System.

Packaging materialswhich do not come into contact with the excipient during the normal course of storage and transport of
the excipient.

Production: Operations involved in the preparation of an excipient from receipt of raw materials through processing and
packaging of the excipient.

QbD (Quality by Design): Asystematicapproach to pharmaceuticaldevelopment that begins with predefined objectives
and emphasizes product and process understanding and processcontrol based on sound scienceand qualityrisk management.
It means designing and developing products and manufacturing processes to ensure a predefined quality.

QMS: Qualitymanagement system.
Quality Assurance (QA): The total of the organized arrangements made to ensure that all excipientsare of the quality

required for their intended use and that quality systemsare maintained. See Quality Unit.
Quality Control (QC): Checking or testing that specifications are met. See Quality Unit.
Quality, Critical: Describes a material, processstep or processcondition, test requirement, or any other relevantparameter

that directly influences the quality attributes of the excipient and that must be controlled within predetermined criteria.
Quality Management System (QMS): Management system that directs and controls a pharmaceutical company with

regard to quality.
Quality Manual: Describes the elements of the QMS and includes the quality organizationalstructure, written policies,

procedures, and processesor references to them, and a description of departmental functions as they relate to the policies,
procedures, and processes. Document specifying the quality management system of an organization.

Quality Unit: See also: Quality Control and Quality Assurance. A group within a larger organization that is responsiblefor
monitoring and ensuring all aspects of quality. Current industry practice generallydivides the responsibilities of the quality
control unit (QCU), as defined in the cGMP regulations, between quality control (QC) and quality assurance (QA) functions.
QC usually involves (1) assessing the suitability of incoming components, containers, closures, labeling, in-process materials,
and the finished products; (2) evaluating the performance of the manufacturing process to ensure adherence to proper
specifications and limits; and (3) determining the acceptability of each batch for release. QA primarily involves (1) review and
approval of all procedures related to production and maintenance, (2) reviewof associated records, and (3) auditing and
performing/evaluating trend analyses.

Quarantine: The status of materials isolated physically or by other effective means pending a decision about their
subsequent approval or rejection.
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Raw Material: A general term used to denote starting materials, reagents, and solvents intended for use in the production
of intermediates or excipients.

Recall: See Retrieval.
Record: A document stating results achieved or providing evidence of activities performed. The medium can be paper,

magnetic, electronic or optical, photographic, another medium, or a combination thereof.
Reevaluation Date (Retest Date, Re-evaluation Interval): The date when the material should be reexamined to

ensure that it is still in conformity with the specification.
Recommended Re-evaluation Date: The date suggested by the supplier when the material should be re-evaluated to

ensure continued compliance with specifications. It differs from the Expiration Date because the excipient can be re-evaluated
to extend the length of time the material can be used, ifsupported by the results of the evaluation and appropriate stability data.

Repackager: A person or organization that takes an excipient from the original manufacturer's container and repackages
it into different containers. See also Distributorand Packaging/Repackaging Distributor.

Repackaging: Removal of the excipient from its original container (combination of secondary and/or primary packaging),
and transfer to another container.

Reprocessing: Introduction of previously processed material that did not conform to standards or specifications back into
the process and repetition of one or more necessary steps that are part of the normal manufacturing process.

Retrieval (Recall): Process for the removal of an excipient from the distribution chain.
Reworking: Subjecting previously processed material that did not conform to standards or specifications to processing

steps that differ from the normal process.
Secondary, Primary Packaging: See Primary, Secondary Packaging.
Senior Management: See Top Management.
Significant Change: A change that alters an excipient's physical or chemical property from the norm or that is likely to

alter the excipient's performance in the dosage form.
Specification: The quality parameters to which the excipient, component, or intermediate must conform and that serve

as a basis for quality evaluation.
Stability: Continued conformity of the excipient to its specifications.
Stable Process: A process whose output, regardless of the nature of the processing (batch or continuous), can be

demonstrated by appropriate means to show a level of variability that consistently meets all aspects of the stated specification
(both USP and customer specifications) and thus is acceptable for its intended use.

Subcontractor: A person or organization that undertakes work or services on behalf of a different person or organization
that in turn is contracted to undertake work or provide services from the oriqlnal contract giver.

Supplier's Certification Documentation: Specific information and data associated with a single batch of an excipient.
Its accuracy is certified by the business entity that has had control of the same single batch of excipient. Supplier's Certification
Documentation includes both quality and supply chain data and information. The methods and processes that derive the
included data and information should be understood and controlled, and all data and information sources should be traceable.
All entities that take possession and responsibility for the excipient batch should provide Supplier's Certification Documentation
including the original excipient manufacturer, alldistributors, and all repackagers. Special attention and clarity should be applied
within the Supplier's Certification Documentation in any event that breaches the original manufacturer's packaging and/or
labels (including addition of new labels).

Third-Party Audit: An audit conducted by an individual from outside the organization and who is neither a supplier nor
customer of the organization, e.g., a certlflcatlon body, to determine the effectiveness of a system.

Top Management: Person or group of people who direct and control an organization at the highest level. The highest
level can be at either the site level or the corporate level and depends on how the quality management system is organized.

Traceability: Ability to determine the history, application, or location that is under consideration, e.g., origin of materials
and parts, processing history, or distribution of the product after delivery.

Trader: An entity that buys products from a manufacturer, mayor may not take possession of the products, and resells
them to another party or parties. [NoTE-In the case of traders, the sale usually is made before product purchase.] .

User: Aperson or organization that uses pharmaceutical excipients to manufacture pharmaceutical intermediates orfinished
products.

Validation: A documented program that provides a high degree of assurance that a specific process, method, or system
will consistently produce a result meeting predetermined acceptance criteria.

(1207) PACKAGE INTEGRITY EVALUATION-STERILE PRODUCTS

1. INTRODUCTION

This chapter provides guidance on the integrity assurance of nonporous packages intended for sterile pharmaceutical
products. Background instruction is provided on the topics of leaks, leakage rate, and package sealing/closure mechanisms.
Explanation is given as to how packages that conform to specified leakage limits help to ensure the contained product meets
and maintains sterility and relevant physicochemical specifications. The integration of package integrity assurance as a key
component of the entire product lifecycle is stressed. Guidance in the selection, validation, and use of leak test methodologies
as well as package seal quality tests is included. Detailed recommendations are presented in three subchapters listed below:

• Package Integrity Testing in the Product Life Cycle-Test Method Selection and Validation (1207.1 )
• Package Integrity Leak Test Technologies (1207.2)
• Package Seal Quality Test Technologies (1207.3)
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At the end of this chapter, the Glossary section defines terms as they are used in the context of this set of four general
information chapters.

The term product-package refers to the container-closure system plus the product contents. The container-closure system
consistsof the primary packaging components, those components that are or may be in intimate contact with the product, as
well as secondary packaging components vital to ensuring correct package assembly, for example, the aluminum cap used to
seal a stoppered vial package.

Suitablecontainer-closure systems adequately store and protect the contained pharmaceutical product. Thus, sterile
product-package integrity isthe abilityofa sterileproduct container-closure systemto keep product contents in,whilekeeping
detrimental environmental contaminants out. Specifically, leaks of concern for sterile product-packages include the following
three categories described in Table 7. In other words, the leaks of concern for a given product-package are a function of the
degree of package protection demanded bythe product to ensure that all relevantproduct physicochemical and microbiological
quality attributes are met through product expiryand use.

Table 1. Product Quality Risks Posed by Leaks of Concern
leaks of Concern Product Quality Risks Posed by leaks

Capable of allowing entry of microorganisms Failure of product sterility qualityattribute

Capable of allowingescape of the product dosage form or allowing entry of
Failure of relevantproduct physicochemical qualityattributesexternal liquidor solid matter

Capable of allowing change in gas headspace content. Forexample, lossof
Failure of relevantproduct physicochemical qualityattributes and/orheadspace inert gases (e.g., nitrogen), lossofheadspace vacuum, and/or entry

of gases (e.g., oxygen, water vapor, air). hindrance of product access by the end-user

Package integrity is synonymous with container-closure integrity; these terms are used interchangeably throughout this
chapter. In the past, to say a sterile product-package has container-closure integritycommonly meant that the package either
had passed or was capable of passing a microbiological challenge test. Thisguidance chapter definesthe concept of container­
closure integrity more broadly, encompassing the absence of all package leaks that risk product quality. By this definition, a
package is considered to have integrity if it allows no leakage greater than the product-package maximum allowable leakage
limit. In other words, the largest and smallest leaks of concern are absent.

Leakage differs from permeation. Leakage is the unintentional entry or escape of matter (solids, liquids, or gases) through a
breach in a package wall or through a gap between package components. Leakage can also refer to the leaking matter itself.
Leakage flow rate isa function of the absolute.and/or partial pressure gradient of leaking matter that existsacrossthe package
barrier. In the context of this chapter, permeation is the passage of fluid (e.g., gas) into, through, and out of a nonporous
package wall. Permeation, not leakage, occurs when only a smallfraction of molecules isable to move through a barrier by
way of anyone hole. Anonporous package isable to permit permeation, but not the volumetricflowofair. Package permeation
test methodologies fall outside of the chapter scope and are not described.

Package integrity tests are leaktest methods. A leaktest is a method that detects the presence of (and in some cases, the
magnitude or location of) a package breach or gap.

Packageseal quality tests are techniques used to characterize and monitor the quality and consistencyof a package seal or
closure system parameter, which can influence the package's abilityto maintain integrity.An example is the peel force test
widelyused to test seal strength. Seal qualitytests are not leaktests but can playa valuable role by monitoring a characteristic
of the seal itself, the package materials, the package components, and/or the processes required to create the seal or closure
mechanism.

Integritytest methods vary not only in their application and detection limit, but also in terms of detection range, precision,
and specificity, for example. No one test is appropriate for all packages or for all leaktesting applications. Selection criteriafor
package integrity test methods, as well as method comparison aids, are presented to guide the user in the selection process.

Leak tests, even many commonly recognized industry standard testing approaches, require optimization and validation for
each product-package application. Ascience-and risk-based approach may allowsome tests to be leveraged for broader
application under certain circumstances. Forexample, smalldifferences in product formulationor package design and materials
may permit the use of one test for multipleproduct-packages. Packageintegrityverification playsan important rolethroughout
the product life cycle, starting with product development and continuing through marketed product stabilitystudies.

2. SCOPE

The package integrity leaktests and seal quality tests outlined in this chapter apply to the testing of both large and small
volume container-closure systemsfor sterile pharmaceutical dosage forms. Such package systems include, but are not limited
to, the following examples.

• Vials or bottles closed with elastomericclosures or screw-thread caps
• Form-fill-seal plasticor glass ampules
• Syringes or cartridges
• Flexible bags or pouches
• Packages for some drug/device combination products (e.g., packages cased inside autoinjectors)
Outside the chapter scope are packaging systems and processing equipment used in the preparation, storage, and

manufacture of sterile pharmaceutical products. Examples include containers for active pharmaceutical ingredients and
containers for product intermediate or final bulk product.
. Outside the chapter scope are packages used for sterilediagnostic products or medicaldevices, and some packages used for

steriledrug/device combination products.
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Outside the chapter scope are products having a primary package composed of porous barrierpackage materials, Le.,
materials designed with pores or openings to allowvolumetricair flow while preventing airborne microbial contamination.

3. LEAKS AND LEAKAGE RATE

Leaks are commonly conceptualized as holesof a defined diameter, or channels of distinctive diameter and length, although
leaks that occur naturallyare generally complex, multicavity tortuous paths and are rarely uniform in sizeor shape. Even
artificially created leaks such as laser-drilled defects (also called holes) used for leak-testmethod development and validation
are irregular in size, shape, and depth. When stating the sizeof a leak, it is important to define the measurement approach. In
some cases leaks are measured dimensionally, but quite often, leaksize is determined based on gaseous leakage rate. For
example, a package wall laser-drilled defect having a nominal diameter of 5 ± 2 IJm may have been size-certified by matching
the airflow rate through the drilled defect to that of a 5 ± 2 IJm hole present in a thin metal plate reference standard when
pressurized with dry air at specifieddifferential pressure and temperature conditions.

Gaseous leakage rate is a measure of the rate of gas flow (in mass or volume units) that passesthrough a leak path under
specific conditions of temperature and the concentration or pressure differential across the barrierwall. Therefore, gaseous
leakage rate has dimensions of pressure multiplied by volume, divided by time. The international standard SI nomenclature is
pascal cubic meter per second (Pa. m3 . S-l). These leakage measurement units refer to the quantity of leakinggas (Pa . rn") per
unit of time. When a leakage rate isdescribedand no test conditions are noted, standard conditionsofone standard atmosphere
differential pressure with dry air at 250 are assumed. Fora more complete discussion of gaseous leakage rates and units of
measure refer to reference 1.

Unintentional leaks in packages are often detected or sized using gas as a tracer element. Given a situation in which a tracer
gas partial pressure differenceexistsacrossthe package barrierwalland no absolute pressuredifference exists,gaseous leakage
is predominantly diffusional in nature as the tracer gas movesfrom a region of higher concentration to a region of lower
concentration. Forexample, the headspace in a vial package low in oxygen concentration and at ambient pressure at time of
closure will exhibit a rise in headspace oxygen concentration over time as a function of diffusion rate (relativeto package leak
size) plus permeation rate (relativeto permeability through the package). Such a change can be monitored instrumentally, as
is discussed later in the chapter.

Given the situation in which an absolute pressure difference exists across the package barrierwall, gas leakage through
package gaps is more rapid (flux being primarily convective) as gas moves from the higher pressure region to one of lower
pressure. For most package materials, the permeation rate of the gas of concern through the package wall is insignificant in
comparison. Inthisexample, the rate of leakageinto the package isdetermined by monitoringthe change in headspace absolute
pressure as a function of time.

Formany instrumental leaktest methods described in this chapter, gas flow into or out of package leaks is induced by
exerting a pressure gradient across the package. In this way, a wide range of leak types and sizes can be identified.

liquid leakage rate isa measure of the volume of liquidthat moves through a leakpath as a function of time under specified
conditions of temperature and absolute differential pressureacrossthe barrierwall.Liquid movement through a leakpath occurs
only when leaksize/shape, package materials of construction, the absence of leakobstruction, tracer liquid composition, and
test parameters allwork together. All sterileproduct-packages within the chapter scope are intended to prevent liquid leakage
and block microbial entry, thus it is the absence of liquid leakageflow or the absence of liquid in the leak path, rather than the
rate at which liquid leakage occurs that istypically verified in relevant package leaktests. liquid leakage rate measurements are
only useful in measuring larger size leaks.

4. CLOSURE TYPE AND MECHANICS

An understanding of closure mechanics makes it possible to better characterize, monitor, and test packages for integrity.
Thissection discusses variousclosure systemsand how each type functions to ensure package integrity.

4.1 Physically Mated Closures

Closurecan be achieved by the close physical mating of two surfaces that often are dissimilar in material composition.
Examples include the interference fit of a plunger inserted in a syringe barrel, the compression fit of an elastomeric closure
capped onto a vial finish surface, and the applicationforce of a screw-cap torqued onto a bottle. Physically mated surfacesare
not bonded together; therefore, a tiny gap existseven between well-closed components. Nevertheless, when properlydesigned
and assembled, closure systemsfit together such that liquid leakage (and microbial ingress) is prevented and gas migration is
limited. Regarding screw-thread closuressuch as those used for ophthalmic-product dropper bottles, the barrier to leakage is
afforded by inner cap surfaces pressing against the package opening, in some cases aided by a secondary gasket or plug. The
winding path afforded by the threads ofa screw-capdoes not provide an optimal barrierto gas or liquid leakage, or to microbial
ingress in the event of liquid presence in the cap threads.

4.2 Physicochemically Bonded Closures

Seals are formed when two similaror dissimilar surfacesare physicochemically bonded together. One example is the
formation and sealing of contiguous containers from a single material (e.g., glass or plastic ampules). In other form, fill, and
seal systems, sheets of material are mated by means of a heat or ultrasonicwelding process. Two dissimilar materials may be
joined using an intermediate bonding material. Fully fused sealsinherently block liquid leakageand microbial ingress; however,
gaseous leakage and permeation may occur.
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4.3 Multiple-Dose Package Closures

USP 43

Multiple-dose package closures are designed to allow product access while limiting microbial ingressand product leakage
between doses. Forexample, elastomeric closures for parenteral products requiring needle-puncture access are designed to
offer reseal protection against microbial ingress and product leakage. Some multiple-dose ophthalmic dosage form package
closuresare designed with filters, plugs, or other mechanical means that allowthe product to be dispensed while restricting
microbial ingress and product leakage. Forexample, ophthalmic product-package closure systems have been designed to
automaticallypinch shut between intermittent dosing to limitmicrobial entry and product loss. '

5. PRODUCT-PACKAGE QUALITY REQUIREMENTS AND THE MAXIMUM ALLOWABLE
LEAKAGE LIMIT

As noted in Introduction, package integrityisnecessary to maintain product critical quality attributes within physicochemical
label-claim specifications and to ensure product sterility until time of use. Detrimental contaminants include microorganisms
and any substances that threaten patient safetyor product quality. Product leakage can cause a product to fail content or
potency specification limits. Forcertain products to maintainproduct physicochemical stability, the package needs to maintain a
headspace of nonreactive gases and/or low water vapor content, sealed under atmospheric or reduced-pressure conditions.
Headspace vacuum conditions may also be necessary to facilitate product ease of use, e.g., product reconstitution using a
diluent injected into the container.

Most package types displayvery low but definitegaseous leakageflow through the gap that existseven between well-fitted
closures. Therefore, it is not practicalto requirethat packages be absolutely leak-free. Rather, it isthe significance of leakage in
relation to product quality that needs to be considered. In other words, the package should not permit leakage beyond the
product's maximum allowable leakage limit. Such leaks of concern should be absent.

Identifying the maximum allowable leakage limitfor a product-package isa science- and risk-based decision. The smaller
the leak path, the less likely the product can escape and the less. likely microorganismsor other contaminants can enter.
Eventually, leakpaths may be so small that only headspace gas exchange is realistically possible. Packageconstruction and
assembly, package contents, and the range of environments a given product-package may be exposed to during its life cycle
are to be considered when specifying the maximum allowable leakage limit.

Thereare two major product-package qualityrequirement categories used when specifying the maximumallowable leakage
limitand one subcategory that applies only to multiple-dose packages. These are discussed below.

5.1 Sterility and Product Formulation Content must be Preserved; Gas Headspace Content
Preservation is not Required

This category includes product-packages for which the maximum allowable leakage limitcorrelates to the prevention of
product formulation escape, or product contamination by external llquld or solid matter or by microorganisms, while gas
headspace preservation(Le., ambient pressureair)isof no concern. The smallest leakpaths that allowonly limitedgas exchange
are irrelevant as they pose no real risk to product quality.

Considerablepublished researchexistsexplorinqrigidpackage leaksand their relationshipto risk of aqueous solution leakage
and/or microbial ingress.A keystudy seriesfound orifice leaks of approximately 0.1 IJm in nominal diameter (using
micropipettes) placed in rigid packages demonstrate a small risk of aqueous liquid rassage, while orifice leaks as smallas
approximately 0.3 IJm in nominal diameter first demonstrate some risk of microbia ingress by liquid challenge (2,3). Fora
summary of similar studies comparing risks of microbial ingress and liquidleakaqe to leaksize and type, the reader may refer
to reference 4.

Given this body of evidence, a maximum allowable leakage limitof less than 6 x 10-6 mbar L/s (measured by helium mass
spectrometry in the vacuum mode) can be adopted for products in this category packaged in rigid container-closure systems.
This leakage rate equates to the presence of an orifice of nominal diameter of between 0.1 and 0.3 IJm. At this leakage rate,
the probabilityof microbial ingresswas determined to be <0.10 (2). Selecting this conservative maximum allowable leakage
limitwill ensure a low risk of microbial ingress and liquid leakage and can eliminate the need to perform additional microbial
ingress or liquidchallenge studies as a function of leaksize.

Forother container systemssuch as those made usingflexible materialsor those with complex, lengthyclosure/seal interfaces,
or those meant to contain a product of markedly greater leakagepotential, the risk of microbial ingressor liquid passage through
leakpaths is not as widely publicized or perhaps understood. Insuch cases, where the relationship between defect size/type to
the risks of microbial ingressand/or liquid passage is lessprescriptive, a study exploring these relationships could be useful. Test
resultscan be used to establish a meaningful maximum allowable leakage limitfor the given product-package system, which
can be employed for package integrity verification by other validated leak test methods of choice. Once established, this
maximum allowable leakage limitcan be applied to similar product-packages with appropriate justification.

Finally, before classifying a product-package in this category, one may consider the potential impact of product life cycle
processing, storage, distributionand use scenarios on package integrity. Forexample, elastomericclosureshave been found to
shrinkand lose their viscoelastic properties during ultra-cold storage (~_800) to such an extent that gas influx into stoppered
vial packages may occur. During warming, package closure is restored, trapping gases and notably raising internal package
pressure. In such cases, gas headspace preservation may be a product quality concern, even ifthe product does not require
specific headspace content or pressurefor optimum stability.
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5.2 Sterility, Product Formulation Content, and Gas Headspace Content must be Preserved

The second category includes product-packages for which the package should prevent product formulation escape and
product contamination by external liquidor solidmatter or by microorganisms, but in addition, the package must preservethe
gas headspace content or absolute pressure. Preservation of headspace content and/or pressure is needed to maintain product
stability within physicochemical specification limits, and/or to aid end-user product access. Thus, the maximum allowable
leakage limitfor such products is likely more stringent than that described in the first category. Although outside the chapter
scope, the influence of gas permeation through the package itselfmay also need to be considered when establishing the
maximum allowable leakage limitas permeation plus leakage can impact package headspace content.

The maximum allowable leakage limitfor products in this category may be expressed in terms of the maximum allowable
package headspace content or pressurechange as a function of time. This limit, established for each product-package system,
may be applied to other similar product-packages systems with appropriate justification.

5.3 Sterility must be Preserved; Product Access is Required

Thissubcategory represents a quality requirement applicable only to multiple-dose product-packages included in either of
the above two categories. Once the product-package has reached the end-user and the closure has been activated or otherwise
compromised to allow dosage access and delivery, the maximum allowable leakage limitat this life cycle phase (called the
in-use maximum allowable leakage limit) isdefined in terms of microbial ingress and product loss prevention between and
during dosage access. Forexample, elastomericclosuresof multiple-dosevials or cartridges containing antimicrobial-preserved
parenteral products are designed to afford reseal protection against microbial ingress and product formulation leakage as
product is accessed via needle puncture as well as between doses.

To establish the in-use maximum allowable leakage limitfor multiple-dose package closure systems, a study will likely be
required to explore the relationship between product access attempts, product loss risk and/or microbial ingress risk, versus
leakage measurement by an alternative adequately sensitive leaktest method of choice. These data can be used to establish a
meaningful in-use maximum allowable leakage limitexpressed in units of measure reflective of the preferred leaktest method
and that will assure that product loss and microbial ingress risk during use is minimal. The in-use maximum allowable leakage
limitestablished for a given product-package may be applied to other similarproduct-packages systemswith appropriate
justification.

6. INHERENT PACKAGE INTEGRITY AND THE PACKAGE INTEGRITY PROFILE

Inherent package integrityisthe leakagecharacteristicof a well-assembled container-closure systemusing no-defect package
components. Inherent package integrity isfirstdetermined during product-package development and qualification and isa
measure of the leaktightness of a container-closure system, given anticipated variables of material composition, dimension,
processing, and assembly. Inherent package integritymay also be determined as a function of anticipated final product storage,
distribution, and use. Acceptable inherent package integrity for a container-closure system conforms to the specific product­
package maximum allowableleakagelimit. Inherent package integrity isexpressed in terms that allowa meaningfulcomparison
to the maximum allowable leakage limit. .

Confirmation that the inherent package integrity conforms to the maximum allowable leakage limit is the firststep in
product-package integrity verification. Verification of package integrity continues throughout the product life cycle. The
package integrity profile isan ongoing database of product life cycle package leakand seal quality test results. This profile
provides information regarding package integritygiven operative variations in package component design and material;
package assembly and processing; and product storage, distribution, and stability. These concepts are more fully explored in
Package Integrity Testing in the Product Life Cycle-Test Method Selection and Validation (1207.1), Test InstrumentQualification,
Method Development, and Method Validation.

Insummary, a product-package system having integrity is one in which the inherent package integrity conforms to the
required product-package maximum allowable leakage limit. Further, the package integrity profile database operates as a risk
management tool to ensure that finished product container-closure systems are intact, able to blockmicrobial ingress, restrict
lossof product contents including critical headspace gases, and prevent entry of detrimental gases or other substances, thus
ensuring that the product meets all relevant physicochemical and microbiological label-claim specifications through expiryand
final end-use.
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GLOSSARY
Fordefinitions of container, materials of construction, packaging component, packaging system, primary packaging

component, and secondary packagingcomponent, see Packaging andStorage Requirements (659). Inthe context of this chapter
and its subchapters, the following definitions relevant to packaging and package integrity methods, seal and closure
mechanisms apply. Fordefinitions of specific leaktest and seal quality test methods, refer to (1207.2) and (1207.3),
respectively.

Accuracy: The accuracyof a leaktest method isa measure of the ability of the method to correctlydifferentiate packages
that leak above the claimed detection limitfrom those that leakbelow this limit(do not leak); a measure of false positive and
negative occurrence. Alternatively, for those methods that deliveran outcome that isa direct quantitative measureofgas leakage
rate (or of gas content or pressure), accuracy isa measure of the method's ability to produce an outcome comparable to a true
standard, such as a nationally recognized gas standard.

Container-closure integrity: Container-closure integrity is the ability of a package to prevent product loss, to block
microorganism ingress, and to limitentry of detrimental gases or other substances, thus ensuring that the product meets all
necessarysafety and qualitystandards. Synonymouswith Package integrity.

Container-closure integrity test: Acontainer-closure integrity test is any package leaktest (either physicochemical or
microbiological) that detects the presence of a package breach or gap. Some tests may also be able to identify the leak
magnitude and/or location.The term container-closure integrity test is synonymous with package leaktest or package
integrity test.

Container-closure system: See Packaging and Storage Requirements (659), General Definitions, Packaging System.
Detection limit: The leaktest detection limit isa measure of test method sensitivity. The detection limit is the smallest

leakage rate (or leaksize) that a leaktest method can reliably detect. Also called limitof detection.
Deterministic leak test method: Adeterministic leaktest method isone in which the leakageevent being detected or

measured is based on phenomena that followa predictable chain of events. In addition, the measure of leakdetection is based
on physicochemical technologies that are readily controlled and monitored, yielding objective quantitative data.

In-use maximum allowable leakage limit: See Maximumallowable leaking limit.
Inherent package integrity: Inherent package integrity i~ the leakage rate (or leaksize)of a well-assembled container­

closure system using no-defect package components. Inherent package integrity is a measure of the leaktightness of a
container-closure system, given anticipated variables of material composition, dimension, processing, assembly; package
storage, distribution and use.

Leak: Aleak isa breach in a package wall or a gap between package components that iscapable of permitting the passage
of gas, liquid, or solid matter. Leak issynonymous with leakpath.

Leakage: Leakage is the unintentional escape or entry of matter (solid, liquid, or gas) through a breach in the package wall
or through a gap between package components. Leakage can also refer to the substance that enters or escapes from a
compromised package. Forexample, "Leakagefrom the cracked container stained the package label."

Leakage rate: Gaseous leakage rate is a measure of the rate of gas flow (in mass or volume units) that passes through a
leak path under specific conditions of temperature and absolute pressure or concentration differential. Leakage rate has
dimensions of pressuremultiplied byvolume,divided by time. Forexample, the internationalstandard SI nomenclature ispascal
cubic meter per second (Pa. rn' . S-l). Other common units of measure include standard cubic centimeters per second (std­
cm3 . S-l or sccs) and mbar liters per second (mbar- L· S-l). Liquid leakage rate isa measure of the volumeof liquid that moves
through a leakpath as a function of time under specified conditions of temperature and absolute differential pressure across
the barrierwall.Liquid leakage rate measurement, possiblefor larger leaktests, requiresthat leaksize,materials of construction;
absence of leakobstruction; tracer liquid composition; and test parameters work together to ensure liquid movement through
the leak path. .

Linearity: Leak test method linearity is the abilityof the method to elicit test resultsthat are mathematically proportional
to leak path size or leakage rate.

Master: Amaster is a package prototype, model, or facsimile made to simulate an actual package in shape and design.
Mastersmay be made of solidplasticor metal, or they may be simplya designated container-closure unit. Masters are designed
to simulate a no-leaking package, and are often used in leak test system suitability tests to verify instrument performance.

Maximum allowable leakage limit: The maximum allowable leakage limit is the greatest leakage rate (or leaksize)
tolerable for a given product-package that poses no risk to product safetyand no or inconsequential impact on product quality.
The maximum allowable leakage limitfor a sterile pharmaceutical dosage form package will ensure the content's sterility,
preserve product contents, and prevent entry by detrimental gases or other substances, thus ensuring that the product meets
relevant physicochemical and microbiological specifications through expiryand use. Formultiple-doseproduct-packages, the
in-usemaximum allowable leakagelimitisdefined as the degree of protection demanded ofthe closureto limitmicrobial ingress
and product formulation leakage between and during dosage access.

Microbiological challenge test: A microbiological challenge test is a package leaktest whereby package integrity is
evaluated by exposing containers filled with growth-supportive media to microorganisms suspended in submersion media (a
liquid-borne challenge test). Leakage isevidenced by the subsequent growth of the challenge microorganisms in the package
contents. Synonymous with microbial challenge test.

Negative control: A negative control isa package with no known leak. Negative controls used for leaktest method
development and validation studies represent packages optimallyassembled using normally processed components. Negative
controls should duplicate the container-closure system of the product under integrity investigation.Forsome methods, it may
be necessaryfor negative controls to simulate test product headspace and formulation content as well.

Nonporous: Nonporous packaging does not have pores or openings to allowvolumetricair flow. Inother words, NMT a
smallfraction of molecules isable to pass through anyone hole. Nonporous materials may be impermeable, semi-permeable,
or permeable to the passage of fluid through the package barrierwall.

Nominal diameter: In the context of this chapter, nominal diameter isa means of expressing the sizeof a package leak.
Package leaks are typically irregulartortuous paths or matricesthat cross a package wall or barrier. Such leaks are difficult to
size in accurate or meaningfulterms. The nominal diameter of a leakpath isdefined as the width of an orifice of relatively short
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depth, through which gas (e.g., dry air)at equivalentairflow rate may passwhen subject to one atmosphere differential pressure
at controlled temperature conditions.

Package integrity: See Container-closure integrity.
Package integrity test: See Container-closure integrity test.
Package integrity profile: The package integrity profile isa database of product life cycle package leakand seal quality

test results that denotes product-package integritygiven operative variations in package component design and material;
package assembly and processing; and product storage, distribution, and stability.

Package leak test: See Container-closure integrity test.
Package seal quality: Packageseal quality relates to the consistency of a package seal's performance within required

specification limits. Examples of packagesealqualityattributes include heat seal bond strength and capped vial package residual
seal force.

Package seal quality test: Apackage seal quality test is used to characterize and monitor the qualityof a product­
package sealor closuresystemto ensure that packageassemblyisconsistentlykeptwithin established limits. Packagesealquality
tests are not and cannot substitute for leaktests. However, they can providesome assurance of the package's abilityto maintain
integrity by monitoring a characteristicof the seal itself, the package materials, the package components, and/or the processes
required to create the seal or closuremechanism. Examples includethe seal peelforce test and the capped vial package residual
seal force test.

Permeation: Permeation is the passage of fluid into, through, and out of a nonporous package wall. Permeation, not
leakage, occurs when the package barrierhas no holes large enough for more than a smallfraction of molecules to pass through
anyone hole.

Physicochemical package integrity test: A physicochemical package integrity test is a leaktest that detects the
presence of a package leak, or detects/measures package leakage rate, via physical or chemical means. All leaktest methods
that do not use microorganismsfor leakdetection are physicochemical leaktest methods.

Porous: Aporous package or packagematerial has pores or openings to allowvolumetricairflowwhilestill blockingairborne
microbial passage. Examples includecoated paper or spun-bonded polyolefin barriermaterialsthat permit package penetration
by ethylene oxide gas or steam.

Positive control: A positive control isa package with a known, intentional defect. Positive controls used for leak test
method development and validation studies should duplicate study negative controls in terms of materialsof construction,
package assembly, and component processing.Positive controls are used during leaktest method development and validation.
Some methods require the use of positive controls during routine testing as well.

Precision: Leak test method precision isa measure of the method's ability to yield reliable, repeatable data. Precision
includes repeatability (repeat testing of a singlehomogeneous test sample population set), ruggedness (within laboratory tests
performed by multiple operators on multipledays, using multiple instruments; also known as intermediate precision), and
reproducibility (tests among multiple laboratories).

Probabilistic leak test method: A probabilistic leaktest method is the converse of a deterministic leaktest method,
being stochastic in nature. Probabilistic tests rely on a seriesof sequential and/or simultaneous events, each associated with
random outcomes described by probability distributions. Thus, the findings are associated with uncertainties that necessitate
large sample sizesand rigorous test-condition controls to obtain meaningful results. Typically, sample sizeand test condition
rigor are inversely related to leaksize.

Product: The pharmaceutical product includesthe pharmaceutical formulation as well as the packaged headspace, which
may consist of ambient air or nonreactive gases. with specifiedwater-vapor content under full or sub-atmospheric pressure
conditions.

Product-package: The product-package includesthe primary package with critical secondary components (the
container-closure system) plus the packaged producf(the contents).

Qualitative measure of analysis: Aqualitative measure of analysis for leaktesting is a measurement approach based
on a subjective evaluation of some quality, attribute, or characteristicof the test sample. Visual inspection isan example of a
qualitative measure of analysis.

Quantitation limit: The quantitation limitisa leaktest method characteristicdefining the lowest leakage rate or leaksize
that can be differentiated with accuracyand precision under the stated experimental conditions.

Quantitative measure of analysis: Aquantitative measure of analysis for leaktesting isa measurement approach based
on objective, numeric data that either directlyor indirectly correlateswith leakpresence, leaklocation, or leakagerate. Examples
include the mass-of-gas-per-time reading generated by the helium mass spectrometry tracer-gas leaktest, or the pressure
reading as a function of test time measurement produced by the vacuum-decay method. .

Range: The range of a leaktest method is that interval between the smallest to largest leaksize (or leakage rate) that can
be detected by a given leaktest method with a suitable level of accuracy and precision.

Robustness: Robustness of a leaktest method is the method's abilityto accurately identify leaking versus nonleaking
packages despite small but deliberate variations in procedural parameters, providing an indication of the method's suitability
during normal usage.

Specificity: The specificity of a leaktest method is the ability of the method to accurately differentiate leaking and
nonleaking packages, despite interfering factors that may cause false detection.

System suitability: SystemSUitability is a manner of ensuring that the leaktest method including allfactors, which may
be subject to variability, that may impact test results(such as instrumentation, analysts, test sample preparation steps, and the
test environment) are adequately controlled and maintained in such a fashion that the method is rugged and robust.

System suitability test: Asystem suitability test is a test to verify that the leaktest method and all keyfactors that may
impact test results are correctlycontrolled and set prior to method performance.

Tortuous path: As applied to leaks, a tortuous path is a convoluted, complex leakage pathway. Most naturallyoccurring
leaks, such as cracks and tears, are tortuous in nature, rather than pristine holes. As applied to sealing mechanisms, a sealing
material that has tortuous barrier qualities can block microbial entry. [NOTE-The winding path afforded by the threads of a
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screw-cap (e.g., an ophthalmic dropper bottle closure)does not provide an optimal barrier to gas or liquid leakage, nor does
it provide an optimal barrier to microbial ingress in the event of a liquid presence in the cap threads.]

Type defect: Atype defect isa positive-control package that represents realistic packageflaws. Type-defect positive controls
may be included in leaktest method feasibility and development studies before method validation. An example of a type defect
isa heat seal wrinkle or a loosecap. Typedefects are inherently irregularin sizeand shape and are often described qualitatively
instead of being described in terms of leaksize or leakage rate.

(1207.1) PACKAGE INTEGRITY TESTING INTHE PRODUCT LIFE CYCLE
-TEST METHOD SELECTION AND VALIDATION

1. INTRODUCTION
2. PACKAGE INTEGRITY TESTING IN THE PRODUCT LIFE CYCLE

2.1 Development and Validation
2.2 Product Manufacturing
2.3 CommercialProduct Stability

3. TEST METHOD SELECTION CRITERIA
3.1 PackageContents
3.2 Package Design, Materials of Construction, and Mechanics
3.3 ClosureTypeand Mechanics
3.4 MaximumAllowable Leakage Limit
3.5 Deterministic or Probabilistic Methods
3.6 Physicochemical or Microbiological Methods
3.7 Method Outcome
3.8 Quantitative or Qualitative Methods of Analysis
3.9 Leak Test Detection Limit
3.10 Leak Test Method Range
3.11 Nondestructiveor Destructive Methods
3.12 Off-Line or On-Line Methods

4. TEST INSTRUMENT QUALIFICATION, METHOD DEVELOPMENT, AND METHOD VALIDATION
4.1 Instrumentation and Equipment Qualification
4.2 Method Developmentand Validation
4.3 System Suitability
4.4 Microbial Ingress Risk Comparison
4.5 Negative and Positive Controls

1. INTRODUCTION

Package Integrity Evaluation-Sterile Products (1207) providesguidance in the integrity assurance of product packages. This
chapter describes package integrityverification during three product life cycle phases: 1) package development, and package
processing and assemblyvalidation; 2) product manufacturing; and 3) commercial product shelf-life stability assessments.
Further, this chapter provides information on how to select, develop, and validate leaktest methods.

2. PACKAGE INTEGRITY TESTING IN THE PRODUCT LIFE CYCLE

Appropriate packagingfor a sterileproduct can be determined on the basisof a knowledge-gaining effortconducted during
the product's life cycle.

2.1 Development and Validation

2.1.1 PACKAGE DEVELOPMENT

Packagedevelopment beginswith the preparation ofa product-package profile (e.g., user requirementsspecification), which
considers the product end use,stability requirements, and method of manufacture, aswellas the anticipated storage, shipment,
and distribution environments. This profile also defines the proper product-package quality requirements and the package's
maximum allowable leakagelimit(see Package Integrity Evaluation Sterile Products (1207), Product-Package QualityRequirements
and the MaximumAllowable Leakage Limit).Withthis prospectively developed body of information,one can select each package
component's materials of construction, choose suitable component sources, and establish critical physical attributes and
component dimensional tolerances. Each component material, with its critical dimensional tolerances, directly affects the
integrity of the finalpackaged product. Assurance of package integrityoriginatesfrom the useofappropriate'materials, accurate
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and optimum closing properties, matching dimensional fit, appropriate multi-component stack heights and tolerances, and
consistent control of processes used to assemble the closed package. '

The manner in which the package is processed, formed, or assembled is an important consideration in package integrity
assurance. Apreliminary assessment of package integrityat the end of the development phase under conditions representative
of the marketed product manufacturing system is prudent.

These conditions include processes such as sealingoperations and component sterilization. Where possible, processesare
performed according to established and approved user requirement specifications. Establishing appropriate physical
characteristicspecifications for container materials, considering lot-to-Iotvariations, can ensure that the most extreme
processingconditions anticipated (e.g., multiple sterilization cycles) do not physically damage materials in a manner that would
adversely affect package integrity.

Finally, the robustness of the manufactured product-package system may be evaluated during the development phase by
exposing a representative number of product samples to specified storage, shipment, distribution, and final product-use
environments.Theseeffortsmay includestudiesthat evaluate package integrityat the extremes ofthe finishedproduct-package
profile, not simplyat optimal conditions. Given the complexityof some sterile packages, it may be useful forpackage integrity
development studies to incorporate multi-point analyses of test packages manufactured within specified process parameters.
Utilizing a common container-closure for which the producer has significantexperience and process knowledge can
supplement the overall development process and may help reduce the efforts needed. Abattery of integrity and seal quality
test methods may be employed during product-package development, starting with techniques able to measure the product's
inherent package integrity. Inherent package integrityofa viablepackage systemconformsto the product's maximumallowable
leakage limit. ~

Test package quantities for inherent package integrityverification may varyon the basisof: 1) the complexityof the product­
package, 2) the specifics of the user specification requirements, and 3) the prior experience of the producer. Test quantity
choice isalso influencedby the confidence that can be placed on the package integrity test resultsas well as the level of integrity
assurance desired. In some cases inherent package integrityverification may be more readilyand economically determined by
using empty or placebo-filled container-closure systems, thereby enabling larger sample quantities to be tested by the most
sensitive and quantitative leak test methods without the risk of product formulation interference with the test method.

The outputs of the packaging development phase include the final user requirement specifications, which form the basisof
production purchasing specifications for package components. Also during the development phase, the final equipment user
requirement specifications are developed for package material cleaning, sterilization, and forming; sealing or assembly
equipment; and allied materialssupply and component feed systems.These user requirement specifications provide purchase
specifications for the acquisition of equipment or for the vetting of potential contract manufacturers.

2.1.2 PACKAGE PROCESSING AND ASSEMBLY VALIDATION

Final confirmation of acceptable inherent package integrity isgenerally part of a larger process validation activity for the
overall production process. The scope depends upon the product type and whether the organization has previousexperience
with the container-closure system. '

All processes germane to the sterilization and formation of a package having integrity are to be evaluated against the user
requirement specifications established in the package development phase, including likely process extremes. Forexample,
inherent package integrity verification may consider extremes of package assembly variables such as linespeed; heat-sealing
temperature, screw-cap application torque, and vial-capping forces, as wellas resterilization processes,labeling,and secondary
and tertiary packaging processes.Validation test requirements and scope should fit the statistical requirements and capabilities
ofeach process,taking into account both packageand package-line complexity,aswellas priorexperiencewith similar product­
packages.

Testingdone during technical transferfrom the product development site to the manufacturingsiteswill assistindetermining
whether the user requirement specification targets and the control ranges established in development require any modification
when packages are made on a full manufacturing scale.

Integritytest methods for package processingand assemblyvalidation studies are meant to verify the packages' continued
conformance to the product's maximum allowable leakage limit. Forsome product-packages, the most fitting integrity test
methods for this life cycle phase may have a detection limitgreater than the maximum allowable leakage limit. Methods able
to reject largelyleakingpackages such as those caused by defectiveor out-of-specification components, package damage, and/
or package misassembly are appropriate. Seal qualitytests suitable for use include those able to monitor package processing
and/or assemblyconsistency.

Successful validationwill result in a package that meets its user requirement specifications. The primaryobjective in package
development and subsequent validation is to arrive at a quality product-package prepared using processesthat reliably and
consistentlyrun within specifiedoperating parametersas defined in the user requirement specifications, yieldingcritical package
defects at a satisfactorily low rate. When performed, in-process and end-product package integritytesting should complement,
not replace, thorough package development efforts.

2.2 Product Manufacturing

To ensure the quality of the manufactured product-package, it is critical to specifycomponents of sufficientquality and to
select vendors carefully. The factors to consider include:

• Acceptable results of the initial vendor or supplierevaluation
• Appropriatevendor acceptance quality limits and statistical sampling plan(s), or relevant certification
• Incoming component quality verification, includingstatistical assessment of quality against purchase specifications
• Appropriateprocedurets) forestabllshinq correctiveand preventiveaction when a vendor falls short ofqualityexpectations

www.webofpharma.com

https://nhathuocngocanh.com/



8088 (1207.1> / Genera/Information USP 43

Package integrity re-evaluation is considered when changes occur in the product, package design, package materials, or
manufacturing/processing conditions. Theextent ofchange control effortsare evaluated on a case-by-case basis, whilethe level
of testing required to support the change is determined based on impact assessment.

The product's package integrity profile is compiled over the course of commercial manufacture. This database of ongoing
leakand seal quality test resultsservesto flag potentiallyharmful package integrity excursionsthat may be linked to operative
variations in package component design/material and package assembly/processing. Not all packaged-product damage can
be readilydetected post-assembly; therefore, processing procedure controls and monitors may be relied upon to safeguard
against such problems. The proper combination of package leaktests, complementary package seal quality tests, and visual
inspection islargelybased on packagefailure resultsobserved inearlierproduction validationand packagedevelopment studies.

Testing production lot samples can provide a measure of package integrity confirmation,while entire testing by
nondestructive means isable to yield an ongoing assessment of integrity assurance. Insome cases regulatory requirement
dictates the level of testing performed. Forother product-packages, justification for the level of testing is based on statistical
processcontrol resultsgenerated during the validation phase, and later, on the basisof routine manufacturing product-quality
trending analyses.

Forexample, glass or plasticampules closed by heat fusion are customarilysubjected to 100% nondestructive leaktesting.
Products sealed under vacuum require appropriate package assemblyvalidation supplemented by testing over time to ensure
that the vacuum is retained. Similarly, integrityassurance of packages that require a specific, non-reactive, inert gas headspace
isbased on appropriate package assemblyvalidation along with testing for risein reactivegas or water vapor content overtime.

2.3 Commercial Product Stability

Container-closure integrity tests have been recommended as alternatives to sterility testing as part of commercial product
stability programs. The goal is to ensure package integrity as a function of long-term product storage (1). [NoTE-Package
integrity tests do not replace product releasesterility tests.] Testing product for sterility is a poor measure of product-package
integrity and also will not ensure product-package integrity over the shelf life of the product when performed as part of the
stability program. In addition, a package may be in no danger of microbial ingressand yet be unable to maintain the gas
headspace content necessaryfor product quality. Validated package integrity test methods using technologies such as those
described in this chapter are more sensitive and reliable than product lot sterility testing for detecting a breach in package
integrity that could lead to sterility loss or failure in relevant product physicochemical quality attributes.

Ideally, package integrity tests selected to support marketed-product stabilitystudies are able to verify the absence of the
smallest leaks of concern for a given product-package system. Inother words, the product's maximum allowable leakagelimit
falls within the chosen test method leakdetection range. However, the test methodology most appropriate for a particular
product-package system may be unable to detect the verysmallest leaks of concern. In some cases the package contents
interferewith the ability of leaktest methodologies to detect the smallest leaks. Forexample, proteinaceous ingredients or even
salts may clog leak pathways, inhibiting leakdetection by gas flow methods such as vacuum decay or mass extraction. It is
prudent to understand the product's potential to interfere with the selected leaktest method, both initially after package
assemblyand over time.

Insituations such as those described above, the package integrity test chosen to support stability studies should have a
detection limit as close as feasible to the product's maximum allowable leakage limit. An understanding of what the method
is capable of evaluating and how this isapplicable to microbial integrity assurance iswarranted.

Forproducts that demand package headspace content preservation, it isappropriate that the integritytest forstability studies
verify the continued presence of specific headspace gases or subatmospheric pressure over time. Satisfactory resultsverify the
absence of leaksthat could jeopardize product sterility as well as relevant physicochemical quality attributes. The required
duration for monitoring container vacuum or headspace gas content maintenance that equates to microbial barrierassurance
and liquid product loss prevention can be predicted on the basis of gas flow kinetics, should a leak pathway exist that is large
enough to allow microbial entry and product formulation loss.

Stability test samples intended for package integrity evaluation are kept at labeled storage conditions for the marketed
product. Test sample quantities chosen for each testing time point are to be relevant and sufficiently representative of the
purpose of stabilitytesting, which isto indicatewhether integrityisaffected bythe stability conditions.Samplequantity selection
takes into account all prior development and validation testing.

As noted in reference (1), ifan integritytest is nondestructive to the product or package, samples that pass package integrity
testing may be further used in the stability testing for that specific test period or interval. However, samplesshould not be tested
for package integrity at one time point (e.g., 12 months), then stored for further stability testing at a later time point (e.g., 24
months). Whilenot specifically noted in reference(1), it islogical to assume that test samplesearmarkedfor integrityverification
over the course of the stabilitystudy could be checked for integrity before placement on stability ifa nondestructive leaktest
method isused. Thiswould be akin to the common practiceof Visually inspecting test samples priorto placingthem on stability.
In this way, subsequent integrity failures can be attributed to stabilitystorage, rather than to other causes.

3. TEST METHOD SELECTION CRITERIA

No single package leak test or package seal quality test method is applicable to all product-package systems. Test method
selection is made on a product-package on a case-by-casebasis. Often more than one test method isemployed during a given
product's life cycle. Packagetest method selection as a function of product life-cycle phase, along with important integrity
considerations, are discussed in Package Integrity Testing in the Product LifeCycle. A broad discussion of additional selection
criteria for leak test methods follows. Specific leaktest method examples are provided for informational purposes but are not
intended as recommendations. The attributes and general capabilities of tests can be found in Package Integrity Leak Test
Technologies(1207.2) and are helpful in the method selection process.
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3.1 Package Contents
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When selecting a leaktest method, the firstdetermining factor is the nature of the package contents. Whether the package
contains a liquid or solidformulation, and whether it contains a headspace of inert gas, air, vacuum, or even no headspace at
all, will influence leaktest method choice. Forexample, iftesting liquid-filled packages by vacuum decay or mass extraction,
test vacuum conditions may trigger some formulations to solidify inside leak paths, thereby blocking gas leakageflow and
making the test ineffective. Alternatively, electrical conductivityand capacitance tests can be used, but only ifthe liquidproduct
is more electrically conductive than the package materials. .

3.2 Package Design, Materials of Construction, and Mechanics

Packages varywidelyintheir design, their materialsofconstruction, and the mechanismswhereby packageclosureisaffected.
Each of these variables influences the leaktest method choice, as the following examples illustrate.

3.2.1 RIGID OR FLEXIBLE PACKAGES

Rigid (nonporous) packagescan tolerate the pressureor vacuum-challengeconditions required inseveral leaktests, including
tracer liquidingress,vacuum decay, mass extraction, and some tracer gas tests. Incontrast, some flexible packages can tolerate
differential-pressure test conditions only ifspecialtooling is used to restrict package expansion and prevent subsequent seal
damage. Package restriction is necessary to ensure consistent differential pressure conditions acrossthe package barrier.

3.2.2 MOVEABLE OR FIXED COMPONENTS

Moveable package components, such as syringe stoppers (plungers or pistons), may require restraint to prevent their
dislocation during the differential pressure test conditions requiredfor a majorityof leaktest procedures (e.g., tracer liquidtest,
pressure or vacuum decay test, mass extraction test, bubble emission test, and microbial challenge by immersion test).

3.2.3 POLYMERIC MATERIALS

When exposed to test vacuum conditions, package materialssuch as plastics and some elastomers may outgas volatiles that
raisevacuum-decay leaktest resultsas wellas mass extraction results, falsely implicating package leakage. Plastic packages that
are highly permeable to tracer gases may not be compatible with helium tracer gas leakdetection, as helium permeating
through the package could be mistaken for package leakage or may mask small leaks. Special fixtures to limittracer gas
permeation effectsand isolatetracer gas exposure to the seal area under test have been used to mitigate such difficulties.

3.2.4 METALLIC MATERIALS

Packagesmade of foil laminate materialsmay prove incompatiblewith electrical conductivityand capacitance leakdetection,
which works best with relatively nonconductive package materials. However, aluminum caps used to secure vials closed with
elastomeric closures pose no hindrance to electrical conductivityand capacitance tests, even for finding leaks located between
the closure and the vial finish. .

3.2.5 TRANSPARENT OR OPAQUE MATERIALS

Packages made of transparent or translucent materialsallowfor visual inspection and electromagnetic wave passage.
Therefore, transparent or translucent materialscan be tested by laser-based gas headspace analysis techniques, as well as
tracer-liquid ingress or microbial ingress. Opaque packages are incompatible with testing approaches that require visual
inspection of the package contents.

3.3 Closure Type and Mechanics

Refer to Package Integrity Evaluation-Sterile Products (1207), Closure Type and Mechanics for a discussion of the closure type
categories represented by the various product-package systems.The design of the closure system and its leakage restriction
function (l.e., the maximum allowableleakage),plusthe types ofdefects anticipated, influencethe integritytest method choice.

3.4 Maximum Allowable Leakage Limit

The maximum allowable leakage limitas a function of the product-package quality requirement isdiscussed in Package
Integrity Evaluation-Sterile Products (1207), Product-Package QualityRequirements and the Maximum Allowable Leakage Limit.
The following integrity test method selection considerations are offered in light of that discussion.

3.4.1 STERILITY AND PRODUCT FORMULATION CONTENT MUST BE PRESERVED; GAS HEADSPACE PRESERVATION IS NOT
REQUIRED

Integrity tests for this product quality category include those able to verify that the maximum allowable leakage limit that
prevents liquidand microbial ingress is not exceeded. Tracergas tests performed using the vacuum mode and laser-basedgas
headspace analysis test methods are two examples. Both have been shown to be sensitiveenough to quantitativelyanalyze
leakage through the smallest leak paths found to pose the smallest chance of liquid leakage or microbial ingress in rigid
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packaging. Such tests have also proven useful for defining relationships among package design, component fit, package
assembly parameters, and leakage rate, even in the absence of package defects.

Leak testing of product-filled packages during later product-life-cycle phases often requires other tests. Leak test methods
available for this phase of the product life cycle are able to be validated to reliably detect defects a few micrometers and larger.
Examples of such physicochemical leaktests includevacuum or pressure-decay tests, mass extraction methods, electrical
conductivity and capacitance tests, and liquid tracer tests.

3.4.2 STERILITY, PRODUCT FORMULATION CONTENT, AND GAS HEADSPACE CONTENT MUST BE PRESERVED

Forthis product quality category, leaktest options include those that directlycheck for package headspace pressure and/or
content, such as laser-based gas headspace analysis techniques. The detection limitfor such methods is a function of the
method's ability to accurately measure package headspace content or absolute pressureat the product acceptance limit, given
the package headspace volume and the time lapseafter package assembly. Such methods have broad application throughout
the product life cycle.

3.4.3 STERILITY MUST BE PRESERVED; PRODUCT ACCESS IS REQUIRED

The product quality subcategory relates to the additional integrity requirement for those products that are contained in
multiple-dose packages once the product isaccessed by the end user. As discussed in Package Integrity Evaluation-Sterile
Products (1207), Product-Package Quality Requirements and the Maximum Allowable Leakage Limit, SterilityMust Be Preserved;
Product Access is Required, physicochemical as well as microbiological test methods designed to characterize and verify the
unique barrier properties specific for the given container-closure system and its end-use application may be required (2).

Elastomeric closuresof multiple-doseparenteral products are meant to reseal, limiting microbial ingressand product leakage
during and between product access via needle puncture. The test in Elastomeric Closures for Injection (381), Functionality Tests,
Self-Sealing Capacityis a blue dye liquid tracer test intended to screen closuresfor their ability to prevent gross liquid leakage
post puncture. Caution isadvisedwhen solely relying on this test to prove a givenclosure'sability to reseal.Other test method(s)
may need to be designed and implemented that more fully characterize the closure's leakprevention capabilitiesfor the given
product-package system and product end-use application.

3.5 Deterministic or Probabilistic Methods

A"deterministic leaktest method" isone in which the leakageevent is based on phenomena that followa predictable chain
of events, and leakage is measured using physicochemical technologies that are readily controlled and monitored, yielding
objectivequantitative data. Mostdeterministicleaktest methods relyon the predictable movement ofgas that inevitably occurs
through an open leakpath, givenspecific differential pressureand/or partialpressuretest conditions(e.g., tracer gas, laser-based
gas headspace analysis, pressure decay, vacuum decay, and mass extraction). The electrical conductivityand capacitance test
is a deterministic leaktest approach that relies on the more predictable presence of liquid near a leakpath, rather than the less
predictable movement of liquid through a leak. Deterministic methods are characterized as being capable of reproducibly
detecting leaks at clearly defined and predictable detection limits. Becausethe majority of deterministic leak test methods
described in this chapter require no special test sample preparation, sample preparation error iseliminated.

A "probabilisticleaktest method" isstochastic in nature in that it relies on a seriesof sequential and/or simultaneous events
each associated with uncertainties,yielding random outcomes described by probability distributions. Thus, the findings are
associated with uncertainties that necessitate larger. sample sizes and rigorous test condition controls to obtain meaningful
results. Typically, sample sizeand test condition rigorare inversely related to leaksize.Therefore probabilistic leaktest methods
are more challenging to design, develop, validate, and implement, especially when used to find leaks near the upper and lower
limits of the test method's detection range. Probabilistic methods include microbial challenge tests, as well as some
physicochemical tests. These methods include bubble emission tests, tracer liquid tests (employing either qualitative'or
quantitative measurement methods), and tracer gas tests by the snifferprobe approach.

Adeterministic leaktest method having the ability to detect leaks at the product's maximum allowable leakage limit is
preferred when establishingthe inherent integrityof a container-closure system. Deterministic methods may also be chosen if
test sample quantities are limited, when checkingfor rarely occurring leaks of concern and/or when the potential risk for failing
to find leaks of a givensizeor type istoo great. Probabilistic methods are best chosen when the method outcome requirements
demand a specific probabilistic testing approach. Probabilistic tests are further discussed in Method Outcomeand Quantitative
or QualitativeMethods ofAnalysis below.

3.6 Physicochemical or Microbiological Methods

"Physicochemical leak test methods" are those that use physical and/or chemical analysis techniques to test for package
integrity. Physicochemical methods include both deterministicand probabilistic leaktest methods. "Microbiological leaktest
methods" are probabilistic methods of analysis that use viable microorganisms to evaluate test sample integrity. Thischapter
includes the microbial challenge test by immersion exposure.

The following section includesadditional information on the test method outcome criterion that is related to the
microbiological challenge test method.

3.7 Method Outcome

The outcornets) sought from leaktest results will often drive the test method choice. Thesedesired outcomes may include:
• Leak path presence of detection

www.webofpharma.com

https://nhathuocngocanh.com/



USP 43 General Information / (1207.1) 8091

• Leak path location determination
• Leakage rate measurement
• Liquid egress/ingress potential
• Microbial ingress potential
All leaktest methods are meant to identify the leak path presence. Often, leaktests are able to provide additional outcome

information. Methods that also provide evidence of leak path location include electrical conductivity and capacitance tests,
bubble emission tests, tracer gas sniffer probe tests, and some tracer liquid tests. Methods that provide a measure of
whole-package leakage rate include laser-based gas headspace analysis, massextraction, pressure and vacuum decay methods,
and tracer gas tests by the vacuum mode.

Microbial challenge tests provideinformationon the degree of protection afforded by the product-package against microbial
ingress that occurs via active growth or motility through leak pathways and/or by liquid carrier passive transport through leak
pathways. Microbiological challenge tests help to clarify the risks to product sterility posed by specific package materials,
package designs, or potential package barrier breaches. Sterility risks linked to particular environmental exposure or product
use conditions may also demand a microbiological challenge methodology. In summary, all leak test methods at minimum
detect leaks; some methods may provide more information, but no single method alone can yield allfour outcomes listed
above.

3.8 Quantitative or Qualitative Methods of Analysis

The measure of analysis can playa part in leaktest method selection. In other words, does the method yield quantitative
data that allowfor objective analysis, or are the data strictlyqualitative and require more subjective interpretation? Leak test
methods that use a "quantitative measure of analysis" include electrical conductivityand capacitance tests, laser-based gas
headspace analysis, mass extraction, pressure and vacuum decay, tracer gas tests (especially when testing via the vacuum
mode), and tracer liquid tests that use quantitative analysis (e.g., spectrophotometric analysis).

Conversely, a "qualitative measure of analysis" is based on subjectiveobservation of a specificquality, attribute, or
characteristic of the test sample, e.g., a visual check for turbidity when evaluating microbial challenge test samples. Bubble
emission tests that report visible evidence of continuous bubbling, and tracer liquidtests that relyon visible evidence of dye
migration are other examples of subjectiveand qualitative analysis. Because qualitative measurement resultsare subject to
interpretation, they may be prone to human error. When method considerations permit, leak test methods that yield
quantitative measurements are preferred.

3.9 Leak Test Detection Limit

The detection limitofa leaktest isthe smallestleakage rate or leaksizethat the method can reliably detect, giventhe product­
package of interest. Alarge varietyof measurement units are used to describe leakage rates and leaksizes when specifying the
detection limits (and detection ranges) of leaktest methods. Thisoften leads to confusion when comparing the performance
claims of various instrument manufacturers or examining test resultsgenerated by multiple methods.

To address this, Table 7 presents the relationshipbetween orifice size (assuming a perfect hole of negligible length) and the
rate at which dry air would pass through such a hole when exposed to 1 atmosphere (atm) differential pressure at a specified
temperature.

These leakage rates and leaksizes are theoretical approximations and are not definitive.
Table 7 services two purposes. First, it is meant to help the reader better grasp the relationship between theoretical hole

diameter and the gas leakage rate. Second, it providesa common measurement scalethat can be referredto later in thischapter
to more simplystate leakdetection limits for the various technologies described. Forexample, test technology Xfound in
published studies to detect leaks assmallas about 8IJm would be referredto in(1207.2) as having an approximate leakdetection
limitof row 4 in Table 7.

Leak detection limitshould not be the only or perhaps even the primary basisfor choosing a test method. Often, the best
method for a given application isdictated by other factors. Forexample, a tracer gas leak test method having an extremely
small leakage rate detection limitmay be the proper choice for establishing the inherent package integrityof a stoppered glass
vial as a function of capping machine parameters during package development. Yetthis method would be an inappropriate
choice for rapid on-line testing in routine manufacturing. Instead, an electrical conductivity and capacitance test with a larger
leakdetection limit, able to test product-filled packages at on-line speeds, may be the best option. Refer to Detection Limit for a
discussion on how to determine the limitof detection.

Table 1. Gaseous Leakage Rate versus Orifice Leak Size a

Row Air leakage Rate b (std. cm3/s) Orifice leak Sizec (IJm)

1 <1.4 x 10-6 <0.1

2 1.4 x 10-6 to 1.4 x 10-4 0.1 to 1.0

3 >1.4 x 10-4 to 3.6 x 10-3 >1.0 to 5.0

4 >3.6 X 10-3 to 1.4 X 10-2 >5.0 to 10.0

5 >1.4 X 10-2 to 0.36 >10.0 to 50.0
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Table 1. Gaseous leakage Rate versus Orifice leak Size a (continued)

Row Air leakage Rateb (std- crn-/s) Orifice leak Slze" (IJm)

USP 43

6 >0.36 >50.0

aThistable is not intended for rankingtest methods but isofferedas an aid for expressingtest method leakdetection capabilities in this chapter.
bDry air leakage rate measured at 1 atm differential pressureacrossan orifice leak(I.e., leakinlet pressureof 1 atm versus outlet pressureof approximately1 Torr)
at 25°. The theoretical correlationsof orifice sizesto air leakage rates were provided by Lenox Laser, GlenArm, MD. Leakage rates are approximation ranges.
C Nominaldiameter orifice sizesassume a leakpath of negligiblelength. Orifice sizesare approximation ranges.

3.10 Leak Test Method Range

Leak test method range is the interval between the smallest and largest leaksize (or leakage rate) that can be detected by a
given leaktest method with a suitable level of accuracyand precision. All leaktest methods have an optimum detection range.
Therefore, it is possible that additional tests may be needed to catch those leaks of concern thatfall outside the chosen leak
test method's detection range. Forexample, a test method able to find the smallest leaks may miss gross leakage such as a
missing package component. Vision systems that check for major package defects such as a missing package component or a
package crack may be required. Finally, before using a test method to check for large leaks, the impact of gross defects on leak
test instrumentation should be considered;some instruments may malfunctionor become damaged upon exposure to a leaking
product or damaged packages. Refer to Range for additional detection range information.

3.11 Nondestructive or Destructive Methods

The need to preserve the test product-packages may influencethe decision to select a nondestructive leaktest method,
rather than a destructive one. Destructive test methods damage the test sample and/or expose it to potential contaminants;
hence, the product isnot recoverable. Onlynondestructive test methods are appropriate for leaktesting product-package units
earmarked for commercial or clinical study distribution.

Examples of destructive leaktest methods include tracer liquid ingress tests, bubble emission tests, and microbiological
challenge tests. Tracer gas and pressuredecay leaktests are considered destructive if they require that the package barrier be
compromised in order to introduce tracer or pressurizing gas into the assembled package. Examples of nondestructive leaktest
methods include mass extraction and vacuum decay leaktests, as well as noninvasive gas headspace analysis tests. Electrical
conductivity and capacitance leaktests are deemed nondestructive if it can be shown that electrical current exposure causes
no harm to the product; in rare instances, exposure has triggered headspace ozone formation, causing product oxidation (3).

3.12 Off-Line or On-Line Methods

Off-line leaktesting isgenerallyperformedon a stratified random sampling of the product lot, awayfrom the manufacturing
line. Off-line package evaluation allows for the use of any validated nondestructive or destructive leaktest and seal quality test
option compatible with the product-package. Off-line testing can accommodate slowertest cycletimes;for methods in which
test time isa performance factor, a sloweroff-line test isoften more sensitivethan itson-linecounterpart. Off-line tests typically
are lesscostly to perform as they utilize bench-top or smallerscale equipment without the sophisticated product-handling
machinery required to support higher speed on-line processes.

On-line leaktesting is commonly integrated into a continuous fill and seal product-package manufacturing process. A
prerequisitefor an on-line leaktest method for entire lot testing is that it be nondestructive to the package and its contents.
On-line testing can potentially provide greater assurance that all packages have integrity and can yield instant feedback in the
event of package misassembly or breakage,enabling real-timelinecorrections. Forsome test systems,incorporating large-scale
leakdetection equipment into a complex high-speed product-package filling and assemblylinecan be prohibitive. Higherline
speeds leading to shorter leakdetection test cycle times can limittest method detection capability. In addition, the impact of
instrument downtime on the production run as a result of leaking packages or possible equipment malfunction isan important
consideration. Aseparate leaktesting linemay be set up outside the sterile manufacturing suite to allowfor full lot testing
without the complications of leaktest integration with package filling/sealing operations. Afew examples of on-line leaktest
technologies include electrical conductivity and capacitance, vacuum decay leak, and noninvasive laser-based gas headspace
analysis tests.

4. TEST INSTRUMENT QUALIFICATION, METHOD DEVELOPMENT, AND METHOD VALIDATION

Leak test methods are validated inorder to demonstrate method effectiveness. Method validation ispreceded by instrument/
equipment qualification, followed by test method development. The following discussion specific to Ieak test methods is
intended to supplement the guidance for analytical instrument qualification presented in Analytical InstrumentQualification
(1058), plus the guidance for method validation provided in Validation of Compendial Procedures (1225).

4.1 Instrumentation and Equipment Qualification

The qualification of instruments or equipment to be used for leaktesting includes: 1) evaluationof instrument/equipment
functionality, and 2) determination of test system detection capabilities using appropriate calibration tools or reference
standards to simulate with-leak test conditions.
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4.2 Method Development and Validation

After successful instrument/equipment qualification, leaktest method parameters are developed and optimized to ensure a
leaktest method is able to meet all relevant leakdetection performance criteriaspecific for the test product-package system.
The following properties of a valid test method are defined as they relate to package integrity tests.

4.2.1 ACCURACY

"Accuracy" isa measure of the method's ability to correctlydifferentiate packages that leakabove the claimed detection
limitfrom those that leak below this limit(i.e., do not leak). Accuracy provides a measure of false positive and false negative
occurrence. Alternatively, for those methods that deliveran outcome that is a direct quantitative measure of gas leakage rate
(or of gas concentration or gas pressure), accuracy isa measure of the method's abilityto produce an outcome comparable
to a true standard. Forexample, helium mass spectrometry providesa direct measure of helium leakage rate. Accuracy is the
closenessof the instrument reading to the certified leakage rate of a nationally recognized traceable standard.

4.2.2 PRECISION

"Precision" isthe ability of the method to yield reliable, repeatable data. Precision includes repeatability (e.g., repeat testing
of a homogeneous test sample population), ruggedness (within laboratory tests performed, for example, by multipleoperators
on multiple days, using multiple instruments; also known as intermediate precision), and reproducibility (among laboratories
tests). The level of precision to which a leaktest method is validated isoften a function of resource availability (e.g., one
instrument versus multiple instruments) and intended test method application (e.g., use of the method at one test site only
versus across multiple test sites).

4.2.3 SPECIFICITY

"Specificity" is the ability of the method to accurately differentiate between leakingand nonleaking packages, despite
interferingfactors that may cause false detection. Forexample, when employing tracer gas leakdetection using helium mass
spectrometry (vacuum mode), excessive helium permeation through the package wall may masksmall package leaks or may
be falsely interpreted as leakage in no-defect packages.

4.2.4 DETECTION LIMIT

Refer to Leak Test Detection Limit for an introduction to this topic. The detection limitof a leaktest is specific for a given
testing approach when performed using a specific instrument make/model in evaluating a given product-package system.
Utilizing the principles described in (1225), detection limit isdemonstrated by challenging packages with and without known
defects by the leaktest method for multipletest days by multipleoperators. The intended application of the method will dictate
the level of precision required (Le., whether to incorporate multiple operators/instruments/laboratories, etc.).

Acommon challenge with small leakdetection isthe potential for interferingfactors to be misconstruedas leakagepresence.
Forexample, vacuum decay leaktests measure the rise in pressure inside an evacuated chamber containing the test package.
Package leakage causes chamber pressure to rise, but package materialvolatiles, test system moisture, and package expansion
may also do the same. Gas permeating through a package wall detected by a tracer gas test may be mistakenfor leakage.
Bubbles emitted during a bubble test may actuallybe the result of package surface outgassing, volatilization of dissolved gases
in the immersionfluid, or the release of trapped air between package components.

The absence of a leakdetection signal may also be misinterpreted as the absence of leaks. Forexample, tracer liquid tests
may fail to reliably detect small leaks due to anyone of a number of factors including air locks, product, or debris in the leak
path; liquidsurfacetension; leakpath geometry; or insufficient differential pressuretest conditions.Thesame istrue for microbial
ingress tests that are further subject to the inherent variability of living microorganisms.

Inshort, false negative resultsthat missleaks and false positive resultsthat incorrectlysuggest leakpresence are possiblewith
any leaktest method. Therefore, test method detection limit isdetermined by comparing readings of intentionally defective
packages to nondefective ones. Leak detection limitdetermination test units consist of a randomly ordered population mix of
negative and positive control units (refer to Negative and Positive Controls). Nondestructive test methods can employ the same
set of units for multiple test exposures, while destructive methods will require a new set for each test series. Control subset unit
quantities are chosen based on severalfactors: 1) the deterministic or probabilistic nature of the outcome, 2) the inherent
package-to-package variability that may influence test results, and 3) the statistical confidence level required by the test
acceptance criterion.The positive control subset includesunits with defects sized to the anticipated detection limit, in addition
to units with leaks bracketingthis sizelimit. Ifthe detection range isto be established, controls having largedefects are included.
Positive controls representing awide defect size range are especially important for probabilistic methods in order to clearly
understand leakdetection likelihood as a function of leaksize.

Because of the many product-packages and leak-testing options available, the resultant leakdetection limit is more
meaningfullystated when the negative and positive control subsets used,the test precision level, and the test results are
summarized. The following isan example of expressing a test method's limitof detection:

"The detection limitfor method Xwas determined to be 5 ± 2 IJm. Validation studies found defects of this nominalsizewere
detected 95% of the time; all larger defects were detected 100% of the time. Studies included three replicate test series
performed on multiple days by multiple operators in a single laboratory using one instrument. Detection limitwas determined
using product-filled packages.Test units in each series included a negative control subset of 300 units (each without defect)
and a positivecontrol subset of 90 units (each having a laser-drilled defect ranging in nominal sizefrom 1.5 ±0.61Jmto 15 ± 3
IJm). Each defect was independently size-certified by comparing the dry air leakage rate at 1 atm differential pressure (leakinlet
pressure of 1 atm versusoutlet pressure of approximately 1 Torr)at 25° to that of standard orifice leaks."
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[NOTE-This isone example of how test method detection limitcould be expressed and is not to be considered compulsory
or restrictive either in content or level of detail.]

Leak test technologies exist that are able to detect leaks even smaller than can be artificially created in a positive control test
set. Two examples follow. In both cases, a limited number of positivecontrols can serve to verify that the instrument set-up is
able to detect leaks of specifictype and inspecific package locations but not to determine leaksizedetection limitcapability.

• Tracergas tests by helium mass spectrometry performed in the vacuum mode can detect leaks as smallas about 10-11

mbar· Lis, which isabout 5 logarithmicleakageunitssmallerthan leakagethrough a hole 0.21Jm insize. Forsuch methods,
leakage rate detection abilitycan only be verified by using nationally recognized gas leakage rate standards to introduce
leaks into the test system. Because gas permeation can be mistakenfor leaks, it is important to experimentally establish
the relationship between tracer gas leakage rate and permeation rate as a function of test cycletime for a given package
system.

• Laser-based gas headspace analysis is another approach that may be able to ldentify'the presence of leaks smaller than
can be artificially created. Forsuch methods, the limitof detection can be mathematicallypredicted on the basis of gas
flow kinetics and is a function of the time lapse between analyses, and the smallestgas content or pressure change that
can be reliably detected by the instrument for the given package system.

4.2.5 QUANTITATION LIMIT

"Quantitation limit" is that lowest leakage rate or leaksize that can be determined with acceptable accuracy and precision
under the stated experimental conditions. Laser-based gas headspace analysis isa method that may be evaluated for
quantitation limit. Formost leak test methods, detection limit is more meaningful.

4.2.6 LINEARITY

"Linearity" is the abilityof the method to elicit test results that are mathematically proportional to leakpath sizeor leakage
rate. Deterministic leaktest methods that exhibit linearity include laser-based gas headspace analysis and tracer gas analysis
(vacuum mode). Other methods such as vacuum decay, pressuredecay, and mass extraction also produce resultsthat correlate
to leaksizeor leakage rate. However, test findings are generally intended to identifyleakpresence and perhaps to understand
relative leaksize; they are not typically relied upon for leaksize or leakage rate quantitation. Electrical conductivityand
capacitance tests and all referenced probabilistic methods are not validated for linearity.

4.2.7 RANGE

Leak detection range isdefined in Leak Test MethodRange. Leak test method range isexplored in test method development
to better understand leak test method detection limitations. Formethods being relied upon to detect leaks within a specified
size range, detection at the upper range limitmay be confirmed in validation. Range isevaluated by using sets of negative
controls and appropriately sized larger-defect positive controls. The large-defect positive control subset may include defects of
various types likely to occur for the given product-package system (refer to Type Defects).

4.2.8 ROBUSTNESS

"Robustness" is the method's abilityto accurately identify leakingversus nonleaking packages despite small but deliberate
variations in procedural parameters, providing an indicationof the method's suitability during normal usage. One way to
evaluate robustness is to perform the test using test 'parameters bracketing optimal or normal test specifications. Parametersto
be varied are those having the greatest impact on test results; variation should reflect instrument performance accuracy. For
example, the robustness of a vacuum decay leaktest with a test cycle time of 30 s (accurate to within 0.5 s) might be
demonstrated during method development by verifying method performance at set test cycletimes of 29.5 and 30.5 s.

4.3 System Suitability

One outcome of test method development and validation is the establishment of a system suitability test(s), also called a
performanceverification test(s). "SystemSUitability" isa manner of ensuring that the leaktest method, includingallfactors that
may be subject to variability that may impact test results (e.g., instrumentation, analysts, test sample preparation, and the test
environment), isadequately controlled and maintained insuch fashion that the method isrugged and robust. Systemsuitability
is important for all leak test methods. Extra care may be required for probabilistic methods more prone to variability.

Forexample, a highly instrumental method such as a mass extraction test may be checked for system suitability by leak
testing a master package unit both with and without the added challenge of external air introduced to the test system viaa
calibrated leakadjusted to the method's limitof detection. Ifthe method requires preliminary test package preparation (e.g., a
drying step), then it would be appropriate to demonstrate that an intact package prepared in the prescribedmanner elicits the
anticipated mass flow rate response. Systemsuitability can be performed at the beginning and end of each testing sequence
for added method assurance.

Systemsuitability for a test more probabilistic in nature takes into account multiple test method variables and may require
greater numbers of challenge samples (i.e., positive and negative controls)for adequate method assurance. Forexample, tracer
gas tests viaa snifferprobe may require a routine demonstration that the operator isable to successfully differentiate packages
without defect from those with leaks (ranging in sizefrom smallestto largest, located at various package positions) in a blinded
challenge study. Alternatively, the operator could be challenged by randomly introducing defectivesamples (unknown to the
inspector) among the test sample population during routine test procedures.
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4.4 Microbial Ingress RiskComparison

Appropriate leaktest method validation practices mirrorcompendial analytical test validation guidelines. In the past,
validation of physicochemical leaktest methods used for pharmaceutical sterile product packages also routinely included a
direct or indirect comparison of physicochemical leaktest resultsto microbiological challenge data. While an understanding of
the relationship between physicochemical leaktest method capabilities and microbial ingress risk may be important, an
experimental comparison may not be needed or useful in all cases. [NOTE-The reader may refer to Package IntegrityEvaluation
-Sterile Products (1207), Product-Package QualityRequirements and the MaximumAllowable Leakage Limitfor a discussion of
maximum allowable leakage limitand inherent package integrity.]

The following situations illustratewhen a comparison study of the microbial ingressor liquid leakage risk to physicochemical
leaktest method capability relationship is likely not needed. [NOTE-This is not intended to be a complete or exhaustive listing
of all situations for which comparison studies would not be required or useful but is providedfor illustration only.]

• Ifthe validated physicochemical leaktest method has a proven detection limitat or belowthe product-package maximum
allowable leakage limit.

• Ifthe validated physicochemical leaktest method is not being used to verify the absence of all leaks of concern. Instead,
the method is being used to find leaks notably larger than the maximum allowable leakage limit. Forexample, a rapid
on-line test shown to reliably detect leaks of 25-150 IJm in nominal diameter is being used to reject damaged or
misassembled product-filled packages within the method's leak detection range.

The following situations illustrate when an experimental indirect or direct comparison of the microbial ingress risk (or liquid
leakage risk) to physicochemical leaktest method capability relationship may be useful. [NOTE-This is not intended to be a
complete or exhaustive listing of allsituationsfor whichcomparison studies could prove beneficial but isprovidedfor illustration
only. These examples are not compulsory but are provided for instruction only.]

• Ifthe validated physicochemical leaktest method isbeing relied upon to measure or confirmthe inherent package integrity
of a product-package system, but the method's limitof detection is notably greater than the maximum allowableleakage
limit. Forexample, a package has a maximum allowable leakage limitof less than 6 x 10-6 mbar . L/s as measured by
helium mass spectrometry (equivalent to holes less lhan approximately 0.2 ± 0.1 IJm in nominal diameter). This limitwas
chosen based on published literature references. BUl the leak test method of choice for testing product-filled packages
placed on stability is able to detect leaks equivalent to holes 3 IJm in nominal diameter and larger. Astudy correlating
microbial ingress or liquid leakage risk to defect type/size can provide a measure of the likelihood of microbial ingress
(and/or liquid leakage) at the leak test method detection limit, and thus can provide an understanding of ability of the
stability leaktest to identify leaksof concern.

• Ifthe validated physicochemical leaktest method is being used to measure or verify the inherent package integrity of a
product-package system, but the maximum allowable leakage limit is either lacking or not well defined. Forexample, a
unique package is being used for which the maximum allowable leakage limitthat will ensure absence of product loss or
microbial ingress has not been determined.A study comparing the risk of microbial ingressor liquid leakageto leaktype/
size, and in turn to the likelihood of detection by the physicochemical leaktest method may be useful.

When performing microbial ingress risk assessmentstudies it isimportant to keep in mind the probabilistic nature of microbial
ingress. To achieve the most meaningful data, large population sets of negative and positive controls should be used. Test
protocols should be thorough and welldesigned, taking into consideration the multiplefactors and variables that can influence
results. As suggested above, liquid leakage risk assessment studies may substitute for microbial ingress risk studies assuming the
risk of liquid leakage is equivalent to or greater than that of microbial ingress, with appropriate justification.

4.5 Negative and Positive Controls

"Negative controls" are packages with no known leak, and "positivecontrols" are packageswith intentional or known leaks,
Negative and positivecontrols are designed and assembled for use in method development and validation with consideration
given to container-closure design, materials of construction, characteristics of anticipated package leaks, and impact of product
contents on test results. Negativeand positive controlsshould represent packages assembled ina typicalmanner as the product
being tested using normally processed components, the exception being the intentionally created leak in each unit of the
positive control subset. Some leak test methods may necessitate positivecontrols that simulate test product headspace and
formulation contents as well. System suitability checksfor some test methods employ negative and positive controls (refer to
System Suitability).

Test blanksshould not be confused with negative controls. For example, liquid tracer leakdetection by spectrophotometric
analysis may require a blank solution without the liquid tracer element to confirm instrument baseline performance.

A "master" isa type of negative control test unit. It is a package prototype, model, or facsimile made to simulate the test
package inshape and design. Mastersmay be made ofsolidmaterial such as plasticor metal, or they may be simplya designated
container-closure unit. Masters are no-leaking mock packages often used in system suitability verification tests for leaktests to
verify instrument performance, such as for vacuum decay or mass extraction testing.

4.5.1 DEFECT CREATION METHODS

The positivecontrol set typically represents a range of package defect sizesand types. Numerousapproaches have been used
to create package defects. When creating positive controls, a fundamental awareness of leakage dynamics as a function of
different defect types and materials of construction is important. .

Placing a so-called "hole" or break in the package wall isone positive control creation approach. In this case the defect
materials of construction are identical to the package itself, thus potential test method interference due to product exposure
to the package material can be readily identified. Anexample of such interference isthe clogging ofsmall leakpaths by product
formulation observed during vacuum decay, mass extraction, or tracer gas (vacuum mode) tests.
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Laser drilling isoften used to create package defects commonly referred to as holes. However, these so-called holes are not
pristineorifices but are non-cylindrical and asymmetricand may consist of a tortuous matrixof micro-cracks. While laser-drilled
defects are not dimensionally ideal, they offerthe advantages of closelysimulating actual package defects (e.g., cracks) and do
not require the introduction of foreign materials, such as wires, tubes, or epoxies, that may influence leakage dynamics.
Laser-drilled defects are often sized for nominal diameter by comparing dry air leakage rate through the defect at specified
conditions of pressure and temperature to flow rates through standard orificeleaksin thin metal plates.Currently, laser-drilled
defects in rigidglass or plasticcomponents can be made as smallas about 2-3 IJm in nominal diameter and to about 5-10 IJm
in nominal diameter in flexible thicker wall package materials. Smallerdiameter defects tend to clog from handling,
environmental debris, or flexible package wall deflection.

Glass micropipettes can be used to simulatesingle-orifice defects as small as about 0.1 IJm in diameter. The tip diameter can
be nominally sized using air flow measurements. When creating positivecontrols, micropipettes are inserted through a break
in the packagewall,then an appropriate sealant isapplied to the insertionsite. Challengesto micropipetteuse includeensuring a
complete seal between the micropipette perimeter and the package wall and avoiding micropipette tip damage.

In addition, air trapped in the pipette tube can interfere with leaktest methods that depend on fluid flow through the leak
path, such as tracer liquid tests and microbial challenge ingress tests.

Microtubes (alsocalled microcapillaries) insertedthrough the package walland fixed in placewith sealant are another means
of creating positivecontrol defects. Microtubes can be made of a variety of materials, can be cut to any length and can be as
narrow as 2 IJm in cross-sectional diameter. Microtubes are often employed as a substitute for a smaller-bore, shorter-length
leakpath when performing leaktests that rely on gas flowmeasurements. However, caution isadvised beforechoosing lengthy,
larger-bore microtubes to simulate an orifice leakof smallerdiameter for leaktests that relyon the passage of liquids or
microorganisms. Fluid dynamic theory correlatingfluid flowthrough capillarytubes to passthrough smallerbore holes isbased
on the unimpeded passage of ideal liquids through capillaries at equilibrium pressure conditions. Liquid product formulation
and aqueous media flow into and through a microtube iscomplicated by numerous factors including liquid surface tension,
liquid viscosity, surface contact angle, airlocks, particulate blockage, and tube-wall and tube-end finishes. Microbial ingress
through microtube defects relies more on the presence of liquid in the tube than on the physical barrierto passage or
grow-through afforded by the tube diameter (4). Microtubes are a logical choice when creating defects representing channel
defects. In this case microtube length should mimicas closely as possible the actual package barrierthickness (package wallor
seal width). Microtube use challenges include effecting smooth, perpendicular cuts of microtube ends and adequately sealing
microtubes into the test sample wall.

Other commonly used defect creation methods include inserting a needle through the package wall; placing a wire,
microfilament, or film between sealing surfaces; and adhering a holed, thin metal plate onto package surfaces. It is important
to note that defects made by using an object foreign to the package (e.g., needle, film, wire plate) may displaygas, liquid, or
microbial leakage dynamics markedlydifferentfrom that of actual defects (5). Positive controls made by such means are easy
and inexpensive approaches for creating larger sizedefects useful for test method feasibility studies and for exploring a test
method's detection range upper limit.

4.5.2 TYPE DEFECTS

"Typedefects" are positive controls representing realistic package flaws. Type defects are important to include in method
validation studies to explore a leaktest method's practicalapplication in detecting realistic package failures and flaws. Afew
types of defect examples are listed below:

• Heat sealed bag: 1) weak seal, 2) wrinkled seal, 3) seal gap, 4) seal channel, 5) product entrapment in seal
• Stoppered vial package: 1) vial finish channel defect, 2) loosely capped stopper, 3) product trapped between stopper

and vial
• Prefilled syringe: 1) needle shield punctured by staked needle, 2) defective plunger
• Ophthalmic dropper bottle: 1) loose cap, 2) missing or poorly inserted dropper tip, 3) defective tip or cap
Assigning precisesizesto type defects isgenerally not meaningful or feasible because of their inherent irregularity and

complexity.Type defects are defined in more qualitative, descriptive terms such as those listedabove. Because no leaktest
method can find all possibledefects in a given container-closure system, information collectedfrom type defect tests can be
used to identifyalternative approaches to detecting or limiting the occurrence of critical imperfections not readily found by the
chosen leaktest method.
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(1207.2) PACKAGE INTEGRITY LEAK TEST TECHNOLOGIES

1. INTRODUCTION
2. DETERMINISTIC LEAK TEST TECHNOLOGIES

2.1 Electrical Conductivityand Capacitance (High-Voltage Leak Detection)
2.2 Laser-Based Gas Headspace Analysis
2.3 Mass Extraction
2.4 Pressure Decay
2.5 Tracer Gas Detection, Vacuum Mode
2.6 Vacuum Decay

3. PROBABILISTIC LEAK TEST TECHNOLOGIES
3.1 Bubble Emission
3.2 Microbial Challenge, Immersion Exposure
3.3 Tracer Gas Detection, Sniffer Mode
3.4 Tracer Liquid

1. INTRODUCTION

The purpose of this chapter is to provide information guiding the selection and proper use of leaktest technologies (also
called methodologies, approaches, or methods). The leaktest technologies described in this chapter were selected on the basis
of relevant research study data published in peer-reviewed journalsand/or precision and bias study data generated in support
of recognized test method standards. When referencing standard test methods (e.g., ASTM), the reader is advised to refer to
the most recent versions. Insome cases, the scope of referenced standard test methods does not include the package types of
the scope in Package IntegrityEvaluation-Sterile Products (1207). Inall cases, methods and literaturestudies are cited to provide
benchmark information useful for pharmaceutical package leaktest method development and validation.

The technologies described in this chapter are not prescriptivemethods but represent testing concepts that may be applied
when leaktesting sterile product-packages. Test technologies vary in terms of their potential detection limits, reliability, and
applications;therefore, none are universally appropriate for leaktesting allproduct-packages. This chapter providesinformation
to allow a thorough comparison of testing approaches so that the most appropriate technology for a given situation can be
identified.

Aftera methodology has been selected for use, the test equipment operation and performance is qualified. Test method
parameters are optimized during method development and confirmedduring validation.Thus,a final leaktest method isspecific
to a particular container-closure or product-package system.

The leaktest methods included are divided into two categories: deterministic and probabilistic. Deterministic leaktest
methods (Table 7) are preferred over probabilistic methods when other key method selection criteria permit. Probabilistic leak
test methods (Table 2) are best used when the product-package system proves incompatible with deterministic methods, or
when method outcome requirements demand a particular probabilistic testing approach.

In this chapter's Table 7 and Table 2, the "leaksize detection limit" provided for each methodology refers to leakage rates/
leaksizes listed by row in Package Integrity Testing in the Product Life Cycle-Test Method Selection and Validation (1207.1), Table
7. The reported leakdetection limits were chosen on the basisof literature sources, as well as commonly accepted experience.
This information is intended to aid in the selection of the test technology but should not be used as a definitive statement of
test method performance for any specific leaktest method applied to any given product-package system. Instead, leakdetection
limitand range should be established during leaktest method development and validationfor the respective product-package
or container-closure system. For instance, an approach cited as capable of detecting row 6 leaks may be validated by the user
to detect leaks as small as those in row 3. Conversely, a method described as capable of detecting leaks in row 3 may be
determined by the user to detect leaks only as small as row 5.

This battery of testing technologies and the information provided are intended to aid, not limit, the selection, development,
validation, and use of leaktest methods. Unlisted methodologies shown by the user to meet the qualification and validation
requirements for a satisfactory leaktest may be used. In addition, listed technologies may demonstrate expanded testing
capabilitiesbeyond those currently identified.
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Table 1. Deterministic Leak Test Technologiesa

USP 43

Deterministic Package Package Effectof Test Time
LeakTest Content Require- LeakDetection Lim- Measurement Outcome and Method Order of

Technologies Requirements ments itb Data Analysis on Package Magnitude

Quantitative measure of electrical cur- Nondestruc-
liquid (with no com- rent passingthrough the test sample: tive, al-
bustion risk) must be Row3 providesan indirectdetermination of though im-
more electrically con- Varies with product- leakpresence and leaklocationas pact of test

Electrical conductivity ductive than pack- Less electrical- package, instrument, shown by a drop in test sample elec- exposureon
and capacitance age. Iyconduc- test samplefixtures, trical resistivity, with a resultant in- product sta-
(high-voltage leak Product must be tive than Iiq- and method parame- crease in voltage reading abovea pre- bilityis rec-
detection) present at leaksite. uid product. ters. determined pass/fail limit. ommended Seconds

Quantitative measure of gas head-
space content of the test sample by
laser-basedgas analysis, fora product
requiringa headspace low in oxygen,
carbon dioxide,or water vapor con-

Gasvolume, path centration; and/or low in absolute
length, and content Row 1 pressure.
must be compatible Allows trans- Varies asa functionof Whole test sample leakagerate isde-

Laser-based gas head- with instrument's de- mission of time span between termined by compiling readingsas a Nondestruc-
space analysis tection capability. near-IR light. analyses. function of time. tive Seconds

Quantitativemeasureof massflowrate
resultingfrom test sample headspace
escape or liquidproduct volatilization
within an evacuated test chamber
housing the test sample.

Gasor liquidmust be Quantitative pressure readingsearly
present at leaksite. in the test cycleindicate larger leak
Presenceof liquidat Row3 presence.
leaksite requirestest Rigid, or flexi- Varies with product- Whole test sample leakagerate isde-
pressuresbelow va- ble with package, instrument, termined by comparing the test sam-
por pressure. package re- test fixtures/cham- pie massflow resultsto resultsusing
Product must not straint mech- ber, and method pa- leak rate standards and positive con- Nondestruc- Seconds to

Massextraction clog leakpath. anism. rameters. trois. tive minutes

Nondestruc-
Compatible tive, unless
with pres- Quantitative measure of pressuredrop the means Minutesto
sure detec- withina pressurizedtest sample. Pres- used to ac- days, de-

Gas must be present tion mode. sure drop readings are a measureof cess test pending on
at leaksite. Rigid, or flex- Row3 gas escape through leakpaths. sample inte- package vol-
Product (especially iblewith Varies with product- Whole test sample leakagerate isde- riorcompro- ume and re-
liquids or semi-solids) package re- package, instrument, termined by comparing pressurede- misestest quired leak
must not cover po- straint mech- and method parame- cay resultsto resultsusing leakrate sample barrl- limitof de-

Pressure decay tential leaksites. anism. ters. standards and positivecontrols. er. tection

Ableto toler-
ate high-vac-
uum test
conditions Quantitativemeasurebyspectroscopic Nondestruc-
Rigid, or flex- analysis of tracer gas leakrate emitted tive, unless
iblewith from a tracer-floodedtest sample tracer gas in-

Tracergas must be package re- positionedinan evacuated test cham- troduction
added to package. straint mech- Row 1 ber. into the
Tracergas must have anism Varies with instru- Whole test sample leakage rate iscal- package
access to package Limited trac- ment culated by normalizing the measured compromis-

Tracer gas detection, surfacesbeing tested er gas per- capability and test tracer leakrate by tracer concentra- es test sam- Seconds to
vacuum mode for leaks. meability sample fixtures. tion in the test sample. pie barrier. minutes

Quantitative measure of pressurerise
(vacuum decay) within an evacuated
test chamber housingthe test sample;
vacuum decay readingsare a measure

Gas or liquidmust be of headspace escape from the test
present at leaksite. sample, or liquidproduct volatiliza-
Presenceof liquidat Row3 tion,
leaksite requirestest Rigid, or flexl- Varies with product- Whole test sample leakage-rate isde-
pressuresbelow va- ble with package, instrument, termined by comparing vacuumde-
por pressure.Product package re- test samplechamber, cay resultsfor the test sample to re-
must not clog straint mech- and method parame- suitsof tests performedusingleakrate Nondestruc- Seconds to

Vacuumdecay leakpath. anism ters. standards and positive controls. tive minutes

aAll methods apply to nonporous, rigidand flexible packagesas per the scope of (1207).
bThe leakdetection limitcited for each technology refersto Package Integrity Evaluation-Sterile Products (1207), Table 1 and isprovidedfor informationonly.This
informationis intended to assist in earlymethodology selection.The validatedleakdetection limitfor a product-package test method maydeviate from these
values.
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Table 2. Probabilistic Leak Test Technoloqles-
Probabilistic Package Package Effectof Test Time

LeakTest Content Require- LeakDetection Lim- Measurement Outcome and Method Order of
Technologies Requirements ments itb Data Analysis on Package Magnitude

Qualitative measure by visual inspec-
tion of bubble emission caused by es-

Gas must be present
cape of test sample headspacewhile

Row4 sample issubmerged and exposed to
at leaksite. Varies with product- differential pressureconditions.Alter-
Product (especially Rigid, or flexi- package, test sample natively, samplesurfacesmay be ex-
liquids or semi-solids) ble with fixtures and position- posed to surfactant.
must not cover pack- packagere- ing, method parame- Continuousbubble emission lndl-
age surfacesto be straintmech- ters, and analyst cates leakpresence, location, and rel-

Bubbleemission leaktested. anism. technique and skill. ativesize. Destructive Minutes

Qualitative measure by visual inspec-
tion of microorganism growth inside

Able to toler-
test samplesfilled with growth-sup-
portivemediaor product, post im-

ate pressure mersion inheavily contaminated chal-
and immer- Row4 lenge mediawhileexposed to differ-
sionchal- Varies with contain- ential pressureconditions,followed

Growth-supportive lenge. er-closure, test sam- by incubation to encourage microbial
media or product. Rigid, or flex- pie fixtures and posi- growth.
Presenceof liquidat iblewith tioning, challenge Growthin the test sample indicates
the leaksite required packagere- condition severity, the presenceof test sample leaksite(s)

Microbial challenge, for method reliabili- straintmech- and inherent biologi- capableof allowing passive or active
immersion exposure ty. anism. calvariability. entry of microbes. Destructive Weeks

Row2
Varies with test sam- Nondestruc-
pie, method parame- tive, unless
ters, test sample fix- Quantitative measurebyspectroscopic tracer gas in-

Tracergas must be Leak site ac- tures, and analyst analysis of tracer gas near the outer troduction to
added to package. cessible to technique and skill. surfaces of the tracer-flooded test the package
Tracergas must have probe. Smaller leakdetec- sample,sampled using a sniffer interiorcom-
accessto package Limited trac- tion may be possible probe. promisestest

Tracergas detection, surfacesto be tested er gas per- under optimum test Tracerpresenceabove a pass/fail limit sample barri- Secondsto
sniffer mode for leaks. meability. conditions. indicates leakpresence and location. er. minutes

Measure of tracer in test sample previ-
ouslysubmerged in tracer-charged
liquid whileexposed to differential

Row4 pressureconditions.Alternatively,
Varies with contain- tracer-charged test samples may be

Rigid, or flexi- er-closure, test sam- submerged in tracer-freecollection
ble with piefixtures and posl- fluid.
packagere- tioning, challenge Tracermigrationmeasurement may
straintmech- condition severity, be quantitative(by chemicalanalysis;
anism. . and tracer liquidcon- preferred approach for smallleakde-
Able to toler- tent. tection)or qualitative (by visual in-
ate liquidim- Smaller leakdetec- spection).

Contents must be mersion. tion may be possible Tracerpresence indicatesleaksite(s)
compatiblewith Iiq- Compatible under optimal test capable of allowing tracer passage.
uid tracer. with liquid conditionsemploy- Tracermagnitude may indicate rela-
Product must not tracer detec- ing chemicalanalysis tive leaksize(assuminga single-leak Minutesto

Tracer liquid clog leakpath. tion mode. tracer detection. pathway). Destructive hours

aAll methods apply to nonporous, rigidand flexible packagesas per the scope of (1207).
bThe leakdetection limitcited for each technologyrefers to Package Integrity Evaluation-Sterile Products (1207), Table 1 and is providedfor information only.This
informationis intended to assistin earlymethodologyselection. The validated leakdetermination limitfor a product-package specific test method may deviate
from these values.

2. DETERMINISTIC LEAK TEST TECHNOLOGIES

2.1 Electrical Conductivity and Capacitance (High-Voltage leak Detection)

2.1.1 DESCRIPTION

The electrical conductivity and capacitance leaktest (high-voltageleakdetection, or HVLD) isan approach for detecting the
presence, and potentiallythe location, of a leak(s) in the wall of a nonporous, rigid or flexible package containing liquid or
serni-liquid product. Test analysis is based on quantitative electrical conductance measurements (7-5). HVLD leak tests are
generallynondestructive to the package and to the product, although an evaluation of HVLD exposure impact on product
physicochemical stability is advised.

Thetest isperformed byfirst positioning the test sample (containing liquid product) onto an electrically qrounded instrument
test fixture. Alternatively, the test sample may be placed onto a transport system that will carrythe test sample through an
electrically grounded testing zone.- Upontest start, an electrode uniquely designedfor the product-package type under test
exposes all or part of the test sample to a high-frequency, high-voltage, low-amperage current. The presence of a leakpath in
the proximity of an electrically conductive, liquid-formulation product results in a drop in the electrical resistance of the test
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sample, as shown by a spike in current passing through the test sample above a predetermined pass/fail limitestablished using
negative controls.

2.1.2 APPLICATION

Rigid or flexible packages of nonporous components containing liquidor semi-liquid product may be tested:
• Packagecomponents must be relatively electrically nonconductive.
• Product must be electrically conductive, relative to the package.
• Product must not be flammable (i.e., not a combustion risk).
• Product must be near or at the leak inspection location at the time of the leaktest.
• Solidified, electrically conductive product that blocks leakpaths may be detected.
• Metal caps used to seal stoppered vial or cartridge packages conduct current, improving the likelihood of finding leaks

under the cap.
HVLD tests are rapid, requiringno more than several seconds for a full scan of the test sample, thus makingthem appropriate

for off-line testing, or as an on-line, 100% product inspection test method. This technology is useful for any product life cycle
phase.

2.1.3 TEST EQUIPMENT

HVLD instrumentation comes equipped with tooling and/or a test sample transport systemfor proper test sampleand probe/
ground positioning,an internalhigh-voltagetransformer, electrode voltage and ground potentiometer adjustment capabilities,
and a test result output display. The design and materialsof construction used for the electrode probe and electrical ground
are product-package specific.

2.1.4 TEST PARAMETERS

The following are test parameters for the electrical conductivity and capacitance leaktest, also known as HVLD:
• Conductivityof test sample product relative to test sample package: a greater differencewill improve leakdetection

sensitivity
• Test voltage set point: voltage is set high enough to ensure leakdetection, but not so high that current will are, falsely

rejecting the test sample
• Testsensitivity set point (potentiometer or gain set point):sensitivity should be maximized to ensure leakdetection without

triggering a false reject result
• Packagecontent proximity to potential leakpaths: leakdetection sensitivity isdirectly related to the proximityof product

to the leak path
• Electrode probe position relative to potential leak paths: probe proximityto the leak isdirectly related to the test

method sensitivity
• Speed at which the electrode passes over the test sample surface: although the test isvery rapid, test speeds too rapid

may cause leaks to be missed ,
• Moisture presence on the package: test sample surface condensation can potentially trigger a false reject reading

2.2 laser-Based Gas Headspace Analysis

2.2.1 DESCRIPTION

Gas headspace analysis via laser-basedtechniques providesa quantitative, nondestructive measure of oxygen content, water
vapor content, and low internal pressure in the headspace of a nonporous, rigid or nonrigid package (6-8). Some instruments
are capable of measuring headspace carbon dioxide concentration as well.

The test isperformed byfirstplacingthe test sample in a fixturedesigned for precisetest sample positioning. Upon test start,
frequency-modulated spectroscopy is used to cause a near-infrared (IR) diode laser light to pass through the gas headspace .
region of the sealed test sample. Light isabsorbed as a function of gas concentration and pressure.The absorption information
is processed using phase-sensitive detection techniques; a mixerdemodulates the signal. The output voltage, which is
proportional to the absorption lineshape, isdigitally converted and further analyzed by a microprocessor, yielding test sample
signal results. Final test sample readings are automaticallygenerated based on a comparison of test sample signals to a
calibration curve. Thiscurve is pre-established by using control packages flooded with traceable gas referencestandards. Gas
headspace analysis, as a function of time, providesa quantitative measure of the total leakage rate of the test sample. Leakage
rates are judged acceptable or unacceptable on the basisof predetermined limits, calculated to ensure proper gas headspace
content maintenance over the product life cycle.

2.2.2 APPLICATION

Rigid or flexible packages made of nonporous components (transparent or semi-transparent material, either amber or
colorless) that allowtransmission of near-IR diode laser light may be tested. Test samples requirea minimum headspace volume
and headspace path length. The requirements varyon the basisof the gas moiety to be tested and may be specific to the
instrument as well as to the construction and design of the package materials.

Test samples that may be analyzed fall into these categories:
• Products that require low-oxygen or low-carbon-dioxide headspace content
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• Products that require lowwater vapor content (e.g., lyophilized or powdered products)
• Products that require lowinternal packagepressure(e.g., lyophilized products)
Package integrity, or absence of leakage, isconfirmed by replicating tests on a giventest sampleas a functionoftime. Longer

time periods between tests are needed to detect smaller leaks. Mathematical models appropriate to leakflowdynamicsmay
be used to predict the time requiredfor detecting leaks of various sizes or rates.

Headspaceanalysis at a singletime point provides the headspace content result, which mayor may not be indicative of
package integrity.

• Atest result not meeting specification could be due to package leakage, or could resultfrom improper package filling or
assembly processes that caused the packageheadspace to be out of specification.

• Atest result that meets specification may confirm package integrity ifenough time has elapsed since product-package
preparation for measurable leakageto haveoccurred, assuming that the initial preparation of the test sample met
manufacturing standards.

Methodsof laser-based gasanalysis maybe usedduringany phase ofthe product life cycle. Tests are rapidand are appropriate
for off-line testing using lab-scale equipment (typical measurement time, 2 s)or as an on-line, 100% product inspectionmethod
(typical measurement time, 0.2 s).

2.2.3 TEST EQUIPMENT

Test instrumentationfor laser-based gas headspace analysis iscapable of accurate and reproducible near-IR diode laserlight
emission, light detection, and signal analysis. Tooling specific to product-package test samples isused to properlypositiontest
samples, ensuring reproducible laser-light transmission and detection. Standards with components identical to the packages
under test, in terms of both the materials of construction and the dimensions (at the point where light isto be transmitted),
are required.Thesestandards also need to contain headspace content that is representative of the gas mixtureunder test (Le.,
oxygen, carbon dioxide, water vapor, pressure).

2.2.4 TEST PARAMETERS

The following are test parameters for laser-based gas headspace analysis:
• Testsample positionwith respect to laser beam transmission and detection points: imprecise test sample handling,

and/or dimensional irregularity of the package, can increase measurement standard deviation
• Test sample headspace volume: the volumemust meet minimum requirementsfor test instrumentation
• Testsample headspace absolute pressure: headspace absolute pressurewill influence the detection limitand range for all

test types
• Test sample speed: increase in testing speed will increase standard deviationof measurement
• Test sample temperature: temperature can influence moisture and pressure test results (e.g., lowertemperatures are

associatedwith lower internal pressureof the test sample) (9)
• Test sample outer surfacemoisture: presenceof moisture may hamper test performance
• Timeallotted between the replicatetests: performing replicatetests over a periodof time allows calculation of continuous

package leakage

2.3 Mass Extraction

2.3.1 DESCRIPTION

The massextraction test isa nondestructive, quantitative measurement approach for detecting leakagein nonporous, rigid
or flexible packages (10). Leakage of package headspace gases and/or leakage belowthe product fill level may be detected,
given appropriatelydesigned equipment and test parameters.

The test is performed by first placingthe test sample insidea test chamber that is pneumatically connected to a mass
extraction leaktest system equipped with a vacuumgenerator package. The test chamber is uniquely designed to contain the
test package, which isfitted with appropriate tooling to limitmovement or expansion of moveable or flexible components,
respectively.

Upon test start, the chamber isquickly evacuated for a predetermined time to reach a predetermined vacuum level. Aseries
of such evacuation cycles may be performed, each intended to identify smaller leakage rates.After each cycle, the test system
is isolated from the vacuum source and measurements of absolute pressure, pressuredecay rate, and/or gas massflowrate are
captured. Readings greater than predetermined limits that were established using negativecontrolsare indicative of container
leakage, triggering test cycleabort.

Forthose test samples passing all previous largerleak vacuum cycles, a final vacuumisdrawn.Thetest systemisthen isolated
from the vacuum source. With all flowfrom the test chamber directed through the massflowsensor, the massflow rate is
measured. Mass flow above a predetermined limit established using negative controls is indicative of container leakage.

2.3.2 APPLICATION

Nonporous, rigid or flexible packages may be tested. Packages containing gas, liquid, and/or solid materials can be tested:
• Flexible packagesor packages with nonfixed components require tooling torestrict package expansion or movement,

respectively, when exposedto test vacuumconditions. Tooling minimizes the sealstressofflexible packagesand maintains
consistent package volumeand differential pressure conditions across, the leak path.

• Gas headspace must be at atmospheric pressure or at a pressure notably greater than test vacuum conditions.
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8 Package surfaces below the product-fill level may be leaktested for those solid-formulation products that do not block
leak-site gas flow and for those liquid products that volatilize at test vacuum but do not solidify and so blockleak paths.

8 Packages ranging in volume from a few milliliters to several litersmay be tested.
Tests require anywhere from several seconds to a few minutes to perform. Longertest times are necessaryfor testing

larger-volume packages. Lengthening test cyclesalso allows for detection of smaller leaks.
Massextraction leaktests are useful in any phase of the product life cycle.Tests may be performed in a laboratorysetting or

off-line in the production environment. Longerlaboratory or off-line test cycletimes are generallycapable of detecting smaller
leaks. Higherspeed on-line tests are restricted to larger leakdetection.

2.3.3 TEST EQUIPMENT

Mass extraction test instrumentation consistsof a system of conduits and valves that pneumatically connect a test chamber
with a test system pressure sen.sor, micro-flow mass sensor, and vacuum generator package, 'including an external vacuum
source. The instrument includesappropriate timers, electroniccontrols, and monitors.Afixed-size orifice isincludedfor periodic
system performance verification. The test chamber is uniquelydesigned to contain the test package, which isfitted with
appropriate tooling to limitmovement or expansion of moveable or flexible components, respectively.

2.3.4 TEST PARAMETERS

The following are test parameters for mass extraction:
8 Pressures

o Test system pressure reading after initial gross leakcheck. Atevacuation stage, pressure isa function of test system
volume, time allotted for evacuation, and the vacuum source pressure level.

o Test system pressure reading after the secondary evacuation stage(s): pressure above a predetermined limit isdue
to test package leakage.The pressure level above baselineisa function of leaksize,available headspace volume, and/
or volatile liquid in the test sample.

o The final absolute pressure of the test cycle must be lower than the headspace pressure of the test package for
detection of gas headspace leaks, and/or lower than the volatilization pressureof liquid product formulationfor leaks
located below the liquid-product fill level.

8 Mass flow
o Mass flow rate reading after secondary evacuation stage(s).
o The mass extracted from the test sample is monitored for larger leakdetection after the first secondary evacuation

stage; massextracted from the test sample ismonitored for the smallest leakdetection after the lastevacuationstage.
o Background flow level (Le., the baselineflow or noise level) is the flow rate for packageswithout leaks. Baseline flow

isa function of test package and system outgassing, test system volume, and the time allowedfor evacuation.
o The massflow rate at steady-state conditions, when extracted from the test chamber, isequal to test sample leakage

into the test chamber, assuming that outgassing from the sample and external leakagefrom the test system are
insignificant. Leakage is identified once the mass flow rate notably exceeds the rate of negative controls.

8 Times
o Time allotted for system evacuation for gross leakdetection: enough time isallotted to draw off most of the test

chamber gases, without exhausting the headspace gases of the test package, or without drawing off the liquid
contents from grossly leaking packages.:

o Time allotted for large-leak check through the massflow sensor: a brieftime is required for detection of large- and
medium-sizeddefects.

o Timeallotted for system evacuation for small leakdetection: enough time should be allowedto establish the desired
vacuum equilibrium of the test chamber. Insufficient time will not adequately draw offgases sorbed onto package
surfacesor entrapped between components.

o Time allotted for mass flow to stabilize: after the secondary evacuation stage(s), monitor the flow as the flow rate
approaches steady state. Enough time is allotted so that flowfrom the smallestalloweddefect is statistically greater
than baseline (no-leak) flow.

o Time allotted for the final leaktest by mass flow: enough time should be allotted so that the massflow rate exceeds
baseline readings for negative controls.

2.4 Pressure Decay

2.4.1 DESCRIPTION

The pressure decay test is a quantitative measurement approach for detecting leakage in nonporous, rigid or flexible
packages. The test is destructive if the introduction of pressurized gas creates a break in the package wall or seal. The test is
nondestructive ifthe introduction of gas into the test sample does not compromise the package barrier. Pressure decay testing
is intended for integrity testing of the gas headspace region of the test sample.

To perform the test, a dry air or inert gas pressure source isattached to the test sample that isfitted with an internal pressure
monitoring device.The test sample is pressurized to a predetermined pressure, after which the pressuresource is isolatedfrom
the test sample. The decay in pressure is monitored for a predetermined time. Pressure decay that exceeds a predetermined
limitestablished using negative'controls indicates container leakage.
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The referenced ASTM F2095 method (77) is intended for testing flexible packages (pouches and foil-sealed trays). Seals or
surfaces being tested cannot be in contact with product such as water, oils, or other liquids. ASTM method Adescribes testing
packageswithout use of a restraint mechanism. The method requires that the package reach a stable volumeconfiguration
(Le., itstops stretching) to take a measurement.ASTM method Brequires that the test sample iskept between restraining plates
during the test to limitthe volume of the pressurized package.

2.4.2 APPLICATION

Nonporous, rigidor flexible packages may be tested:
• Package surfacesthat can be tested are thoseunobstructed by product (e.g., oils, water, or other liquids); small leaks below

the liquid-fill level would not be detected by this method.
• Flexible packages or packageswith nonfixed components require toollnq to restrictpackage expansion or movement,

respectively, when exposed to test pressureconditions.Tooling minimizes the seal stressof the flexible package and
maintainsconsistent package volumeand differential pressureconditions acrossthe leak path.

• Pressure decay can be used for testing packagesanywherefrom a few milliliters in volumeto large, bulk-storage vessels.
Tests require anywhere from a few seconds to a several hours to perform. Longer test times are necessary for testing

larger-volume containers. Lengthening test cycles alsoallows for detection of smallerleaks.
Pressure decay tests are useful in any phase of the product life cycle.
Testsmay be performed in a laboratorysetting or off-line in the production environment. Laboratory or off-line test

equipment that allows for longer test times isgenerally capable of detecting smallerleaks. Higher-speed, on-linepressuredecay
equipment may be used to checkfor defects in open packages before package filling and closure.

2.4.3 TEST EQUIPMENT

Pressure decay test instrumentation includes conduits to connect the test sample with test system pressuretransducers
(absolute, differential, or a combination of both) and a pressuresource (72). Instrumentation includes appropriate timers,
electroniccontrols, and monitors.Greatesttest method sensitivity and reproducibility are achievedwhen the instrument iskept
in a temperature-controlled environment; test samples (especially larger-volume samples)are kept at a controlled, constant
temperature during test; and dry pressurizing gas at constant temperature isused. It isoptional to usetooling uniquely designed
to limitmovement or expansionof moveable or flexible components, respectively, thereby keepingtest samplevolumeconstant
and limiting seal stress.

2.4.4 TEST PARAMETERS

The following are test parameters for pressuredecay:
• Test sample internal pressureafter pressurization:

a The initial pressure reached after sample pressurization is a function of the test systemvolume, time allotted for
pressurization, pressuresource capacity, and temperature of the test sample headspace.

a Higherpressure creates the potentialfor more rapid and sensitive leaktesting. However, the selection of maximum
test pressureshould take into consideration personnelsafety risks and potential damage to equipment and package.

• Pressure decay baseline: the baseline pressuredecay (Le., noiselevel) isthe pressuredrop that occursfor packageswithout
leaks.

a Baseline pressuredrop isa function of test packagevolume, temperature conditions, and the length of time allowed
for pressure to rise.

a Baseline pressure drop requiring longer time periods isaffected by gas sorption onto test packagesurfaces, gas
moisture content (drygas should be used), and gas temperature. Techniquesto limitbaseline pressure drop include
the use of dry gases, and keeping the test container and the pressurized gas at a constant temperature.

• Pressure decay due to test package leakage: the extent of pressuredecay above baselineisa function of leak size, available
headspace volume inthe test sample, the initial pressureinsidethe test sample, temperature control,and the time allotted
for pressure to rise.

• Times
a Time allotted for test sample pressurization: enough time isallotted to establish the desired pressure inside the test

sample.
a Timeallotted after pressurization for pressuredecay: enough time should be allottedso that the pressuredecay from

the smallest leaks can be detected (Le., baseline decay isexceeded).
a Atime lag may be incorporatedbeforemonitoringfor pressuredecay to allow for gas equilibrium withinthe container

and test system.
• Temperatures

a Temperature of the pressurized gas can significantly affect test method sensitivity and reliability, especially when
testing larger-volume containers.

a An increase in gas temperature causes a rise in pressure, and conversely, a rise in gas pressure triggers an increasein
gas temperature. Therefore, upon initial test package pressurization, the gas temperature will spike, causingafurther
spike in pressure. Thesubsequent drops in temperature and pressureduring systemequilibrium may be mistaken for
leakage. .
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o Effects of temperature variationmay be minimized by: 1) allowingthe temperature in the pressurized system to come
to equilibrium before starting the pressure decay test, 2) minimizing temperature variation outside the test system,
3) minimizing test duration, and/or 4) applying a mathematical correction to the pressure readings.

2.5 Tracer Gas Detection, Vacuum Mode

2.5.1 DESCRIPTION

The leak detection method for tracer gas detects leakagefrom nonporous, rigid or flexible packages.The method can be
destructive or nondestructive, depending on the test approach used. The test requiresthe presence of tracer gas inside the test
sample package. Helium is the most commonly used tracer gas, and hydrogen isalso used. The leakage rate of tracer gas is
quantitatively measured using a spectrometric analytical instrument specific for the tracer gas.:Instruments are designed to
check for tracer gas leaking out of a test package, either by means of a test chamber that can be evacuated to draw gas out of
test sample leaks (the vacuum mode) or by use of a vacuum wand (the sniffer mode) for scanning the outer surfacesof the test
package (see Tracer Gas Detection, Sniffer Mode). The vacuum-mode tracer gas test is used more commonly than the sniffer
mode for integrity testing sterilepharmaceutical product-packages. The vacuum mode is both quantitative and deterministic
and isused to capture and quantify leakagefrom an entire test package, or it can be used to test for leakagealong a test package
surfaceor seal,given proper sample fixtures. Bothvacuum and sniffertesting modes using heliumas the tracer gas are described
in ASTM F2391 (13).

To perform the vacuum mode test, test samples that have been fully or partially flooded with tracer gas are placed insidean
evacuation chamber that is pneumatically connected to the tracer gas analysis instrument. Alternatively, the test sample may
be fitted in such a manner that only the surface or seal of interest is exposed to the instrument, allowing for targeted leak
detection at one specific seal or surface. In some cases, test samples that cannot withstand the high-vacuum test conditions
may be tested with the use of tooling to restrict package expansion or movement.

At test start, the instrument's vacuum pump evacuates the test chamber or fixture, drawing leaking tracer gas through the
analyzer. The absolute leak rate of the test sample iscalculated by normalizing test results by the partial pressure of the tracer
gas within the test sample at the time of test. Foraccurate results, tracer gas concentration within the sample must be uniform
and consistent at the time of test; also, there should be minimal tracer gas permeation out of the test sample that can mask
test sample leakage. Calibration tracer gas reference standards can be used for understanding the relationship between true
leak rates and measured leakrates under actual test conditions.

The vacuum-mode tracer gas leaktest is a nondestructive test, unless tracer gas introduction into the test sample requires
package wall compromise (e.g., piercing), or if the presence of tracer gas is detrimental to the package contents.

2.5.2 APPLICATION

Rigid or flexible packages made of nonporous components:
• Flexible packages or packageswith nonfixedcomponents may require tooling to restrictpackageexpansion or movement,

respectively.
• Tracer gas permeation through the package material must not be so great that the leakage rate of concern is masked.
• Awide range of package sizes may be tested.
Leak paths must be clear of liquidor solid materials that could potentially block tracer gas flow.
Caution is advised when testing liquid-filled packages, because vapors or liquid drawn into the test system can seriously

damage instrumentation.
Detection capabilities range from large leaks to the smallest leaks.
• Method capability is related to the sizeof the unobstructed leak path.
• Large leaks in the smallest packages may be missed because of the rapid loss of tracer gas (e.g., during the evacuation

phase of the vacuum mode test).
• Significant tracer gas permeation through the package itself can interfere with the test by swamping leakage rate.
The test is nondestructive ifthe tracer gas is introduced into the package at the time of package assemblyor closure, but

the inclusion of tracer gas may prevent introduction of these packages into commercialor clinical markets.The test isdestructive
if the introduction of tracer gas compromises assembled package integrity (e.g., package puncture). Following test sample
preparation, the actual leaktest generally takes lessthan 1 min.

Tracer gas leaktest methods may find application in any product life cycle phase. They are generally used in a laboratory
environment. Tracer gas methods can also be used in production as an off-line testing approach; they can be used on-line if
tracer gas is introduced intothe test samples before final package closure.

2.5.3 TEST EQUIPMENT

Analytical instrumentation specific for tracer gas detection (e.g., massspectrometer for heliumdetection) isrequired, typically
equipped with an internal leak rate standard for instrument calibration at time of use. Additional equipment needed includes
external calibration reference standards of tracer gas, to be used for comparisons of true leak rate versus measured leak rate
under actual test conditions; a tracer gas source with a means for introducing tracer gas into the test sample; a test chamber
or fixture to pneumatically connect the test sample with the instrument; tooling to restrict package expansion or movement,
as appropriate; a means for accessing and analyzing the test sample headspace for tracer gas partial pressure after execution
of the vacuum-mode leaktest; and ventilation to remove tracer gas from the test area, or a tracer gas recapture system.
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The following are test parametersfor tracer gas detection, vacuum mode:
• Tracergas partial pressurewithin the test sample at the time of test:

o When added by soaking the intact package, the concentration of the tracer gas isdependent on the time allotted,
the positive pressureapplied, and the tracer gas leak rate, plus the rate of permeation into the package

o When added before package closure, tracer gas concentration is dependent on the gas flooding rate and time, the
tooling and/or enclosure used to concentrate gas inside the package, and the efficiency of package closure for
preventing escape of tracer gas

o When added after packageassembly, tracer gas concentration isdependent on the tooling used to pierce, flush, and
vent the package; the gas flooding rate and time; and the sealant materialapplied to reseal the puncture site

• Differential pressureapplied to the test sample during the vacuum mode will drive tracer gas out of the test sample,
increasing method sensitivity

• Timeallotted to allowfor leakageto reach steady state should not exceed tracer gas permeation lag time

2.6 Vacuum Decay

2.6.1 DESCRIPTION

The vacuum decay test is a nondestructive, quantitative measurement approach for detecting leakage in nonporous, rigid
or flexible packages. Leakage in the package headspace gas region and/or below the product-fil/level may be detected given
appropriatelydesigned test parameters and ifproduct properties allow (as detailed below).

To performthe test, the test sample is placed in a closely fitting evacuation test chamber pneumatically connected to the
leaktest system,which is equipped with an externalvacuum source.The test chamber isuniquely designed to contain the test
package.Testsampleswith moveableor flexible components requireappropriate tooling to limit the movement or expansion
of such components, respectively.

Upontest start, the test chamber plustest system dead space are evacuated for a predetermined periodof time.Thetargeted
vacuum level chosen for the test is predetermined on the basis of the test sample type, size, and content. The vacuum source
is then isolated from the test system. After a short time has elapsed to allowfor system equilibration, the rise in dead space
pressure (Le., vacuum decay) is monitored for a predetermined length of time using absolute and/or differential pressure
transducers. A pressure increase that exceeds a predetermined pass/fail limitestablished using negativecontrols indicates
container leakage. ASTM F2338 may be referenced (14).

2.6.2 APPLICATION

Nonporous, rigid or flexible packagesmay be tested. Packages containing gas, liquid, and/or solid materials can be tested:
• Flexible packages or packageswith nonfixed components require tooling to restrict package expansionor movement,

respectively, when exposed to test vacuum conditions.Tooling minimizes flexible packagesealstressand maintains
consistent package volume and differential pressureconditions across the leak path.

• Product-package gas headspace must be at atmospheric pressureor at a pressure notably greater than test vacuum
conditions.

• Package surfaces below the product-fill level may be tested for leaks for those solid dosage formulation products that do
not blockleak-site gas flowor for those liquid dosage form products that volatilize at test vacuumwithout solidifying and
blocking leak paths.

• Packages ranging in volumefrom a few milliliters to several liters may be tested.
Vacuum-decay leaktests are useful in all phasesof the product life cycle. Tests requireanywherefrom a few secondsto a few

minutes to perform. Longer test times are necessary for testing larger-volume packages or for detection of the smallestleaks.
Longer test times are more appropriately performed in a laboratorysetting or off-line in the production environment.
Higher-speed on-line equipment isgenerally used for detecting larger leaks.

2.6.3 TEST EQUIPMENT

Vacuum-decay leaktest instrumentation consists of a system of conduits and valves that pneumatically connect a test
chamber with the test system pressuresensors and an external vacuum source. The instrument includes appropriate timers,
electroniccontrols, and monitors. An externalgas flow meter allows for periodic system performance verification. The test
chamber isuniquelydesigned to closely containthe test packageand may be fitted with toolingto limit movementor expansion
of moveable or flexible package components, as appropriate.

2.6.4 TEST PARAMETERS

The following are test parametersfor vacuumdecay:
• Pressures

o Test chamber pressure after evacuation: the initial pressure reached during test chamber evacuation isa function of
test systemvolume,timeallottedforevacuation,and vacuumpump capacity.Theabsolutepressureofthe test system
must be lowerthan the headspace pressureof the test package for detection of gas headspace leaks, and/or lower
than the volatilization pressure of the liquid-productformulation for leaks located belowthe liquid-product fil/level.
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o Pressure rise baseline: the baseline pressure rise (l.e., noise level) is the pressure increasethat occurs for packages
without leaks. Baseline pressure riseisa function of test package and system outgassing, test systemvolume, and the
time allowed for pressure rise.

o Pressure risedue to test package leakage: the extent of pressure riseabove baseline isa function of leaksize, test
chamber vacuum level at teststart, available headspace volume or volatile liquid in the test sample, and the time
allotted for pressure rise.

• Times
o Time allotted for system evacuation: enough time should be allowedfor establishingthe desired vacuum pressure

level of the test chamber, plus draw off gases sorbed onto package surfacesor entrapped between components.
Excessive time will evacuate headspace from largelyleaking packages, risking that there will be insufficient headspace
gas for leakdetection. Timesshould not be so great that leakingpackage headspace gases are exhausted or the liquid
product floods and contaminates the test system.

o Timeallotted after evacuationfor pressure rise(vacuum decay): enough time should be allotted so that the pressure
risefrom the smallest leaks to be detected exceeds baseline. Atime lag may be incorporated after evacuation and
before vacuum decay monitoring to allowfor gas equilibrium within the container and test system.

3. PROBABILISTIC LEAK TEST TECHNOLOGIES

3.1 Bubble Emission

3.1.1 DESCRIPTION

The bubble emission leaktest is a destructive, qualitative measurement approach for detecting and locating leaks in
nonporous, rigid or flexible packages containing headspace gas.

The test is performed in one of two ways.The first is an Internal pressurization method referenced in ASTM F2096 (15) in
which a positive pressure air source with pressure monitor is inserted into the test sample. The test sample is then submerged
in water, and air pressure isapplied to a predetermined level, for a predetermined time period. The second approach is
referenced in ASTM 03078 (16). The intact test sample issubmerged in water or other suitable submersionfluid contained in a
vacuum chamber. Vacuum is established to a predetermined level, for a predetermined time period.

With both approaches, leakagecan be observed as a continuous stream of bubbles emitted from the leaksite. Bubble
diameter and emissionrate may providesome indicationof relative leaksize.Analternativeto test sample submersion iscoating
the test sample with surfactant, in which case any leakage isseen as foaming or bubbling at the leaksite. The surface tension
of the submersion fluid or surfactant allows for smaller bubble formation, potentially improving test sensitivity. Use of
submersion fluid with low gas solubility may also improve test sensitivity.

The bubble emission test is categorized as a probabilistic leaktest method. Although this method relies on the predictable
flow of gas through leak paths, escaping gas can become entrapped within or between package components; false-leak
outgassing events may occur; gas emitted from small leaks may solubilize in the immersionfluid before bubble formation; and
test sample set up may be inadequate to ensure sufficient differential pressure conditions and appropriate bubble visibility. The
use of negative and positive controls along with test samples providesevidence of test method limit of detection.

3.1.2 APPLICATION

Nonporous, rigid or flexible packages with gas headspace may be tested 'by bubble leak methods:
• Packages must be able to tolerate wetting or submersion
• Flexible packages or packageswith nonfixed components generally require tooling to restrict package expansion or

movement, respectively, when exposed to vacuum conditions. Tooling minimizes the seal stress of the flexible package
and maintains consistent package volumeand differential pressure conditions acrossthe leakpath. However, tooling may
block leak paths or hinder bubble emission visibility

• Only leaksites that are present in the gas headspace region of the package can be detected
• Thistest is generally used for testing smaller-volume packages that are lessthan a few liters in size
Bubbletests are applicable in any product life cycle phase. Bubbletests require several minutes or longer for test sample

analysis and subsequent cleaningand/or drying. Bubbletests are most commonly used inlaboratorysettings as part of a research
investigationto verify leakpresence and location.Theycan also be used as an off-line production leaktest. Bubbletests are also
used for integrity testing of aerosol-package products in a research or production setting. In this application, the test may be
considered nondestructive to the product-package test sample.

3.1.3 TEST EQUIPMENT

Bubbletests require a pressure or vacuum source (as appropriate) equipped with pressure monitors and controls; tooling to
restrict expansion of flexible packages or movement of nonfixed components; submersion fluid or surfactant to be applied to
.the package surface;submersion vessel equipped for external vacuum or internal pressuretest mode; and visual inspectionaids
such as lighting, magnification, and/or background, as needed.

3.1.4 TEST PARAMETERS

The following are test parameters for bubble emission:
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• Differential pressure: greater differential pressure evokesmore rapid bubble emission. Differential pressure should not be
so great that package sealsare compromised or that gas escapes through large leaks so rapidly that it may be confused
with package surface outgassing

• Timeallotted during differential pressure application: longer test times allowfor smaller leakdetection
• Times allotted for inspection (pacing) and for inspection breaks to lessen operator fatigue
• Package positioning during inspection
• Package mode of restraint for moveable or flexible components
• Submersion fluid (or surfactant) surface tension: lowersurface tension improves method sensltivlty
• Inspection environment parameters: lighting intensityand angle, degree of magnification, background color

3.2 Microbial Challenge, Immersion Exposure

3.2.1 DESCRIPTION

The immersionexposure microbial challenge isa destructive, qualitative measurement approach for confirming leaks in
nonporous, rigid or flexible packages.

The test is performed by first filling test samples with sterile, growth-supporting media, followed by incubation and visual
inspection of samples to ensure sample sterility before microbial challenge. Samplesare then immersed in a concentrated
bacterialsuspension for a predetermined time. Samplescan be exposed during immersion to a predetermined vacuum for a
predetermined time, followed by release of vacuum while the packages remain immersed at ambient pressure for a
predetermined time. Samples are then incubated under growth-promoting conditions, followed by examination of package
contents for evidence of microbial growth by visual inspection or other appropriate analytical means. Alternative approaches
can includeexposure of immersed test samples to positive pressureconditions, or to multiplecycles of vacuum and/or pressure
conditions.Testsample leakage isevidenced byvisible growth of the challenge microorganism(s) insidetest samples. Immersion
microbial challenge tests relyon the presence of a liquid carrier in the leak path that sweeps microorganisms into the package
or providesa means whereby microorganisms can actively migrate and/or grow into the test sample. The use of negative and
positive controls along with test samples providesevidence of test method limitof detection.

The microbial challenge by immersion test iscategorized as a probabilistic leaktest because of the multipleevents that must
occur sequentiallyand/or simultaneouslyfor leakdetection to take place. All such events are difficult to predict or control,
especially for detection of smaller leaks. Forexample, the microorganisms must be physically present at the leaksite. The
necessarypresence of liquid in the leak path, and/or flowlnq through the leak path, is influenced by the package materialsof
construction, leakpath tortuosity and topography, mediasurfacetension, and leakpath blockageby product, extraneous debris,
or air locks. Microorganisms must not be hindered from entering the package by getting trapped in a tortuous leakpath, and
enough microorganisms must enter the package to allowfor sufficient growth that can be detected visually after test sample
incubation. .

3.2.2 APPLICATION

Microbial challenge tests by immersionare most useful when an appropriate and validated physicochemical leaktest method
does not exist, or when the test outcome demands direct evidence of the prevention of microbial entry.

Nonporous packages of rigid or flexible components may be tested by immersion microbial challenge methods:
• Packages must be able to tolerate submersion.
• Flexible packages or packageswith nonfixedcomponents may require tooling to restrictpackage expansion or movement,

respectively. Tooling minimizes stress on flexible package seals and maintains consistent differential pressure conditions
acrossthe package seal.

Immersion microbial challenge tests are performed ina laboratoryenvironment, not as an on-linetest of the finishedproduct.
Atest requiresseveraldays to prepare; the test samplesare pre-incubated before microbial challenge to ensure initial package

content sterility. The challenge itself, plus post-challenge sample decontamination, may take several hours. Final incubation
followed bysample inspection may take 1-2 weeks.The immersionmicrobial challenge test isprimarily used in product-package
development and validation studies.

3.2.3 TEST EQUIPMENT

The test chamber for conducting the immersion microbial challenge test isdesigned and equipped to maintain suspension
uniformity and appropriate temperature whileexerting the required differential pressurecondltlon.Flxtures for restrainingand/
or positioning packages during immersion are also required. Small, motile microorganisms are preferred for the challenge;
examples include Brevundimonas diminuta and Serratia marcescens. The immersion challenge media should support challenge
microorganism growth to the desired concentration. Soybean-casein digest medium isone commonly used medium.

The media filled into test samples may match the immersion challenge media formulation. Alternatively, product that has
been shown to support microbial growth may be used. Media should allow sufficient growth of the particularchallenge
organism so that package contamination can be detected in the positive controls. Verification of growth promotion in the
immersion media and the test sample media should be performed each time the immersion challenge test is conducted (see
SterilityTests (71), Growth Promotion Test ofAerobes, Anaerobes, and Funqi). Useof an incubation chamber is required for test
samples, both before and after exposure. A means for determining microbial growth inside test packages is required.

3.2.4 TEST PARAMETERS

The following are test parameters for microbial challenge, immersion exposure:
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• Microorganism concentration: in the immersionchallenge media, microorganism concentration should meet appropriate
predetermined levels throughout the challenge test (a minimum concentration of 105 CFU/mL is commonly used).

• Media fill volume: the fill volume of media in test samples should be sufficient to ensure a liquid path at each potential
leaksite. Exposureof package sealsand leaksites to the media may alsobe accomplished bytest sample positioningduring
the immersion challenge. It isalso necessaryto have sufficientvolume and correct composition of the package headspace
to encourage growth of the selected challenge microorganism. Note that when the composition of the package headspace
does not include oxygen, other test conditions (e.g., anaerobic) may be applicable. .

• Vacuum/pressure conditions: exposing immersed test samples to differential pressure conditions is an important method
parameter that serves multiple purposes:

o Differential pressure helps eliminate trapped air and ensures the presence of liquid media between package
components and at leaksites.

o Differential pressure simulates the pressure changes incurred during air or land freight transport of the product.
Absolute pressure conditions that correspond to variousaltitudes anticipated during land and/or airfreight transport
are provided in ASTM D6653/D6653M (17). Differential pressure conditionsof the test may be modifiedon the basis
of knowledge of the product-package shipping environment.

o Differential pressure exposure can simulate conditions experienced by the product during some sterilization
treatments.

• Test times: longer exposure times improve the likelihood of microbial ingress into defective test samples and positive
controls. However, a possibledecrease in the abilityof media to support growth over time must be considered.

o Time allotted for immersion exposure during differential pressure exposure (vacuum and/or pressure) .
o Time allotted for immersion exposure at ambient pressure conditions -

• Temperature during challenge: temperatures sufficientto support microbial growth are recommended. Temperature
cycling can also be used as a tactic to eliminate airlocks and promote the presence of liquid media at package seal sites.

• Pre-and post-challenge test incubation temperature and times: the temperature selected should allowsufficient microbial
growth. Incubation times should be sufficient to ensure visualization of growth; these times are determined on the basis
of positive controls and samples from growth-promotion studies.

• Parameters for detecting post-incubation microbial growth (e.g., lighting and background color for visual inspection,
handling procedure, and pacing).

3.3 Tracer Gas Detection, Sniffer Mode

3.3.1 DESCRIPTION

The following information isspecific to the tracer gas detection performed in the sniffer mode. (For additional information,
see TracerGasDetection, Vacuum Mode.) .

Tracer gas detection using a sniffer attachment is used to detect leak presence and location in nonporous, rigid or flexible
packages. Thisisa nondestructive leaktest, unlesstracer gas introduction into the test sample requires package wallcompromise
(e.g., piercing) or iftracer gas presence isdetrimental to package contents. The sniffer mode test using helium as the tracer gas
is described in ASTM F2391, Procedure A(13). Briefly, test samples are flooded completely or partially with the tracer gas via
one of several options. These options may include piercing a closed test sample to introduce pressurizedtracer gas (sealant is
applied to close the puncture site); flooding the test sample before package closure; or "soaking" a closed test sample by
pressurizing with tracer gas (most applicable to larger leak detection). Test samples are checked for leakage by scanning the
outer package surfaces using a vacuum wand that ispneumaticallyconnected to the tracer gas analytical test instrument (e.g., a
mass spectrometer for helium detection). Calibration reference standards of tracer gas can be used for understanding the
relationship between true leak rates and measured leak rates under actual test conditions. The use of negative and positive
controls along with the test samples providesevidence of test method limitof detection.

The sniffer mode of tracer gas leak testing is a probabilistic leaktest method. Thisis because the presence of concentrated
tracer gas near the test sample surface is not a well-defined or predictable event, and the snifferscanning procedure is prone
to variability related to human technique. The sniffermode is generally chosen when the leak location is to be identified.

3.3.2 APPLICATION

Rigid or flexible packages made of nonporous components may be tested:
• Flexible packages or packages with nonfixedcomponents may require tooling or manual manipulation to force tracer gas

through leak paths. -,
• Tracer gas permeation through the package material must not be so great that the leakage rate of concern is masked.
• Awide range of package sizes may be tested, ranging from small packages to large multi-litervessels.
Leak paths must be clear of liquid or solid materials that could potentially blocktracer gas flow. The leak size detection

capability is related to an unobstructed leak path.
The sniffer probe must not be allowed to draw liquid or hazardous vapors into the test system, as this would risk serious

instrument damage.
Tracer gas leaktest methods require time for the introduction of tracer gas into the test package, and up to severalminutes

to scan the package. Large leaks in the smallest packages may be missed because of the rapid loss of tracer gas.
Methods of tracer gas leaktests in the sniffer mode are generally used in the laboratory environment for locating package

leaks. Tracer-gas sniffer mode tests are useful in any product life cycle phase.
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Test equipment for tracer gas leakdetection isdescribed in Tracer Gas Detection, Vacuum Mode. However, a sniffer probe
with an enclosure and/or toolingfor concentrating tracer gas passing through smallerleaks isused, ratherthan the test chamber
or test fixtures described in Tracer Gas Detection, Vacuum Mode.

3.3.4 TEST PARAMETERS

The following are test parameters for tracer gas detection, sniffer mode:
• Differential pressureapplied to the test sample will drive tracer gas out of the test sample, increasing the method's

sensitivity. For flexible packages, differential pressurecan be exerted by package compression.
• Tracergas partial pressurewithin the package at the time of the test is discussed, with instructions, in the Tracer Gas

Detection, Vacuum Mode.
• Aspects of the sniffer mode vacuum wand, such as sweepingspeed and distancefrom the packagesurface, as well as the

tooling or enclosure used for concentrating leaking gas.

3.4 Tracer Liquid

3.4.1 DESCRIPTION

The tracer liquid test method isa destructiveapproach for detecting and potentially locating leaks in nonporous, rigid or
flexible packages. Tracer liquid tests provide an indication of leak presence and may providea measureof relative leaksize.
Tracerliquid tests using liquid submersionworkby the diffusive flow of the tracer element through a liquid-filled leakpath and/
or the effusive flowof tracer solution through the leak path.

The liquid submersion test usesone of two basicapproaches. In the first approach, test samplesare submerged in a
tracer-element solutionformulation contained in an evacuation chamber. Examples of tracer elements includedyes,
radionuclides, or metallic ions. Inthe second approach, test samplescontaining tracerformulation aresubmerged in tracer-free
liquid contained in an evacuationchamber. Forboth approaches, test samples may be fitted with tooling to ensure proper
positioning and to restrictflexible or moveablecomponents. The submerged test samples are subjected to vacuum at a
predetermined pressure level for a predetermined time. After vacuum release, test samples remainsubmerged for a
predetermined time. Additional test options includethe use of positive pressure exposure or multiple cycles of differential
pressure conditionsto encourage effusive flowof the tracer element through the leakpath.

In the first approach, after the challenge iscomplete, test sample outer surfaces are cleaned, and the contents are checked
for evidence of tracer ingress (18). In the second approach, after the challenge iscomplete, the immersion fluid ischeckedfor
evidenceof tracer liquid egressout of the test sample. Inboth cases, measurement of tracer liquid migration may be performed
in a quantitative manner by usingchemicalanalysis techniques (preferredfor small leak detection). Alternatively, the presence
of leakage may be determined qualitatively by visual inspection ifthe tracer element can be discerned visually. The use of
negative and positive controls along with test samples provides evidence of test method limitof detection.

Liquid tracer tests are categorizedas probabilistic methods. Successful liquidtracerdetection relies on a combinationoftracer
solution wicking, tracer solutioneffusion, and tracer element diffusion through a liquid-filled leakpath and are events that are
difficult to predictor control, especially fordetection ofsmaller leaks. Theseevents are influenced bynumerousfactors, including
the packagematerials ofconstruction, leakpath tortuosityand topography, tracer liquid surfacetension,and leakpath blockage
by product, extraneous debris, and air locks. .

3.4.2 APPLICATION

Rigid or flexible packages of nonporous components may be tested using tracer liquid submersion methods:
• Packages must be able to tolerate wetting or submersion.
• Flexible packagesor packageswith nonfixed components mayrequiretooling to restrictpackageexpansionor movement,

respectively.
o Testing by submerging a test sample in tracer liquid is used when the test sample allows for visual examination of

the tracer (e.g., dye) ingress, or when the tracer element is to be contained within the test sample after testing.
o Testing by submerging tracer-filled test samples in tracer-free liquid may be used when the sample interiorcannot

be visually examined or when the tracer element is best captured for analysis outside the test sample.
Tests may require up to 1 h or longer for test sample exposure, cleaning, and inspection or analysis. Tracer liquid tests are

primarily usedfor laboratorytesting or off-line product sampletesting. Tracerliquid submersiontests can be used inany product
life cycle phase.

3.4.3 TEST EQUIPMENT

Atest vessel equipped forchallengeconditionsofvacuumand/or positive pressureisrequiredand ispneumatically connected
to a pressureand/or vacuum source, as appropriate, and equipped with pressure monitorsand controls (19). The tracer liquid
formulation should be physicochemically compatible with the test sample components and the tracer-free solution to be filled
into the test samplesor used as the immersion bath, to ensure optimaltracer solutionfunctionality. Formulation considerations
includetracer element type and concentration; surfactant use, type, and concentration; and solventsystem. Examples of tracer
liquid incompatibilities apparent upon contact with the test product include tracer dye fading, tracer element precipitation,
and tracer element sorption onto package components. Tooling isoften needed to restrictflexible package expansion or
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nonfixed component movement upon differential pressure exposure. Tooling minimizes stress on flexible package seals and
ensures consistent differential pressure conditions across the leak path. .

Tracerdetection requires the use of either analytical detection instrumentation [e.g., UV-Vis spectrophotometry (20), phase
induction spectrophotometry, or other] or visual inspection aids. Analytical detection offers the advantage of minimizing the
error that is inherent in visual discernment of low dye concentrations. Optimal visual inspection requiresthe use of controlled
inspection conditions, such as background color, lighting, pacing, fatigue breaks, and negative controls for comparison.

3.4.4 TEST PARAMETERS

The following are test parameters for tracer liquid:
• Differential pressure conditions used (vacuum and/or pressure): greater pressure differentials encourages tracer liquid

passage.
• Submersion times during and after differential pressure application: longer times allowfor greater tracer liquid passage

through leakpaths.
• Holding time between tracer liquid challenge and final inspection: some tracer liquids visibly fade or are sorbed onto

package surfacesover time.
• Tracer liquid surface tension: lowersurfacetension allowsfor smaller leak detection.
• Tracer detection parameters

o Analytical detection
II Test sample content extraction procedure
II Method-specific performance parameters

o Visual inspection
II Inspection environment parameters: lighting intensity and wavelength, background color, viewing angle, and

test sample visibility
II Time allowedfor inspection (pacing) and breaks to lessen operator fatigue
II Comparison with negative controls
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(1207.3) PACKAGE SEAL QUALITY TEST TECHNOLOGIES

1. INTRODUCTION
2. CLOSURE APPLICATION AND REMOVAL TORQUE
3. PACKAGE BURST
4. PACKAGE SEAL STRENGTH
5. RESIDUAL SEAL FORCE
6. AIRBORNE ULTRASOUND

1. INTRODUCTION

The purpose of this chapter isto briefly summarizetest methods useful for characterizingand monitoring package sealquality
and to guide the reader in their selectionand use. These methods are not leaktests but provide additional data regarding
package seal characteristicsthat may affect package integrity and leakage.

"Package seal quality tests" are checks used to characterize and monitor the quality and consistencyof a parameter related
to the package seal, providing some assurance of the package's ability to maintain integrity. Seal quality tests ensure that seal
attributes, package materials, packagecomponents, and/or the assemblyprocessare consistentlykept within established limits,
thus further supporting package integrity. Seal quality tests differfrom leaktests in that they provide no information relative to
actual package integrity; thus, a package that meets the requirements of a seal quality test may still be defectiveand leak. For
example, a flexible pouch package that passesa seal strength test may leakthrough a puncture in the pouch face. Abottle that
meets closure application and removal torque tests may have a scratch on the bottle finish surfacethat allows product leakage.
In contrast, a pouch or bottle that is poorly assembled could pass leaktests at the time of product manufacture, yet develop
leaks later, before reaching the end user.

Therefore,sealquality tests and leaktests worktogether to ensure package integrity.The package sealqualitytests described
in this chapter were selected for inclusion on the basis of data in peer-reviewed scientific publicationsand/or data regarding
recognized standard tests (e.g., precision and bias study results). Standard test methods (e.g., ASTM) are referenced where
applicable (the reader is advised to utilize the most recent versions). In some cases, the scope of referenced standard test
methods does not include the package types of the scope in Package Integrity Evaluation-Sterile Products (1207). All methods
and literature references are cited to provide benchmark information useful for the application and use of pharmaceutical
package seal quality test methods.

Unlike package leaktests, seal quality tests are qualified for use rather than being fully validated. Qualification includesa
demonstration of instrument performance and in some cases proof of appropriate instrument set-up specific for the package
to be tested.

Finally, this chapter is not intended to provide an exhaustive listing of all seal quality technologies that could be used. Nor
is the use of a methodology cited meant to be compulsory. Other qualified tests that are not included in this chapter may be
used, as appropriate.

2. CLOSURE APPLICATION AND REMOVAL TORQUE

The closure application torque test measures the force exerted during the application of a screw-thread cap onto a threaded
container. Conversely, the closureremoval torque test measures the force required to initiatescrew-capremoval. Thecontainer­
closuresystemsofsome ophthalmic solution products are examples of sterileproduct packaging closedwith screw-thread caps.

Cap application torque is kept within an optimum range to prevent leakagefrom loose caps and to preclude component
distortion and compromised sealsfrom over-torqued caps. Cap removal torque is less than application torque due to stress
relaxation and closure "back off" that may occur as a function of time and other environmental variables. Aproperly-designed
and applied cap will retain sufficient sealingforce until the package isopened at the time of use. Caps that back off excessively
during shipping, storage, or distribution increase the risk of product leakage. Formultiple-dose packages, cap design and
application forces should be such that the end-user population may be able to open and reclosethe package in a manner that
properly preservesthe pharmaceutical product.
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Reproducibility of application/removal torque test results is improved when tests are performed using automatic
instrumentation that applies and removes caps at uniformspeeds, with fixtures to lockthe bottle and cap into proper test
position.Application and removal torque tests are described inseveralstandard test methods that have been written to support
variouscontinuous-thread and child-resistant cap designs, including the ASTM methods referenced (7-7).

3. PACKAGE BURST

The package burst test isperformed byinsertinga pressuresource into a test packageand applyingpressureuntilthe package
seal(s) burst open. Packages having sealsthat could be compromised when exposed to a net positive pressureforce inside the
package may be tested bythis method. Suchpackage types includeflexible bags and pouches formed byheat-sealing processes.

The package burst strength test result(reported in pressureunits)providesan indicationof relative sealstrength and evaluates
the most likely location and mode of package failure when the package is exposed to a pressure differential. However, note
that this test method cannot provide a measure of package seal uniformityor overall package integrity.

Package burst tests are described in ASTM F2054 (8) and ASTM F1140 (9) (Testmethod A). Method ASTM F2054 uses a
restraining plate to limit package expansion during inflation. A restraining plate ensures that the stress is uniformly applied to
all seal areas, allowingfor identification of the weakest point along the seal. Additional factors can influence the test results,
including package inflation rate, tooling dimensions (including gap height), and pressure-sensing mechanisms.

Method ASTM F1140 uses no restraining plate; therefore, this approach providesa snapshot of package performance when
challenged with differential pressuresin a typical sterilization cycleor distribution environment, for example. However, without
restrainingplates, stressapplied to the packageishighest at the middleof the packagewhere the packageinflates to the greatest
diameter; therefore, the weakest area of the seal may not be identified by this approach. Package inflation rate, as well as
pressure-sensing mechanisms and their detection limits, can influencetest results.

4. PACKAGE SEAL STRENGTH

The package seal strength test, commonly known as the peel test, measures the force required to peel apart two bonded
surfaces.This test is applicablefor testing seals between two bonded, flexible surfaces (e.g., a pouch or bag) or between a
flexible material and a rigid material (e.g., a lidded tray). Force results provide a measure of seal strength between the bonded
surfaces. Maximum seal force, as well as average force to open the seal, may be determined with this method. The resultsare
also useful for monitoring the consistencyof package assembly.

The test is performed using a universal stress-strain instrument set to extension force mode, with special tooling for correctly
positioning and holding the test sample. The seal strength test isdescribed in ASTM F88 (70). Test results are affected bythe
peel test fixture design, the peel angle, the pulldirection, pull speed, and properties of the test sample itself.

5. RESIDUAL SEAL FORCE

The residual seal force (RSF) test providesan indirect measure of the compressiveforce exerted by an elastomericclosure
onto a parenteral vial finish after package assembly(capping). RSF tests can be performed on glassor plasticvial packages of
alldimensions. Aconsistent and sufficiently significantRSF valueprovidesa useful indicatorof capping processconsistency. RSF
is linearly related to closure compression: more tightly capped vials yield higher RSF values.

The RSF test isperformed using a universal stress-strain instrument, set to compressionforce mode, and a metal tool (calleda
cap anvil) designed to fit on top of the sealed vial package. Aconstant rate of compressive strain isexerted onto the anvil, which
rests on top of the vial package, yieldinga typicalplot of stress as a function of time (or compressive distance).The point in the
stress-responsecurve immediatelybefore the terminal slope change corresponds to the capped closure's RSF, reported in either
newtons or pound-force units. RSF tests are nondestructive in terms of package integrity.Test results are influenced by cap anvil
tooling design, test compression rate, closureviscoelastic properties, closuredimensions,and the inclusion of an aluminum seal
plastic top (more reproducible resultsare possible if plastictops are removed before testing). Research articles describing the
development and application of this method are referenced (11-14).

6. AIRBORNE ULTRASOUND

The airborne ultrasound test checksseal quality by passing an ultrasound signal through the sealed area of a package or
item. Thesignalstrength transmitted through the packageseal under test iscompared to that previously establishedfor so-called
good package seals. Poorly sealed areas will not transmit as much ultrasonic energy as properlysealed areas.

The types of package sealsthat can be tested using airborne ultrasound includeflexible pouch sealsand rigidtray seals made
of metallicor plastic laminates.This technology can be used to checkfor the presence and locationof packagesealdefects such
as an incomplete seal, a channel, a wrinkle, or extraneous material inclusion, as well as for package seal bond weakness. The
method may be used off-line to perform an x-y coordinate scan of a seal area, or it may be used to linearly scan seals during
on-line manufacturing processes. Airborne ultrasound isa noncontact testing technology that requires no package preparation
and no coupling media, such as a liquidor gel, to propagate sound; thus, it is nondestructive to the package under test.

The airborne ultrasound method isdescribed inASTM F3004(15). TheASTM method test systemiscomposed ofa transducer
that provides an ultrasonicsignal, a means of holding/transporting the item under test within an air gap between the two
transducers, and the detection transducer, which captures the intensityof the signal that passed through the air gap and the
item under test. The capabilityof airborne ultrasound to detect specific package seal quality problems will varyon the basisof
package material of construction, seal structure (e.g., smooth versus textured surface), scanning speed, and scanning signal
strength.
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(1208) STERILITY TESTING-VALIDATION OF ISOLATOR SYSTEMS

Thischapter provides guidelines for the validation of isolatorsystemsfor use in sterility testing of compendial articles.
[NOTE-In the context of this chapter, "decontaminated" refers to an item or surface that has been subjected to a process that
eliminates viable bioburden.]

Isolators-devices that create controlled environments in which to conduct Pharmacopeial sterility tests-have been used
since the mid-1980s. An isolator issupplied with air through a HEPA or better air filterand is able to be reproducibly
decontaminated. Closed isolators, which are systemswith no direct opening to the external environment, are normally used
for sterility testing, although open isolators which allow the egress of materials through a defined opening that precludes the
entry of contamination by means of air overpressure may be used. Closed isolators use only decontaminated interfaces or a
rapid-transfer port for the transfer of materials. Isolators are constructed of flexible plastics (such as polyvinyl chloride), rigid
plastics, glass, or stainlesssteel.

Isolatorsystems protect the test article and suppliesfrom contamination during handling by essentially eliminating direct
contact between the analyst and the test articles. All transfers of material into and out of the isolator are accomplished in an
aseptic fashion while maintaining complete environmental separation. Asepticmanipulationswithin the isolatorare made with
half-suits, which are flexible components of the isolatorwall that allow the operator a full range of motion within the isolator,
or by gloves and sleeves. Operators are not required to wear special clean-room clothing for conducting sterility tests within
isolators; standard laboratory clothing isadequate, although a pair of sterile gloves isfrequently worn under the isolatorgloves
as an added precaution against contamination entering the isolatorenclosure and for hygiene purposes. The interior of the
isolator is treated with sporicidal chemicalsthat result in the elimination of all viable bioburden on exposed surfaces.

ISOLATOR DESIGN AND CONSTRUCTION

Air Handling Systems

An isolator used for sterility testing is equipped with microbial retentive filters (HEPA filters or better are required). At rest,
the isolator meets the particulate air-quality requirements for an ISO Class 5 area as defined in ISO 14644-1 through -3* (see
Microbiological Controland Monitoring of Aseptic Processing Environments (1116»). However, the isolator need not meet Class 5

* InternationalOrganizationfor Standardization(ISO) International Standards 14644-1, -2, -3, and -7
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conditions during an operation that may generate particulates, and no requirements for air velocity or air exchange rate exist.
The isolatorshould be sealed wellenough during decontamination that the dissemination of sporicidal vaporsor gases into the
surrounding environment is kept to appropriately low levels. When direct openings to the outside environment exist, constant
air overpressure conditions maintain sterileconditions within the isolator. In general, both open and closed isolators are
maintained at positive pressure relative to the surrounding environment, and overpressures of 20 Pa or more are typical. The
user should never exceed the maximum pressure recommended by the isolatormanufacturer. Airflow within isolators used for
sterility testing is either unidirectional or turbulent.

Transfer Ports and Doors

Isolators may be attached to a "pass-through" decontaminator or transfer isolatorto enable the direct transfer of sterile
media, sterile dilution fluids, and sterilesuppliesfrom the decontaminator into the isolatorsystem. Rapid transfer ports (RTPs)
enable two isolators, i.e., the work station and transfer isolator, to be connected to one another, so that suppliescan be moved
aseptically from one isolatorto another. Aseptic connections between two isolators or an isolatorand an RTP-equipped container
can be made in unclassified environments using RTPs. The nonsterile surfaces of the RTP are connected using locking rings or
flanges. Acompressed gasket assembly providesan airtight seal, thereby preventing the ingress of microorganisms.

When the two RTP flanges are linked to form an airtight passage, a narrow band of gasket remainsthat could harbor microbial
contamination. Thisexposed gasket should be routinely disinfected immediatelyafter the connection is made, and before
materials are transferred through the RTP. Good aseptic technique is used when transferring materialsand care is taken not to
touch the gasket with the materials being transferred or with the gloved hands.

Preventive maintenance and lubrication of the gasket assemblies on the flanges is performed according to the RTP
manufacturer's recommendations. The RTP gaskets are changed at the recommended frequency and periodically checked for
damage, because cut or torn gaskets cannot make a truly airtight seal.

Selection of a location for the Isolator

Isolators for sterility testing need not be installed in a classified clean room, but it is important to place the isolatorin an area
that provides limited access to nonessential staff.The appropriate location providesadequate space around the isolatorfor
moving transfer isolators, staging of materials, and general maintenance. No environmental monitoring of the surrounding
room is required.

Temperature and humidity control in the room is important to operator safety and comfort and iscritical for the effective
utilization of certain decontamination technologies. Uniform temperature conditions in the room are desirablewhen
temperature-sensitive decontamination methods are employed. Care should be taken in locating the isolatorso that cold spots
are avoided that might result in excessive condensation when condensing vapors are used for decontamination.

VALIDAtiON OF THE ISOLATOR SYSTEM

The isolatorsystem must be validated before its use in sterility testing as part of a batch release procedure. To verify that the
isolatorsystem and all associated equipment are suitable for sterility tests, validation studies are performed in three phases:
installation qualification (IQ), operational qualification (OQ),and performance qualification (PQ).Thefollowing sectionscontain
points to consider in the validationof isolatorsystemsfor sterility testing. The assignment of test functions to a particularphase
of the validation program (i.e., IQ, OQ, and PQ) is' not critical, as long as proper function of the isolatoris demonstrated and
documented before its use in compendial Assays.

Installation Qualification (IQ)

The IQ phase includes a detailed description of the physical aspects of the system, such as the dimensions, internal
configuration, and materials of construction. The unit layout isdiagrammed with interfacesand transfer systems clearly and
dimensionally indicated. Compliancewith design specifications for utility services, such as airsupply, vacuum, external exhaust,
and temperature and humidity control, isverified. Other equipment used with the isolatorsystem isalso described in detail; if
any revisions to design specifications are made, these are included. Equipment manuals and copies are catalogued and stored
where they can be retrievedand reviewed. Complianceof drawings to design specifications isverified. All drawingsand process
and instrumentation diagrams are catalogued, stored, and are retrievable.

All documentation is reviewed to verify that it precisely reflects the keyattributes of the installed system. Thisestablishesa
general benchmark for the isolatorsystem's compliance with design specifications and installation requirements.

Potential process-control or equipment problems that could cause systemfailure during operation are identified and
documented during failure-mode analysis and hazard analysis. The system is modified, if necessary, to minimize the risk of
failure, and critical control point methods are established.

The resultsof the IQ are summarized in an Installation Qualification Report. The following documentation issuggested.

EQUIPMENT

The equipment is listedwith its relevantdesign specifications. The IQverifies that equipment meeting the appropriate design
specifications was received and that it was installed according to the manufacturer's requirements.
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The construction materials of critical system components are checked for compliance with design specifications. The
compatibility of the intended decontamination method with the construction materials is verified.

INSTRUMENTS

System instruments are listed with their calibration status.

UTILITY SPECIFICATIONS

All utilities required for operation-as defined in the operating manuals and process and instrumentation diagrams-are
checked for availability and compliance with design specifications. Any connection between utility systems and the isolator
system is inspected and conformance of these connections to specifications is verified.

FILTER CERTIFICATION

HEPA filters and other microbial retentive filters are tested and certified; copies of test results and certificates are included in
the IQ summary. Purchaseorders are reviewed and conformance of the air filtration system to specifications is verified.

COMPUTER SOFTWARE

All computer software associatedwith the isolator system is listed with its name, size, and file revision number. The master
computer disks are checked for proper labeling and stored securely.

Operational Qualification (OQ)

The OQ phase verifies that the isolator system operates in conformance to functional specifications.

OPERATIONAL PERFORMANCE CHECK

This test verifies that all alert and alarm functions comply with their functional specifications. The system's ability to comply
with all set points and adjustable parameters is verified.

ISOLATOR INTEGRITY CHECK

The integrity of the isolator is maintained during all normal operating conditions. A leak test is performed to verify the
compliance with the manufacturer's functional specifications and to ensure safety prior to charging the isolator with a
decontaminating sporicidal chemical. To safeguard against adventitious contamination, isolators are operated at a suitable
positive pressure during normal operation. Validation studies must show that the air pressure set point can be maintained and
controlled during operation. '

DECONTAMINATION CYCLE VERIFICATION

A decontamination cycle that is the function of the decontamination equipment in concert with the isolator(s) is verified.
Different decontamination methods can be used to eliminate bioburden from isolator systems and supplies. Among the

chemicals that have been used to treat isolators are peracetic acid, chlorine dioxide, ozone, and hydrogen peroxide; each has
different requirements for exposure conditions and process control. It is critical to comply with the manufacturer's operational
requirements for the selected decontamination method and to describe them in the functional specifications. The temperature
inside the isolator is also important, particularly for hydrogen peroxide vapor decontamination, where it is critical to maintain
the concentration relative to the condensation point. Some sterilization chemicals, such aschlorine dioxide and ozone, require
the addition of moisture to the isolator prior to decontamination. When elevated relative humidity is required, the ability to
control it must be verified during OQ.

It is also important to verify the concentration and distribution of the decontaminating chemical. When applied in gaseous
or vapor form, the distribution may be evaluated using chemical indicators, spectroscopic methods, or electronic sensors.

Gas and vapor decontamination methods may require fans in the isolator to distribute the chemical evenly. The location and
orientation of these fans are adjusted to ensure optimum air distribution. If the isolator utilizes a recirculating unidirectional
airflow system, distribution fans may not be required, but this should be evaluated on a case-by-case basis. Because shelving
units, equipment, glove-and-sleeve assemblies, and half-suits have an impact on distribution patterns, distribution checks are
done with the isolator fully loaded with equipment and supplies, and the setup of these units is defined and documented.

Many installations use smaller transfer isolators as portable surface decontamination units. In these transfer isolators, test
articles and supplies are treated chemically to eliminate bioburden before transfer through an RTP into the testing isolator. Its
loading configuration is defined, and configuration drawings are reviewed and verified during the OQ. [NoTE-The
decontaminating chemicals used in isolators work on the surfaces of materials; therefore, any surface that is occluded will not
be treated and could contain viable bioburden. Specialprecautions should be in place for treating surfacesknown to be occluded
with a sporicide if such surfacesmay be revealed during the conduct of sterility tests.]

Decontamination agents need to be removed from the isolator after the exposure period, which is accomplished by a current
of fresh air provided either by the decontamination equipment or by utilizing the isolator air handling system. Aeration is
accomplished either in an open loop,' in which the gas is exhausted through a vent to the atmosphere, or in a closed loop, in
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which the chemical is removed and destroyed by the decontamination equipment. The aeration system ischecked; ifan
open-loop configuration is used, the external exhaust system's flow and safety are checked.

DECONTAMINATION CYCLE DEVELOPMENT

When the OQ is completed, decontamination cycledevelopment is performed to establish the parameters necessaryfor
process control during routine decontamination cycles. Any of the methods generallyused in the industryfor the validation of
decontamination processes-including bioburden-based, fractional cycle, and overkill methods-are adequate. The
decontamination process ischallenged with biological indicators (Bls). The spore population and resistance of the Bls to the
decontamination conditions being applied are known. Wherever possible, a Dvalue estimate isdone for each B1 system or,
alternatively, a survivorcurve for the BI system isobtained (see Biological Indicators-Resistance Performance Tests (55»); it is
acceptable to obtain the D value from the BI vendor.

Performance Qualifications (PQ)

The PQ phase verifies that the system isfunctioning in compliance with its operator requirement specifications. At the
completion of the PQ phase, the efficacy of the decontamination cycle and, ifappropriate, the adequacy of decontaminating
chemical venting are verified. All PQ data are adequately summarized, reviewed,and archived.

CLEANING VERIFICATION

In general, cleaning is not critical for sterility testing applications. However, residual products are a concern in multiproduct
testing, particularly for aggressive antimicrobial agents, because these materialscould interferewith the ability of subsequent
tests to detect low levels of contamination in the product. Concerns about contamination with the product are heightened
when it isan inherently antimicrobial powder, because powders are more readily disseminated. Cleaningto a level at which no
visible contamination ispresent isadequate for sterility test Isolatorsystems and isa suitableoperator requirement specification.
The cleaning method, frequency, equipment, and materials used to clean the isolatorare documented.

DECONTAMINATION VALIDATION

The interiorsurfacesof the isolator, the equipment within the isolator, and the materialsbrought into the isolatorare treated
to eliminate all bioburden. The decontamination methods used to treat isolators, test articles, and sterility testing supplies are
capable of reproduciblyyielding greater than a three-log reduction against highly resistant biological indicators (see Biological
Indicators for Sterilization (1229.5»), as verified by the fraction negative or total kill analysis methods. Total kill analysis studies
are suitablefor Bls with a population of 103 spores per unit, whilefraction negative studies are suitablefor Bls with a population
of 105 or greater. A sufficient number of Bls are used to prove statistical reproducibility and adequate distribution of the
decontaminating agent. Particular attention isgiven to areas that pose problems relative to the concentration of the agent. A
larger number of Bls may be required in isolators that are heavily loaded with equipment and materials. The ability of the process
to reproducibly deliver a greater than three-log kill is confirmed in three consecutive validation studies.

The operator establishes a frequency for re-decontamination of the isolator. The frequency may be as short as a few days or
as long as severalweeks, depending on the 'sterility maintenance effort (see Maintenance ofAsepsis within the Isolator
Environment).

PACKAGE INTEGRITY VERIFICATION

Some materials are adverselyaffected by decontaminating agents, which can result in inhibition of microbial growth. Of
concern are the penetration ofdecontaminating agents into product containers; accessorysuppliessuch asfiltersetsand tubing;
or any material that could come in contact with product, media, or dilution fluids used in the sterility test. It isthe responsibility
of the operator to verify that containers, media, and supplies are unaffected by the decontamination process. Screw-capped
tubes, bottles, or vials sealed with rubber stoppers and crimp overseaIs have proven very resistant to the penetration of
commonly used decontaminating agents. Wrapping materials in metal foil or placing them in a sealed container will prevent
contact with the decontaminating agent; however, these procedures may also result in some surfaces not being
decontaminated. In some cases, the use of shorter duration decontamination cycles and reduced concentrations may be
necessaryto minimize penetration of decontaminating agents into the package or container. Cycles that provide a lessthan
three-log kill of resistant Bls may be acceptable provided microbiological analysis of the environment proves that the isolator(s)
are free of recoverable bioburden.

In many cases, the operator will choose to treat the surfacesof product containers under test with the decontaminating
agent in order to minimize the likelihood of bioburden entering the isolator. It is the responsibility of the operator to
demonstrate, viavalidationstudies, that exposureof product containers to the decontaminating agent does not adversely affect
the abilityof the sterility test to detect low levels of contamination within these test articles. It issuggested that the abilityof
the package to resist contamination be examined using both chemical and microbiological test procedures. Bacteriostasis and
fungistasis validation tests must be performed using actual test articles that have been exposed to all phases of the
decontamination process (see SterilityTests (71 »). This applies to medicinaldevice packages as well as pharmaceuticalcontainer
and closure systems.

Validation studies determine whether both sterilitytest media and environmental control media meet the requirements for
Growth Promotion Test ofAerobes, Anaerobes, and Fungi under Sterility Tests (71).

www.webofpharma.com

https://nhathuocngocanh.com/



USP 43 Genera/Information / (1210) 8117

MAINTENANCE Of ASEPSIS WITHIN THE ISOLATOR ENVIRONMENT

The abilityof the isolatorsystem to maintain an aseptic environment throughout the defined operational period must be
validated. Inaddition, a microbiological monitoring program must be implemented to detect malfunctions of the isolatorsystem
or the presence of adventitious contamination within the isolator. Microbiological monitoring usually involves a routine
sampling program, which may include, for instance, sampling following decontamination on the firstday of operation and
sampling on the last day of the projected maintenance of asepsis period. Periodic sampling throughout the use period can be
performed to demonstrate maintenance of asepsiswithin the isolator.

The surfaces within the isolatorcan be monitored using either contact plates for flat surfacesor swabsfor irregularsurfaces.
However, because media residuescould impose a risk on isolatorasepsis, these tests are generally best done at the end of the
test period. Ifperformed concurrently with testing, care is used to ensure that any residual medium is removed from isolator
surfaces, and that those surfaces are.carefully cleaned and disinfected. Active air samples and settling plates may be used, but
they may not be sufficiently sensitiveto detect the very low levels of contamination present within the isolatorenclosure..

Apotential route for contamination to enter the isolatorisduring the introduction ofsuppliesand samplesinto the enclosure.
Validating that all materials taken into the isolatorenclosure are free of microbial contamination is critical, as is periodic
inspection of gaskets to detect imperfectionsthat could allowingress of microorganisms. Gloves and half-suit assemblies are
another potential source of microbial contamination. Gloves are of particular concern because they are used to handle both
sterilitytesting materials and test articles. Resistance to puncture and abrasion should be considered in the selection of gloves
and sleeves. Hypalon materialsare resistant to both chemical sporicides used in the decontamination of isolators and to
punctures and are available in several thicknesses to provide adequate tactile feel through the gloveswhile maintaining their
integrity.

Very small leaksin glovesare difficult to detect until the glove isstretched during use.Thereare several commercially available
glove leakdetectors; the operator ensures that the detectors test the glove under conditions as close as possibleto actual use
conditions. Microbiological tests are used to supplement or substitute physical tests. [NOTE-Standard "finger dab plates" may
not be sensitiveenough to detect low levels of contamination. Submersion of the gloves in 0.1% peptone water followed by
filtration of the diluent and plating on growth media can detect lossof integrity in the gloves that would otherwise go
unnoticed.]

Continuous nonviable particulate monitoring within the isolator'senclosure is ideal, because it can quickly detect filter
failure. Asecond choice is periodic monitoring using a portable particle counter. Samplingfor particles must be done in a
manner that poses no risk to the maintenance of asepsiswithin the isolator.

INTERPRETATION OF STERILITY TEST RESULTS

A sterility test resulting in a false positive in a properlyfunctioning and validated isolator isvery unlikely if bioburden is
eliminated from the isolatorinteriorwith a high degree of assurance; ifgloves, sleeves, and half-suits are free of leaks; and ifthe
RTPs are functioning properly. Nevertheless, isolators are mechanical devices and good aseptic techniques are still required. A
decision to invalidatea false positive is made only after fully complying with the requirements of Observation and Interpretation
of Results under Sterility Tests (71).

TRAINING AND SAFETY

As with sterilitytesting conducted in conventional clean rooms, operators are trained in procedures that are specific to their
isolator. Useof proper aseptic techniques isvital to the conduct of sterility tests in isolators, just as it isinclean rooms. Therefore,
training in proper aseptic techniques is required for allsterility testing technicians. All training sessions and the evaluation of
the operator's performance are documented in the individual's training record. Training of all personnel in the appropriate
safety procedures necessaryfor the operation and maintenance of the isolation system is imperative.

Personnel safety in the use of a decontaminating agent must be assessed. Material SafetyData Sheets, or equivalent
documents, are available in the immediate area where the decontaminating agent is being used. All storage and safety
precautions are followed. An operational readiness inspection of the safety of the isolatorand allassociated equipment is
performed and documented prior to placing the unit in service.
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1. INTRODUCTION

This}:hapter describesutilization 6f'statistical approaches in procedure validationas described InValidation of Compendia]
Proce' ,(1225). Forthe purposeS ofthis chapter, uprocedure validationJl refers to the analytical procedurequalification stage
ofth hod life cycle, following desl n and developmentand p~ior to testing.

225)' abi es of an analytical pr.oceduremust bevalidated based on the int~nded us
, ,d ' . common types of uses and suggests procedure categories (I, II, I

appropriatefor these uses. Performance parameters that may n
. I pr~cision,specificity, detection limit[limit of detection, (LOD)]~ qu , ,
ns (e.g., biological assay), relative accuracytakes the place ofaccuracy~ hapter
orrnancecharacteristic:s .of accuracy, precision, and LOD; Forquantitative analytical
ifa true .oraccepted referencevalue isavailable. Insome cases, it will be necessary

ical procedures, p~ecision can be assessedeven ifaccuracycannot be assessed. The
limittes,ts InCategory II. , ,'. "

cterlsties noted In(1225), which includespecificity, robustness, and ,linearity, are out

yldenceof a procedure'sfitnessfor use, the statistical hypothesis'testing paradigm is
n consistentwith (1225). Although some statistical interval examplesare provided, in 3.
sare not intended to, represent the only approach for data analysis, nor to implythat

er .. 01 se describean analytical procedure in this chapter. The deflriitions for individual
reportablevalue are in alignmentwith General Notices, 7.10 Interpretation of Requirements.

Table 1. AnalytiCal Procedi.'re Validation Terminology

Terminology Description

laboratory sample Thematerial'received bythe laboratory

Analytlcalsample
Materi~I'created by any physical manipulati9r'1 of the laboratorysample,such as crushing,or
grinding

Testportion Thequantity(aliquot)of materialtaken from theanalytic:iilsample for testing

Testsolution
Thesolutionresulting from chemicalmanipulation ofthe test portionstlch as chemical d~riva~

tizatiol1of the analyte in the test portion or dissolution of the test portion

Individ\.ialgeterminatioh (ID) Themeasurednumerical valuefrom a siligleunlt pf testsolutiofl

Reportable value Average valueof readingsfrom one or more I.Inits of a test solution

Notall analytical procedures have allst~ges shown inTable 1. Forexample, liquid laboratory samplesthat requireno further
manipulations immediately progress to the test solution stage. Demonstration that a reportable valueisfit for. a particular use
isthe focus of analytical validation.

Table 2 prcNides an example of the Table 1 terminologyfor a solid oral dosage form.

Table 2. Example for Coated Tablets

Terminology Description

I.aoo!atoiy s~mple .lOO coated tablets

Analytical sample 20 tabletsare removedfrom'the laboratory sampleand are.crushedina rnortarand peStle

Test portion
Replicate 1: 1 gofcrushed pOWder aliquotfrom the Replicate 2: 1.got crushedpowderaliquot from the
analytical sample analytical sample

'Festsolution R~plicate1·:Test portionisdissolved in'1'·1. ofsolvent Replicate 2:Test portionis dissolved inlLof'solvent
.....•.

licate1: I'D2otrePlicate 1: 10 1 of replicate 2: 110 20f replicate 2:
10 te~~~9Iution test solution test solution test solution

Reportable value AVerage valueoffoUrreading~

2. CONSIDERATIONSPRIOR TO'VALIDATION

procedure validation
f " . or use.To

d priorto
etermine

reduce the
ciple$ and plan~

procedure valid;:.tion isa cornerstone in the processof establishing an .analyt
istodemonstrateth~t the proceaure, when run under standard conditions,
maximize the likelihood.~of a successful vell/dation, it is imperative that allaspe ...of the pro
thevalidation.'Surprisingdiscoveries (whether "good".Or "bad") during.validationshould be
whether the procedure was adequately developed. Moreover, pre-validation workcan reveal Ieappro
totarsizeofthe validation experimentwithout increasing the risk ofdrawing the wrong conclUSion. General pr
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fc>rsamplepreparation~gener~1 principles, experimental design,data coUecti~m, statistical evalu~tipn/a"r;ld choiceoT ~ccep,tarlce
criteria should bedocumerited in a validation experimental protocolsignedbeforeinitiationof tneformalv(ilidation.

Que~tions considered priorto validation may includethe following: .
• What are the allowable rangesfor operational parameters,such as temperature and time;,tha(irnpact:Hlep~rformanceof

the analytical procedure?
o R()bustnessCof th¢seranges can be determined usinga statistical design ofexperlmehtS.(PPE)~

• \Aihat are.the'ruggednessfactors that impactpredsion?
o Factors such asanalyst, day, reagent lot, reagent supplier, and instrument'that"impact

are caUed ruggednessfactors. When ruggednessfactors impact precision,. report~ ,
ruggedness grouping(e.g.,analyst)are correlated.Depending, on the ~trength oft
that appropriatelyaccountsfor thisdependence maybe necessary. Rug'gedness fa
during pre-validation or based on a risk assessment

• Are'statistical assumptions regardingdata analysis reasonably satisfied?
o these assumptionsmay includesuch factors as'normality, homogeneity of variance; arid in dence~ltis useful

during pre-:validatioh to employstatistical tests or visual representations tc> help answer'the uestions.Analytical
Data-Interpretation and Treatment (1010) provides information on this topic;

• What is the required,range for the procedure?
o The range of an analytical procedure isthe interval between the upper and lower levels of ananalyte that has been

demonstrated to be determined with a suitable level of precision,accuracy, and linearity usingthe procedure as
written.

• D6accepted reference values or results from an established·procedure existfor validation otaCCl,lracy?
o Ifnot, as stated in International Council for Harmonisatiori (ICHY Q2; accuracymay De inferred oncepredsioli~

linearity,. and specificity have been established.
• How many individual determinations will compose the reportablevalue, and howwill they be aggregated?

o To answer this question, it is necessary to understand the contributors to the procedure'variance and·the:ultimate
purpose of the procedure. Estimation of variance components during pre-validation prOVides useful information fpr
making this decision.

• What are appropriate validation acceptance criteria?
o The validation succeeds when there isstatistical evidencethat the,assay .is no worse than certain pre-speCified levels

for each relevantvalidation parameter.
o What definesthe assay as fit for use,and how does this relate to acceptance 'criteria?

• Howlarge a validation experiment is necessary?
o Validation experiments should be properly powered to ensure that there are sufficient data to conclude that the

accuracyand precision can meet pre-specified acceptancecriteria. Computersimulation isa useful toolforperforming
power calculations.

o Efficiencies (both.cost and statistical) can be gained ifassessmentof linearity, accuracy,and precisionc~mbe
combin~d. ,

On the basis of the answers to these and similar questions,one can design a suitablevalidation experimental protocol.

3. ACCURACY AND PRECISION

Auseful model for representing a reportablevalue is:

y= 't+ P+ £(1)

Y = a reportablevalue
't = true or accepted reference value
P =systematic biasof t~e procedure
E = random measurementerror

Both 't (tau) and p(beta) arefixed statistical parameters,and £ isa norrnal random variaolewith
deviation (J (sigma): The magnitudeof (J depends on the number of, individual readings averaQedto
, Accuracy of an analytical procedureexpresses .the closeness of~greement betWeen 't ,and Y. CI
long-run average of (Y - 't).Thislong-run average iscalledthe systematic bias and is. represented
necessary to knowthe true value, 'to Chapter(1225) notes that a referencestandardora
c:an be used to assignthe value of't. Accuracy should be established across,the~requ'

Precision of an analytical procedureis the degree of agreementamong'repo. •", pplie_d
repeatedly (possibly under different conditions) tomultiple testportions'of agi cal _, .:. ommon
precision metric isthe standard deviation c. This isdenoted in Equation 4 withthe variableS.The term (J2 is' calledthe variance:
Precision improves as (J decreases. Many commonlyusedstatistical proceduresrely,on the assumptionofthe ('lormal cHstril?ution,'
fqr which·(J isa natural descriptorofvariability.
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Change to read: <-<- ' ',',

ods forEstimating Accuracy an'

An example isprovided to demonstrate the test procedurefor lot release ~sing' statistiCal analysis. This example uses
high-performance liquid chromatography (HPLC).The measured drug substance (DS) isa USPcompendial substance, so
informqtion concerning't isavailable (1).Threedifferent qiJantities of reference standardwere weightedto:corr d to three
different percentagesof the test concentrations: 50%, 100%" and.150%. The unit of measurementon each r ble value
is the massfraction of DS expressedin unitsof mg/g and does not change as theI' t" e valueQf 1:

,isl000mg/ for all three concentrations. The computed statisticsfrom th idatemea,n (l"),
the samples . deviation (S),and the number ofreportablevalues (n . ble Ievalues and
the compute stics.

Table 3. Reportable Values for Experiment
TestCon'centration Rep()~aDleyalue

, '(Ofo) " Test Solution (mg~g)

50 1 996.b7

50 2 988AS

50 3 995':90

100 4 987;22

100 5 9~Q.5.S

lab 6 999.39

150 7- 996.33

150 8 993.67

150 9 987.76

Samplemf:!an (Y.) 992.8l

Samplestabdard deviation(5) <t:44

ndition isnot
ti6ris.are not

Several assumptions aremade for purposesof this example, which allows analysis o( the combineddata set in Table 3:
1. All n = 9 .reportable values are indepenc;fent:
2. The standard deviation of the reporta61evalue isconstant across all three concentration level

met, data transformations may stillallow combination of all the data in Table 3 (pooling). If t
successful, each concentration level must be validatedfor precision separately.

3. Theaveragereportablevalueisequal i;1crossconcenfration levels. Iftl1iscondition does not hold, it isnecessaryto employ
an analysis of varian<:e modeland validate accuracy for each concentration level separately.

The point estimatorfor unknown bias ~ is:

~= Y -,'t (2)

~ = systematic bias
Y :;:: sample mean
t =true or accepted reference value

where

Y = sample mean
Y/ = individual values
n = number of reportablevalues

The pointestimatorfor the unknown value,of 0' is

(4)

5 = point estimatorfor the unknownvalue of 0'
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Y;= i"dividual'v;:llues
y ~ sample'mean
n =nurhber:of reportableval,ues

Becausepoint estimatorsnaveuflCelt?iirity asiocl~.1tec(witfdhem/6e
intervalto quantifythe ullcertainty. ,Statistical~ . ence ibtervals pr '
level of confidence~, A 100(1.'""7 2a)% two::sided' denceinterval for

ficeJ~quir~scal~Ulation ofa statistical co'nfidence
, g'eof plausible values fOr~' and a for a given

is

~ = 100(1 ~ 2a)% two~sldedconfidence'fl1ter'VaYof blas
t1- a:n_1 = percentilebf centralt-distribution with area 1,... a to the leftand (17;..1) degrees offreedom
S =result foundfro'm Equation4
n = number of reportable values

Forexample; witha =0.05 and n=:9, to.95:S= 1~860 '
intervalfor~. Usirigthe exampledata in Table 3wit

ERR i~Mar~~018»)% =90% two-sidedconfidence
fidenceinte,.yal on ~ is

the leftand(n--1Yd~greeS offreedom

'pper confidence bound sincetypically, it needs to
% confidence bound for (j is '

~ =,100(1'- 2a)% two.:.sided confide
t1 _ a:n _ 1=percentileof central t-di,stributio
S= resultfound from Eql..(ation4

FOr the standard deviation, 'one isconcernedWi'~le~'Ain'u~p;~~.,
be shown that the standard deviation isnotto6'1~,~

U ,;" an,upper 100(1 -,a)~ 'confidence hounafor: cr
S =resultfound from Equation 4
n = number of reportable values , .
X2a:n_l =a percentileof a central chi~squared,distribution.Wlth area ato the left and (n - 1) degrees of freedom

Forexample, ifa = 0.05 and n=9, thenx2o.os:s == 2.73: Using the dat~inTable 3,

The'confidenceintervals in'Equations"S
protocol. Use of point estimatesonly sn
interval in Equation 5 can be used t
example that the,accuracyrequirem
Since the computed confidenceinte
biascriterion issatisfied. Mosttypical
risk of declaring that the,acceptance cnt
confidenceinterva.l in Equation 5 is 100(.

The upper bound in Equation 7. is us
requiresa to be <20 mgjg. The cornpu
cr with 95% confidence. Since7.60 mg

againstcriteria included in the validation
. two"'sided confi ce

sent
g,

m-1 ,the
errorrate representsthe maximum
us, with a =0.05, the two-sided

"',pre:'defined acceptance criterion for preciSion
'tion8:Jepresentsthe largestvaluewe expect for

. Ln;:<=If.n........•cessfuUy yalidated with a ,confidence of 95,%.

Change to read:

When assessing whether'ari anaIYtkalp
impaCt of biasand precision; The degr~e t

}sion

. urels:fitfqr itS' fritehded purpose,itis 'offenuseful to considerthe combined
,nidi~ impa,ctsth~usefu"lessofal1 analyticgl proceduredepends in parton a.
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That is, a procedurewith a relatively small valueof 0' can accommodate a relatively greater valueof pthan a procedurewith a
greater valueof 0'. Forthis reason, it is useful to establish a singlecriterionthat can 'be usedto.simultaneously validate both
accuracyand precision. One such criterion is proposed in a series ofarticles by Hubertet al. (3-5) and seeksto ensure that

pr(-'),,< Y:"'1: <. A) ?: P, or

Pr(-'A + 1: < Y< ')" + 1:)?:P(9)

Pr = referenceprobability
X = acceptable limit
y= a reportable value

1: =true or accepted reference value
P =desired probability value

Equation 9 has a dual interpretation. It can be interpreted as either (i) the probability that the next reportable valuefalls ill
the range from (-'A+1:)to (')" +1:) is?:P, or (ii) the proportion of all future reportablevalues falling between (...')" + 1:) and (')" +:t)
is?:P. Accordingly, two statistical intervals have been proposed to'demonstrate that Equation 9 is_true:

1. A prediCtion interval (also referred to as an expectation tolerance interval) i.s used to demonstrate (i):
2. Atolerance interval (also referred to as a content tolerance interval) is' used to derllonstrate (ii).
Hahn and Meeker(6) note that the prediction interval isalso referredto as an expectation tolerance interval and that the

tolerance interval isalso referred to as a content toleran~e interval. Because the inference assoCiated with the tolerance interval
concerns a largerset of values, the tolerance interval is always wider than the prediction interval. Selection of an inte.rval will
depend on the desire to validate AA (ERR l-May-2018) either (i)or (ij) and a company's risk profile.

Either interval can be used in the following manner to evaluateaccuracyand precision simultaneously through Equation 9~

1. Compute the appropriatestatisticalinterval using Equation 70 for the predictioninterval and Equation 77forthe tolerance
interval.

2. Ifthe computed interval falls completelyin the range from (-')" + 1:) to (')" + 1:), the criterion in Equation 9 issatisfied, and
the procedure is validated for both accuracyand precision.

The prediction interval used to validateEquation 9 is

-u
y ± t(I+P)/',"~1 x SV~+;-;'; (10)

Y =sample mean .
t (1 + P)/2:n -1 =percentileof a central t-distribution with area (1 + P)!2 to the leftand (n - 1) degreesof freedom
5 =resultfound from Equation4

The 100(1 -'-0.)% tolerance interval used to validateEquation 9i~

y ± K x S

K= Z~+P>/2 2x (n :-1) x (1+.!)
Xa:n-l n

(11)

Y =sample mean
K =resultfound from Equation 77
5 = resultfound from Equation 4
F(l +P)/2 =Athe square of the standard -normal '"(ERR l-May-2018) percentilewith area(1 + P)!2 to the left
n . = number of reportable values
X2a:n _ 1 = a chi~squared percentilewith area a. to the leftand(n-l) degrees of freedom

The formula for Kis based on an approximation.by Howe (7), although exact tabled valuescan be found in several sources.
The approximation works well in practical situationsifexact valuesare not available.

Forthe data in Table 3 with P=0.90, the interval for Equation 70 is computed as

The interval for Equation 17 with 1 -a. =0.90 and P =,0:90 is
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Z&,Pl/Zx(n ~1).)«(/1+1)'
X~,n~r ,", ' " h

K =l1.64)2l«~ -1) X

, '3;49,

Y±KxS'
992.81±2.63 x 4.44
[981.2 to 100.<'t5] inglg·

Theexact valuafor Kis2:637; and the approximationisseen to wOrkqultewelJ~ASpreafd:eefearlh~r,'theinterval for Equation
13 iswider thanthe interval for Equation 12. , " "," "'. " ',. , ' "

Suppose the criterionfor Equation 9 isdesigned to ensure that~he difference ,between Yand't is<2% of't,with a probability
NLT p= 0.90. Thus,

:...')..; +t= t(-0.02+ 1) =1000(0.98): 980'mg/g

't + A.,= 't(1 + 0.(2)= 1000(1;02) ';1020 rng/g (14)

Sinceboth Equations 12 and 13fall in the range from980 tol020mg!g~,theprocedure iSvaJiClatedusingeither intervaL
It is also possible toestimate Pr(-A. < Y- 't < A.) in Equation 9 directlyusing either confidence interval described b ee

(8) ora Bayesian approach.,Thevalidationcriterion isthus satisfied ifthisestil11ated, abilityexceedsP.ABayesian ance
interval is provided in Wolfinger (9) and can be compllted usingthe statistical sof '.", pClckageWinBUqS (1O,l}).Bayesian
analyses can be,challenging, and the aiqof an experiencedstatistician isrecomrnended.

4. LIMITS Of DETECTiON AND QUANTITAT,IQN

The LOD and limitof quantitation (LOQ) are two relatedquantities determl
of(1225). Theseare proceduresfor the determinationOf Impurities or degrada
products. Onlyorie·is needed for each use: LOQ for quantitativetests and LO ,
known under other names~ including detection limit(DL) for LOD and lowerJim

The following definitions are consistentwith (1225) and ICH Q2:
• The LODisthe lowest amount of analyteih a sample'that can be detected,~.ut notnecess..arilyquan!i,t~ted~,lmderthe

stated'experimental conditions.
• The LOQisthelowest amountofanalyte in a sample that can be deterrninedwithac<:eptable precisionaiida'ccuracy

under the stated experimental conditions. ,
Candidate values fO,r LODor LOQ are examined during pre..:validation or based on

must then be verified. This isparticularly importantfor LOQ, sine formulas. ' ter
the acceptable accuracyand precision requirement.Verification 0 e candidate values IS:
protocol.

4.1 J:sthnation ofLOD

The basicappr()ach to estimating LOD is based on analternative definition adopted the. lriternational Unioriof Pure and
Applied Chemistry (IUPAC) and the International Organization for Standardization(I . definition introduces the notion
of false-positive and false-negative decisions} thus recognizing the risk elements in.us e . QD.fordecisi0rlmaking, alid the
definitionmakesdear that these values are dependent on lab pa ..

The IUPAC/ISO definition of LOD is based onthe underlyin ncepto ticalvalue (RC)idefined as the signal readout
exceeded with probability a.when no analyte ispresent. That is, .

Rc = 8 + Zl~acrE.O 5)

Rc =signal readout exceededwith~ probability 'a,whenno'analyte' 'ispresent
B. == estimated mean readout for blanks
Z, -a =a.standard normal quantHe with area 1- a.to the left
(JE = true repeatability deviation

Figure 1 presents this 'relationship graphically.
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Figure 1. Determination .ofRcand Ro:

Forexample, if - 0;05,1 __ a= 0:95 and ZO.95 = 1.645. Thisdetermination.depends on the distributionof valuesobtained
when anal .' he,~ODinthe signal space (Ro) isdefined as that value,which iftrue, issuch that Rc isexceeded with
probapUity.ls,

Ro == Rc+ Zl -p(iE (16)

RD == LODin the signalspace
Rc ;"" critiCal value using IUPAC/ISO definition of LOD
Zl :-P =standard norm.af quantilewith area 1 .-:. ~ to the left
(IE := true repeatability deviation

S()lving Equati"ns) 5.~l'1d16for'Ro,we have

RD = LbD in the signalspace
B =e dout Tor' blanks
Z :::: auantilewith area 1 - a to the left

=a sta'ndard.normalquantile with area l' - ..~ to the left
(iE ~ true repeatabUitydeviation

Note that r two v . ues to be ~elected by the laboratory: a andp (which need not be equal).The a
represents th .error e,.and p represents the type II or false-negative error rate. In Figure 1, Rc and Ro
are illustrated. . .05 for norma y,distributed data so that Z, -a = Zl-P =1.645. Although the valuesofaandp need
not be equal, this choice leadsto acommonrule for Ro,namely B+ 3.3(IE (3.3 ~ 2 x 1.645).

The LOD on the concentration scaleisthen fouf!d by converting the value in the signal scale, Ro, to one in the concentration
scale,. LOD, as shown in Figure 2.

Figure 2. Determination of LOD from Ro.

This step requires t .esignal(R) ver:susconcentration (X) line, R=B+mX, as well as (IE' be knownexactly. Theformulation
provided inthis secti'o . sumes the regression'measurements are independent.

The LOD. on the concentrationscale isthen <:alcLilated as
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LOD
R~ .
.8
Zl~u
:2:, ~f3
crE
m

= limitof detection
= LOD·in.tbesignal space
=estilnated l11e~n readout for blanks
=standard normal quantile.with areal -:a.t6;the:l~ft

=standard normal quantilewith ·area1 :7 ~. to th¢,left
=true repeatabilitydeviation
:;.slope

e cri.isgenerall)(
. concentration

. ionobtain'ed
aes. represehtscri

"suitable for its intended
. results. inan inflated, type II error

lope otthe
'nEquation
intyinthe'

value, Ro

., Asci statistical procedure, the LOD definition ~nEquation18 isunsati
unknown, itmustbe determined how.to best es . . rame
dependent. Twocommon estimatesare (I) the st . ar 0

from deviations about the regressionlineof signal on c . i
in the n~ighborhood of the LOD. Laboratories.w .ftenpicka wors
use, the labora~ories are protected against unders ating the LOD~ Un
rate (~) anda deflatedtype Ierror rate (a).
, The second statistical concernwith Equation 18 is:how t<:>incorporate~ .

regression lineof signal. on concentration Is ecau
17 is itself an estimate. This is corrected by .
estimated lineas well as the variability associat
originally defined inEquation 75 that accounts.forthIS uncertaintyis

Rc = critical value using the IUPAC/ISO definition of LOD
8 = intercept of the fitted calibration line' ..' .. .. .
t1 _ u:n.,. 2 =percentileof a central t-distribution with area 1 ;.. a to the left and (n~2) degrees of freedom
S =standard er ression line
X =average co' Ii
n = number of 0 ations used iri the'regressionanalysis
Xi =concentration value used in determinil')g the line
Rj =reference interVal
m =slope

Equation 19 differs from Equation 15 becausethe t~distributibn-is usedfnsteaa of. tnenormar distr!oufion'for tile multiplier,
and two additionalterms appear inthe square rootto capture the un . . .

Asecond equation for Rcanswers the question, ('Above whichcone .
that are distinguishable from background?~'Thisquestion isansweredb
calibration curveasshown in Figure 3.
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Figure 3. Determination of LOD using prediCtion bounds.

Figure 3 issimilar to Figure 2, but usestwo dashed curves illstead of the,solid calibration line. Here

Rc = critical yalueusing the IUPAC/ISO definition of LOD
B ~estimated intercept of the fitted calibration line '
LOD = limit of detection
m =:=slope. . , '
t1 -13:n-2 = percentile. of a centralt-distributionwith area 1 - Pto the left and (n - 2) degreesof freedom
1 = stcmdiircferror of regression line
X . ruesqu'ared
i1 = used in the regression analysis
Xi d in determiningthe line

After equating Equation 19,and Equation 20, and cancelling the Bterms,

tral}distributioh with area 1- pto the leftand en - 2) degrees,Offreed()m
sed in the rigressionanalysis
in determi'ning the line

= averageconcen'tration value

t1 - a:n- 2 = percenfileof a central t-distribution wit,h area 1 - a to the left and (n"':'2) degrees of freedom
i = standard error of regression line
X~ = averageconce[)tration valuesquared
LOD " (detection
in

~:n-~ == per:c~

Equation 21 isa quadratic equation for LOD that can be solved exactlyor byusing iterative search tools available ill
spreadsheets.Aslightly conservative (overly larget~pproximation.lor LOD that does nQt require a quadraticsolutionisobtained
by: assumingthat LOD isnegligible compared to X [i.e., (LOD ..,.. X)2 is replacedwith X2] . The resulting 'equation under this
simplification ,is

LOD = limit of detection
t1~~:n _ 2 = percentilepfa cef)tral t-distributibn with area 1 -, a to the left~nd .(n-2) degrees~'offreedom
t1 -13:n -2 ~ percentileof a .centr,al t-distrib'ution with area l' - Pto the feft and (n - 2) degrees of freedom
1 = standard error of regression line
X =,averageconcentration value
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m ~ slope
n ::;number of observatioos usedin'theregressjoo.analysis
Xi :::: concentr~ti~nvalu~~ usec;i ill detEmpin!l1g ~b~ JJn~

whkhi$similar'ili fo
they arebothtakenase. a

Theqata in Table 4areli

"itf8~EquiItfQnst8j'hcr22J50tl;;:afl~w:Ole tWQ :ern)r probabilities, a ancJ~, todi1Ter.,bften

~m8rj's'trate~ cakulatipil:Qfth'e l.bO;

Tabte4~bata~for(OD':-Exiimple

Concentration X Area
(rogier'lL) (sigriill)

0;01 0.00331

0.01 0;00602

0.05 0.01547

0.10 0.03075

0.15 0.04576

0.25 0.07,592

Fi~ting the linearregression tothese.data yields theregt~ssionJine:

Area::; 0.000235'+ O.3032xContentration. (23)

so. that m == 0.3032 and B·::; 0:000235;Values neededtocomplltelOO sh(jwnin Equa£ion 22 witha ::; ~::; 0.05 are"provided
in Table 5.

Table'S. Statistics Neet1edto;Compute lOb In (oncer-trationUnits
Statistic

n

m (slope)

5

t1- P:n-2 :: to.9S:4

The valueof LOO computed froIll' EquaHon22 is

LOD ::; limitof detection
t1.~ ~:~ _ 2 7=' percentile of.a,central t.:distripution ;Vt{itl1area)~-- ato theleffand~tn~,2)~~greesoffreedoin
t1 _ p:n-2~' percentile of a central t.,distribution with'a.-eel r.:':~)o the~I~ft.'~nd(n~ - 2) degrees, offreeaom
i ~ residiJalstar'ldard ~rr 'fr)i~~qi{atloil4,
X2 ::; averageconcehtratiC>.
m :::slope
n ::; nu erofQbservatio . lysis
Xi ::;co ntratioovalueusedi

Value

6

0.3032

0.00019

2.132

2.i32

0.0967

0.0419

www.webofpharma.com

https://nhathuocngocanh.com/



8128 (1210) / Genera/Information USP 43

4.2 Estimation ofLOQ

.As previously discussed, the importantconsiderationindeterminingthe LOQ isthe estimationofwhat LOQ isrequiredbased
on the intended use. The validation isdesigned to validateaccuracyand precision in the neighborhood of the ~equired LOQ.

Inthe absence ofsuch kflowledge, or where the labor~tOry wants to determine how lowth . '. for' ntial
other uses), then the laboratory can start with potential LOQ values greater than but near t . s for
determining the LOO can be adapted to the LOQ as candidate starting values. Essentially, t . . '. te LOO
,in Equation 22 can be used to compute LOQ by replacing (tl-a:n72+t1 :"p:n-2) with 1O. Values 0 er than 10 can be used if
justified: Once candidate values are obtained (typically during pre-validation), accuracyand precision are validatedat these
value~.

the methods presented in this section are based on two assumptions: linearity and ogeneityotvariance.acrossthe
concentrations used in determining the calibration.curve. Neither isa necessary c jon.The c~libration curve may

inear~and a weighted leastsquaresapproach can be used t6 account for a lack of ho '. eneity. If the curveisnonlinear
or the concentration variances varygreatly in the range of the LOO and LOQ, it isbest to seekexpertstatistical help in defining
LOO and LOQ. Ifvariability about a straight lineexists bl,.lt is not large, an unweightedregressionof the calibration curvewill
prov n average variabili at can be.used in the LOO and LOQ formulas;

Pr . . ures other than escribedabove, such as signal-to-noise ratios, can be usedto estimate LOO and LOQ. Ineither
case, analysts should const ese values as preliminary and proceedto verify them, particularly ifthey fall belowthe
concentration values used in,etermining the calibration curve. Verification involves analyzing' s with concentrations
near t liminary LOO and LOQ. Consideration should be given to how low m t Lbesuch that the

s . ble. Forexample, ifdata are alreadyavailable at a level belowth table
wer e; then that lowervalue may be taken as a verified,LOO. There is . n the

requirement. There could still be value in verification of a lowervalue in case th

5. CONCLUDI~GREMARKS

This chapter presented somesim Iestatistical methods that can be used in procedurevalidation as described in (1225).
These m y not be 9Pplied II situations, and other statistical approaches, both 'moreand less sophisticated,may be

particular situation.
ocedure should be consideredwhenever use of the procedure changes. Forexample; ifa newp uct

e procedure is transferredto a new lab, samples are to·be tested following a new type ofstre 5t,'
or s fica . a re-validation ismost likely appropriate. Insome situations, a re-assessment ofexisting data to re I.sed
acceptance limits issuffi ient.

Finally, although not part ofprocedure validation, it is recommended that sometype of statistical processcontrol be used
to monitor the performanceof the procedure.: Such a processprovides earlywarning of "driftll in the analytical performance
characteristics of accuracy andprecision.Suchchanges in performanceare not uncommon, an'd often occur as a resultofworn
eqLlipment, change of routines, or aging reagents.
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chaiJge to read:

(1211) ....SrERILFIY ASSUfMN~E:i (0SP41l

Change to read:

:"INTRODUCTION

Thisiriformationalchapter provides general inforhia .
materials that must be sterile. Within the strictestdefini
microorganisms. However, this textual definition cann
limitations in testing. Sterility cannot be de'monstrated u
microbiological safety isachievedthrough the implemen a Ion0 m
that the itemsare suitablefor useas labeled. Itisthe controlsthat pro
than the results of any in-process or finished goods testing; Theverifi
known as "sterility assurance" and that nomenclaturewill be used th hou

The establishmentof an effective sterility assurance, program requiresinf'
initial determination should be made regarding the poteritial for terminal
applyingthe principles defined in, Sterilization of Compendial Artie s (1229)
balance between conditions that are lethal to potenti . r ' ,
qualityattributes. Depending upon the resultsofth i
processing or terminal sterilization. The potential fo , sS', , ' " " " t ptic
processing and the lethal natureof terminalsterilization may offeradvan ages., ,dless ofthe processselection decision, the
establishmentof design, operation, processcontrols,and monitoringsystems isessential to providethe necessary confidence
in the outcome. .

The production of sterile products issubject to numerousfactors that influence the outCome (seeFigure 1)~ The identified
factors in the image should be consideredfor their impacton sterility of the final product, although not allof the influencing
elements are depicted.

, rds(2~
,

ored'condition
nalytically uncertain'. The situationwith

Figure 1.)nfluenCesOn stedle prQducts.

The decisions made relative to the influences shown in Figure 1 VVIII ()II-'It-'

Poorchoices, regardlessof any successful processcontrolsassod
unsound. The processdesign objective is re,lated to contaminati
focus isappropriate regardless of whether the process, used isas r

Recognition that operating personnelClre the,most significant con fI u
and operatingprinciples that should be adhered to with respect to steril
importanceof separating personnelfromthe asepticenvirorime
product(s).Tnemeans for accomplishing these goalsare embo

• The use of automation technology--td reduceor eliminate,persor1riellhferv~ntiorisand t~lljspers()nriel:-borne
contamination

• The use of separative technologies--:..to eliminate,.to'th¢extent tecnnicallypossibl~, human sourced contamination
Thus the implementation of appropriate :confamination' control procedures is parzlI'Tlount'iridesigrrand operation of sterile

product manufacturingsystems. ',' , "
Consideration of these principles adapts the Qualit

3). Using QpD concepts in sterile operations is mark
pharmaceutical, chemical, or biological synthesis process
ariq processoutcome with respect to sterilemanufacturin
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respe'cttothe,definitior1<;> sicaldesign'elementSissimilar.Given the great variation in'sterile, product manufaeturing with'
respect to scale, corlfigura and complexity~ it follows that the design alternatives and operating practices ml,lst alsobe
flexible. Thus; t~~ recorrim . tions providedin this chapter are entirelynon-numeric, because there are noready meanswith
whi(:h to demonstrate the sUItability of specific values. Instead, QbD for st~rile processing should be driventoward a. singular,
goalof optimizi "ontaf1)iriation control with a particularfocus on the microbial risk impact of personnel.The specific. means
varybut should, , f primeconsideration in processdesign. Figure Zoutlines the elementsthat coptribute to sterilityassurance,'
as de$cribed in the remaining sectionsof this chapter.

Figure 2,'Elementscontributing to sterility assurance.

AseptiC'Processing

There,are a substantial number of-sterile products that cannot be terminally sterilized because of adverse impacton the
product/package's essential properties and must be prepared by aseptic processing. Aseptic processes are designedto prevent
the introduction of viablemicroorganisms int%nto separatelysterilized materials during their assembly into a :sealed sterile
package. Ase cessescan varyin complexity from comparativelysimplefilling/sealing to challenging and lengthy
manufa<:turin nces requiredforcomplexitems. Regardless of processscale,all ofthe individually sterilized materials must
be protected from contamination from the point ofsterilization through closureof the primarypackage.This isaccomplished
through adherence to the prinCiples described below in which an International Organization for Standardization (ISO) 5
condition is maintained when materials are exposed to the environment (see Microbiological Controland MonitoringofAseptic
Processing Environments (1116»). Exclusive to aseptic processing isthe execution of processsimulations that support batch or
campaign duration (4-6); ,

Terminal Sterilization

Terminally sterilized products are the lowest risk category of sterilepharmaceutical products. Unlike products aseptically
manufactur onditions designed to prevent microbial ingress, terminally sterili.zed products are subjectedto a
sterilization t impartsa quantifiable safetylevel. Terminal sterilization processes achievethis bydelivering measurable
physical co spond to microbial lethality. 'For terminally sterilized roducts, sterili rance isdefined in
terms erillty (PNS); or the ,probability e termin ization process rating a 'Ie unit
(PNS t achievea consis d _ ance of a PNS 10-6 a y'()f
NMT uced) (see , nti which te
devel es a ual PNSU i , ower (better) than the

Chapt the common requirementsfor s,teril z _ processdesign, develo
control. ses share common requirements of well-defi ocess parameter
within d _ in'll sterilization m be supported by a sy _product dispositio hi des
theassessm . ocessparameters, pre _erilization'product par _eters (e.g.,.bioburden,container-dosure
integrity), an tal parameters.Terminal sterilization can rely em parametricrelease practices to obviatetheneed for
sterility testin Inally Sterilized Pharmaceutical Products-ParametrfcRelease(1222»).

Post-Aseptic Processing-Terminal Sterilization

An aseptic s followedby a terl1linalsterilization process providessuperiorcO,ntroloverthe presteriliz'ation'bioburden;
such that the uent sterili,zation processcan be designed with less overall lethality, thereby making it possible to
substantially e)( the use of terminalsterilization to productswith greater sensitivity to the applied energy ofthe process~

From a patient safety perspective, this approach has the following distinct advantages:
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. Ize less
rminal
from
th~

,environmental

ombinedpro~es

ckaging[11ate
•there isess
ictated byt

i()bllrden derivedf

• An aqventitious Contaminantintroduced·during aseptkprocessingis easilykilleqbytheterminalsteri/izatiori stepireducing~
the extent of in-process environmentalmonitoring performed

• Bioburden,controls'for the terrnirial' ph)cessare'simplified because all. i.Ini~ hav~ ,bee~ase()titally filled
• Wherea product is made uSlrigeitherprocess.':lIone, th~limitations or.each (Do: ter.minaHeth"IC:Q'mponent.in 'aseptic,

more degradation'in terminalsterilizatiofl) would persist
• Wherebioburden iscontrolle'd throughasepticprocessing~:terglirial sterilJzati.on can.be appH:cable at IowerJethality ,levels
Classical Fo, tim - - 'perat ~andraqiation dose (kGy) targets forsterilizationpr . .' ed arid int qed

to simplify proc atio n.re,ali ' ryeto reducethe useof terminaltre ' xed
numerical, value . " ,serva and disregard the degradativeimp ,ct;
Thefocu$ mustbe ability of the process to kill. bioburden organismsrath d
Moist HeatSferilizatl "queous Liquids (1229.2».
,. While product qualityattributes can be impaired byUstandard" sterilizing q>nditi
aggressive sterilizing condition ,inimize adverseeffects upon the,productand
treatment follows aseptic proce g, then the sterilizing conditionsnee(jnotbee
presterilization bioburden in the filled, containers; Sterilization process conditions,
product in parallel with the establishmentof appropriate controlson presterilizatio
andprefiltration isolates.

Contain~rs andClosur.es

The container anddosure fora sterile formulation are integralparts of ' 'ovide
essential protection to the producfthroughout itsshelf life and are chose afity
attributes of, andfacilitatedispensing of the sterile product. The contain, ,s s ou '," " ' ,e, el, er ,
separatelypriorto filling and/or together withthe formulation ina terminal,process. Containers and, closures should be selected
for:

• Reliability of contairier-closureintegrity. over the shelf life
• Absence of interaction with formulation' materials
• Ease of handling in the proc~ssirig environmentand during administration
• Tolerance of variation in'equipment and other components
• Cleanliness includingfreedomJ~om particulates arid absence ofleachable'orextractabl~chemicals
• Lompatlbilitywith the product
• Control overendotQx;ncohtent(where appropriate)
• Profecti()n of components priorto use (whereappropriate)
• Compatibility witl1pteparation, sterilization,.anddepyrogenation proc~sses (whereapprqpriate)
The essentiaLaspects of airier-closure materials for sterileprodiJds ui emen

withlnUSP-NF. Thereader tconsiderthe content providedinlnjection~ an , ,n e ,ru
Test (85), Visible Particulates in Injections (790)~ Rackage IntegrityEvaluation........Sterile Products (1
(1229).

Decontamination

dlydefinedterm usedto describeavarietyofproc "
It isnota substitutefor sterilization; asterilizatfo

re used thatvary dependil)gupon t
biobur . , , ent~ ,and environments in support

• Formaterhils and surfaces that cannot be sterilized
• Formaterialsand surfaces thatd6 notrequire'sterilization
DecontamInation processes: a'reordinarily separated into two majorcategorie

I is' ' nts an . eptics (1072».,5' .
01 10' u c,Their t .

rna reclu , ,'. i " 01. sporicida, ,
and the occ lonaluse, of a sporicidal agent s reqUired to control spore popu
aiverse; among the more common uses are: , , " , " "

Dec;ontaminationofcontrolled environments and non-product contact surfaces
• In ding restricted accessbarriersy~terps (ftL\BS),tnls is predorilil1antly arnanoal proc~ss

oJIl/production line
• Decon'tamination'of iferris upon:.traositi6rl int6an 'enviro.nmenfof higherd~sslficatl6n

• isofatorscommonlyuse aiiautomated process
• Periodic dec9ntamination 6f6perator gloves during processing
I:)eco~ntaminai:ion of product contad surfaces

1 Sterilization ispreferred over decontamination and should be'utilized wherever possible"consistent with minimization of handlingpost~ste(iJization~
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• Largi{equipmeht (e.g., stopperbowl$)dm be man't.~aIlYsanitized o~a frequent basis in aqdi!iontpsterllizatio[l to avoid
the extensive manipulation requiredfor theirinstaJlation_ post-sterilizationZ'

• Re-decontamimitlon ofsterlliied equipment after aseptic a-ssem6Iy6(inte_rvEmtion'
• PeriOdic decont~uTIinati6ri 6fpreviously sterilizedufensils prior to interventions

Depyrogenadon

The miQimization of pyrogencontent isa requirementfor injectable products. During tne prodl.jction of sterUe products,
depyrogenation p~ocesses areu~edln a variety of waysto minimize pyrogeniccontamination of surfaces, materials, and
products. Details on depyrogemition processes are provided in (1228).

Equipment

Equipmentusedfor sterile productmanufacturing varies in itsimpact on the manufacturing processand on product quality
and shouldhave several important characteristics. For example, the equipment should:

• Operate reliably and produce productsof consistentquality
• Not adversely impact essential product quality attributes
• Be easily cleanableand sterilizable,as necessary
• Minimize human intervention duringset-up and operation through such features as physical separation, automation,

and robotics
• Betol"erant ~fyari(ltion~ in container-closure materials
• Designed to minimize produCt exposure to the backgroundenvironm~nt

The extent ,towhich the equipment interacts with processmaterials and the product affects the level of impad..Process
equipment can influence the qualityof the finished product ina variety ofways, and thiscan occur priorto and aftersterilization
and depyrog'enation.

EQUIPMENT INDIRECTCONTACTWITHCOtyJPONENTS,' CONTAINERS! CLOSURES, Al\ID~~;TEliIL~J)ROD

This equipment cate ory includes those itemsin direct conta
primarypackagingco E~nts, including, for example, mixing orage vess'el
pumps, lyophilizer she. and feed hoppers. Productcontact surfaces of this equi
additional treatment to minimize adverse impact (miCrobial, particulat
proceduresused for the cleaningand sterilization of.direct contact su
be validated to ensure they do not adversely impactessential produc
the c i ocedure and tha microbial recontamination/proliferation occ
utens r to the sameconsiderations. With appropriate,consideration of materi~ls' comp
,equiprll sterile when necessary) may be utilized.

EQUIPMENT HAVING INDIRECT CONTACT WITH COMPONENTS,CONTAINERS, CLOSURES, AND STERILE PRODUCtS

Facilities

OTHER EQUIPIV1E~JT

nt has onlyan indirectimpa.ctonproduct
e isequipment is largely on the
t ompatiblewith the cleaningan

Sterllemallufacturing operations-aresupported by administrative, laborat
other activities~ The impact of these operations on the location.and overall
considered. Emphasis shoulqbe giveninfacility designto the flows of material
streamsthroughout the facilityand to the orderly transition of itemsbetween e
mix.;up arid avoid product contamination. Facility environmental and utility sy
cher:nicaVand particulate.contamination. Thefacility designmust besupporte .
and decontamination,gowning, and material transfer. The architectural details of t

ZSterilization out-at-place. would be used on a lessfrequent basis.
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means for cleaningand disinfection.Detailed design retonim~ndations canbe·foljndin the International' Society for
Pharma.ceutical Engineering'$.Baseline GUide:Steril~ Product Manufacturing Facilities (7).

Th~ core activities for. sterile productmanufacturear~ carried out in classified environmentsoperating in conformance with
the ISO 14644seriesofstandards(B).A pressure cascade:qescendirlg froin'the more critical areasto less critical iscommon.place.
Ingeneral, the more.protectionthat rnaterialsh"vefrpnlpotentials eS'of<:ontaniinatioo during holding or processing, the
less impact the facility hasqnt .rocessoutcorne:tiu, erato O·14644/classified deanrooms used in aseptic
processing are the greatest ris. productsafety;..theref .sing ationJactor in, aseptic processing ismore
important thanminimi:zing risk emanatingfromgowne tors, . '

Early-stage container-closureandequipmentwashing reparation ~re .carried C)utin lower·classification areas.(ISO 7-
8). Nonsterile formulation istypically carriedout in I ironments~.The prodtictionmaterialsareintroduced into the
processing area wheresubsequent.steps are perform e 10burden,Ievei of the materials,illfluences the d.etaileddesign of
the facility and its controls. Nonsterile material$ (e.g~,fo cmtainers, closures uipment, and utensils) require
subsequent sterilization and, wherenecessaryjdepyrogena , , lie materialsare in ucedthrough airlocks and
pass-throughs. Thefacility. designcontrolsfor the backgroun ,·an ;processing. environmentsshouldbe chosento preserve the
intended microbial attributes of the in-process and finished' materials.

Table 7 provides some examples of formulation and filling,~nvironrnents.

Table 1. Examples of EnvironmentS.for Processing

Processing Technology Background Environment Processing Environment Reference

Conventional c1eilOroom ISO 5~? I~OS FDAAR2004 (9), EtVtA Annex(10)

ClosedRAB5 1507: 1505 ISPE(U),P1-i55 (1~)

OpenR;\BS 150'5 150$ ISRE (11), pAS5 (7:2)

Closed'isolators
FDAAR2004 (9), RDATR No. 34(13),

CNca 1505 15RE (7)

FbAAR2004(9), PICIS (14),RDATR
Open isolators CNC-1508 ISOS No.34 (13), ISRE (7)

Blow-fill-seal/form-fill-seal 1505-7 1505 FDA A.R 2004.(9),Baseman(75)

Closedsyst~ms t;.I.o~ al?Rlica~leb
PDATRNo.28 (5)~AganocotHUssong;

.CNC etal.(l9)

Terminal sterilization 1508 1505,7 EMAAnnex(10)

a Controllednon-c1assified-a non~c1assifjed controlled enviro'1ment withfiltered ilirsupply.
b Asthe processoccurswith a closedsystem, there Isno separate processing environment.

[NOTE-Table values represent the operational conditionand are adapted from the reference documents.]

CONVENTJONAl ~lEANROOM

ISOLATORS

The critical activities areperformed in ISO 5 environments supported by surrounding ISO'5-1environments where gowned
personnelare normally located.There may be only Iimite~ separationbetween gowned personnel and sterile materials and
product contact surfaces. The ~ritical activities are performedWithin a unidirectional airflow environment. Decontaminationof
the cleanroom iscommonlyperformed by personnel.

RESTRICtED ACCESS BARRIER SYSTEMS

singenvironmen't.A definedpressure
rspill prOVides an aerodynamic seal

nment of lesserc cation or no c1assificatidn. The use
nlydecontaminated using automated systems. ' .

. Thetypical RABS provides ISO 5 unidirectional airwithin the barrier~nd issituated in a cO,nventional150 5-7 cleanroom.
RABSmay be designed to allow for opening'ofbarriers:to enable human . tervention or y may be designedtate
dosed withthe same operational restrictions regardingoperato t ies t ors (see below). Air 0 rom
within the barrieris,designed to prevent the ingress of contarnin pe nipu terile it' ng
glove ports, and material transfersare ac plished with " ' hesys em. A RA opene
be treated as a conventiooal cleanroom s . Clbove). RAB qecontamination:pn use:This may
either manually or using automated systems.

Isolators providecompleteseparationbetween personnel a
differential ismaintainedbetweenthe IS05environment an
at points where the product exitsthe isolator into an rna
'of unidirectional air is not required in !sol~tors. Isolato re c

BLqW-FILl~SEAlANP.Fq

Thesetechnologiesform,fill, and se~lflexiblewalledcontain
(FFS) equipment configurations allowfor in,stallation ina' variety 0

nlSO
ackgro

rnent;Blow:'fill-seal (BFS) andform:'fill~seal
ironments; The critiCal activities are "
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performed within aunidirectional airflow environment. Decontamination is performedas iscommon for the background
,environment: .

CLOSED SYSTEMS

Thesesystems provideforcompleteseparationofproduction materials from personneland surroundirig en' nment
systemscan be single-or multiple-use vessels/chambers with meansfor materialsingress/egress. Thedesign. .oi
interaction or environmental contact with sterile materials. Thesesystemsvaryin complexity and are sterilfzed ei
prior to use.

TERMINAL STERILIZATION

Filling systems and environmentsfor containerst6 be terminally sterilized can be accomplished ill ISO 7 or better
e,nvironments. The critical activities are performedwithin a unidirectional airflow environment. Decontamination of the
c1eanroom iscommonly performed by personnel.

Materials (Active Pharmaceutical Ingredients, Excipients, and Process Aids)

The preparation of sterileproducts encompass a wide range of materials including activepharmaceuticalingredientS (small
and large molecules), excipients, solvents(usually yvater), processgases and processing aids, all of whic . 0 the

. . gical qualityattributes of the product. Depending upon the product being manufactu ,t
rial, en toxin,and particulate contamination. Specific rllicrobiolo . . t

e I gredie esting is often specified in a relevant USP-NF monograph.. ' . ents
testin a aerobic bact , yeast and mold counts, and specified organismsare given in . icrobialEn merati

ests ForSpecified Microorganisms (62), and the recommended butnon-mandatory enumerationtargets for micro 100gical
te g are given in Microbiological Examination of Nonsterile Products: Acceptance Criteria for Pharmaceutical Preparations and
Substances for Pharmaceutical Use (1111). Somespecific products may require other testing for specified organisms,in ding
viruses, as a requirementof their regulatoryapproval I Requirements for bacterial endotoxin testing in injectable are

'n (85); which describes qualification of Limulus amebocyte lysatetesting for acceptable levels· of bacteri. xin.
. ial specifications must be appropriate to ensure that the manufacturingprocess consistently results; as demonstrated

ocessvalidation, in products conforming to the microbiological critical qualityattributes.
obial contamination may be present on/in activepharmaceutical ingredients, excipients, and prima
Is. Controlling biobufden in materials and formulated product isa critical aspect of sterility assu

active pharmaceutical ingredient, the excipients, .and the compounded product intended to be sterile
the product knowledge. Recognizing the potential impact on critical qualityattributes, the microbiologi
materials should be controlledthrough adequate suppliercontrols, shipping, receipt, sampling,handling;. rage. These
controls should be commensuratewith the microbiological risks to processcontrolsand sterile productsafety.Laboratory results
.should not be utilized to rationalize inadequate process controlson the part of the supplier.

The potential impact of the materials on the microbiological critical qualityattributes of presterilized and finished product
must be assessed by evaluating them with appropriate compendial assays or validated alternatives. Risk assessmentshould
consider the originof the material (e.g., fermentation, chemical synthesis, biologically derived, enzyma . mi-synth'
synt 's, natural origin). Materials of biological origin may have higher inherent microbiological risk th aterials d d
s m chemical synthesis. Materials mayhaveinherent physicochemical propertiesthat mitigatemic iological i"is.. .g.,
loww r activity, extreme pH, inherent antimicrobial properties)or increase microbiological risks (e.g., aqueous solution,
growth supportive nutrients); this risk of supporting microbial proliferation must be assessed.

Monitoring

Environmental monitoring isemployed to qualitatively assess the effectiveness of the designand operational controlsto
provide suitablefacility hygiene. It is neither a substitute for good facility, equipment, and process des' ensation
for .. t practicesand behavior. There are inherent limitations with allformsof viable and non-via in.terms

ize, sample location, and recovery capability that preclude their use as anything m tha that a
perating within an acceptable state ofcontrol. Monitoring prOVides onlya snapsho tim ','

e v mental conditions and excessive sampling.due to its potentiallyintrusive nature can a Ily i oduct safetyor
generate counts unrelated to process performance by increasing activity proximate to the critical zone: . .

Independent of air, surface, and personnel monitoring, media fills and sterility testing proVide additional (albeitanalytically
and statistically limited) means to evaluatethe robustness ofthe c1eanroom design, performance, and effectiveness ofc1eaningl
decontamination procedures, personnelgowning integrity, and aseptic practices. . . .'

Environmental controlcan be measuredonlybythe monitoring performed.Satisfactory rTionitoring performance isthe result
of proper design and operation as described in thischapter and not a means to establish that condition. Performance criteria
are established according to the classification ofthe room and its usage (see (1116».

VIABLE MONITORING

Viable monitoringconsists of detecting and estimatingthe level of cultutable microorganisms intheair, on surfaces, and on
personnel. Sampling locations ate definedfollowing a risk assessment and sampling isexecuted by trained operators usinga
varietyof methods including:
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• Active airsampling
• Passive air sampling
• Viable particle counting using flu_oresc:ehceJechnQlofJY
• Contact-platesamplin~fof surfa~es, glove-s~ and gowns
• Swabbing ofsurfaces
• Personnel monitoring

Non-viable monitoringmeasures the numo
c1eanroom ,in accordance with ISO 146
of monitoring, itear, be pertorme'
Non-viable, particle monitoring'is

Initially ,classify the
for thepurp6ses
operatioril:

MEDIA F1LLS/ASEPTIC,I'ROCESS SIMU~nONS

Process simulations are exercises inwhichthe performance of an'aseptic ac~ivity isevaluated LJsing,a sterile growth medium.
The medium canbe directly substitutedfortheproduct or added to it eptic process simulations aretypicallyperformed
beforethe introductionofnew or revised process components (e.g., p cts, f . . -, equipment, personnel; containers and
closures, and processes) and periodically thereafter rocess simulations sh Id be fully representative of processing
conditionsand activities utilized during routine pro n.

Sr-ERiuTY TESTING-

The sterility test isa harmonized compendial test. It must be Understoodthatwhileexecution of tHe test is requiredfor the
release of sterileproducts where parametricrelt:ase has not been approved,'it cannot provethe sterility c;>f the mater:ials tested.
Itshould be recognized that parametric release ,i~ the default mode ofsterile product release.

Personnel

Procedures

Personnel playan essential role in the
a mblY"equipment operation, materi'

,ssaryfor the performanceof these
production materials beforeand after 51
releaseof human microbial contaminan u

The personnel involved in the prepar fste oduc _
• Understand the principles ofmicrobiology,sferilization/depyrogenation,aseptic 'proce,ssi!1g~ and'c(:mtaminationconfrol
• Be proficient and diligentIngowning Ices. PersonneJrequfrE~d ~owearasepticgo\iVriingsnouldperiodically

demonstrate their ability to properlyg n
• Adhereto proper aseptic technique during;allasepticactivities even:when ttiese are performedina RAB5 orlsolator~

Periodic demonstration of these skills can:be beneficial
• Be familiar with and adhere to standard operating procedures
• Practice good personal hygieneto minimizecontamination-poteritial
• Be trained .in the proper andsafe operation of necessary equfpment
• Be monitored microbiologically after performitlg asepticoperations

INTERVENTlONSANIDINTE:RVIE[\nT()r~PI~O(:EiJtJRI:S

Written proceduresdefine the operations that have b
effectiye in controlling andfacilitatingth tur "
especially important for the critical proce
drug products. Procedures should be peria,

There are·two types of interVentions ass
are those activities that are an integral pa
They include'set-up, replenishment of co
monitoring. Corrective intel¥entions ar
production of evelYbatch.Theycan b
stopper jams,broken and fallen glas

Eachintervention, whether i
personnel to performthe ihte c.. '
whomever performs it. Forexample, proteduressnou
be.removed, and personnel must be trained so, they can corre
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f()r\'Vhi~h there isnota d,efined procedure. Thefollowingconcepts should be considered during'development, review; and
implementation of intervention procedures.

1. Interventionsperform'ed during, all forms ofprocessing must be recognized CIs increasing the riskof c;oritaminatiori
dissemination and are to be avoided or de~igned out of the pr~cess 'to the extent possible

2. Proceduresforlrite e tions'shouldbecritically reviewed to eliminat~ and/or simplifyaseptic processes by reducing the
frequency of inhe entions"andmaking all interventions ,easierto perform

3. InterVen~ions sh<;>uldbedesignea foirpinlmal riskof.contaminating sterileandnonstedlematerials
4. Allinte",e~tions should be peifqrmedusirig sterilized tools whenever possible
5. InferVentionproce<;fur "ho'uld be established in detajl for allinhe-rent interventions, and more broadly for corrective

inte,rver:ltions. (wheres flexibility is necessary du~ to greater diversity)
6. InterVentions snollidbe incorporateOin periodicmedia fills to eva~luate theasepticpradices of theoperat6rs
bperaf6rf5h'o·. 'I, arid -periodically 'thereafter~ Detrained in all.of the procedures theyare expected to perform.

Considerationsfor . ratoractivity during the non-aseptic filling of containers should parallel·those described above to
minimize the potential for conta,mination ingress. \tVith somewhat less rigor than those needed for aseptic operations.

Sterilization

meansforthe control of micro~ialpopulation is sterilization,a process that either kills orremovesviable
e p -. f sterile products, sterilization processes are used to, pre microb' ..
. .produ' destroy microorganisms in the final ainer ar

rile ucts that cannot be terminally sterili . dividLial
the .us materials that comprise an aseptica roc;essed sterile I-'I.\,J''''U''"~

processes are u or product contact and other n'on-product contact items used in a variety of applitati . ng
reparation ofsterile productsto proVideabsolute control ofbioburden. Details on sterilization processes are provided in,

(12 9). '

Utilities

requires utilities that can have asul:>stantial impact on:the final product. Some of the
ral part ofthe formulated product (e.g., W . njectio . . te

hese is essen . LThe systems fo re tig t
ese utilities be also used in t ess; , . he

orilpressed air, Water) that are use, in th . ec ation
, containers, and closures can also be subjected to microbial contr .

irect product contact, and in the preparation of equipment, containers, closures, and
sdefined in the appropriate U5P-NF monograph: The systems for their preparation ..,

hat maintain a controlled state overtime.This is accom . a number of
rei .' . . . . se of.the system over an extended time.The'essentialpraincontrolled
status ofthe~tility systems include: calibration, chclnge control, corrective and preventive maintenance nd ongoing process
control.

There are other less impactful !Jtilities (e;g., vacuum, coolingvvater) necessary for tne operation of the facilityand equipment.
Although these non-product contact utilities may lack monograph requirements, their reliable operation is necessary for
consistent production ofsterHe products.

SUMMARY
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(12'16) TABLET FRIABILITY

Thisgeneral information chapter has been harmonized with the correspondingtexts of the European Pharmacopoeia and the
Japanese Pharmacopoeia. The harmonized texts of these three pharmacopeiasare therefore interchangeable, and the methods
of the European Pharmacopoeia and/or the Japanese Pharmacopoeia may be used for demonstration of compliance instead of
the present United States Pharmacopeia general information chapter method. These pharmacopeias have undertaken not to
make any unilateral change to this harmonized chapter.

This chapter providesguidelines for the friability determination of compressed, uncoated tablets. The test procedure
presented in this chapter isgenerally applicable to most compressedtablets. Measurementof tablet friability supplementsother
physical strength measurements, such as tablet breaking force.

Use a drum,* with an internal diameter between 283 and 291 mm and a depth between 36 and 40 mm, of transparent
synthetic polymerwith polished internal surfaces, and subject to minimumstatic build-up (see figure for a typical apparatus).
One side of the drum is removable. The tablets are tumbled at each turn of the drum by a curved projection with an inside
radius between 75.5 and 85.5 mm that extends from the middle of the drum to the outer wall. The outer diameter of the
central ring is between 24.5 and 25.5 mm. The drum isattached to the horizontal axisof a device that rotates at 25 ±1 rpm.
Thus, at each turn the tablets roll or slideand fall onto the drum wall or onto each other.

*The apparatus meeting these specifications isavailable from laboratorysupplyhouses such as YanKel TechnologyGroup,13000 Weston Parkway, Cary,
NC 27513, or from Erweka Instruments, Inc.,56 QuirkRoad, Milford, CT06460.
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287.0 ± 4.0 mm
inside diameter

10.0 ± 0.1 mm
diameter

k- 25.0 ± 0.5 mm
\ diameter ~ ~

302.5 ± 4.0 mm
diameter 38.0 ± 2.0

mm

USP 43

Tablet Friability Apparatus

Fortablets with a unit weight equal to or lessthan 650 mg, take a sample of whole tablets corresponding as near as possible
to 6.5 g. Fortablets with a unit weight of more than 650 mg, take asarnple of 10 whole tablets. The tablets should be carefully
dedusted prior to testing. Accurately weigh the tablet sample, and place the tablets in the drum. Rotatethe drum 100 times,
and remove the tablets. Remove any loose dust from the tablets as before, and accuratelyweigh.

Generally, the test is run once. Ifobviously cracked, cleaved, or broken tablets are present in the tablet sample aftertumbling,
the sample fails the test. If the results are difficult to interpret or ifthe weight loss isgreater than the targeted value, the test
should be repeated twice and the mean of the three tests determined. A maximum mean weight loss from the three samples
of not more than 1.0% is considered acceptable for most products.

Iftablet sizeor shape causes irregulartumbling, adjust the drum base so that the base forms an angle of about 10° with the
horizontal and the tablets no longer bind together when lying next to each other, which prevents them from falling freely.

Effervescent tablets and chewable tablets may have different specifications as far as friability isconcerned. In the case of
hygroscopic tablets, an appropriate humidity-controlled environment is required for testing.

Drums with dual scooping projections, or an apparatus with more than one drum, for the running of multiplesamples at
one time, are also permitted.

(1217) TABLET BREAKING FORCE

Change to read:

INTRODUCTION

There are a variety of presentations for tablets as deliverysystemsfor pharmaceutical agents, such as rapidlydisintegrating,
slowly disintegrating, eroding, 'Aand... (usp l-May-2(19) chewable. "'Theconceptsof this chapterare..alsoapplkable to
lozenges.A(USP l-Mlly.2019) Each of these presentations places a certain demand on the bonding, structure, and integrity of the
compressed matrix. Tablets must be able to withstand the rigorsof handling and transportation experienced in the
manufacturing plant, in the drug distribution system, and in the field at the hands of the end users(patients/consumers).
Manufacturing processes such as coating,packaging, and printin can involve considerablestresses, which the tablets must be
able to withstand....Forthese r~ I tests are Ie 55 the stren t l1e com e
to d
Tei

sp
rei ea. 9 1 )

One commonly employed test ofthe ability oftablets to withstand mechanicalstressesdetermines their resistanceto chipping
and surface abrasion by tumbling them in a rotating cylinder.The percentage weight loss after tumbling is referred to as the
friability of the tablets. Standardized methods and equipmentfor testing friabilityhave been provided in (1216). "'Ir{addltibn
to the lossof active drug, chipping and abrasion ca!1 each hav~ a significant impact upon the successof subsequent
manufacturing operations su<::h as coating and packaging, and impact the consumer's perceived elegance.ofthe
dosage form.... (USP1./vIaY.2019) .

Ano~her mea~ure of the mechanical integrity of tablets is their "breaking force", which is the force required to "'produce
failure (I.e., breakage)... (USP1.MaY-2019) in a specific plane. The tablets are generally placed between two platens, one of which
moves to apply sufficientforce to the tablet to cause fracture. Forconventional; round (circular cross-section) tablets, loading
occurs across their diameter (sometimes referred to as diametralloading), and fracture occurs inthat plane. "'As reviously
stated, friability and breaking force measure different aspectsof the compact strength. Depending uponth . on,
manufacturing method, and intended use~ the r\esults from one of~he tests may bea betterindicatorof the qu osage
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form than' the other. This determination iSl:>est rnade,.at tq~ time'the formlJlation~and,manufacturing processare
defined.... (USP1:May:2019) ,

The breaking force of tablets is commonlycalled "hardness" in the pharmaceutical literature; however, the use of this term
is misleading. In material science, the term "hardness" refers to the resistance of a surface to penetration or indentation by a
small probe. The term "crushingstrength" isalsofrequently used to describe the resistance of tablets to the application of a
compressive load.Although this term describes the true nature of the test more accurately than does "hardness", it implies that
tablets are actually crushed during the test, which often is not the case "'nwthe:intent ofthe breakingJorce
determination.... (USPl-M~y-2019) Moreover, the term "strength" in this applicationcan be questioned, because in the physical
sciences that term isoften used to describea stress(e.g., tensilestrength). Thus, the term "breakingforce" ispreferred and will
be used in the present discussion.

"'[)uringmanufacture ofcornpressedt?lblets/d~cisio
breakihgstrengthtargets. Controloftabletweights mus .' ','
accuracy. Once the desired weight is achieved" . ions must
,Iqss on drying,friability, and break' .
appearance of the tablet, it also
Characterization (1062»). While t
predicted. As illustrated in (1062,
breakingstrength. It isthereforein,
product performance.... (USPl-May-2019)

Change to read:

TABLET BREAKING FORCE DETERMINATIONS

Early measuringdevices were typically hand operated. Forexample, the Monsanto (or Stokes) hardnesstester was based on
compressingtablets between two jawsviaa spring gauge and screw.Inthe Pfizer hardnesstester, the vertically mounted tablet
was squeezed in a device that resembled a pairof pliers. In the Strong-Cobb hardness tester, the breaking load was applied
through the action of a small hydraulic pump that was firstoperated manually but was later motorized. Problems associated
with these devices were related to operator variability in ratesof loadingand difficulties in proper setup and calibration. Modern
testers employ mechanical drives, strain gauge-based load cells for force measurements, and electronic signal processing, and
thereforeare preferred.However, several important issues must be consideredwhen usingthem for the analytical determination
of breaking force; these are discussed below.

Platens

The platensshould be parallel. Theirfacesshould be polished smooth ~nd precision-ground perpendicularly to the direction
of movement. "'In addition, the face ofthe platen should be perpendicularto tile surfaceon whichthe tablet isplacedto ensure
the platen uniformly contacts the side of th~ tablet frorntpp and (:>bttom.... cusP l-May-~019) Perpendicularity must be preserved
during platen movement, and the mechanismshould be free of any bending or torsion displacements as the load isapplied.
The contact faces must be larger than the areaof contact ""iththe ta~let.~These considerations ensure that the applied load
isoperating over a consistent surfacearea,of the,.q()~age form,...,CUSP 1-May-2Q19)

Rate and Uniformity of Loading

f
er
Its

in.(l062); Sincedifferent fonnulatio
he breakingforcetest ina controlled
ading rates may not give'comparabl

Either the rate of platen movement or the rate at which the compressive force isapplied (Le., the loading rate) should be
constant. Maintaining a constant loading rate avoids the rapid buildup of compressive loads, which may lead to uncontrolled
crushingor shear failure and greater variability in the measured breaking force. However, constant loading rate measurements
may be too slowfor real time monitoring of tablet production.

The rate at which the compressive load isapplied can significantly affect results, because time-dependent processes may be
involved in tablet failure (7). How a tablet matrix responds to differences in the loading rate depends on the mechanism of
failure.

"'A.dditional.discussion of thec:onsQ .
tablets'exhibitvaryingamo,untsof,strai
andrec6gnize that instrumentstliat ci
for the same product. ... (USP1-May-2019)

Thetest must be run consistently with equipment that has been routinely calibrated.Changingfromtesting unitsofdifferent
designsor from different manufacturerswill requirecomparisonof data to ensure that the two unitsare subjectingthe dosage
form to similar stress in a similar manner. Currently available equipment provides a constant loading rate of 20 newtons (N)or
less per second or a constant platen movementof 3.5 mm or less per second. Controlled and consistentbreaking isan important
test procedure attribute. To ensure comparability of results, testing must occur under identical conditionsof loading rate or
platen movement rate. Since there are certainadvantagesto each systemof loadapplication, both arefound in practice. Because
the particulartesting situationand the type of tablet matrixbeing evaluatedwill pose differentconstraints, there isalsono basis
to declare an absolute preferencefor one system over the other. This general chapter proposes consideration of both
approaches.

The differentmethods may lead to numerically differentresults for a particulartablet sample, requiring that the rate of load
application or displacement must be specified along with the determined breakingforce.
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Dependence of Breaking Force on Tablet Geometry and Mass

Measurements of breakingforce do not take into account the dim~i1sionsor shapeofthe tablet,A;~(usPJ-MaY-2019)Tablet
orientation and failureshould occur ina manner consistentwith ,A;theorientation useclandfail LJreoDseiyeO,A;(uSP1-MaY-2019) during
the development of the dosage form. Fordirect comparisons (i.e., without any normalizations of the data), breaking force
measurements should be performed on tablets havingthe same dimensions, ,A;weights,.A (USPl-May-2019) geometry, and consistent
orientation in test equipment.

Tablet Orientation

Tablet orientation in diametral compression of round tablets without any scoring is unequivocal. That is, the tablet is placed
between the platens so that compression occursacrossa diameter. However, tablets with a unique or complex shape may have
no obviousorientation for breakingforce determination. . . .. .;' . .
.. ~Because the breaking force for unembossed, noncircularcross-section tablets will likely depend on the tablet's orientation
in the tester, it is best to settle on a standard orientation, preferablyone that providesa consistent failure plane and.that is
readilyreproduced by operators, to ensure comparabilityof resLilts.,A; (USP l-May-2019) Ingeneral, tablets are tested either across the
diameter or parallel to the longest axis. Scored tablets have two orientation possibilities. When they are oriented with their
scores perpendicular to the platen faces, the likelihood that tensilefailurewill occur along the scored lineincreases.Thisprovides
informationabout the strength of the matrixat the weakest point in the structure. When scored tablets are oriented with their
scores parallel to the platen faces, more general information about the strength of the matrix isderived.

Capsule-shapedtablets or scored tablets maybest be broken ina three-point flexuretest (2). Afitting,which iseither installed
on the platens or substituted for the platens, supports the tablet at its ends and permits the breaking load to be applied to the
opposite face at the unsupported midpoint of the tablet. Thefittings are often available from the same source that supplies the
hardness tester.

ce the orientation of the dosage form critically impacts the result of the test, it must be clearly defined in the test
ureand produce a consistent failureplane in the dosage form for the resultsto be comparable. The plane of failure

ys be noted. If, while maintaining orientation, the plane of failurediffers for a batch or sub-batch of tablets.relative
resultsand direct comparison of the numericalvalue is not possible, this observation in itselfcan be an important

f a compression problem.,A; (USP 1:May-2019)

Units, Resolution, and Calibration

Sample Size

,A;lnterpretation ofthe breakingforce data must consider not onlythe mean value but the consistencyofthe test resultsfor
m I i ts. The range·of breaking force values may provide valuable information on the consistencyoft .

siyevariability in val may reflectissues with diefilling, weight control, or orientation of t the
t. Additionally, the aking strength resultwill reflect the orientation of the failure plane.

he tablets must fail in t e same manner throughout the test. In cases where breakingforce may
average plus individual breakingforce valuesshould be reported.,A; (USP l-May-2019)

Modern breaking force testers are usually calibrated in kiloponds or newtons. The relationship between these units of force
(3) is 1 kilopond (kp) = 1 kilogram-force (kgf) = 9.80 newtons (N). The test resultsshould be expressed in standard units of
force which facilitate communication. Some breakingforce testers also will provide a scale in Strong-Cobb units (SCU), a
carryoverfrom the days when Strong-Cobb hardness testers were in common usage. The conversion between SCU and N or
kp must be viewed with caution, because the SCU isderived from a hydraulic device and is a pressure.

Generally, contemporary breaking force testers use modern electronic designs with digital readouts. Some units also have
an integral printer or may be interfaced with a printer. Breaking forces should be readable to within 1 N.

Breaking force testers should be calibrated periodically. The force sensor as wellas the mechanicsof the apparatus needs to
be considered. Forthe force sensor, the complete measuring range (or, at a minimum, the range used for measuring the test
sample) should be calibrated to a precision of 1 N, using either the static or dynamic method. Staticcalibration generally
employs traceable counterweights; at least three different points are checked to assess linearity. Dynamic calibration makes use
of a traceable reference-loadcell that iscompressed between the platens. The functional calibration of a breaking force test
apparatus should also confirmthat the velocity and the constancy of velocityfor load application or displacement are within
prescribed tolerances throughout the range of platen movement.

Change torea,d:

TENSILE STRENGTH

,A;fensllestrength isan intensivematerialsproperty;which by definitiondoes not depend on the sizeor shape of
being.measured. The measurement of tensile strength providesa more fundamental measure ofthe mechani
the compacted material and takes into account the geometry of the tablet. The application of a vertical force . ,.. e
diameter of a disc-shaped tablet generates a horizontal stress (ax), which is tensile and constant along the centerline of the
tablet The value of this stress is given by the following equation, which appliesto diametral compression of cylindrical
tablets: .
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(Jx =2F/1tDH
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(Jx = horizontal stress
F ,,;. breaking 'force
b =tablef diameter
H ,,;; tablet thickness

The derivation bfthis equation may be rOllnd in standard,texts (4:';"6); itis"oased onela'stic theory and the following
a~s~mptiQns: '

1. The tablet i~ an_ isoVopic body
2. Hooke's lawis obeyed
3. The, modulus of elasticity,incompression and in tension isthe same
4. Ideal point loadin'g occurs
Ifthe force isincreasedtathe point onablet fractureand ifthe tablet breaksinto two roughlyequal halves, the corresponding

~ensile stressat failure ishistorically reported as the"tensile strength". Hovvever, rec~nt studies(7)show that the tensilestrength
calculClted.using this method can be halfor less of the actual tensilestrength ~s measured in a three-point bend test. The
discrepancy occursbecausetablet fracture initiates under the intenseshear stresses(8) that are presen~ neCif the point ofcontact
between the tablet and the compression platen.The intenseshear stressesallowcracks to form under Mode III fracture
conditions(out-of-planeshearing),eventhough (Jx isstill belowthe strength of the compact. Once fracture initiates, the cracks
propagate along the center line by Mode I, fracture (opening) and attensile stresseswell belowthe true tensilestrength of a
crack-free tablet. Despitethese errors the diametrical strength isstill useful in many applications (9). Moreover, the di:lta will
be normalized with respect to tablet dimensions, because both diameter,Clnd thickness'are included in the equation.

The derivation has been extended to convex-:facedtablets (7O~ 11):

(Jx= (10F/1tD2) X [(2.84H/D) -:(0.~26H/W)+ (3'.15W/D) +0.01]-1

(Jx = tensilestress
F = breakingforce
o =tablet diameter
H =tablet thickness
W ;:: centralcylinder thickness (tabletwall height)

Other examples may be available in the literature(12)'A(USPl-May.2019)

Bending orflexure oftablets isanother optionfordeterminingthe tensilestrength oftablets. Underideal loadingconditions, a
breakingload applied to the unsupported midpointof one facewill resultin the generation of pure tensilestressin the opposite
face. If the tablets are right circular cylinders and are subjected to three-point flexure, the tensilestrength may be estimated
using the following equation (it.13:... (USP l-May-2019»:

(Jx = tensilestress
F = breaking force
L = distance between supports
H = tablet thickness
o = tablet diameter

AThe value of l.should be chosen judiciously tomiilimize errors inthis calculation (9).A (USPl-May-2019) The assumptionsare
the same as those for calculating tensilestrength from diametral compression. However, tensilestrengths determined byflexure
and diametral compression may not agree because of likely nonidealloading and the induction of shear failure during testing.

Change to read:
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(1222) TERMINALLY STERILIZED PHARMACEUTICAL PRODUCTS­
PARAMETRIC RELEASE

Change to read: .

j,INTRODUCTION

USER 'REQUIREMENTS

Parametric release is a practiceto release finished product that relies on processcontrol in lieu of end product testingto
establish that a product issafe/pure, efficacious, and of suitablestrength for commercial or clinical use. Parametric releaseis
based on demonstrating that in-process conditionsrelevanttothe establishmentof keyproduct quality attributes wereattained
and maintainedthroughout the relevantmanufacturing steps. One attribute for which in-process controlswould replace end
product testing issterility. The radiation sterilization of articles described in Radiation Sterilization (1229.10 ed in
accordancewith International Organizationfor Standardization (ISO) 011137 wasthe firststerilization proc .. in-process
controlsand monitoringto replacesterility testing. The application of parametric release specifically to the attribute of sterility
for <:ommerdal use requires prior regulatoryapproval.

Appro . tely designed, validated, ~ndcontrollea sterile product manufacturing systemsare capable of exceptionally
c' erformance in the preparation of products that havea probabilityof a nonsterile . (PNSU) of ::;1 O-~. The
e probability of microbial presence in products manufactured using these sy srenders the artalytical

d in SterilityTests (71) statistically ineffectual.
retically the limitof ~etection of the sterility tests isone viable cell; in actuality the limit of detection IS likely far

g . .A major limitation of (71) is. that it is based onalimited sample. The probabilityof failing a sterility test given a _0

contamination rate of 0.1 % (an unaccep~ably high level of contamination) is2% (wheren =20). For thecontaminationconttol
c . ·ties.achieved by well-controlleq manufacturing systems, the probability of a sterility test detecting that level of
c nation would likely be well belowthe limit of detection of the procedure. Forthese reasons,parametric release isthe
.de de of product release and should be used in lieu of sterility testing unless parametric release is not feasible.

In metricreleaseprogram,steOrility assurance isachieved byprocess,facility, and systems engineer' . the establishment
ofap ate risk-based userrequirement specifications; and isconclusively demonstrated by.the estab ent, control, and
monitoringof processparameters that confirm those user requirementsare met. All modalities of sterile manufacturing should
achievea probabilityof a PNSU of Sl 0-6• Parametric programs.ofproduct releaseshould.ensureall elements referenced in
Sterilization Assurance (1211) consistently support the highest level of controL

, onally, terminal sterilization ;processes for the manufact . of products labeledsterile are candid s for parametric
inalsterilization isthe applicationof a suitablesterilj on technology to a, product, in itsfina led container or

, ma manner that achieves a probability of a PNSU of::; -6. Terminal sterilization may be conducted using any
tion od that can be demonstrated to a~hieve a PNSU of ::;1 0-6 whileat the same time retaining allother required

ct qua ttribu.tes. Examples of sterilization methods that have been successfully used to sterilize drug pro r
al devi n their primarypackageare moistheat,dry heat,gas, and radiation. Processing parameters,critica .sing

parameters,and operationalranges ensuringthe requisite microbial destruction should be understood,defined, measured,and
controlled to support parametric release.

.. Establishing precise, clearly defined·requirements that demonstrate in-process conditionsare attained and maintained
throughout therelevantmanufacturingsteps isessential for parametric release. Therefore, organizations wishing to develop
and v~lidate a candidate parametricrelease programmustdefinethe necessary userrequirementsspecification (URS) andensure
that all conditionswithin th.atspecification are met. Process control conditions and validation within the URS should be
acceptable to relevantcompetent tory authorities~

The URSshould includeallcriti. dions ofthe technology, equipment, manufad:uringprocess, environmental
re '. m~nts,operational requireme. s, and other important characteristics necessaryfor ensuring provision ofa sterile
pr. t. Sincethese requirementswill be specific to the organization, the sterilization process utilized, the product and its
intended use, the URS should be generated by the user.
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"In devel()pillg~and validating apararnetricrelease program, critiCal qqalityattributes and pr6cessp~m'lmeters~tlo,uld be
inCluded in theURS:

Criticalqualityattributes: Criteria immediately beforeancfafter steriliiationshouldbe,ach.i~v~dtdensure that,the ~ferility

of everyunit i,s sustainedthr6ugb expiry.
Process parameters: These should be atcurate,predktors',oft ", '
developed ' e sterili,' ces~,proces~capabili Iibration t
criticality. ersne shquld be basedupo : crough p
Contr , thin their validated operating,ranges
manu , , ' , .e,ase program:,Any f?\i1ure to adequatel
theesta .. ,valid , ~erating' rangeswill resultin the disposalofthe pr
Presterilization critical quality'attributes and process parameters: Presteril
to ensure a consistent and minimized microbiological challengeto the'st~riliza Ion
program, the level ofcontrol, ofthe environmentand presteritization product i
of recovery, and.species) shoLJld be withinvalidated rangesand enswe t
Recovery of speciesor forms of l11icroorganisms that are generally Ize
the sterilization process (e.g., sporesfor moistheat sterilization) shou e infr
The sterilization process"':light not effectively control pyroburden(whichis usually en
should be appropriately controlled throughout the manufacturing process. Table. 1 summarizes the l11inimlJm
presterilization qualityattributesand associated process parameters.

Table 1. Presterilization Critical Quality Attributes' and Associated Process ptirameters

CriticalQualityAttributes Process Parameters

· Pre-container-filling:fiIter jntegritY~

· Holdtimes (formulat!,!d productandJilIe{:tpr()CllkttlriitsY~

· Cleaning and:steri!ization (whereappropriate)of product c()ntactsurfaces~
Biopurdenand the,absence of spedfiem1croorganismsexhibiting an increased · EnYironmentalandpersonnelcontrolpeffQrmimce
challengeto the mode ofsterllization · Bioburdenofexciplent" rawniaterial,.drugsUbstarice~contalnerjdosure

· Hold times (formulatedproduct and fillecfproduetunits)a

· Cleaning and sterilization (whereappropriate)Qfp(oductCOnta(tt5urtaces~
Pyroburden · Pyroburden of excipient, raw material, drugsubstance,container,dosure

· Filling and sealing control pertormarice~
~illed container and closureintegrity · Containerand closurecomponent dimensions and material properties

a Critical processparameters,

Sterilization process parameters: Control of processparametersduringthe sterilization process isimportant to ensure a
consistentand predictable level of product sterilization withinthe process'validatedstate. During the sterilization process,
critical proc~ss parametersare monitore~ and recorded. Appropriat~chemical, physical, or biological load monitors
should be used to demonstrate lethality imparted upon the load. Forexample, the parametricrelease of,most heat
terminally sterilized productsshoulduse Class 5 indicators or, in certain circumstances,Class 3 (ISO 15882:2008) load
monitors. load monitorsare locatedatspecific'locationsin the loaddeterminedfromdevelopmentand qualification data
to ensure each unit receives the required minimumsterilizing conditions. Certain'container-c1osure configurations may
possess sites that are less accessible to the physical, or chemical agent used to terminally sterilize (e.g., the obscured
interface between a containerand its closure). In these circumstances, biologicaUndicat 'on probes
(where applicable) s be placedat such locations during development andq . . .inethe
requiredprocess par s. For a parametricrelease program,the risk of human, of
electronicand automate systems to ensure the control of the sterilization cycle. ,In
automated electronicassessment of the sterilization cycleshould assess the critical . ramete
validatedvalues. The assessment should be recorded and evaluatedfor the disposition of product. The folio
examplesof sterilization critical process parameters:

• Distribution (maximum, minimum, profile) of the physical or chemical agent throughout the entire cycle
• Timeduration (minimum and maximumfor any phases of the cycle)

Post-sterilization: If all presterilization critiCal qualityattributes and sterilization proG:ess parameters'arewithintheir
validated ranges, then all product units should be accepted as sterile. Failure to adequatelycontrol and measure critfCc{1
processparameter data within the established, validatedoperating rangesofthe sterilization process results in, thedisposal
of the processed product. Underthese circumstances, the application ofa sterility test to ensuresterility isnot permitted.
Repeatsterilization of productfrom prior processing that failed to rI1eet critical process paramete~s.is onlyacceptable
when supported with appropriate Validations and regulatoryapprovals~
Subsequentto processing, successfully sterilized product should be physicallysegregatedfrorTlnonsteriliied and nonsterile
product. Facility ,and/or equipment design mayensure physical segregation. Furthermore,' an electronic or aut()mated
systemshould be used to reduceor removethe potential for mix-up due to human error:
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RISK ASSESSMENT

Awe"~designed parametric release process issuperiorbecausethe sum.aggregateof'risk .
program are lowercompared to thoseofa non-pari:imetric programreliant upon the sterility.t ..'her
program is.founded upon a thorough assessment, understanding,. alld management ofriSk. T em'
the program addressing engineering, proce~s, procedural, and human factorsrequire seve
the differentfailure modalities and riskfactors for severIty and probabW. All. risk assessm
parameters,critical prparameters,and the means ofmitigati that maycontri
gualityattributes.The '. eassessments are required to ensure tha . product Li .'
manufactured batch achieves the required level of sterility assurance. Fornew products or sterili . • . . .'
assessmentshould be conducted during process development. ForexistIng product or,processes, theriskAsses ..
include his ori evaluation.

The f ssessments are necessary to support a paramettk: release program:
Presterilizationproduct bioburden: Assessing the potential risk othi 'h biobur
(e.g., s rme eans of enumeration and characterization op
contam n. T ssment should additionally includeother .... urd
by the sterilization process, such as pyrogens, and their potentiaito detrimen
product:
Loading patterns: Evaluating the positioning,stacking, and distribution of product units within;thesteri' r load,
including the potential for ge during theloadin each load'and duringthe sterilization pcocess~ ude the risk
of product units failing to a e sterility dUE! to the mentioned factors.
'C<nltainer and' closure: The contain€r~nd closuresystem isan important material attributEnn whi
should evaluate the risk of non,.integrity.before, during, and aftersterilization: ihis includesseconda., ac; agl .
potentiaJfor damage, andevent~related or time-related loss, of integritywhich could potentially allow mi<:robla ingress.
Sterilization cycle: Evaluating the controls, reql-time measurement (including the number, type,find o· i()nof foad
monitors), data acquisitioli, data handling,·autOnlatecf and electronicsystemsof processcontrol and o'ring;
Product segregation: Risk assessment of product after sterilization should evaluate the means 0 €l1lent
and reconciliation (manualor electronic) and the physical segregation (manual or autom~ted) of uct from
presterilized and noristerilized prodUCt.

REfERENCES

1. International Organization for Standardization. ISO·15882:2008: Sterilization of health care products-Chemical
indicators-Guidance for selection, use and interpretation of results.

.. 2S (USP41)

(1223) VALIDATION OF ALTERNATIVE MICROBIOLOGICAL METHODS

INTRODUCTION

This chapter provides guidance on the selection, evaluation, and use of microbiological methods as alternatives to
compendial methods. To properly implement alternative methods, one must considera number of important issues before
selectingthe analytical technologyand qualifying that method withthe actual product. Theseissues include, but are not limited
to, identification of suitable alternative methodology, development of user specifications for equipment selection,
demonstration of the applicability of the method as a replacementfor a standard compendial method, and qualification of the
method in the laboratory.

This chapter outlines:
• User requirements

o Instrument qualification
o Validation of alternate technologies
o Method suitability

• The limitations of the use of CFU as a standard signal for microbiological methods.
• Fournovel options for demonstrating equivalence

o Acceptable procedures
o Performance equivalence
o Results equivalence
o Decision equivalence

• Application of the concept of non-inferiority to method validation
• Guidance on statistical methods that may be employed in method validation

Aglossary of the terms used in the chapter is providedat the end of this chapter.
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Microbiological methods, other than microbial identification and strain typing methods (discussed in Microbial
Characterization, Identification, and Strain Typing (1113»), described in the compendia fall into two general categories:

1. Qualitative methods (not enumerative) that are used to assess the general microbial qualityof compendial articles. This
category includes assays that are intended to demonstrate the presence or absence of microorganisms in a compendiaI
article. .

2. Quantitative methods that yield a numerical (enumerative) result in terms of the microbial content of a compendial
article.

There are inherent analytical factors that must be considered in the implementation of microbiological methods and in the
comparison of a candidate alternative method to an existing compendial method. With respect to qualitative ("absence of")
analysis, it is critical to consider that in microbiology, the finding of "no microorganisms present" does not mean in absolute
terms that zero cells are actually present in the compendial article.A result of "no growth" in a current compendial method is
properly interpreted as "no growth was detected in the test sample from the compendial articleunder the specifiedconditions".

The actual limits of detection of compendial microbiological methods have never been established quantitatively, and it is
understood that many variables can affect the recovery of microorganisms.These variables includeselection of growth media,
incubation conditions, nutritional requirements of microorganismsthat may be present, physical condition of microorganisms,
and characteristicsof the compendial articleunder test. Studies on the recoveryof microorganisms from potable and
environmentalwaters have demonstrated that traditional plate-count methods reporting cellcount estimates as colony-forming
units (cfu) may recover 0.1%-1 % of the actual microbial cells present in a sample (1), in comparison to alternative methods
that use flow cytometry and therefore yield a differentsignal (cell count). The presence of a greater number of cells based on
an alternative method with a signal other than cfu has not correlated with more user risk or a higher likelihood of pathogens
being present when there isan established safety record. These results do indicate that in some types of samples, the mean
estimated cellcount recorded using a growth-based compendia Iassay may result in a very different mean value than a cell
count estimate derived from an alternative microbiological method that relies on a signal other than the cfu. Also, one must
consider that in analytical microbiologythe concept of false positiveor false negative resultsare both scientifically and
conceptually difficult. It would not be appropriate, for example to consider in a comparison between a standard compendial
method and a candidate alternative method that a negative result in the standard method meant that positives observed in
alternative method were false positives. It is a normal characteristicof a conventional growth-based method to recover some
species well and yet to be unable to recoverothers. While it is not necessaryfor an alternative method and the conventional
method to produce a match in terms of result, what is important is that the candidate method be capable of allowing a
microbiologist to make an equivalent decision regarding product quality consistently.

It is extremely important in the application of this chapter that users take into account that microbiologyis a logarithmic
science. While we can distinguish between 100 and 1000 cfu (a difference of 1 IOg10), it may be not possibleto discern smaller
differences (lessthan 0.3-0.5 10glo), The inherent variability of these methods issubstantially greater than analytical chemistry
methods. This inherent analytical variability must always be considered in the selection, development, and validation of
alternative methods. The expectation of a degree of agreement between alternate microbiological methods and traditional
growth-based methods beyond what is technically feasible could complicate the implementation of newer analytical
technologies regardless of their specific mode of analysis. .

Achieving the level of characterization (variability of the method) that is possible using modern chemical methods (e.g.,
high-performance liquid chromatography with a precision of 1%-2% relative standard deviation) is not possible in
microbiology. It is reasonable to consider that the typical level of precision will typically be on the order of 15%-35% relative
standard deviation, although resultsoutside this range both on the high and lowsidesare certainlypossible.Also, the enormous
numbers and diversity of potential microorganisms as well as the inherent variability of metabolic activitylevels in nature can
complicate recovery. The advent of alternativemicrobiological methods, which in some cases may recover higher cellcounts
than typically observed using existingcompendial methods, should not be taken to mean that new patient risks now exist that
had not been heretofore recognized.

USP Perspective on Implementation of Alternative Methods or Procedures

The U.S. Pharmacopeia (USP) has long provided mechanisms for the implementation of alternative assay methods or
procedures to analyze compendial articles. General Notices, 6.30 Alternativeand Harmonized Methods and Procedures states,
"Alternative methods and/or procedures may be used ifthey provide advantages in terms of accuracy, sensitivity, precision,
selectivity, or adaptability to automation or computerized data reduction, or in other special circumstances." Thisstatement
allows considerable user latitude in the decision to usean alternativeprocedure for routine product release,provided that proper
technical and scientific attention is paid to the selection, qualification, and implementation of the method. Ifa product has
proven safe inwidespread usewhen releasedor controlled using current methods, the implementation of an alternativemethod
which can be well-correlatedto the existing method should be straightforward.

USP Methods and Procedures as Referee Tests

All methods and procedures described in the USP general chapters on microbiological tests, which are numbered below
(1000), are intended to be referee tests for any product legally marketed in the United States. Thismeans that in the event a
dispute should occur for any reason, only the result obtained using the method or procedure published in USP is conclusive.
Thus, alternative methods or procedures implemented and qualified by a userwill not serveas a legal replacement for the official
USP method, which will continue to serve as the referee test in the case of a dispute.
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Althoughthe methods and proceduresdescribed in the USP general chapters are intended to be official refereetest methods,
it is recognized that these tests may not function optimallyas quality control tests for specific compendial articles without
modification. It is expected that the official USP methods will require evaluationsto determine their suitability for use when
applied to specific products, and that such evaluationswill be conducted on the basisof a user's specific product knowledge.
Proceduresfor demonstration of this method suitability (verification; inhibition/enhancement) are provided in the relevant
compendiaItest chapters. Forexample, some compendial articles may have inherent antimicrobial properties that could, ifnot
modified (or neutralized), adversely affectthe suitability of a given compendial method or procedure. When these methods or
procedures are included in regulatoryfilings and the product isapproved, they will be used as product-releaseand shelf-life
tests.

Harmonized Chapters

Some USP microbiological methods or procedures contain a statement that they have been harmonized with corresponding
methods or procedures found in the European Pharmacopoeia and the Japanese Pharmacopoeia. In chapters containing this
statement, the text describing the method or procedure is considered interchangeable (for additional information, see
Pharmacopeial Harmonization (1196»). Ifa compendial method or procedure is conducted using harmonized text as written in
the USP, European Pharmacopoeia, or Japanese Pharmacopoeia, it is considered legally interchangeable. However, the
implementation of an alternative method as a quality control test to replace a method described inthe US? does not mean this
method or procedure would be interchangeable from the perspective of all relevant jurisdictions unless it meets the criteriafor
alternative methods as specified by the other compendia. .

Submission of Alternative Methods or Procedures to USP

Inthe USP, it isstipulated by General Notices, 6.30 Alternativeand Harmonized Methods and Procedures that alternate methods
should be submitted to the US? for evaluation, ifan organization wishes to have the alternative method to be considered for
inclusion as a compendial method. This opportunity to advance microbiological testing isoften overlooked by USP stakeholders.
Submission of alternative methods or procedures allows USP to consider any such method as an addition to or replacement for
an existing, standard method or procedure. Asubmission of an alternative method must include complete analytical and
equipment details, as well as detailed analytical data from relevant qualification trials.

Forany method or procedure to be considered as a replacement or additional referee method, it must not be a patented
method or procedure with reagents or instrumentation available from only a singlesource. Also, any candidate replacement or
additional method must have broad applicability, suitable for routine use and must be compatible with a broad spectrum of
relevant compendial articles.

Additional USP Chapters Germane to the Implementation of Alternative Microbiological Methods

Several USP general information chapters provide usual information regarding the implementation of alternative methods
and procedures. Validation ofCompendial Procedures (1225) providesdetailed information on submissions ofalternativemethods
to the compendia as well as general guidance on validationand the evaluation of analytical performance characteristics. Useful
information regarding the validation of methods used for the recoveryof viablemicroorganismsfrom compendial articles
(neutralization of antimicrobial properties of articles) appears in Validation of MicrobialRecovery from Pharmacopeial Articles
(1227). Informationon the qualification of microbial identification methods may be found in (1113). Finally, information on
the qualification of analytical equipment can be found in Analytical InstrumentQualification (1058).

Although Analysis of Biological Assays (1034) is primarily concerned with the determination of product potency by utilizing
bioassays, it also discusses fundamental principles regarding variance, error, and biometricsthat may be informative to those
who are developing and validatingalternative microbiological methods or procedures.

Other Information and Regulation Regarding the Use of Alternative Methods

In the U.S. Food and Drug Administration (FDA) Current Good Manufacturing Practices regulations, 21 CFR Part 211.194
describes requirements for test methods utilized to assessthe compliance of pharmaceutical articles with approved
specifications. The regulations state that test methods must have suitable capabilityregarding accuracyand reliability. This
subsection of the regulationsalso recognizes the legal basisof US? and the National Formulary(NF) standards and makesit clear
that it is the responsibility of the user to validate methods or procedures that differ from those standardized in the compendia.

The International Conference on Harmonization of Technical Requirementsfor Registration of Pharmaceuticals for Human
Use(ICH) document Validation of Analytical Procedures: Text and Methodology [Q2(R1)] also may be a useful reference in the
development and validation of alternativemethods or procedures. This ICH document provides information useful in the
submission of analytical procedures in association with product registration applicationssubmitted within the United States as
well as Japan and Europe.

USER REQUIREMENTS'

Determining the precise technical requirements necessaryfor an alternative microbiological method isessential before one
can select the appropriate technology and equipment that meet the relevantassayrequirements. Therefore, it issuggested that
organizations wishing to develop and validatea candidate alternative method produce a user requirement specification (URS)
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document. Thisdocument should include all critical functions of the technology, critical user interfacerequirements, space
requirements, environmental requirements, operational requirements, and all other important characteristics of an alternative
method for the intended use. These requirements will be specific to the company or organization, as well as to the alternative
method's intended use, and therefore the requirements should be generated by the user.

In generating this URS document, three separate components of the alternative microbiological method validation must be
considered:

1. Instrument qualification. Most alternative microbiological methods will depend on specific equipment. Thisanalytical
equipment is subject to industrystandard instrument qualification requirements (see (1058) for further information).

2. Validation ofalternate technologies. The basicrationalefor using an alternative methodology isto improveon some aspect
of the existing technology of the current compendial method without sacrificing essential characteristics of that
technology (e.g., plate count and membrane filtration). The current technology for compendial microbiologymethods
consistsof detection of the growth of viable microorganisms on (or in) a nutrient medium. The alternative technology
must be at leastequivalent to the current technology in terms of performance for the intended use. Muchof the technical
support for equivalence may come from the peer-reviewed scientific literature or from a prior regulatory submission
(e.g., a vendor submitted the Drug Master File to the FDA, or prior submissionfrom a company on this technology), but
this must be confirmed, as appropriate for the intended use.

3. Method suitability. Thisconsideration must address both the technology's suitability to the specific test and the lackof
product inhibition and enhancement on the test results. .

A. Suitability of the technology to the specific test. Many compendial microbiological tests have mandated test
requirements. Anexample of this would be sample plans consisting of the quantity of material to be tested (e.g.,
10 g or 20 units of a specific volume). Because the test results are frequently used to determine compliance with
finished product specifications, and the specifications are dependent on samplevolumeor quantity, the alternative
technology must be able to satisfy sample volume requirements as required in the general test method. The use
of a lesservolume or sample size is not recommended and would need to be fully justified by the user on a
case-by-casebasis.The alternative technology isconsidered suitable if it can meet all critical parameters of the
compendiaI test.

B. Inhibition and enhancement. Specific products may interfere or enhance the signal of different measurement
technologies to the specific signal of interest (see (1227»). Thiscomponent of alternative microbiological method
validation(Le., suitability) must be demonstrated for each product tested.

Components of Data Quality

General information chapter (1058) describesfour differentcomponents of data quality.The most fundamental component
is qualification of the instrument; that is, a demonstration that the instrument isfunctioning as designed. Next in significance
is the method validation; a demonstration that the technology isfunctioning as expected. For instance, this might be a
demonstration that an alternative microbiological method isat least as suitable for its role in the test method as was the
traditional plate count or recovery in nutrient broth. Next in importance is the inclusion of relevant controls in the test to
demonstrate the ongoing suitability of the test system.Thefinal component of data qualityisthe useofqualitycontrol samples,a
practice not commonly used in microbiology because analystsstrive to exclude live cultures from a product testing area. These
different components of data quality are an important consideration in validating an alternative microbiological test as they
help frame the URS.

Classical Microbiological Methods

The cfu has been in use for about 125 years and continues to be specified as the unit of microbial enumeration in all current
U5Pmonographs. However, itis important to understand that the cfu has alwaysbeen an estimation of microorganismspresent,
rather than an actual count. The conceptualization of cfu as a signal requires a fundamental grasp of the process of plating
bacteria, yeast, or mold on solid media, as well as knowledge of what is required to produce a singlecolony.

The plate count method providesan estimate of the number of microorganisms present based on the growth of discrete
countable colonieson an individual plate; thus, the plate count is not a true cellcount. Although it istheoreticallypossiblefor a
single viablecell to give rise to a cfu, a single cell growing into a colony on a plate is unlikely to happen in nature. "Viability
of a cell" isdefined as the ability to multiplyby binaryfission such that a colony appears. Fora colony to appear, viable cells
must find specific conditions of nutrient growth medium, incubation, and time. Individual cells, however, are a rarity in nature,
and it isfar more likely that any colony growing on solid media arose from a clump, chain, or massof cells deposited together.
The cfu signal then is prone to underestimate the actual number of cells present in a sample. The extent of underestimation
will vary, depending on the nature of the microorganism and the way in which the sample was prepared.

Thecfusignalisalsocompletelydependent upon recovery of microorganismsfrom environmentalconditions,which produce
stresson the organism's abilityto survive. It is important to note that allorganisms that are outside their preferredenvironmental
niche will be to one degree or another stressed. Furthermore, outside laboratory culture microorganisms are unlikely to be in
the exponential growth phase most optimal for transfer onto microbiological media for recoveryand growth. In a very real
sense most microorganisms present in compendial articles, in dry, nutrient-free environments, at elevated temperatures, high
ionic strength, pH extremes, or in the presence of antimicrobial chemicals are severely stressed and may prove difficult or
impossibleto recover. Clearly these stress factors playa role in the plate count anomaly mentioned above. If the growth,
nutritional, or incubation conditions presented to microorganisms are not sufficientto result in recovery and the growth of
colonies, the signal may be 0 cfu, or no growth, even when viable cellsare present. These stressfactors may not be important
considerations with nongrowth-based alternate methods and such methods may produce signalsfrom cells that will not grow
on media. Precision can be compromised further when organisms are present in large clumps, often associated with organic
material, and are broken into smaller units during preparation. In this case, depending on the processing or handling of the
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sample, a clump could appear as a single colonyor multiple colonies. Furthermore, the number of dus on a plate must be in a
countable range, for example bacteria, 25-250, for reasonably reliable enumeration.

Thus, the methods of growth-based microbiology represent a logarithmicscience with a signal of enumeration (du) that is
truly an estimate rather than a precisecellcount. Understanding the strengths and weaknesses of the du as a signal isvital in
the validationof an alternative method that uses an alternative signal.Thereforethe cfu cannot be considered the only unit of
microbiological enumeration.

Signals from Alternate Microbiological Methods

Rapid or modern microbiological methods typically produce signals in units other than du for microbial estimation and
enumeration. These signalsare often processedvia instruments rather than visually. Extensive studies have been conducted on
the capabilities of the various methods that can be applied to microbial assessment of compendial articles, and in most cases .
the prospective user will knowthe characteristics of the method and the signal it produces before selecting that method as an
alternative.Guidance on method selectionisprovided in the section on Validation of AlternateTechnologies and in peer-reviewed
scientific publications.

Most of the rapid microbiological methods are, to some extent, direct cellcount methods. They, therefore, may provide a
higher cell count estimate than the cfu method for a given sample, depending on how the method is used and which
compendial article is under evaluation. .

Some alternate or rapid methods detect and estimate cell counts on the basisof metabolic activity, which gives rise to a
signal that can be measured instrumentally. Examples of these types of signals include adenosine triphosphate (ATP) content
(bioluminescence), laser-induced fluorescence, enzymatic activity, and physiochemical changes to the composition of a
nutritional broth or the headspace above the broth.

Alternative methods may also be based on vital staining, in which cellsare stained or exhibitautofluorescence (based on cell
components) and then are directlycounted, either microscopically or instrumentally. To increasethe probabilitythat only living
cellswill be counted, multiple stains may be used, which can (1) increasesensitivity based on cell membrane function, (2)
enhance reaction with nucleicacids, or (3) improve detection of metabolic activity.

There are also nucleicacid based methods that can be used, as'well as a range of other physicochemical methods of analysis
that have been utilized in pharmaceutical, biopharmaceutical, clinical, and food microbiology. These methods may target,
amplify, detect, or quantify a nucleicacid sequence, and it is important to understand the type of signal that resultsfrom the
analytical method. In addition, one should understand the physiological characteristicof the microorganism that gives riseto
the signal, which then makes it possible to enumerate the cells.

SUCCESS CRITERIA

Alternative methods for obtaining a cell count may provide higher or lower cellcounts than those provided by traditional
compendial methods during the enumerative analysis of compendial articles. However, whether the cellcounts are higher or
lower with the alternative method, it isgenerally possible to detect adverse trends in comparison with the estimates obtained
using a compendial method.

Observations of cell counts that differ from cfu resultsare not a concern ifthe different methods and their different signals
of cell presence are equivalent to or are non-inferior to referee methods in terms of assessing the microbiological safety of an
article.Highercellcounts must not be considered as necessarily indicative ofgreater risk giventhe inherent variability ofstandard
growth methods and the physical and chemical nature of compendial articles subject to analysis. This isespecially true when
enumerating microorganisms in articles that have a long historyof safe and effective use. In such cases the discovery that an
article contains a higher cell count then previously known does not mean that its safety has deteriorated.

With qualitativemethods, i.e., presence or absence, comparisons of false negative and positive resultsobtained in controlled
studies with the compendial and alternativemicrobiological method may be a measure of equivalence. There are commercially
available enhancements to growth-based methods that allowcolonieson solidmedia to be read more quickly, with substantially
less incubation time, than is possible using only the unaided eye. These methods still require the growth of organisms on or in
media. Therefore, many of these methods are not in the strictest sense differentfrom the existingcompendial methods, but
are instead merelyenhancements providinga more rapid detection of colonies. In the implementation of these enhanced
methods for the detection of colony growth only the detection capabilityof the method requiresverification.

SAMPLE SIZE

Anyalternative microbiological test method (within its intended purpose) may use any sample sizeand number of tests that
issufficientto produce an equivalent decision(or better) regarding microbiological quality as compared to the reference
method. Itmay be simpler,for many ifnot most alternativemethods, to complywith the sampling instructionsthat are provided
in the official compendial method. In case the sampling approach defined in the official compendial method is utilized no
justification of the sample size is required.

Statistics and Alternative Methods

Attempts to use statistics to compare the cfu resultsto signalsarisingfrom biochemical, physiological, or genetic methods
of analysis may have limited value. Given the differences among these methods, they cannot be expected to yield signalsthat
could be compared statistically in terms of mean values and variability. Thus, the enumerative values, given as du results in
associationwith reference methods, typically cannot be used as acceptance criteriafor the assessment of articles via candidate
alternative methods. Instead, it is. the users' responsibility to propose values, supported where necessaryby scientific literature,
that they can demonstrate are appropriate for the method that they have chosen and validated.This can be done independently
of existing standards expressed in terms of du.
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Instrument qualification should follow, at least in general terms, the discussion in (1058). The instrument qualification for
equipment critical to the functioning of an alternative microbiological method involves four distinct phases:

1. Establishment of User Requirement Specifications for critical method attributes which should be formalized in a URS
document.

2. Installation qualification-Was the instrument installed correctly?
3. Operational qualification-Does the instrument meet the manufacturer's specifications for correct operation?
4. Performance qualification-Does the instrument meet the URS for performance?

VALIDATION OF ALTERNATE TECHNOLOGIES

User Requirements Specification

Preparation of the URS document should involve input from all stakeholders for the microbiological test method. These
stakeholders may include representatives from the Microbiology, Quality, Regulatory Affairs, and Operations groups, aswell as
others. The time spent on this step should be considered an investment in reaching a clear understanding of the company's
needs before equipment is purchased, which will drive the performance qualification. At minimum, this document should
include the following:

• Purpose and intended use (defined need for instrument)
• Description of who will use the equipment
• Operational requirements (data format, user interfaces, and operating environment)
• Constraints (timetables, downtime, maintenance, user skill levels, product compatibility, limit of detection, accuracy, and

rapidity) .
• Life cycle (development, testing, delivery, validation, training, and obsolesce)
• Capability (turnaround time, test capacity and throughput, and labor requirements)
• Sustainability (consumables, calibration, validation, and preventative maintenance)
See (1058) for information on the qualification of analytical instrumentation. The principles outlined in (1058) are generally

applicable to the qualification of instruments used to conduct alternative microbiological analysis. The user may need to tailor
the specific recommendations in (1058) to their particular instrument qualification specifications.

Validation Criteria

The validation parameters generally recommended for qualitative and quantitative microbiological tests are shown in Table
1. Examples of qualitative tests are the sterility test and the test for absence of specified microorganisms. A quantitative test
would be microbial enumeration. Note that qualitative testing is binary, and for this reason there is generally no need to define
equivalency of units of measure, only equivalency of outcome.

Table 1. Validation Parameters by Type of Microbiological Test

Validation Parameter Qualitative Tests Quantitative Tests

Accuracy No Yes

Precision No Yes

Specificity Yes Yes

Limit of detection Yes Yes

Limit of quantification No Yes

Linearity No Yes

Operational (dynamic) range No Yes

Robustness Yes Yes

Repeatability Yes Yes

Ruggedness Yes Yes

Equivalency Yes Yes

SPECIFICITY

Definition: The specificity of an alternate qualitative microbiological method is defined as its ability to detect a range of
challenge microorganisms specific to the technology. "Range of microorganisms" may be defined asa limited number of
microorganisms representing risk to patient or product, microorganisms found in the manufacturing environment and product
failures, microorganisms that are appropriate for measuring the effectiveness of the alternative method, and microorganisms
that are representative in terms of morphological and physiological attributes appropriate for the method and the product.
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Demonstration: Specificity isdemonstrated by comparable recovery of the challenge panel of microorganisms in both the
compendial and alternate methods. The microbial challenge is above the limitof detection or quantification but at a level that
provides a measure of efficacyof the methods.

Growth based-Add low numbers (around 100 cfu) of each microorganism on the panel and perform both the compendial
and alternative methods to demonstrate recovery of the microorganism.

Nongrowth based-Use suitable negative and positivecontrols to demonstrate that extraneous matter that may be in the
system (e.g., extracellularATP, DNA, or inhibition and enhancement factors)does not interferewith the detection of the defined
range of microorganisms.

All challenge microorganisms should be recovered and identified in growth-based methods. Fornongrowth-based methods
microorganismsshould be recovered and identified where possible.

LIMIT OF DETECTION

Definition: The limitof detection (LOD) ofan alternate microbiological method isdefined as lowestnumber of microorganisms
in a defined volume of sample that can be detected, but not necessarily quantified, under the stated experimental conditions.
Thisshould be conducted with the quality control organisms cited in AntimicrobialEffectiveness Testing (51), Microbiological
Examination of Nonsterile Products: Microbial Enumeration Tests (61), Microbiological Examination of Nonsterile Products: Tests for
Specified Microorganisms (62), Mycoplasma Tests (63), and SterilityTests (71) as appropriate to the alternative method.
Demonstration
Method 7

• Inoculate a suitable diluent solution with a serial dilution range of each challenge microorganism, appropriate for the
intended use of the method and the technology. In most cases, the compendial media growth promotion test panel may
be sufficient.

• The level of inoculationshould be adjusted to a target of 50% of the dilution samples that show growth in the
compendial test.

• Perform both the compendiaIand alternate tests.
• Testsshould be repeated a sufficient number of times (statistically significant alpha risk: 0.05; beta risk: 0.20) for both the

compendial and alternate tests.
• Statistics: Usethe chi-square test or another appropriate approach to demonstrate equivalent recovery of the

microorganism challenges.
• Alternately, use Method 2.

Method 2 (MPN Method)
• Create a dilution seriesof the challenge organisms in a suitable diluent solution to include at least the range of 101 du to

10-2 cfu (for a 1O-fold series) or 5 cfu to 10-1 cfu/inocula volume (for a 2-folddilution series).
• Perform both the compendial and alternate tests with at least 5 simultaneous replicatesof each dilutionfrom the chosen

series.
• Determine the most probable number (MPN) from three dilutionsinseriesthat provideboth positive and negative growth

(or signal).
• Statistics: Use the chi-square test or another appropriate approach to demonstrate equivalent recovery of the

microorganism challenges.

ROBUSTNESS

Definition: A capacity of the method to remain unaffected by small but deliberate variations in method parameters, e.g.,
reagent volume, incubation time, or ambient temperature providing an indication of its reliability during normal usage. A
measure of robustness isnot a comparison between the compendial and alternate methods; rather, it isa necessarycomponent
of validation of the alternate method so that the user understands the limits of the operating parameters of the method. The
user may relyon data supplied by test method manufacturer.

RUGGEDNESS

Definition: The degree of precision of test results obtained by the analysis of the same samples under a varietyof typical test
conditions such as different analysts (for example, three), instruments, and reagent lots (the method for demonstration may
follow instrument or materialssupplier recommendations, or it could be based solely on data supplied by test method
manufacturer).

Forthe definition of other validation parameters see Glossary.

METHOD SUITABILITY

Foreach new product to be tested using the validated alternate microbiological method, perform the SUitability test as
described in general test methods (see (51), (61), (62), (63), and (71 »), using the number of unit and quantities prescribedand
the sample preparation appropriate for the product and the required test sensitivity to determine the absence of a product
effect that would obscure the signal of the method.

Method suitabilitymay be demonstrated using three independent tests. Only the accuracy and precision validation
parameters are required for quantitative methods. Forqualitative methods, recovery of challenge organisms as indicated in
(62), (71); and (1227) is sufficient.
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Afteran alternative method has been shown to be equivalent to the compendial test with one product, it is not necessary
to repeat the equivalencyparameters for every new product; it is merely necessaryto verify the method suitability for each
additional product. Forexample, when employing a nucleicacid based method, with each new product, one must demonstrate
that residual product does not interferewith the concentration, extraction, purification, and recovery of the target nucleicacid,
or the polymerase chain reaction (PCR) amplification and chemical probe detection of the target ribosomal ribonucleicacid
(rRNA) gene sequence. .

EQUIVALENCY

All microbiological tests are performed to enable informed decision making regarding the microbiological quality of a
product, raw material, component, or process step. In this respect, the intended purpose of microbiological tests may be to
either evaluate for the presence or absence of microorganisms (as in the sterility test) or to estimate the number of organisms
present. The technological means by which microbiological test methods assess microbiological quality and enable a
product-quality decision may differfrom the growth-based means typical of reference methods. The units of measurement
(signal) of a microbiological quality assessment performed using alternative microbiological test methods will generally not be
a du, but rather a different approach to obtaining a cell count estimate. Therefore, the validationof alternative microbial
methods should involve two components: (1) equivalence demonstration and (2) analytical method and equipment
qualification.

Equivalence Demonstration

General Notices, 6.30 Alternative and Harmonized Methods and Procedures states that alternate methods may be used ifthey
provide advantages in terms of accuracy, sensitivity, precision, selectivity, or adaptability to automation or computerized data
reduction. It further stipulates that alternative methods can be implemented in other special circumstances. Such alternate
methods shall be validated as described in (1225) and must be shown to produce equivalent or better resultsthan the referee
method for any given quality attribute. When comparing two test procedures to show equivalent or better performance,
statisticalevidence is assembled to show equivalence Of, in statistical terms, non-inferiority. Forexample, with microbial
enumeration, equivalencymay be shown if there is no statistically significantdifference between the two means generated
when enumerating with the compendial and alternative methods. However, this may not be possible when the two methods
yield different signals. Examples of this situation are when the microbial enumeration method uses vital staining of microbial
cellsor measurement of genomic material in place of dus.

Similarly, the FDA Guidance for Industrydocument AnalyticalProcedures and Methods Validation: Chemistry, Manufacturing,
and Controls Documentation states that a validated alternativeanalytical procedure should be submitted only if it is shown to
have performance equal to or better than the regulatory analytical procedure. Also, section 2.7 of the ICH document Test
Procedures and Acceptance Criteria for New Drug Substances and New Drug Products: Chemical Substances (Q6A) states that
alternative procedures are those that may be used to measure an attribute when such a procedure controls the quality of a drug
substance or drug product to an extent that iscomparable to or superior to the official method. However, other options to
demonstrate equivalence are available and are discussed in Demonstration of Equivalency.

Demonstration of Equivalency

Fouroptions are available to establishthe equivalenceofa candidate alternative analytical method: (1) acceptable procedures
(Le., merely meeting a minimum performance or acceptance requirement without a need to demonstrate equivalence to the
compendial method); (2) performance equivalence to the compendia! method; (3) resultsequivalence to the compendial
method; and (4) decision equivalenceto the compendial method (7). Acomparison of these four equivalenceoptions isgiven
in Table 2. The multiple equivalence options reflectthe diversity in the technology and applications of the alternative test
methodologies and may be viewed as a paradigm shift in Equivalence Demonstration.

Table 2. Equivalence Option Matrix
Comparison to Based on Numerical

OfficialCompendial Results or Number of
Option Demonstration Method Conclusion Characteristics

1. Acceptableprocedures Acceptable No Results Multiple

2. Performanceequivalence Equivalent Yes Results Multiple

3. Results equivalence Equivalent Yes Results Single

4. Decision equivalence Equivalent Yes Conclusions Single

OPTION 1: ACCEPTABLE PROCEDURE

This is not strictly an equivalence option that requires direct comparison between the candidate alternative method and an
official compendial method. With this option, a reference material with known properties may be used, such as a standard
inoculum ofa specific microorganism,a quantity of highlypurified bacterialgenome, anATPlevel or another appropriate signal.
In some cases, it could be required that the alternative method measure the signal in the presence of the test sample, with
validation criteria that are consistent with the capabilityof the technology, as described in the scientific literature.
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OPTION 2: PERFORMANCE EQUIVALENCE

USP43

Performanceequivalence requiresthe demonstration of equivalent or better results with respect to validation criteria-such
as accuracy,precision,specificity, limitofdetection, limitof qualification, robustness,and ruggedness-that may be appropriate
for the intended use of the alternative qualitative or quantitative method. It is possible that the alternative method may not
conform to some of the validation parameters listed compared with the official method and still be acceptable because of the
advantages of the alternative method. This may be the case ifthe alternative method has any of the advantages stated in the
General Notices, 6.30 Alternative and Harmonized Methods and Procedures. Other special circumstanceswould include
improvements in time to obtain a resultor the cost of running the test. Ifa candidate alternativemethod issuitablefor assessing
the quality of the material tested, it may be still acceptable, even if it differs from the official method in one or more validation
parameters. The final analytical qualification criteria should reflect only the criteria that the microbiologist deems necessaryto
achieve performance equivalence.

OPTION 3: RESULTS EQUIVALENCE

When resultsequivalence is required, the hypothesis to be tested is that the alternativeand compendial test methods give
equivalent numerical results. Thiscontrasts with the evaluation of the validation parameters, as isdone in performance
equivalence. Becausethe same sample cannot be tested in microbiology, typically a tolerance interval isestablished when
comparing the two methods, with the alternative method determined to be numerically superior or non-inferior. Reports on
the use of alternative non-growth-based methods have shown that they may produce significantly higher cellcount estimates
than a growth method that reports outcomes in du. In this case, the analyst could usea calibration curveshowing a correlation
between the two methods in the product specification range.

OPTION 4: DECISION EQUIVALENCE

Adecisionequivalence issimilar to results equivalence but differs in that a numerical result is not generated; instead a pass/
fail result is obtained. With this approach, the frequency of positiveand negative results generated should be no worse than
with the compendial method. Thisnon-inferiority requirement is based on the long historyof product quality tested by and
released with the referee compendiaItest. Forthe purposes of qualification, laboratorystudies involving spiking low levels of
microorganisms may be considered. The following sections provide suggested approaches for demonstrating that the
alternative procedure isequivalent to or better than the compendial procedure. Users may use other valid methods for
demonstration of equivalence with supporting scientific justification.

Equivalence Demonstration for Alternative Qualitative Microbiological Procedures

Results obtained by procedures in (62), (63), and (71) are indicativeof the presence or absence of microorganisms in the
sample tested. These tests do providea decision (i.e., the compendial article either passesor fails the test). Thistype of data fits
in the decision equivalence category as described in the Stimuli article (2). Approach 7 (see below) is based on demonstrating
decisionequivalence. Approach 2 (see below)isan alternative that converts the qualitative resultsto quantitative ones by using
the most probable number (MPN) procedure. Bothapproaches use a non-inferiority hypothesis (3).

To demonstrate the acceptabilityof the alternate procedure relativeto the current microbiological procedure, the laboratory
must demonstrate that the new procedure isas good as or better than the current procedure in terms of the abilityto detect
the presence of microorganisms. In general, a recommended approach for comparing the alternate procedure to the
compendial procedure is to use a non-inferiority test (one-sided, as in non-inferiority tests conducted in clinical trialsfor new
drug products) (4) rather than two-sided equivalence[as in bioequivalence (5)]. Non-inferiority isan appropriate approach for
two reasons. First, from a patient perspective, it isbeneficial to promote an alternativeprocedure that ispotentiallymore sensitive
than the referee procedure. In contrast, a two-sided approach penalizes better recovery of microorganisms. It is important to
note that those implementing the alternate method will need to assess the risk associatedwith the change in procedure,
because a more sensitive procedure may generate more positive results. Second, the alternate procedure has benefits
(principally, reduced time to a result) that make it preferable to the compendial procedure, even ifit is not as sensitive, as long
as it allows for a quality decision on the product that is non-inferior to the compendial method.

APPROACH 1: USE PRESENCE AND ABSENCE RESULTS

The non-inferiority hypothesisfor this approach is that the proportion of samples that produce a signal for the new
procedure (P N) is NMT some amount (Ll> 0) less than the proportion for the current, compendial procedure (P c) (6):

Result =PN - P c ~ -Ll

The Ll is the non-inferiority margin. Unless the laboratory requires a tighter margin, use Ll = 0.20 in the experiments described
below. Calculatea one-sided 90% confidence interval for PN - Pc (7). Non-inferiority isconcluded ifthe lowerconfidence limit
exceeds -0.20. Ifthe experiment isable to conclude in favor of the non-inferiority hypothesis, then it can be stated, with 95%
confidence, that PN ~ Pc - 0.20 at the bioburden level studied.

Thisevaluation should be conducted using types of microorganisms selected by the laboratory as representative of the
general types of microorganismsencountered. The choices can follow (71) or appropriate suitability test organisms, organisms
recovered from product testing and/or microorganisms representative of those that may convey risk to patients given a
product's route of administration.

The laboratoryshould conduct an evaluation to determine whether the alternate procedure can be shown to be non-inferior
to the microbiological procedure in terms ofsensitivity as measured by the proportion of samples returning a positive resultfor
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microbial recoveryand growth. Foreach organism in a qualitative test, conduct three evaluations. The first uses samples
prepared by serial dilution to be at or around 100, i.e., 1 cfu, where no growth is likely to be observed (hence no signal will be
detected by the growth-based microbiological procedure) to characterizethe sensitivity of the new procedure at this level. The
second usessamples at or around 102 (100-200 cfu),where the microbiological procedure would be expected to detect growth
at a relatively high percentage of about 75% or greater, to determine the acceptability of the new procedure. The third isa
comparison of the two procedures at a burden where 500/0-75%ofsamples would be expected to grow colonies[often a serial
dilution to around 101 (10-50 cfu)] to test the non-inferiority hypothesis as described above. In the non-inferiority experiment
for qualitative microbiology tests, a minimum of 75 samples should be tested on each procedure. Using 75 samples provides
approximately 80% power. Shouldthe laboratory find that a higher statisticalpower is necessarygiventhe requirements of the
analysis for a given product, increasing the number of samples analyzed to 100 will result in a power of approximately 90%.
These procedures are appropriate for the purposes of concluding non-inferiority if the two procedures are actuallyequally
sensitive using I:i = 0.20. Ifthe laboratory concludes their new procedure is lesssensitive than the compendial procedure, a
larger number of samples will be required to maintain these power levels.
Independent samples: Suppose that N A samples have been tested with the candidate alternative procedure, of which X A

samples are positive, and that N csamples (not the same as those tested with the candidate) have been tested with the
compendial procedure and that X c samples are positive.Calculatethe following:

PA=XA/NA Pc=Xc/Nc
8=Nc/NA
a=1+8

b =-[R(l+ 8Pc)+8+ PAl

c=R(PA+8pc)
PA =[-b-(b2-4ac)l/2]/(2a)

Pc =PA IR

V PA(l-PA ) +R2 Pc(l-pc)

NA Nc

Z=(PA -RP%

where R is the ratio of variances at which to determine power.
Conclude non-inferiority ifZ> Z a where Z a is the upper ex percentage point of a standard normal distribution.

Paired samples: Suppose that N samples have been tested by both the candidate alternative and compendial procedures. The
results can be displayed in a 2 x 2 table (see Table 3).

Table 3. Results for Paired Sample

Compute the following:

APPROACH 2: COMPARE MPN RESULTS

Conclude non-inferiority ifZ> Z a where Z a is the upper ex percentage point of a standard normal distribution.

L=[XlO -RX01 +(l-R)XuJl N

V=XA(XlO +X01 ) / X~

Z=L/JV

Compendial Procedure

Alternative Procedure Positive Negative Row Totals

Positive XII X 10 X A

Negative X 01 X 00 N-X A

Column totals Xc N-X c N

Forthe compendial referenceand the alternative procedures, conduct an MPN comparative study usingstandard procedures
for MPN for each of the N samples. Ideally, the same samples are used for the two procedures, but this is not a necessity.

ForApproach 2, the non-inferiority hypothesis is

IJA - IJc ~ 10g(R) or ant/log(IJA - IJC> ~ R

where IJA and IJc are the means in the log scale for the alternative and compendial procedures, respectively.
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Independent samples: Determine~PN for N Asamples by the alternative procedure, convert all values toJogs, and determine
the sample mean of the log values( x A) and sample varianceof the log values (52 A)' Similarly, determine x cand 52 cfrom the
logs of N c samples tested with the compendial procedure. Determine the following:

where t a, df is the upper a percentage point of the t distribution with df degrees of freedom and

df (5;/NA +5~/Nc)2

(5; / NAf + (5~ / NC)2
NA-l Nc-l

Ifusing software that only allowsfor integer degrees of freedom (e.g., Excel), use linear interpolation to obtain the t value.
Conclude non-inferiority if ant/log(L low) ~ R.
Paired data: Determine MPN for N samples by the alternative procedure a'ld for the same N samplesby the compendial
procedure, convert all 2N valuesto logs, and determine the sample mean (x) and variance (52) of the differences of log
alternative value minus log compendial value. Determine the following:

L low=X- t a, N -1 51'" N

where t a, N -1 is the upper a percentage point of the t distribution with N - 1 degrees of freedom. Conclude non-inferiority
ifant/log(L low) ~ R.

Equivalence Demonstration for Alternative 'Quantitative Microbiological Procedures

Akeycharacteristicof some alternativequantitative procedures isthat'their signal may differ significantly from the cfu of the
compendia I microbiological procedure. As a consequence, equivalence as it is typically understood cannot be shown; that is,
the numerical resultsare expected to differ in magnitude and units. Instead, this chapter suggest two criteria for the verification
of candidate alternative quantitative procedures:

1. Results from the candidate procedure have at least acceptable precision (repeatability).
2. The resultsfrom the candidate procedure are highly correlated with those from the compendial procedure. A high

correlation is taken to indicate that quantitative acceptance criteria expressed in cfu can be calibrated to criteria in the
units of the alternative procedure.

PRECISION

Prepare a minimum of sixsamples at a minimum of two bioburden levels near specification limits relevant to the laboratory.
Run the candidate alternative procedure for the prepared samples. [NOTE-This isto correspond to repeatability conditions; see
(1225).] At each level, determine the sample variance(52) of the logarithms (log10) of sample results. Calculate the
following: '

UL = 100 * [anti IOg( (n; 1)8
2

J-1]
X,os, n-1

Where n is the number of samples (n ~ 6) and X2,os, N -1 is the lower 5% value of a chi-squaredistribution with n -1 degrees
offreedom. Precision isacceptable if*UL:so, where c isthe predetermined maximalacceptable repeatability percent geometric
coefficientof variation, %GCV. (Forsmallvalues, the %GCV will be approximately the %RSD.)

The greater the number of samples (n) the greater the likelihood (power, in statistical terms) that a procedure, the precision
of which isactuallyacceptable, will yield data that meet this criterionand thus be declared acceptable.The laboratory may use
prior data to determine a value of n that meets their needs.
Example: Forthe data for the alternative procedure in Table 4, calculate the following:

n = 10

5 2 = 0.000241, and,

2
X.OS, 9 = 3.325113, so

UL = 6.06%

Thisalternative procedure thus has acceptable repeatabilityprecision as long as the prespecified success criteriono had been
at least 6.06%.
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CORRELATION (LINEARITY)

Preparea minimum of two samplesat each of four differentbioburden levels covering the range from near limitof
qualification (LOQ) to one log above the specification limitdefined in the standard compendial assayto which the candidate
alternativemethod is being compared. Determinethe activity for all samples using both the candidate alternative and
compendial procedures. Plotand determine the correlation between the log ofvalues from the candidate alternative procedure
(y) and the log of values fromthe compendialprocedure (x). Thecorrelation isacceptable ifat least0.95 (or R2 at least0.9025).

Althougha linearrelationship between the two sets of results istypically expected, a nonlinearrelationship can be acceptable.
In the case of a nonlinear relationship, use the Spearman (nonparametric) correlation instead of the Pearson correlation.

Table 4

Compendial Alternative
(cfu) (cell count)

70 970

71 965

75 950

92 990

100 1000

105 1051

116 1046

123 1039

127 985

130 1020

Figure 1 shows the plot of these data after conversion to base 10 logs. Because R2 does not meet the stated requirement,
the results from these two proceduresare not sufficiently correlated.

3.03

Figure 1.

Candidate alternative proceduresthat may be suitablefor making decisions about the microbiological qualityof a sample (as
in Figure 1) may not correlatewell enough with the compendial procedure to meet the above correlation requirement. In that
case, the other option isto applythe decision equivalence approach as described earlierfor qualitative tests. During procedure
development, the laboratoryshould determine a specification for the alternativemethod to correspond to the compendial
specification for the required level of microbiological quality. For example, if the required level of microbiological quality is
NMT 102 cfu, for which the compendial maximum acceptable count is200 cfu, the laboratorywill need to determine an
acceptance criterion for the candidatealternative procedure that will match that valuefrom the perspective of makinga decision
regarding microbial quality. Then, the validation experiment to confirm this choice proceeds as describedearlierfor qualitative
tests.
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GLOSSARY
Accuracy: Closeness of the test results obtained by the alternative test method to the value obtained by the compendiaI

method, to be demonstrated across the dynamic (operational) range of the method.
Alternative microbiological method: A modern or rapid microbiological test procedure (MMM or RMM) that is

differentfrom the traditional growth-based method, such as the plate count or recovery in liquidbroth. The alternative or rapid
method may use different technologies, instrumentation and software to manage the testing and analyses of data and may
provide quantitative (enumeration) or qualitative(detection) microbial test results.

Colony-forming unit (du): An estimate of the number of microorganismsobtained by traditional plate count methods.
The enumeration isdependent on the ability of the microorganisms in the sample to grow on the microbiological culture media
under the conditions of incubation. Because it is uncertain whether a colony was derivedfrom the growth of one or even one
thousand cells, the results arereported as cfu/mL(for a liquid) or cfu/g (for a solid) and not as cells/nit or cells/g.

Conventional microbiological method: Aclassical or traditional growth-based method, such as enumeration on an
agar plate or detection in a liquid broth when incubated for a specifiedtime and temperature. Thesemethods are used in (51 ),
(61), (62), (63), and (71).

Equivalence: When the test resultsfrom two procedures are sufficiently closefor the intended use of the procedures.
Demonstration of equivalence requires a prespecified measure of how similarthe test results need to be.

False negative: Atest result that is incorrectly determined as negative (e.g., the absence of a viable microbial detection
resultwhen viablemicroorganisms are present). Atype II error, also known as an error of the second kind, occurswhen the null
hypothesis isfalse but erroneouslyfails to be rejected. It isfailing to assert what is, in fact, present-a miss. Atype II error may
be compared with a so-calledfalsenegative ina test (and seen as a "miss") that ischeckingfor a singleconditionwith a definitive
result of true or false. The rate of the type II error isdenoted by the Greek letter ~ and is related to the power of a test (which
equals 1 - ~).

False positive: Atest result that is incorrectly determined as positive (e.g., a viable microbial detection result when viable
microorganisms are not present). Instatistical test theory, the idea of a statistical error isan integral part of hypothesis testing.
These are described as type I and type II errors. Atype Ierror, also known as an error of the first kind, occurs when the null
hypothesis (HO) istrue but is rejected. It isasserting something exists that is, in fact, absent (l.e., a false hit). Atype Ierror may
be compared with a so-calledfalse positive (a result that indicates that a given condition is present when it actually is not
present) in tests where a single condition is tested. The rate of the type I error is called the "size"of the test and denoted by
the Greek letter c. It usually equals the significance level of a test. In the case of a simple null hypothesis, a. is the probability
of a type I error,'

Independent samples: Samplesselected from the same population or different populations that have no effect on one
another. That is, no correlation exists between the samples.

Liinit of detection (LOD): The lowest concentration of microorganisms in a test sample that can be detected, but not
necessarily quantified, under defined experimental conditions.

Limit of quantification (LOQ): The lowest number of microorganisms in a test sample that can be enumerated with
acceptable accuracy and precision under defined experimental conditions.

Linearity: The ability to produce results that are proportionalto the concentration of microorganisms present in the sample
within a given range.

Method suitability: Demonstration of lackof enhancement or inhibition by the product on the signal generated by the
method.

Non-inferiority: Demonstration that the alternate method isnot worse than the compendial method by more than a small
prespecified amount. Thisamount is known as the non-inferiority margin or 8. Non-inferiority isdifferentfrom equivalence in
that in an equivalence trial, the desired conclusion is that two microbiological methods are not unacceptably different from
each other. In a non-inferiority test the objective is to demonstrate that a new product is not unacceptablyworse than an
older one.

Paired samples: Asample of matched pairs of similar units.
Range-Dynamic or Operational: The interval between the upper and lower levels of microorganisms that have been

demonstrated to be determined with specified accuracy, precision, and linearity.
Repeatability precision: The degree of agreement among individual test resultswhen the procedure isapplied repeatedly

to multiple samplings of the same suspension of microorganisms and uses different suspensionsacrossthe range of the test.
Also known as "repeatability".

Robustness: Amethod's capacity to remain unaffected by small but deliberate variations in method parameters, such as,
reagent volume, time or temperature of incubation providing an indication of its reliability during normal usage.

Ruggedness: Intermediate (within laboratory) precision associated with changes in operating conditions. Factors
contributing to intermediate precision involve anything that can change within a given laboratoryand that may affectthe assay
(e.g., different days, different analysts, differentequipment).

Specificity: The ability to detect a range of microorganisms, which demonstrate that the method isfitfor its intended use.
These microorganisms may includea limited number of microorganisms representing risk to patient or product, microorganisms
found in the manufacturing environment and product failures, microorganisms that are appropriate for measuring the
effectiveness of the alternative method, and microorganisms that are specified in the relevantcompendial tests, that are
appropriate for the method and the product. .

User Responsibility: The responsibility for the installation and operational, and performance qualification. may be a joint
responsibility of the instrument manufacturer and the user of the alternative microbiological method. The method validation
may be conducted by the instrument manufacturer, when justified. The method suitability testing conducted for each specific
product must be solely the user's responsibility.

Validation: The process of demonstrating and documenting that the performance characteristics of a procedure and its
underlying method meet the requirements for the intended application and that the procedure isthereby suitable for its
intended' use. Formal validations are conducted prospectively according to a written plan that includes justifiable acceptance
criteria on validation procedures.
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(1223.1) VALIDATION OF ALTERNATIVE METHODS TO ANTIBIOTIC
MICROBIAL ASSAYS

INTRODUCTION

Microbiological assay methods have traditionally been used to quantify the potency, or antimicrobial activity, of antibiotics.
These microbiological procedures were historically used to certifyantibiotics on a lot-by-lot basisto ensure sufficient activity.
Before 1998, monographs for several approved antibioticswere published in FDA's Code of Federal Regulations, 21 CFR. These
regulatory antibiotic assay procedures were later published in USP as the official referee methods to determine the potency of
antibiotics. The details of the microbial assay procedures for individual antibiotics, including the challenge organisms and test
parameters, are described in general chapter Antibiotics-Microbial Assays (81). Microbial assays providea direct measure of the
effectiveness of the antibiotic against a reference microorganism. Although these microbiological methods have continued to
serve as the official compendia I referee methods since their publication in USP, many manufacturers have replaced these
microbiological analyseswith high-performance liquid chromatography (HPLC) methods.

Although the microbiological methods providedirect proof of antimicrobial effectiveness and can integrate all moietiesthat
contribute to antimicrobial effects in a formulation, these methods are less precise, more complex to perform, and slowerto
complete than alternative methods such as HPLC. Microbial assays also have limitedselectivity and are not appropriate for
evaluating organic impurities. The specific skill sets required to perform the microbiological antibiotic assays, their unique
equipment requirements, and their comparative complexity deter many stakeholdersfrom using these methods.

There are numerous reasonsfor replacingthe microbiological antibiotic assays with chemicalassays that use purityor content
as surrogates for the measurement of biological activity. The advantages of chemical-based analytical methods have been
described previously for simple, single-component antibiotics, as well as complex, multi-component antibiotics (7).
Physicochemical procedures, such as HPLC, allowfor simpler preparation and rapid data acquisitionwith improved precision,
accuracy, selectivity, and specificity. HPLC methods can be used effectively for both potency assignment and organic impurity
testing. Additionally, because modern instruments and the expertise to use such equipment are widelyavailable, the conversion
to alternative methods may be economically advantageous.

Thisgeneral chapter provides points to considerfor manufacturers who want to use physicochemical alternatives instead of
the microbial assay methods described in (81). Given the widespread use of HPLC as an alternativeto microbial assaymethods,
this chapter focuses on HPLC methods. However, the principles set forth in this chapter are applicableto any alternative
physicochemical procedure.

GENERAL CONSIDERATIONS FOR ALTERNATIVE METHOD DEVELOPMENT

Multiple important factors need to be considered when replacing microbial methods with HPtC or other chemical
techniques; this is because of the specific characteristics of antibiotics.

1. It is essential to know whether the antimicrobial activitymanifested by a preparation resultsfrom a single, active
ingredient or arisesfrom multiple, often related, moieties. Where technically possible, the analyst should determine the
contribution of major moietiesto antibiotic effectiveness. Forthe purposes of this chapter, major moietiesare defined as
those that contribute more than 1% of the antibiotic potency. Where multiple moieties contribute to antibiotic activity,
the chemical assay should be able to resolve all major moiety peaks in the formulation.

2. To the extent possible, the individual activity of process impuritiesand degradation products should be evaluated. This
may not be necessarywhere evidence existsthat each of the impuritiesand degradation products contributes lessthan
1% of the total antimicrobial activity of a preparation.

3. General chapter (81) isthe refereestandard in any procedure comparison. Therefore,the currentlyofficial USP procedure
should be performed by the manufacturer (or under that manufacturer's direction) to establish reference assayvalues
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within the test range. It may be necessary to evaluate data using the guidelines in general chapter Analysis of Biological
Assays (l 034) when the test design isone described in that chapter. Manufacturers should establish appropriate limits
for precision and accuracy of the microbial assayprocedure based upon their product knowledge.

4. The candidate alternative HPLC or other chemical method should be fully validated according to general chapter
Validation of Compendial Procedures (1225).

5. The value of any method comparison isdependent upon the precision and accuracy of the assaytest results obtained
from both methods. No statistical comparisonshould be undertaken ifthe assaydata from either method does not meet
predetermined acceptance criteriafor method validation.

6. The guidelines in this chapter do not applyto alreadymarketed products for which the manufacturerhasalready received
regulatory approval to use an alternative method. In all cases, the applicability of an alternative method can only be
determined through submission and review by the relevant regulatory authority.

7. Any alternative to a compendial procedure must be validated and proven to be equivalent to, or better than, the referee
method (2). A stimuliarticle published in PF 35(3) [May-June2009] discusses the "equivalent or better" approach to
evaluating alternativesto compendiaIprocedures (3). It isexpected that such a comparisonwill useappropriate statistical
analysis. Examples of the recommended types of statistical analysesare outlined in this chapter.

TECHNICAL CONSIDERATIONS

Simpleand complex antibioticsare treated separately because there are significant differences in methods development and
validationfor these two categories of antibiotics.

• Simpleantibiotics (such as tetracycline) are those for which all antimicrobial activity iscontributed by a single moiety.
• Complex antibiotics (such as gentamicin) are those that have more than one active moiety.
Stability-indicating alternative procedures are recommended. Where impurities or degradation products contribute more

than 1% of the antimicrobial activity of an antibiotic preparation, impuritiesand degradation products must be evaluated.
The microbial assay and the candidate alternative method should be performed as described in the appropriate general

chapter, e.g., (81) for microbial assays and general chapter Chromatography (621) for HPLC procedures.

BRIDGING STUDIES

Bridging studies are used to compare the data obtained from candidate alternative procedures to the microbial assay data
to determine whether the alternative procedure is an acceptable substitute.

Simple Antibiotics

1. Separate the active antibiotic moiety from impurities and degradation products. Compare the microbial activity of the
main moiety, process impurities, and degradation products against the USP Reference Standardfor the antibiotic.Process
impurities and degradation products present at levels below 1% of antimicrobial activity may be disregarded. The
candidate alternative method may resolve impurities that do not have antimicrobial activity. These will likely not factor
into the bridging study.

2. Continue as described in this section only ifthe product has a single moiety conveying the antimicrobial activity.
3. Validate the alternative procedure using (1225). The alternative procedure must be specific, selective, and stability

indicating.
4. Testa minimum of three separate lotsof the drug substance and the relevant USP Reference Standard usingthe microbial

assay procedure as well as the candidate alternative method.
5. Test a minimum of six replicatesamples per lot using both the microbial assayand candidate alternativemethod. It may

be necessary to increase the number of replicates based on the maximum allowed percentage difference (see Data
Evaluation) and the standard deviation of the method (4). Ifpossible, prepare stock standard and sample solutions and
subdivide them for use with the microbial assay and candidate alternative assay procedures. This provides paired data
that can be analyzed (see Appendix 2).

6. Applyappropriate outlier (see general chapters AnalyticalData-Interpretation and Treatment (1 010) and (81» and
comparison tests (see Data Evaluation) to determine ifthe candidate alternative method and the microbial assay
procedures yield equivalent results.

7. Ifthere are statistical outlierswith either procedure, perform the comparison by excluding the outlier values. Ifthe
bridging study criteria are met, repeat the bridging study with controls to prevent outliers. Justification for rejection of
outliers must be provided in the bridging study report. The consistent appearance of outliersin the candidate alternative
assay results may indicate that the procedure has inadequate controls. Ifthis occurs, the bridging study is void and a
different alternative procedure should be developed and validated.

8. Ifthe bridging study fails, it may be necessary to include potency contributions from impurities that are below 1%.

Complex Antibiotics

1. Separate and purifyeach antimicrobial moiety of a complex antibiotic preparation, process impurities, and degradation
products, Compare the antimicrobial activityof the main moiety, process impurities, and degradation products against
the USP Reference Standard for the antibiotic. Establish valuesfor relative microbial activity (F) for each moiety as
compared with the USP Reference Standard. Active moieties, process impurities, and degradation products at levels below
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1% of antimicrobial activity may be disregarded. The candidate alternative method may resolve impurities that do not
have antimicrobial activity. These will likely not factor into the bridging study.

2. Evaluate a suitable number of production lots of the antibiotic to determine whether the composition of the complex
antibiotic is consistent from one lot to another.

3. Validate the candidate alternative procedure using (1225). The procedure must be specific, selective, and stability
indicating.

4. Test a minimum of three separate lots of the drug substance and the USP Reference Standard using the microbial assay
method and the candidate alternative procedure.

5. Test a minimum of six replicatesamples per lot using both the candidate alternative method and the microbial assay
procedures. It may be necessaryto increase the number of replicates based on the maximum allowed percentage
difference (see Data Evaluation) and the standard deviation of the method (4). Ifpossible, prepare stock standard and
sample solutions and subdivide them for use with the microbial assay and candidate alternative assay procedures. This
provides paired data that can be analyzed (see Appendix 2).

6. Usethe relative microbial activity (F) to convert the percentage purity valuesfor each moiety, then sum them to
determine a combined potency value.

7. Applyappropriate outlier (see (1010) and (81» and comparison tests (see Data Evaluation) to determine whether the
candidate alternative procedure and the microbial assay procedure yield equivalent results.

8. Ifthere are statistical outlierswith either procedure, perform a comparison by excludingthe outliervalues. If the bridging
study criteria are met, repeat the bridging study using controls to prevent outliers.Justification for rejection of outliers
must be provided in the bridging study report. The consistent appearance of outliers in the candidate alternative assay
results may indicate that the procedure has inadequate controls. Ifthis occurs, the bridging study isvoid and a different
or modified alternative procedure should be developed and validated.

9. Ifthe bridging study fails, it may be necessaryto include potency contributions from impurities that make a contribution
below 1%.

DATA EVALUATION

Described below are USP's recommendations for data evaluation.Alternative approaches such as Deming regression (5) and
commerciallyavailable comparison tests may also be used. Foran antibiotic with a comparatively narrow Assay range (80%­
125% or narrower), follow Step 1. Foran antibiotic with a wide Assay range (80%-125% or wider), follow Steps 1 and 2.

1. Demonstrate the equivalence of resultsat the targeted potency of 100% using a two one-sided test (TOST) to test for
equivalence. TOST offers several advantages over the t-test, which looks for differences (6,7,8,9). This requires the
laboratory to set a maximum allowed percentage difference(such as 3%, 4%, or 5%), denoted by k in the appendices.
Usethe formulas in Appendix 1 for independent samples (different samples used for the two procedures) or Appendix 2
for paired samples (a set of samples each of which isassayed by both procedures).

2. Compare the chapter microbial assayand candidate alternative assayprocedures using paired samples that cover the full
monograph range of activity values. Prepare a Bland-Altman (BA) plot (Appendix 3). There should be no evidence of an
important trend and the BA 95% agreement limits should not extend outside a predetermined maximum difference
established by the laboratory. .

APPENDIX 1: TOST FORMULAS FOR INDEPENDENT SAMPLES

On the basis of the knowledge of the product, the laboratory must establish the maximum allowed percentage difference
between the average resultfor the candidate alternativeassayand the average for the microbial assay resultsfor the alternative
assay.Adifferencethat meets the requirements indicatesthat the alternative method providesacceptable resultsin the specified
compendial range as compared with the microbial assay. In statistical notation, what must be demonstrated is:

100lJlHPLC -11 <100k
JlMicro (Eq. 1)

k = a small positive number such as 0.03 (for an allowed 3% difference)
IJI =mean value for each procedure
i =alternative method (HPLC) or microbial assay(Micro)
These are the two values to be compared.
Rearranging, this becomes:

-klJMicro < IJHPLC - IJMicro < klJMicro (Eq. 2)

The idea ofTOST isto consider the two inequalities ofEquation 2 separately.That is,to demonstrate the hypothesis in Equation
2 at the 5% level, one must demonstrate both of the inequalities in Equation 3 at the 5% level:

IJHPLC -(1 + k)IJMicro < 0 and IJHPLC -(1 - k)IJMicro > 0 (Eq. 3)

www.webofpharma.com

https://nhathuocngocanh.com/



8160 (1223.1) / Genera/Information USP 43

Fora comparison of means, the TOST isequivalent to considering two-sided 90% confidence bounds. Ifthe bounds satisfy
the inequalities in Equation 3, then equivalencehas been demonstrated. When the samplesfor the two assays under comparison
are different ("independent samples"), determine the following upper (l.f) and lower (L) confidence bounds:

U = XHPlC -(1+k)XMicro +to.05,df~S~PlC/ N HPl C +(1+k)2S~icro / N Micro

(Eq.4)'

L =X HPlC - (1- k)XMicro - fO.05,df~S~PlC / N HPl C +(1- k? S~icro / NMicro

(Eq. 5)

Xi =sample average
S i = sample standard deviation
N = sample size
t = one-sided 5% value for at-distribution
i =alternative method (HPLC) or microbial assay method (Micro)
Forthe number of degrees of freedom, use:

[( )( 2 )2] [( )( 2 )2]1 SMicro + 1 SHPLC

N""", -1, NMi CfD N
HPlC

-1 NHPLC (Eq. 6)

This isan approximation that assumes k issmall. Ifusingsoftware that onlyallows for integer degrees offreedom (e.g., Excel),
use linear interpolation to obtain the t-value. Conclude that the two procedures are equivalent (i.e., any difference on average
is acceptably small)for the given lot if:

L> 0 and U < 0 (Eq. 7)

Example 1:

Microbial Assay Data HPLC Assay Data

72.02 72.68

67.3 72.24

71.79 72.5

71.16 -
69.06 -

75.56 -
74.7 -

74.16 -
76.48 -

Following the above formulas with k = 0.03:

NHPLC = 3; X HPLC = 72.5; SHPLC = 0.221

NMicro= 9; XMicro = 72.5; SMicro = 3.045

Degrees of freedom =8.247; interpolated t-value=1.853

L=0.338 and U =-0.219, so the 3% equivalence criterion is satisfied.

APPENDIX 2: TOST FORMULAS FOR PAIRED SAMPLES

When the samples for the two assays are the same, the data are considered "paired". The hypotheses are the same as those
in Appendix 7. Because of the pairing of samples, the standard deviation calculationsdiffer.

Determine the confidence bounds, U and L, as follows:

U =XHPlC -(1+k)XMicro + to.05,df~S0 / N (Eq. 8)

L = XHPlC -(1-k)XMiC~-to.05,df~SZ / N (Eq. 9)
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N =number of samples for each procedure
df= N-1
SLand Su are calculated as follows:
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s3 = N
1

1frXHPLC,j -(1+k)XMicro)2
- j=1 (Eq. 10)

S; =-1-frXHPLC,j -(1-k)XMiCrO,j]2
N -1 j=1 (Eq. 11)

Conclude that the two procedures are equivalent (l.e., any difference on average isacceptably small) for the given lot if:

L> 0 and U < 0 (Eq. 12)

Example 2:

Microbial Assay Data HPlC Assay Data

1011 980.9

990 981.4

960 978.3

1000 974.3

970 966.7

Following the above formulaswith k = 0.03:

N =5; XHPLC =976.3; XMicro =986.2

SL = 18.749; Su = 19.958

df =4; t-value=2.132

L = 1.830 and U =-20.438, so the 3% equivalence criterion is satisfied.

APPENDIX 3: BLAND-ALTMAN PLOTS

Figure 1 shows the data plotted as HPLC (x-axis) vs. Micro (y-axis). In Figure 2, the x-axis represents the average response
obtained using the alternative and microbial assay methods.

The y-axis represents the difference in responses measured with the alternative and microbial assay methods.
The bias for each data set is represented by the average difference.
95% limits of agreement are represented by bias± 25.
Data points outside the limits of agreement are considered outliers.
The Bland-Altman plot (10,11) should show data points scattered within the limits of agreement with no obvious pattern.

Ifa pattern exists (e.g., proportional pattern or funneling outwards with increasing average), perform a log transformation. If
performing a log transformation, take the antilog of resultsfor analysis using the originalscale of measurement.

Example 3:

level Microbial Assay Data HPlC Assay Data

150 854 867

150 862 893

150 871 880

150 845 906

150 836 854

120 678 704

120 699 722

120 688 739

120 705 686

120 671 669
i

90 530 541
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Level Microbial Assay Data HPLC Assay Data

90 536 554

90 522 528

90 510 515

90 515 502

60 366 343

60 363 361

60 348 334

60 352 370

60 357 352

30 197 185

30 187 172

30 192 176

30 189 180

30 195 167

~

~

~

~

y = 0.9365x + 28.268 ~

R2 =0.9958 ~.4
"" .

1000 .,------------------------------------~

800 +-----------'--------------------~~--

600
t.n

Data(1) •:::s

~ - - Perfect agreement
0

--Linear (Data)"-o
:i 400

200 +-------....~"'----------------------------------l

1000800600

HPLC Values

400200
O-F----------:--------.-------...,..---------,r---------l

o

Figure 1. Example data plotted as Microbial assay data versus HPLC assaydata.

Figure 7 shows the data plotted as Micro (y-axis) vs. HPLC (x-axis). Thisappears to be in good agreement. Figure 2 shows
what happens when the same data are instead plotted as recommended by Bland and Altman.
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Figure 2. Example data in a Bland-Altman plot.

Calculate the bias, estimated by the mean difference (d) and standard deviation (SD) of the difference.

Mean difference=-5.28

SD of difference=22.36

Most of the differencesare expected to liebetween d - 2SDand d + 2SD(ifnormally distributed, 95% will liein these limits).
Ifdifferences within d ± 2SD (limits of agreement) are not important, the two measurement methods can be used
interchangeably.

LCL (d - 2SD)=-49.95 (Eq. 13)

UCL (d + 2SD)=39.39 (Eq. 14)

The difference between resultsfrom the two procedures has a strong trend. Thistrend can be seen in Figure 1, but the Bland­
Altman plot in Figure 2 makes it clearer.
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(1224) TRANSFER OF ANALYTICAL PROCEDURES

INTRODUCTION

Testing to the specification of an ancillary material, intermediate, and/or ingredient and product iscritical in establishing the
quality of a finished dosage form. The transfer of analytical procedures (TAP), also referred to as method transfer, is the
documented process that qualifies a laboratory(the receiving unit) to use an analytical test procedure that originated inanother
laboratory (the transferring unit), thus ensuring that the receiving unit has the procedural knowledge and ability to perform
the transferred analytical procedure as intended.

The purpose of this general informationchapter isto summarizethe types of transfersthat mayoccur, includingthe possibility
of waiverof any transfer, and to outline the potential components ofa transferprotocol. The chapter does not providestatistical
methods and does not encompass the transfer of microbiological or biological procedures.

TYPES OF TRANSFERS OF ANALYTICAL PROCEDURES

TAP can be performed and demonstrated by several approaches. The most common is comparative testing performed on
homogeneous lots of the target materialfrom standard production batches or samples intentionallyprepared for the test (e.g.,
by spiking relevant accurate amounts of known impurities into samples). Other approaches include covalidation between
laboratories, the complete or partialvalidation of the analytical procedures by the receiving unit, and the transferwaiver, which
isan appropriately justified omission of the transferprocess.The tests that will be transferred, the extent of the transferactivities,
and the implementation strategy should be based on a risk analysis that considers the previousexperience and knowledge of
the receiving unit, the complexityand specifications of the product, and the procedure.

Comparative Testing

Comparative testing requires the analysis of a predetermined number of samples of the same lot by both the sending and
the receiving units. Other approaches may be valid, e.g., if the receiving unit meets a predetermined acceptance criterionfor
the recoveryof an impurity in a spiked product. Such analysis is based on a preapproved transfer protocol that stipulates the
details of the procedure, the samples that will be used, and the predetermined acceptance criteria, including acceptable
variability. Meeting the predetermined acceptance criteria is necessaryto assure that the receiving unit isqualified to run the
procedure.

Covalidation Between Two or More Laboratories

The laboratory that performsthe validation of an analytical procedure isqualified to run the procedure. The transferring unit
can involve the receiving unit in an interlaboratory covalidation, including them as a part of the validation team at the
transferring unit and thereby obtaining data for the assessment of reproducibility. Thisassessment ismade usinga preapproved
transfer or validation protocol that provides the details of the procedure, the samples to be used, and the predetermined
acceptance criteria.The general chapter Validation of Compendial Procedures (1225) provides useful guidance about which
characteristicsare appropriate for testing.

Revalidation

Revalidation or partial revalidation isanother acceptable approach for transfer of a validated procedure. Those characteristics
described in (1225), which are anticipated to be affected by the transfer, should be addressed.
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The conventional TAP may be omitted under certain circumstances. Insuch instances, the receiving unit isconsidered to be
qualified to use the analytical test procedureswithout comparison and generation of interlaboratory comparativedata. The
following examples give some scenarios that may justify the waiverof TAP:

• The new product's compositioniscomparableto that of an existingproduct and/or the concentrationof activeingredient
issimilar to that of an existing product and isanalyzed by procedureswithwhichthe receiving unitalreadyhas experience.

• The analytical procedure being transferred isdescribed in the USP-NF, and isunchanged. Verification should apply in this
case (see (1226»).

• The analytical procedure transferred isthe same as or verysimilar to a procedure already in use.
• The personnel in charge ofthe development, validation, or routine analysis of the product at the transferring unit are

moved to the receiving unit.
Ifeligible for transfer waiver, the receiving unit should document it with appropriate justifications.

ELEMENTS RECOMMENDED FOR THE TRANSFER OF ANAYTICAL PROCEDURES

Several elements, many of which may be interrelated, are recommended for a successful TAP. When appropriate and as a
part of pretransferactivities, the transferring unit should provide training to the receiving unit, or the receiving unit should run
the procedures and identify any issues that may need to be resolved before the transferprotocol issigned. Training should be
documented.

The transferring unit, often the development unit, is responsible for providing the analytical procedure, the reference
standards, the validation reports, and any necessary documents, as well as for providing the necessary training and assistance
to the receiving unit as needed during the transfer. The receiving unit may be a qualitycontrol unit, another intracompany
facility, or another company such as a contract research organization. The receiving unit provides qualified staffor properly
trainsthe staffbeforethe transfer, ensuresthat the facilities and instrumentation are properly calibrated and qualified as needed,
and verifies that the laboratorysystemsare in compliance with applicable regulations and in-housegeneral laboratory
procedures. Boththe transferring and receiving units should compare and discuss data as well as any deviations from the
protocol. This discussion addresses any necessary correctionsor updates to the final report and the analytical procedure as
necessary to reproduce the procedure.

Asingle lot of the article may be used for the transfer, because the aim of the transfer is not related to the manufacturing
process but rather to the evaluation of the analytical procedure's performance at the receiving site.

PREAPPROVED PROTOCOL

Awell-designed protocol should be discussed, agreed upon, and documented before the implementation of TAP. The
document expresses a consensus between the parties, indicating an intended executionstrategy, and should includeeach
party's requirements and responsibilities. It is recommended that the protocol contain the following topics as appropriate:
objective, scope, responsibilities of the transferrlnq and receiving units, materials and instrumentsthat will be used, analytical
procedure, experimentaldesign, and acceptance criteria for all tests and/or methods included in the transfer. Based on the
validation data and procedural knowledge, the transfer protocol should identify the specific analytical performance
characteristics (see (1225) and (1226») that will be evaluatedand the analysis that will be used to evaluateacceptable outcomes
of the transferexercise.

Thetransferacceptance criteria, whicharebasedon method performanceand historical data fromstability and release results,
ifavailable, should includethe comparability criteria for results from allstudy sites.Thesecriteria may be derivedusingstatistical
principles based on the difference between mean values and established ranges and should be accompanied by an estimation
of the variability (e.g., percent relative standard deviation [%RSD] for each site),particularly forthe intermediateprecision %RSD
of the receiving unit and/or a statistical method for the comparison of the means for assay and content uniformity tests. In
instancesof impuritytesting, where precision maybe poorersuch as inthe caseoftrace impurities, a simple descriptive approach
can be used. Dissolution can be evaluated by a comparison of the dissolution profiles using the similarity factor f2 or by
comparison of data at the specified time points. The laboratories should provideappropriate rationale for any analytical
performancecharacteristic not included.Thematerials, referencestandards, samples, instruments, and instrumental parameters
that will be used should be described.

It is recommended that expired, aged, or spiked samples be carefully chosen and evaluated to identify potential problems
related to differences in sample preparationequipment and to evaluate the impact of potential aberrant results on marketed
products.Thedocumentation sectionof the transferprotocol may include report formsto ensure consistentrecordingof results
and to improveconsistency between laboratories. This section should contain the additional information that will be included
with the results, such as example chromatogramsand spectra, along with additional information in case of a deviation. The
protocol should also explain how any deviation from the acceptance criteria will be managed. Any changes to the transfer
protocol following failure of an acceptance criterion must be approved before collection of additional data.

THE ANALYTICAL PROCEDURE

The procedureshould be writtenwithsufficient detailand explicitinstructions, so that a trainedanalystcan performitwithout
difficulty. A, pretransfermeeting between the transferring and receiving units is helpful to clarify any issues and answer any
questions regarding the transfer process. If complete or partialvalidation data exist, they should be available to the receiving

www.webofpharma.com

https://nhathuocngocanh.com/



8166 (1224) / Genera/Information USP 43

unit, along with any technical details required to perform the test in question. Insome cases it may be useful for the individuals
who were involved with the initial development or validation to be on site during the transfer.The number of replicates and
injection sequences in the case of liquid or gas chromatography should be clearly expressed, and, in the case of dissolution
testing, the number of individual dosage units should be stipulated.

TRANSfER REPORT

. When the TAP issuccessfully completed, the receiving unit should prepare a transferreport that describesthe results obtained
in relation to the acceptance criteria, along with conclusionsthat confirm that the receiving unit is now qualified to run the
procedure. Anydeviations should be thoroughly documented and justified. Ifthe acceptance criteria are met, the TAP is
successful and the receiving unit isqualified to run the procedure. Otherwise, the procedure cannot be considered transferred
untileffective remedialsteps are adopted inorder to meet the acceptance criteria. Aninvestigation may provideguidance about
the nature and extent of the remedial steps, which mayvaryfrom further trainingand clarification to more complex approaches,
depending on the particular procedure.

(1225) VALIDATION OF COMPENDIAL PROCEDURES

. Test procedures for assessment of the quality levels of pharmaceutical articles are subject to various requirements. According
to Section 501 of the Federal Food, Drug, and CosmeticAct,assays and specifications in monographs of the U5P-NF constitute
legal standards. The Current Good Manufacturing Practice regulations [21 CFR 211.194(a)] require that test methods, which
are used for assessing compliance of pharmaceutical articleswith established specifications, must meet proper standards of
accuracy and reliability. Also, according to these regulations [21 CFR 211.194(a)(2)], users of analytical methods described in
U5P-NFare not required to validatethe accuracyand reliability of these methods, but merelyverify their suitability under actual
conditions of use. Recognizing the legalstatus of U5P and NFstandards, it is essential, therefore, that proposals for adoption
of new or revised compendial analytical procedures be supported by sufficient laboratorydata to document their validity.

The text of this information chapter harmonizes, to the extent possible,with the International Council for Harmonisation
(ICH) tripartite guideline Validation ofAnalyticalProcedures and the Methodologyextension text, which are concerned with
analytical procedures included as part of registration applications submitted within the EC, Japan, and the USA.

SUBMISSIONS TO THE COMPENDIA

Submissions to the compendia for new or revised analytical procedures should contain sufficient information to enable
members of the USP Council of Experts and its ExpertCommittees to evaluate the relative merit of proposed procedures. In
most cases, evaluations involve assessment of the clarityand completeness of the description of the analytical procedures,
determination of the need for the procedures, and documentation that they have been appropriately validated. Information
may vary depending upon the type of method involved. However, in most cases a submission will consist of the followinq
sections.

Rationale

This section should identifythe need for the procedure and describe the capability of the specific procedure proposed and
why it is preferred over other types of determinations. For revised procedures, a comparison should be provided of limitations
of the current compendial procedure and advantages offered by the proposed procedure.

Proposed Analytical Procedure

Thissection should contain a complete description of the analytical procedure sufficiently detailed to enable persons "skilled
in the art" to replicate it. The write-up should include all important operational parameters and specific instructionssuch as
preparation of reagents, performance of system suitability tests, description of blanks used, precautions, and explicit formulas
for calculation of test results.

Data Elements

Thissection should provide thorough and complete documentation of the validation of the analytical procedure. It should
include summaries of experimental data and calculations substantiating each of the applicable analytical performance
characteristics.These characteristics are described in the following section. .

VALIDATION

Validation of an analytical procedure is the process by which it is established, by laboratorystudies, that the performance
characteristicsof the procedure meet the requirements for the intended analytical applications. Typical analytical performance
characteristics that should be considered in the validation of the types of procedures described in this document are listed in
Table 7. Because opinions may differ with respect to terminology and use, each of the performance characteristics isdefined
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in the next section of this chapter, along with a delineation of a typical method or methods bywhichit may be measured.The
definitions referto "test results". Thedescription ofthe analytical procedureshould definewhat the test results for the procedure
are. As noted in ISO 5725-1 and 3534-1, a test result is "the valueof a characteristic obtained by carrying out a specified test
method. The test method should specify that one or a number of individual measurements be made, and their average, or
another appropriate function (such as the median or the standard deviation), be reported as the test result. It may also require
standard corrections to be applied, such as correction of gas volumes to standard temperature and pressure. Thus, a test result
can be a resultcalculatedfrom several observed values. In the simplecase, the test result is the observed value itself." Atest
result alsocan be, but need not be, the final, reportablevaluethat would be compared to the acceptance criteria of a
specification. Validation of physical propertymethods mayinvolve the assessmentofchemometricmodels. However, the typical
analytical characteristics used in method validation can be applied to the methods derivedfrom the use of the chemometric
models.

Table 1. Typical Analytical Characteristics Used in Method Validation

Accuracy

Precision

Specificity

Detection limit

Quantitation limit

Linearity

Range

Robustness

The effects of processingconditions and potential for segregation of materials should be considered when obtaining a
representative sample to be used for validation of procedures.

In the case of compendial procedures, revalidation may be necessary in the following cases:a submission to the USP of a
revised analytical procedure or the use of an established general procedure with a new product or raw material (see below in
Data Elements Required for Validation).

The ICH documents give guidance on the necessity for revalidation in the followlnq circumstances: changes in the synthesis
of the drug substance, changes in the compositionof the drug product, and changes in the analytical procedure.

This chapter is intended to provide information that is appropriate to validatea wide range of compendial analytical
procedures. The validation of compendial procedures may use some or allof the suggested typical analytical characteristics
used in method validation as outlined in Table 1 and categorizedby type of analytical method in Table 2. Forsome compendial
procedures the fundamental principles of validation may extend beyond characteristics suggested in this chapter. Forthese
procedures the user is referredto the individual compendialchapter for those specific analytical validation characteristics and
any specific validation requirements.

Analytical Performance Characteristics

ACCURACY

Definition: Theaccuracyof an analytical procedure isthe closeness of test results obtained by that procedureto the true value.
The accuracyof an analytical procedure should be established across its range. [A note on terminology: The definition of
accuracyin this chapter and ICH Q2 correspondsto unbiasedness only. Inthe International Vocabulary of Metrology (VIM) and
documents of the International Organization for Standardization (ISO), "accuracy" has a different meaning. In ISO, accuracy
combines the concepts of unbiasedness(termed "trueness") and precision.]
Determination: In the case of the assay of a drug substance, accuracymay be determined by application of the analytical
procedure to an analyte of known purity (e.g., a Reference Standard) or by comparison of the results of the procedure with
those of a second, well-characterized procedure, the accuracy of which has been stated or defined.

In the case of the assay of a drug in a formulated product, accuracymay be determined by applicationof the analytical
procedure to synthetic mixturesof the drug product components to which known amounts of analyte have been added within
the range of the procedure. Ifit is not possible to obtain samplesof alldrug product components, it may be acceptable either
to add known quantities of the analyte to the drug product (i.e., "to spike") or to compare results with those of a second,
well-characterized procedure, the accuracyof which has been stated or defined.

Inthe caseofquantitative analysis of impurities, accuracy should be assessedon samples(ofdrug substanceor drug product)
spiked with known amounts of impurities. Where it is not possible to obtain samples of certain impurities or degradation
products, results should be compared with those obtained by an independent procedure. In the absenceof other information,
it may be necessary to calculate the amount of an impurity based on comparison of its responseto that of the drug substance;
the ratio of the responses of equal amounts of the impurity and the drug substance (relative response factor) should be used,
ifknown.

Accuracy iscalculated as the percentage of recovery by the assay of the known added amount of analyte in the sample, or
as the difference between the mean and the accepted true value, together with confidence intervals.

The ICH documents recommend that accuracy should be assessed usinga minimumof nine determinations overa minimum
ofthree concentration levels, covering the specified range (i.e.,three concentrations and three replicates ofeach concentration).

Assessment of accuracy can be accomplished in a variety of ways, including evaluating the recovery of the analyte (percent
recovery) across the range of the assay, or evaluating the linearity of the relationship between estimated and actual
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concentrations. Thestatistically preferredcriterionisthat the confidence interval for the slope be contained in an interval around
1.0, or alternatively, that the slope be close to 1.0. In either case, the intervalor the definition of closenessshould be specified
in the validation protocol. The acceptance criterion will depend on the assay and its variability and on the product. Setting an
acceptance criterion based on the lack of statistical significance of the test of the null hypothesis that the slope is 1.0 is not an
acceptable approach.

Accuracy of physical property methods may be assessedthrough the analysis ofstandard reference materials, or alternatively,
the suitability of the above approaches may be considered on a case-by-casebasis.

PRECISION

Definition: The precision of an analytical procedure is the degree of agreement among individual test resultswhen the
procedure isapplied repeatedly to multiplesamplings of a homogeneous sample. The precision of an analytical procedure is
usuallyexpressed as the standard deviation or relative standard deviation (coefficient of variation)of a seriesof measurements.
Precision may be a measure of either the degree of reproducibility or of repeatabilityof the analytical procedure under normal
operating conditions. In this context, reproducibility refers to the use of the analytical procedure in different laboratories, as
in a collaborativestudy. Intermediate precision (alsoknownas ruggedness) expresseswithin-laboratory variation,as on different
days, or with different analystsor equipment within the same laboratory. Repeatability refers to the use of the analytical
procedure within a laboratory over a short period of time using the same analyst with the same equipment.
Determination: The precision of an analytical procedure is determined by assaying a sufficient number of aliquots of a
homogeneous sample to be able to calculatestatistically valid estimates of standard deviation or relative standard deviation
(coefficientofvariation). Assays inthis context are independent analyses ofsamplesthat have been carriedthrough the complete
analytical procedure from sample preparation to final test result.

The ICH documents recommend that repeatability should be assessed using a minimum of nine determinations covering
the specifiedrange for the procedure (l.e., three concentrations and three replicates of each concentration) or usinga minimum
of six determinations at 100% of the test concentration.

SPECIFICITY

Definition: The ICH documents define specificity as the ability to assess unequivocally the analyte in the presence of
components that may be expected to be present, such as impurities, degradation products, and matrix components. Lack of
specificity of an individual analytical procedure may be compensated by other supporting analytical procedures. [NOTE-Other
reputable international authorities (IUPAC, AOAC-I) have preferred the term "selectivity", reserving "specificity" for those
procedures that are completely selective.] Forthe tests discussed below, the above definition has the following implications.

Identification tests: Ensure the identity of the analyte.
Purity tests: Ensure that allof the analytical procedures performed allow an accurate statement of the content of impurities

of an analyte (e.g., related substances test, heavy metals limit, or organic volatile impurities).
Assays: Provide an exact result, which allows an accurate statement on the content or potency of the analyte in a sample.

Determination: In the case of qualitativeanalyses (identification tests), the ability to select between compounds of closely
related structure that are likely to be present should be demonstrated. Thisshould be confirmed by obtaining positive results
(perhaps by comparison to a known reference material)from samples containing the analyte, coupled with negative results
from samples that do not contain the analyte and by confirming that a positive response is not obtained from materials
structurallysimilar to or closely related to the analyte.

In the case of analytical procedures for impurities, specificity may be established by spiking the drug substance or product
with appropriate levels of impurities and demonstrating that these impurities are determined with appropriate accuracy and
precision.

In the case of the assay, demonstration of specificity requires that it can be shown that the procedure is unaffected by the
presence of impurities or excipients. In practice, this can be done by spiking the drug substance or product with appropriate
levels of impurities or excipients and demonstrating that the assay result is unaffected by the presence of these extraneous
materials.

Ifimpurityor degradation product standards are unavailable, specificity may be demonstrated by comparing the test results
of samples containing impurities or degradation products to a second well-characterized procedure (e.g., a pharmacopeiaIor
other validated procedure). Thesecomparisonsshould includesamples stored under relevantstressconditions (e.g., light, heat,
humidity, acid/base hydrolysis, and oxidation). In the case of the assay, the resultsshould be compared; in the case of
chromatographic impurity tests, the impurityprofiles should be compared.

The ICH documents state that when chromatographic procedures are used, representative chromatograms should be
presented to demonstrate the degree of selectivity, and peaks should be appropriately labeled. Peakpurity tests (e.g., using
diode array or mass spectrometry) may be useful to show that the analyte chromatographic peak is not attributable to more
than one component. .'

Forvalidation of specificity for qualitative and quantitative determinations by spectroscopic methods, chapters related to
topics such as near-infraredspectrophotometry, Raman spectroscopy, and X-ray powder diffraction should be consulted.

DETECTION LIMIT

Definition: The detection limit isa characteristic of limittests. It is the lowest amount of analyte in a sample that can be
detected, but not necessarily quantitated, under the stated experimental conditions. Thus, limittests merely substantiate that
the amount of analyte isabove or below a certain level. The detection limitis usually expressed as the concentration of analyte
(e.g., percentage or parts per billion) in the sample. '
Determination: For noninstrumental procedures, the detection limit isgenerally determined by the analysis of samples with
known concentrations of analyte and by establishing the minimum level at which the analyte can be reliably detected.
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Forinstrumental procedures, the same approach may be used as for noninstrumental procedures. In the case of procedures
submitted for consideration as official compendial procedures, it is almost never necessaryto determine the actual detection
limit. Rather, the detection limitisshown to be sufficiently low by the analysis of sampleswith known concentrations of analyte
above and below the required detection level. Forexample, if it is required to detect an impurity at the level of 0.1%, it should
be demonstrated that the procedure will reliably detect the impurityat that level.

In the case of instrumental analytical procedures that exhibit background noise, the ICH documents describe a common
approach.which is to compare measured signalsfrom samples with known low concentrations of analyte with those of blank
samples. The minimum concentration at which the analyte can reliably be detected isestablished. Typically acceptable
signal-to-noise ratios are 2:1 or 3:1. Other approaches depend on the determination of the slope of the calibrationcurve and
the standard deviation of responses. Whatever method is used, the detection limitshould be subsequently validated by the
analysis of a suitable number of samples known to be near, or prepared at, the detection limit.

QUANTITATION LIMIT

Definition: The quantitation limitisa characteristicof quantitative assays for low levels of compounds insample matrices, such
as impurities in bulkdrug substances and degradation products in finished pharmaceuticals. It is the lowest amount of analyte
in a sample that can be determined with acceptable Precision and Accuracy under the stated experimental conditions. The
quantitation limit is expressed as the concentration of analyte (e.g., percentage or parts per billion) in the sample.
Determination: Fornoninstrumental procedures, the quantitation limitisgenerallydetermined by the analysis of sampleswith
knownconcentrations of analyte and byestablishingthe minimum level at which the analytecan be determined with acceptable
Accuracy and Precision.

Forinstrumental procedures, the same approach may be used as for noninstrumental procedures. In the case of procedures
submitted for consideration as official compendial procedures, it isalmost never necessaryto determine the actual quantitation
limit. Rather, the quantitation limit is shown to be sufficiently low by the analysis of samples with known concentrations of
analyte above and below the quantitation level. Forexample, if it is required that an analyte be assayed at the level of 0.1 mg/
tablet, it should be demonstrated that the procedure will reliably quantitate the analyte at that level.

In the case of instrumental analytical procedures that exhibit background noise, the ICH documents describe a common
approach, which is to compare measured signalsfrom samples with known low concentrations of analyte with those of blank
samples. The minimum concentration at which the analyte can reliably be quantified is established. Atypically acceptable
signal-to-noise ratio is 10:1. Other approaches depend on the determination of the slope of the calibration curve and the
standard deviation of responses. Whatever approach is used, the quantitation limitshould be subsequently validated by the
analysis of a suitable number of samples known to be near, or prepared at, the quantitation limit.

L1NEARllY AND RANGE

Definition of linearity: The linearity of an analytical procedure is its abilityto elicit test results that are directly, or by a
well-defined mathematical transformation, proportional to the concentration of analyte in samples within a given range. Thus,
in this section, "linearity" refers to the linearity of the relationship of concentration and assay measurement. Insome cases, to
attain linearity, the concentration and/or the measurement may be transformed. [NOTE-The weighting factors used in the
regression analysis may change when a transformation is applied.] Possible transformations may include log, square root, or
reciprocal, although other transformations are,acceptable. Iflinearity is not attainable, a nonlinear model may be used. The
goal is to have a model, whether linear or nonlinear, that describesclosely the concentration-response relationship.
Definition of range: The range of an analytical procedure is the interval between the upper and lower levels of analyte
(including these levels) that have been demonstrated to be determined with a suitable level of precision, accuracy,and linearity
using the procedure as written. The range is normally expressed in the same units as test results (e.g., percent or parts per
million) obtained by the analytical procedure.
Determination of linearity and range: Linearity should be established across the range of the analytical procedure. It should
be established initially byvisual examination ofa plot ofsignalsas a function of analyte concentration ofcontent. Ifthere appears
to be a linearrelationship,test resultsshould be establishedbyappropriate statisticalmethods (e.g., bycalculation ofa regression
line by the method of least squares). Data from the regression line itself may be helpful to provide mathematical estimates of
the degree of linearity. The correlation coefficient, y-intercept, slope of the regression line, and residual sum of squares should
be submitted.

The range of the procedure isvalidated by verifying that the analytical procedure provides acceptable precision, accuracy,
and linearity when applied to samples containing analyte at the extremes of the range as well as within the range.

ICH recommends that, for the establishment of linearity, a minimum of fiveconcentrations normallybe used. It is also
recommended that the following minimum specified ranges should be considered:

Assay of a drug substance (or a finished product): From 80% to 120% of the test concentration
Determination of an impurity: From 50% to 120% of the acceptance criterion
For content uniformity: Aminimum of 700/0-1 30% of the test concentration, unlessa wider or more appropriate range based

on the nature of the dosage form (e.g., metered-dose inhalers) is justified
For dissolution testing: ±20% over the specifiedrange (e.g., ifthe acceptance criteriafor a controlled-releaseproduct cover a

region from 30% after 1 h, and up to 90% after 24 h, the validated range would be 100/0-110% of the label claim).
The traditional definition of linearity, i.e., the establishment of a linearor mathematical relationship between sample

concentration and response, is not applicable to particlesizeanalysis. Forparticlesizeanalysis, a concentration range isdefined
(instrument- and particle size-dependent) such that the measured particle size distribution is not affected by changes in
concentration within the defined concentration range. Concentrations below the defined concentration range may introduce
an error due to poor signal-to-noise ratio, and concentrations exceeding the defined concentration range may introduce an
error due to multiple scattering.
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ROBUSTNESS

USP 43

Definition: The robustness of an analytical procedure isa measure of its capacity to remain unaffected by smallbut deliberate
variations in procedural parameters listed in the procedure documentation and providesan indicationof its suitability during
normal usage. Robustness may be determined during development of the analytical procedure.

SYSTEM SUITABILITY

Ifmeasurements are susceptibleto variations in analytical conditions, these should be suitablycontrolled, or a precautionary
statement should be included in the procedure. One consequence of the evaluation of Robustness and ruggedness should be
that a series of system suitability parameters isestablished to ensure that the validity of the analytical procedure is maintained
whenever used. Typical variations are the stability of analytical solutions,differentequipment, and differentanalysts. Inthe case
of liquidchromatography, typical variations are the pH of the mobile phase, the mobile phase composition, different lots or
suppliers of columns, the temperature, and the flow rate. In the case of gas chromatography, typicalvariations are different
lots or suppliers of columns, the temperature, and the flow rate.

Systemsuitability tests are based on the concept that the equipment, electronics, analytical operations, and samples to be
analyzed constitute an integral system that can be evaluated as such. Systemsuitability test parameters to be established for a
particular procedure depend on the type of procedure being evaluated. They are especially important in the case of
chromatographic procedures. Submissions to the USP should make note of the requirements in Chromatography (621), System
Suitability.

Data Elements Required for Validation

Compendial test requirements varyfrom highlyexacting analytical determinations to subjectiveevaluation of attributes.
Considering this broad variety, it isonly logical that different test procedures require differentvalidation schemes. Thischapter
covers only the most common categories of tests for which valid~tion data should be required. Thesecategories are as follows:

CATEGORY I

Analytical procedures for quantitation of major components of bulkdrug substances or active ingredients (including
preservatives) in finished pharmaceutical products.

CATEGORY 1/

Analytical procedures for determination of impurities in bulkdrug substances or degradation compounds in finished
pharmaceutical products. These procedures in~lude quantitative assays and limittests.

CATEGORY 1/1

Analytical procedures for determination of performance characteristics (e.g., dissolution, drug release, and others).

CATEGORY IV

Identification tests.
Foreach category, different analytical information is needed. Listed in Table 2 are data elements that are normally required

for each of these categories. [NoTE-For detailed information regarding the validationof dissolution procedures, see The
Dissolution Procedure: Development and Validation (1092).]

Table 2. Data Elements Required for Validation

Analytical
Category II

Performance limit
Characteristics Category I Quantitative Tests Category III Category IV

Accuracy Yes Yes a a No

Precision Yes Yes No . Yes No

Specificity Yes Yes Yes a Yes

Detection limit No No Yes a No

Quantitation limit No Yes No a No

Linearity Yes Yes No a No

Range Yes Yes a a No

a May be required, depending on the nature of the specific test.

Already established general procedures (e.g., titrimetric determination of water or bacterial endotoxins) should be verified
to establish their suitabilityfor use, such as their accuracy (and absence of possible interference)when used for a new product
or raw material.
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When validating physical property methods, consider the same performance characteristics required for any analytical
procedure. Evaluate use of the performance characteristics on a case-by-case basis, with the goal of determining that the
procedure is suitablefor its intended use. The specific acceptance criteriafor each validation parameter should be consistent
with the intended use of the method.

Physical methods may also be classified into the four validation categories. Forexample, validation of a quantitative
spectroscopic method may involve evaluation of Category I or Category /I AnalyticalPerformance Characteristics, depending on
the method requirements. Qualitativephysical property measurements, such as particlesize, surfacearea, bulk and tapped
density, which could impact performance characteristics, often best fit in Category /II. Category IVAnalyticalPerformance
Characteristics usually applies to validationof qualitative identification spectroscopic methods. However, the varioustechniques
may be used for different purposes, and the specific use of the method and characteristics of the materialbeing analyzedshould
be considered when definitively applying a category to a particulartype of method.

The validity of an analytical procedure can be verified only by laboratorystudies. Therefore,documentation of the successful
completion of such studies isa basicrequirement for determining whether a procedure issuitablefor its intended application(s).
Current compendial procedures are alsosubject to regulationsthat require demonstration of suitability under actual conditions
of use (see Verification of Compendial Procedures (1 226) for principles relativeto the verification of compendial procedures).
Appropriate documentation should accompany any proposal for new or revised compendial analytical procedures.

(1226) VERIFICATION OF COMPENDIAL PROCEDURES

The intent of this chapter is to provide general informationon the verification of compendial procedures that are being
performed for the first time to yield acceptable results utilizing the personnel, equipment, and reagents available. Thischapter
is not intended for retroactive application to alreadysuccessfully established laboratory procedures. Validation of Compendial
Procedures (1225) provides general information on characteristics that should be considered for various test categories and on
the documentation that should accompany analytical procedures submitted for inclusion in USP-NF. Verification consists of
assessingselected analytical performance characteristics, such as those that are described in (1225), to generate appropriate,
relevant data rather than repeating the validation process.

Users of compendiaIanalytical procedures are not required to validate these procedures when first used in their laboratories,
but documented evidence of suitability should be established under actual conditions of use. In the United States, this
requirement isestablished in 21 CFR 21 1.194(a)(2) of the current Good Manufacturing Practice regulations,which states that
the "suitability of all testing methods used shall be verified under actual conditions of use."

Verification of microbiological procedures is not covered in this chapter because it is covered in AntimicrobialEffectiveness
Testing (51), MicrobialEnumeration Tests (61), Tests forSpecified Microorganisms (62), SterilityTests (71), and Validation ofMicrobial
Recovery from Pharmacopeial Articles (1 227).

VERIFICATION PROCESS

The verification process for compendial test procedures is the assessment of whether the procedure can be used for its
intended purpose, under the actual conditions of use for a specified drug substance and/or drug product matrix.

Users should havethe appropriate experience, knowledge,and training to understand and be able to performthe compendial
procedures as written. Verification should be conducted by the user such that the resultswill provideconfidence that the
compendial procedure will perform suitablyas intended.

Ifthe verification of the compendial procedure is not successful, and assistancefrom USP staffhas not resolved the problem,
it may be concluded that the procedurel1la.>'~~~ p~ s~it~pl~f~ruse with the article being tested in that laboratory. It may then
be necessaryto develop and validate an~.~I!~r!J~tIx.~~(qs.~il.Bef.fol~)R~~~~dure as allowed in the General Notices, 6.30 Alternative
and Harmonized Methods and Procedures. The .~qlt€!rI"l9tivei.(OSel.i;)eC:.io19) procedure may be submitted to USP, along with the
appropriate data, to support a proposal for inclusion or replacement of the current compendial procedure.

Verification requirements should be based on an assessment of the complexity of both the procedure and the material to
which the procedure isapplied. Although complete revalidation of a compendial method is not required to verify the suitability
of a procedure under actual conditions of use, some of the analytical performance characteristics listed in Validation of
Compendial Procedures (1225), Table 2, may be used for the verification process. Only those characteristics that are considered
to be appropriate for the verification of the particularprocedure need to be evaluated. The process of assessingthe suitability
of a compendial analytical test procedure under the conditions of actual use mayor may not require actual laboratory
performance of each analytical performance characteristic. The degree and extent of the verification process may depend on
the level of training and experience of the user, on the type of procedure and its associated equipment or instrumentation, on
the specific procedural steps, and on which article(s) are being tested.

Verification should assesswhether the compendial procedure is suitable for the drug substance and/or the drug product
matrix, taking into account the drug substance's synthetic route, the method of manufacture for the drug product, or both, if
applicable. Verification should include an assessment of elements such as the effectof the matrix on the recoveryof impurities
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and drug substances from the drug product matrix, as well as the suitability of chromatographic conditions and column, the
appropriateness of detector signal response, etc.

As an example, an assessment of specificity is a key parameter in verifying that a compendial procedure is suitable for use in
assaying drug substances and drug products. For instance, acceptable specificity for a chromatographic method may be verified
by conformance with system suitability resolution requirements (if specified in the procedure). However, drug substances from
different suppliers may have different impurity profiles that are not addressed by the compendial test procedure. Similarly, the
excipients in a drug product can vary widely among manufacturers and may have the potential to directly interfere with the
procedure or cause the formation of impurities that are not addressed by the compendial procedure. In addition, drug products
containing different excipients, antioxidants, buffers, or container extractives may affect the recovery of the drug substance
from the matrix. In these cases, a more thorough assessment of the matrix effects may be required to demonstrate suitability
of the procedure for the particular drug substance or product. Other analytical performance characteristics such as an
assessment of the limit of detection or quantitation and precision for impurities procedures maybeyseful ~o~er:no~stra!~.~h~

suitability of the compendial procedure under actual conditions of use. 1..It.is the user's responsibility t strate;thelqqg
term (more'than 24,h)stabilityand storage conditionsof~tandardand sample preparations tnrough uratiorl of.th.~
procedure during the verification ofcompendiaI procedures. 1..(USPlcDet.2019)

Verification is not required for basic compendial test procedures that are routinely performed unless there is an indication
that the compendial procedure is not appropriate for the article under test. Examples of basic compendial procedures include,
but are not limited to, loss on drying, residue on ignition, various wet chemical procedures such as acid value, and simple
instrumental determinations such as pH measurements. However, for the application of already established routine procedures
to compendial articles tested for the first time, it is recommended that consideration be given to any new or different sample
handling or solution preparation requirements.

(1227) VALIDATION OF MICROBIAL RECOVERY FROM
PHARMACOPEIAL ARTICLES

Change to read:

INTRODUCTION

J.This chapter provides guidelines forthe validation of recovery methods for the estimation of the number 0 'able
microorganisms; the detection of indicators or specified microorganisms, and the sterility testing of pharmacope articles. The
test procedures in AntimicrobialEffectiveness Testing (51), Sterility Tests (71), MicrobialEnumeration Tests (61), and Tests for
Specified Microorganisms (62) are considered validated. However, use of compendial methods requires establishm of
suitability of the method demonstrating recovery ofthe challenge organisms in the presence of the product. Alte ves!
modifications to these recovery procedures beyond what are described in these chapters (such as dilution, chemical or enzymatic
neutralization, and membrane filtration) require validation. 1.. (USP1:Dec.2019) It is generally understood that if a product possesses
antimicrobial properties because of the presence of a specific preservative or because of its formulation, this antimicrobial
property must be neutralized to recover viable microorganisms. This neutralization may be achieved by the use of a specific
neutralizer, by dilution, by a combination of 1..1..(USP":Dec.2019) dilution, J.filtration, and rinsing,J. (USPl-Dec.2019) or by any
combination of these methods. AWhen the product displays intrinsic antimicrobial activity for a given microorga'nismand, given
this antimicrobial activity, the' risk of microbial contamination is low, the method could be considered as fit for the purpose of
providing a strong rationale;J. (USPl-Dec-2019)

Change to read:

INFLUENTIAL FACTORS

Several factors affect the measurement of a test solution's antimicrobial activity, and these must be considered in the
validation design. They include the nature of the microorganisms used as challenge organisms, preparation of the inoculum of
challenge organisms, specific conditions of the test, and conditions of recovery. These factors also affect the validation of
recovery methods for aqueous or nonaqueous products, irrespective of their antimicrobial properties; thus, all test methods
should be validated with these factors in mind.

The nature of the challenge microorganism exerts a strong effect upon the response to the antimicrobial agent, and so upon
the neutralization required for recovery~ Represented among these organisms in compendial tests are gram-positive bacteria,
gram-negative bacteria,Aanaerobic bacteria, A(USPi.Dec:2019) yeasts, and molds. Each organism to be used in the test must be
included in the validation.

The preparation of the inoculum of challenge microorganisms also affects the testing of products having antimicrobial
properties. The growth and preparation of the challenge organism determines the physiological state of the cell. This state has a
direct influence on the results of any test of antimicrobial efficacy. Microbial tests do not use individual cells; rather, populations
of cells are harvested for study. The data generated from these studies are less variable if the cell populations are homogeneous.
Liquid cultures or confluent growths on solid medium are best suited for reproducible culture preparation. The conditions of
organism preparation and storage must be standardized for the neutralizer evaluation and should reflect the conditions of the
antimicrobial assay.
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The specificconditions of the test, including buffersused, water, light conditions, and temperature, must be reproduced in
the validationstudy. All test conditions alsoshould be standardized and performed in the validationstudy exactlyas performed
in the test.

The conditions of microbial recovery are among the most crucial in accurately estimating the number of microorganisms
present in a test solution. The firstconsideration is the recoverymedium used to support the growth of survivors. Thisconcern
is discussed in detail below. The second consideration is the incubation conditions. Optimal conditions for growth must be
present to ensure complete growth and reproducible results.

Three common methods are to neutralizeantimicrobialproperties of a product: 1) chemical inhibition, 2) dilution,and
3) filtration and ~rUJ§irlgA~~i{lJ!!eL1!.IJ~¢2;!(19)

Table 7 shows known neutralizers for a varietyof chemical antimicrobial agents and the reported toxicityof some chemical
neutralizers to specific microorganisms. However, despite potential toxicity, the convenience and quickaction of chemical
inhibitors encourage their use. Chemical'Aneutraliz' ....•. . erltsA(liSP 1.Dec-201~j is the preferred method for the
antimicrobial test. The ofchemical , o1~j should be considered in the membrane filtration
and the direct sterility tests. Antibiotics may not be susceptible to neutralization by chemical means,
but rather by penicillinase). These enzymes may be used where required.

Table 1. Some Common Neutralizers for Chemical ...... ·n .. ·• .•.." iX'" ..!,;;;,;~..:.70~;;,...\

Neutralizer v- '" ····(~~rI2t~lit,{~jClass
Potential Action.~rt~~,t:imiC'rolji~.rAgen~":

..;~ (lJS~ J,O~c.2019)

Bisulfate Glutaraldehyde, mercurials Non-sporing bacteria

Dilution Phenolics, alcohol,aldehydes,sorbate -
Glycine Aldehydes Growing cells

Quaternaryammonium compounds (QACs), para-
Lecithin bens, bis-blquanldes Bacteria

Mg+2 or Ca+2ions EDTA -
Polysorbate QACS, iodine, parabens -
Thioglycollate Mercurials Staphylococci and spores

Thiosulfate Mercurials, halogens,aldehydes Staphylococci

Dilution

A secon~~~pr8~S.~~8.;Q~~~~~!i~i~;~~Q.!t~;icrobial properties of a product is by dilution, because the concentration of a
chemical ;~gn~imi<:r9biGlI~g~lJt....(q$ki';J:)e~2~6j~) exerts a large effect on its potency. The relationship between concentration and
antimicrobial effect differs among bactericidal agents but isconstant for a particular antimicrobial agent. This relationship is
exponential in nature, with the general formula:

11~b",c;2019\ the slope of the plot of log t versus log C

C1t=k

neutralized by dilution, whereas those with lowTJ valuesare not good

=concentration "'of the'antiJi1i
=concentration exponent ,AC9H
=time required to kill a standard inoculum
= a constant

C
TJ
t
k

Antimicrobial agents with high TJ valuesare
candidates for neutralization by dilution .....n:,;>,;> ill"l'l'IItI

~~I)I.~r~ ~'''<.2.'''''i:S'=''. ., ...... x·"•.......,....,.j("'";; ...,·..,,,-:··:. ." .';,,.
.~. H.UI:IIL31

lijcr~~~~ ···~.·~·.~.~~~g~r(*)rtR;~.llli.Mi~rQ~l'g~~J~fu~,., "wne
.(!,<:oi'1c~!'m~ti(lI1·.·I$;ll.~du(l:!d. t~;

'Jt~Ptes~h~atiy~~litJ mt(:rt')l:ii~IAgEirit ij:Y~I,I.l¢s <:>tleFBillf One~17hj rd

l?o¢o6lics f> ~:If 729

~lg~A~1 10 :1 qgfl. .sQiQOQ

~.~r~~~-i'I's 2';.5 § 16
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Table2.·ConcentrationlExponentsfor Some Common Antimicrobial AgEints (continued)

USP 43

Increased•.··Time·.Fa<:t()r.(x>t()~ilI1V11cr99rg~l'lis'fns
When the Concenti".ation Is ReduCE:dto:

~epres(i!ntatiV'e Antimicrobial Agent llvalues One-Half Ql1e~Ihi."c1

ChlorheXidine 2 4 8

MereUi)' cOmpounds 1 2 3

Quaternary. ammonium compounds 1 2 3

Formaldehyde 1 2 -.(USPt.[)~~I1gj~)

Membrane Filtration

An approach that is often used, especially in sterility testing, is neutralization by membrane filtration. Thisapproach relies
upon the physical retention of the microorganism on the membrane filter, with the antimicrobial agent passing through the
filterinto the filtrate. Thefilteristhenincub~ted for recovery ofviablemicroorganisms.However, filtration alone may not remove
sufficient quantities of the AantilTlicr()bi~IA(uSPI-Dec-2019) agent to allow growth of surviving microorganisms. Adherence of
residual antimicrobial agents to the filter membrane may cause growth inhibition. Filtration through a low-bindingfilter
material, such as polyvinylidene difluoride, helps tOllli~illli~~tb.i.s~r?'Nth .inhibition. Additionally, the preservative may be
diluted or flushed from the filter by rinsing with aAI)()I1-t()xiqj.(VSP1 ..DeC-2019) fluid, such as diluting Fluid A (see SterilityTests
(71), Diluting and Rinsing Fluids for Membrane Filtration for dilutingfluid compositions). Chemical neutralizers in the rinsingfluid
can ensure that any antimicrobial residue on the membrane does not interfere with the recovery of viable microorganisms.

VALIDATION OF NEUTRALIZATION METHIODS-RE4::0"EA~VCOMPARISONS

Avalidated method for neutralizin~tb~ antimicrobial properties of a product must meet two criteria: neutralizerefficacy
and neutralizer .Anon-toxicitY.~(lJSP1~[)eC:-20l9) The validation study documents that the neutralization method employed is
effective in inhibiting the antilllicf?bialproperties of the product (neutralizer efficacy) without impairing the recoveryof viable
microorganisms (.AlackgfA(Usp)-()(k"2019) neutralizertoxicity). Validation protocols may meet these two criteria by comparing
recovery resultsfor treatment groups.

The first is the test group, in which the product issubjected to the neutralization method, then a low level of challenge
microorganism [less than 100 colony-forming units (cfu)] is inoculated for recovery. The second is the peptone control group,
in which the neutralization method is used with peptone, or diluting Fluid A (see SterilityTests (71), Diluting and Rinsing Fluids
for Membrane Filtration), as the test solution. The third is the viability group, in which the actual inoculum is used without
exposure to the neutralizationscheme. Similar recovery between the test group and the peptone group demonstrates adequate
neutralizer efficacy; similarrecovery between the peptone group and the viability group demonstrates adequate neutralizer
~non ..toxicitY·A(uSP I-Dec-2019)

In principle, the protocol must show that recovery of a low inoculum (less than 100 cfu) is not inhibited by the test sample
and the neutralization method. Validation protocols may meet these two criteria by comparing recovery among three distinct
test groups: 1) neutralized product with inoculum, 2) challenge inoculum control in bufferedsolution, and 3) inoculum in the
absence of product or neutralizer. This can be established by directlycomparing the result in the treated solution (1) to the
inoculum (3) above. Ifthe growth on the treated solution is not comparable to the growth on the inoculum group, it should
be determined whether the neutralization method itself is toxic to the microorganisms.

Recoveryon Agar Medium

.In tb~testsunder (51) and (61), AA(USP1-DeC-2019)the number of viable challenge microorganisms in the product isestimated
~j (USP1-Dec-2019) by calculating the concentration of cfu per milliliter by the plate count method. Adesign for validating
neutralization would incorporate the treatment groups as described under Validation of Neutralization Methods-Recovery Cc"

Cof11P?risons. At .Ieast three independent replicates of the exp~riment should be performed, and e~~b~~~~198~1ll5)~;~~fa~~i~\~
rnea.Tlcgynt()f.af1yo.fthe.. ~estor9af1isrns not9iffering b)'atastorgreaterthan 2,. i.e./50o/o-20()OAJT~cOY~I"Y;fr()rntnefll~.~~t
th.~S?Dtr?ljDi~h·(;!.flp~(;!nc~()fpr()qYS1:· ••. lfi~.i~ ••.n(;!Fes~(;lI")l1:().s()lypJI.i~~mttests~a..1ll plt/Jb.~~~~S1:~i.~t1:b.~/~?IMPJti tnpq.QQ
Vi(;lI:)/~rnisr?8f9ani.srns.· must be·determined.•Thissituation can occurwhentestingQintrn~nt~i§USP~I"l~i()n~,
articl.es. A(USP 1.Dec-2019)

Ifa greater number of replicates is required in the validation study, the comparisons may be evaluated by transforming the
numbers of cfu to their logarithmicvalues and analyzing the data statistically by the Student t test (pairwise comparisons) or
byanalysis of variance(ANOVA) (forcomparing all groups). IfANOVA isused, and significantdifferences among the populations
are determined, a test such as Dunnett's test may be used, with the peptone group used as the control group.

Recovery by Membrane Filtration

This validation follows the procedure described in ASterility Tests (71), MethodSuitabilitYI~stfA(USPl_P~C-2{)l9)VvIth!h~~~~~ption
of plating on solid medium to quantitate recovery. Alt should be emphasized that quantitative recovery is not reqUir~q11Q
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,are assurned,~yt the v~IYrn~ a~d,hYrn~,~r()fri~~es ,~~e,~~~J~S~}()y~lida,~i()~: fA,', ",m\()ffiy,~JP9~Q:l~~~she~~~()yI9>be
used.forr,()y~irtet~s1:ifl9~X~mifi,~.~~im~"r;netnc>q\~qlt~bility;it:,o.glsFq~~rr,den.lqosMat~:ttsu<::IJ~\<::y<::I~-qq~~~Q9tfQllyelimioate
the(lntimiq()bi9I(1ctiyity{4\(LlSe;);oe~"2Ql~)Eachvalidation run should be performed independently at least three times.

In the test solution group, the product is passed through the membrane filter, followed by two 1OO-mL portions of
diluting-neutralizing fluid. After the second rinse has been filtered, a final 1OO-mL portion containing less than 100 du of the
specific challenge microorganism ispassedthrough the filter. This filter is then placed on the appropriate agar recovery medium
and incubated for recovery. '

The inoculum is directly plated onto the solid medium. It is possible that filtration will lead to reduced recovery of the
challenge microorganism, either through inherent toxicity of the membrane or by adherence of the microorganism to the
filtration vessel walls. A control group can be used to evaluate this component of membrane filtration validation. Diluting Fluid
A is used asthe dilution medium without exposing the filter to the product. After addition of the low-level inoculum to the final
rinse, the filter is plated asabove. Technique-specific lossof microorganisms can be estimated by comparing the recovery in
the diluting Fluid A (see Sterility Tests (71), Diluting and Rinsing Fluids for Membrane Filtration) group to the inoculum count.

It is assumed in this discussionthat the test sample can be filtered. If it is necessary to solubilize the test sample, the effects
of the solubilization method on viable microorganisms must be determined. This situation can occur when testing ointments,
suspensions, or other articles.

The method can be considered validated if the recovery rate in the three independent replicates issimilar for the test solution
and the diluting Fluid A (seeSterilityTests (71), Diluting and Rinsing Fluids for Membrane Filtration) control.

Recovery in liquid Medium

It is assumed in Sterility Tests (71), Test for Sterilityof the Product to be Examined, DirectInoculation of theCulture Medium that
the recovery medium will allow for growth of all surviving microorganisms. The broth in that test must serveboth to neutralize
any antimicrobial properties of the test solution and to support the growth of the microorganisms. The treatment groups
described under Validation of Neutralization Methods-RecoveryComparisons can be used for validation of the recovery method,
with the proportions of produst ~,~d r~S()X~2'.,rn,~9,i~rncyarieg,1:(),~S~i~y~a,ge9y~t~"~~~1:r,~li~a,ti()8',I,h~",rne~~()~,,,~,~.~~~S()nsi9~r~g
v~"lida,t~d"if ~II", ~r()ypss~()V\I~,~I;~!(~,i'~~~igJ()~n\yisU(llly,c()r.npar(lE>let9(tlj~t'io:tlje<::ootrol'vesselwithol.ltpr9dl1~twjtnir:rth~
indicatedtirneperi()d,jrl:(7:1'):~'iii::.~oj9j

RECOVERY OF INJURED MICROORGANISMS

The validation studiesdescribed above usechallenge microorganisms that have never been exposed to antimicrobial agents,
and thus are not identical to organisms seen in antimicrobial effectiveness testing or when a sterility test is performed on a
preserved product. If the useof alternative media is desired, the recovery of injured microorganisms should be addressedin the
validation study. This may be done by directly comparing the recovery of each challenge microorganism on the preferred
medium and on the alternative medium, after exposure to the product. This exposure should include at least two time periods
showing survival of less than 100 du/mL, unless the rate of kill of the antimicrobial agent is such that no recovery is possible
even if the microorganism is plated within minutes of exposure. This comparison should be performed at least three times. The
alternative medium is validated if the recovery seen on that medium is no less than that seen on the preferred medium, within
an error of 0.5 log units.

The accuracy of any estimate of viable du is affected by the number plated. As the number of viable cells plated increases,
crowding effects decrease the accuracy of the count, reducing the estimate. As the number decreases, random error plays an
increasing role in the estimate.

The accepted range for countable colonies on a standard agar plate is between 25 and 250 for most bacteria and Candida
albicans. This was established in the food industry for counting coliform bacteria in milk. This range is acceptable for
compendial optimal for counting all environmental isolates.The recommended counting
rang~!()r,~se:c!JJ"us is between 8 and 80 cfu/plate.

A,>""""",.,\! ,.')".;
A (USP)-IDec-.z019)

Lower counting thresholds for the greatest dilution plating in series must be justified. Numbers of colonies on a plate follow
the Poisson distribution, so the variance of the mean value equals the mean value of S()uQts.,-~~r~!()r,~, a,~,~h~rn.~,~Dxn~mber
of cfu per plate becomes lower, the percentage error of the estimate increases (see~T(ilJlg)$);tQ[~)(ampl~i~(US~J2D~c72()19j 3 cfu/
plate at the 10-1 dilution provide an estimate of 30 cfu/mL, with an error of 58% of the estimate.

,-,= ,.". \<>\\i'c\ Error as a Percentage of Mean for Plate Counts7.",~.~

du/Plate Standard Error Error as % of Mean

30 5.48 18.3

29 5.39 18.6

28 5.29 18.9
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ATable3.i(LJSP1.del:-2dl<~)Error as a Percentage of Mean for Plate Counts (continued)

USP 43

du/Plate Standard Error Error as % of Mean

27 5.20 19.2

26 5.10 19.6

25 5.00 20.0

24 4.90 20.4

23 4.80 20.9

22 4.69 21.3

21 4.58 21.8

20 4.47 22.4

19 4.36 22.9

18 4.24 23.6

17 4.12 24.3

16 4.00 25.0

15 3.87 25.8

14 3.74 26.7

13 3.61 27.7

12 3.46 28.9

11 3.32 30.2
.--

10 3.16 31.6

9 3.00 33.3

8 2.83 35.4

7 2.65 37.8

6 2.45 40.8

5 2.24 44.7

4 2.00 50.0

3 1.73 57.7

2 1.41 70.7

1 1.00 100.0

(1228) DEPYROGENATION

INTRODUCTION

The production of parenteral products requires not only that products be sterile, but that they are alsofree from harmful
levels of pyrogens. Depyrogenation isdefined as the direct and validated destruction or removal of pyrogens. Forthe purposes
of this and subsequent chapters of the (1228) series, the term "depyrogenation" refers to the destructionor removalof bacterial
endotoxins, the most prevalent and quantifiable pyrogen in parenteral preparations. The chapters in this seriesdiscuss
depyrogenation procedures that are applicable to product streams, equipment, and drug product containers and closures.

The (1228) series builds on the tenets described in SterilityAssurance (1211), first published in USP 20-NF 15. In the time
sincethat publication,the scienceofdepyrogenation hasadvanced, as has control over manufacturing processes.Manufacturers
are very aware of the impact that facility, equipment, and process design has on endotoxin levels and depyrogenation, and
they are mindful of the effectsofelevated endotoxin levels in rawmaterialsand water systems.Risk management tools, including
processevaluationtools such as Hazard Analysis Critical ControlPoint(HACCP), are helpingcompaniesto identifycritical control
points (CCP) for the control of endotoxin and other impurities or contaminants in the manufacturing process. As a result of
these advances in science, technology, and philosophy, the (1228) series will also offeralternatives to historical or traditional
thinking.
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BACTERIAL ENDOTOXIN AND LIPOPOLYSACCHARIDE

Bacterial endotoxin isa component of the outer cell membrane of Gram-negative bacteria. The natural endotoxin complex
contains many cellwall components including phospholipids, lipoproteins, and lipopolysaccharide (LPS), which is the
biologically active component of endotoxin. Purified endotoxin is chemically defined as aLPS. LPS consistsof three distinct
regions:

1. The hydrophobic lipidAportion of the molecule is highlyconserved among Gram-negative bacteria, and is largely
responsiblefor most, if not all, of the biological activityof endotoxin.

2. Acore oligosaccharide links the lipid Ato the hydrophilic a-specific side chain or a-antigen.
3. The hydrophilic a-antigen isa highlyvariable region that confersserological specificity to the organism and isoften used

to distinguish strains of Gram-negative bacteria.
Due to the amphipathic nature of the LPS molecule[i.e., having both a polar (hydrophilic) end and a nonpolar (hydrophobic)

end], purified LPS preparations, such as referencestandard endotoxin (RSE) and control standard endotoxin (CSE) tend to form
bilayers, micelles, ribbons, and other conformations when in solution, and they may adsorb, or "stick", to surfaces, making
them difficult to extract and detect. The degree of adsorption of LPS to solidsurfaces isaffected by the composition and finish
of the material to be depyrogenated. The extent of aggregation of LPS in solution is affected by a host of formulation matrix
attributes to which it is exposed, such as temperature, pH, salt concentration, divalent cation concentration, detergents or
emulsifiers, and chelating agents.

When parenteral products are contaminated with endotoxin, the contaminant is not purified LPS, but rather whole cellsor
cellwall fragments generated during the normal growth cycleof the bacteria or disruption of bacteria, where the LPS remains
embedded in or associated with other cellwall components. Purified LPS and native endotoxin are dissimilar in many respects,
and the two terms should not be used interchangeably. Depending on the materialsof construction or the formulation of the
article to be depyrogenated, the use of native endotoxin as a challenge material in depyrogenation studies may be a
consideration because a native endotoxin preparation better reflects operational reality, particularly for the depyrogenation of
product streams, and because LPS moleculesin natural endotoxin are embedded in cellwall complexes, they may be much
less prone to the aggregation and adsorption issues seen with purified LPS.

Forthe purposes of the (1228) series, the term "challenge material" will be used to genericallydescribe material (endotoxin
or LPS) used as a spiking analyte for depyrogenation studies. "Endotoxin" will refer to the moiety in its natural state, meaning
pieces of Gram-negative cellwallfrom a well-characterized source. LPS will refer to the purified material.

MEASURING ENDOTOXIN PRE- AND POST-PROCESSING

The primary procedure used for the measurement of bacterial endotoxin is the Bacterial Endotoxins Test (85) (BET). A
well-controlled BET assay can provide assurance of accurate readings for the calculation of the reduction in challenge material
activitypre- and post-processing, as well as provide consistent quantitation of levels of native endotoxin in raw materials, at
CCPin the manufacturing process, and in finished products.

There are many variables in study structure and test method that can affect the outcome of a depyrogenation study.
Development of a test method depends on the material under test, the identification of an appropriate challenge preparation,
and the method used to extract recoverableactivity priorto processingand residual activity after processing.Once a test system
isdeveloped that includes the identification of a source for challenge material preparations, inoculation of the articles to be
depyrogenated (including drying procedures), extraction or recovery methods, and appropriate BET test methodology and
sensitivity, it is recommended that subsequent tests should use the same conditions to ensure the comparabilityof test results.
Points to consider when constructing a depyrogenation study include the following:

1. The challenge material: Consider the source of the endotoxin (purifiedor natural). When using purified LPS, choose a
preparation with no fillers, because the presence of these fillers can add to the variability and therefore decrease the
accuracy of the assay. Once challenge material preparation ischosen, it is recommended to use materialfrom the same
source in subsequent studies to reduce variability.'

2. The characteristics of the material being depyrogenated: It is important to understand the characteristics of the
material being tested. Forexample, LPS may adsorb to plastics, and although two objects may be made of the same
plastic, surface finish, surfacearea, and conformation differences may affect extraction efficiency and LPS recovery. For
solutions, formulation matrices may affect aggregation of purified LPS in that pH, salt concentration, chelating agents,
surfactants, and the presence of divalent cations may all have an impact on the recoveryof the challenge material.The
use of natural endotoxin may mitigate some of these recovery issues. Formaterialsthat are received with low or
undetectable levels ofendotoxin, depyrogenation studies usingendotoxin or LPS challenge materials may be unnecessary
ifcontrol is demonstrated and decisions are scientifically justified.

3. The level of activity needed for the study: How much pre-processing activity do you need to execute the study? The
current industry standard is to add enough endotoxin to the system so that at least 1000 EU can be recovered prior to
depyrogenation. However, depending on the test system, 1000 EU may be either excessive or insufficient. Forexample,
when designing a study for the depyrogenation of a product stream that normallycontains <1 EU in a certain volume, a
spike of 1000 EU of a CSE in that same volume may be excessive. Forsolid-surface materials, the level of activityin the
challenge material should be established taking into account the materialsof construction and finish as they may
contribute to LPS adsorption. Knowledge of historical levels of endotoxin in or on the surface, the efficiency of the
depyrogenation processes,the efficiency of the challenge material extraction or recoverymethod, and the log reduction
or safety level target acceptance criterion are all important to the setting of a pre-processing activity requirement. Ifa
reduction study for a product stream is required, it may be more appropriate to add an amount of naturallyoccurring

1 Ludwig JO, Avis KE. Recovery of endotoxin preparationsfrom the surface of glasscapillary tubes. JParenter Sci Technol. 1989;43(6):276-278.
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endotoxin to the product consistent with the maximum expected endotoxin load ("worst case"), based on known
endotoxin contributors (e.g., raw materials and water) and process capabilityto demonstrate reduction to safe levels.
Whatever the procedure, the logicand methodology for endotoxin reduction studies should be justified and
documented. Forthose materials that routinelycontain a level of endotoxin, such as fermentation broths where there
are high levels of activity to begin with, it may not be necessary to add additional challenge material.

4. Preparation of test samples: The method used to affix challenge materials to the surface of materials to be
depyrogenated mayaffectits removal or recovery. Air-drying isthe most convenient method ofaffixing challenge material
to hard surfaces, but freeze drying and vacuum drying also have been used. To improve drying efficiency, it issuggested
that a small volume of a highlyconcentrated activity of challenge material be used. Thisvolume may be added to the
surface of the item in an area that has been defined as "hardest to depyrogenate" or may be dispersed to represent the
more likely natural occurrence. Inoculation methodology must be welldefined for comparabilityacrossstudies. Decisions
regarding the design of studies must be documented and justified.

5. Recovery methods: Although there are standard methods for the recoveryof endotoxin from medical devices, there is
no standard method for the recovery of endotoxin dried onto solidsurfacesthat are used as indicators in depyrogenation
studies. Although it is most convenient to adopt the standard extraction methods described in Medical Devices-Bacterial
Endotoxin and Pyrogen Tests (161) and AN51/AAMI 5T72:2011,2 a laboratory may choose to develop and validate a
method that better suitsthe material under test. The efficiency of the recoveryof endotoxin will depend on the attributes
of the material under test, the composition of the challenge material, the concentration of the challenge materialspike,
and the method of drying. Recoveries of less than 100% of the challenge material nominal spikein positive controls are
not uncommon. Perhaps more important than the percent recovery in positive controls isconsistent recoveryacross lots
of the same material and across depyrogenation studies.': 4

6. Test method: Lysate formulations differ, and they may be subjectto different interferencessuch as leachables,chelators,
and salts. Ifinterferencesare encountered during method development that are difficult to overcome, consider trying
another test method (e.g., gel clot, kinetic chromogenic, kinetic turbidimetric, endpoint chromogenic) or a different
source of reagent.

7. Depyrogenation method: Variability in the depyrogenation treatment may impact recovery. Treatments vary in
efficiency, both within and between treatment types. Forexample, a large difference in efficiency will be seen when
comparing the depyrogenation of glassvials using dry heat versus rinsing in water for injection (WFI), and differences
may be seen in the reduction of challenge material by the filtration of a solution depending on the type of filterchosen.
Likewise, variability can be seen when using a single depyrogenation methodology with two differentmaterials, such as
the filtration of two different solutions using the same type of filter medium.

The efficiency of a depyrogenation processhas been historically measured in terms of a logarithmic(log) reduction of a large
"spike" or bolus of purified endotoxin that isadded to or dried onto a material prior to treatment. Although log reduction isa
convenient measurement benchmark, the more relevantand pragmatic indicator of depyrogenation efficiency isone based on
process capability and patient safety, which is the reduction of the measured or anticipated worst case natural levels of
contaminating endotoxin to safe levels as defined by reference to calculated endotoxin limits for the material.

With the implementation of the principles of quality by design (QbD) and risk management, the 3-log reduction that was
first introduced in 1984 may be inappropriate as a universal benchmark for modern depyrogenation processes. Forexample,
materialswith a high level of native endotoxin, such as fermentation broths, could require more than a 3-log reduction to
reach a safe level, whereas dry heat depyroqenatlon of materials with normally low or undetected levels of native endotoxin,
such as washed glass vials, will require substantially lessthan a 3-log reduction. The appropriate endotoxin log reduction for
the process should be determined by the user based on a full understanding of the product and processcapabilityincluding
input sources, levels of endotoxin, efficiency of depyrogenation methods, and output (product- or process-specific) endotoxin
requirements. Effective process control requires knowledge of input, in-process (where appropriate), and output endotoxin
levels. Under these circumstances,with appropriate processdevelopment, justification for reduced endotoxin challengesor the
elimination of endotoxin challenges may be made based on historical data and demonstration of continued control.

CONTROL Of ENDOTOXIN IN PARENTERAL PRODUCTS

The best control of endotoxin levels in parenteral products is the control of Gram-negative bioburden in raw materials,
equipment, process streams, and manufacturing environment and operators. Parenteral manufacturers may exercisethree
categories of control to keep endotoxin content in drug products at safe levels.

The first category is "indirect control", which iscomprised of a series of preventive measures that control bioburden, the
potential endotoxin contribution byformulation components (e.g., raw materials,APls, excipients),water, primarypackaging
components, equipment, and the manufacturing environment, including personnel.

The second category is "process control", in which endotoxin is monitored at CCP during processing to ensure that there is
no increase in endotoxin. These process control elements are subject to validation or qualification.

The third category is "direct control", or the direct destruction or removal of endotoxins from product streams, equipment,
and primary packaging materials. As with controls on processing, direct measures of endotoxin destruction or removal must
be validated.

2 AN51/AAMI 5T72:2011. Bacterial endotoxins-Test methods, routine monitoring, and alternatives to batch testing, AAMI, Arlington, VA.
3LAl Users Group. Preparation and use of endotoxin indicators for depyrogenation process studies. JParenter SciTechnol. 1989;43(3):109-112.
4 PDATechnical Report 3 (Revised 2013). Validation of dry heat processes used for depyrogenation and sterilization. Bethesda, MD: Parenteral Drug
Association; 2013.
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Reducing opportunitiesfor Gram-negative microbial proliferation at any stage of manufacturing will reduce the likelihood
of endotoxin contamination in the following ways:

• Exercising control over the endotoxin content of incoming materials, particularly materials derived from natural sources
or those with high water activity, will reduce the opportunity for Gram-negative microbial proliferation and therefore
reduce or eliminate the need for endotoxin removal downstream. Because of their manufacturing processes, glassand
plastic containers as well as elastomeric closures are often received with verylowor undetectable levels of endotoxin.
Qualification of primary packagingsuppliers should includean audit that examines and confirms the supplier's consistent
and documented control over applicable manufacturing processes.

• Bioburden and endotoxin control should be a component of a vendor audit and supplierqualification program for
formulation materials that could potentially contribute endotoxin to parenteral products.

• Water is the most ubiquitous raw material in the manufacturingof parenteral products, but unless the generation and
distribution of high-quality water is properly validated and controlled, the system will be prone to contamination by
Gram-negative bacteria and the establishment of biofilms that can contribute significantly to the endotoxin load of the
product (see Water for Pharmaceutical Purposes (1231) for a discussion of the types of waters used in pharmaceutical
manufacturing and quidance for validation, maintenance, sampling, and testing of systems).

PROCESS CONTROL

Product-specific process control requires the identification of CCP for the introductionor removal of endotoxin. Process
control requires good processand equipment designconsistentwithQbDusinga risk management tool suchas HACCP. Process
control measures include but may not be limited to the following:

• Control of manufacturing practices isessential to endotoxin control. Endotoxin control should be a part of validated
cleaning procedures. The use of product contact materials for which endotoxin control cannot be establishedshould be
avoided. Clean product-contact equipment should be stored dry to avoid bioburden and Gram-negative bacterial
proliferation.

• Hold times during manufacturing, particularly for nonsterile bulk in-process materials and drug product, should be
validatedto ensure that the hold conditions do not support microbial proliferation and therefore potential endotoxin
production by Gram-negative bacteria.

• Environmental control, including good manufacturing practices(aseptic, as appropriate), is essential to process
management of endotoxin. Operatorsshould be properlygarbed and trained. Housekeeping and disinfecting practices
should be established to reduce the possibility of microbial proliferation in critical areas. Cleaning regimensshould
emphasizethat standing water be removed at the end of the cleaning process.

• Endotoxin control and monitoringwill be covered in a forthcoming chapter.

DIRECT CONTROL

Theseprocesses require validation to ensure that endotoxins are removed or reduced to safe levels. Direct control may be
accomplished by a varietyof methods and processes that may be combined to ensure endotoxin reduction to a safe level. The
most commonly used depyrogenation processes and the associated control measures are the subject of the (1228) series.

SELECTION OF AN APPROPRIATE DEPYROGENATION METHOD

The basic principles for the control and validation of a depyrogenation process using a life cycleapproach include:
• Assessment of manufacturing processes to identify materials and process components that are essential to the controlof

endotoxin
• Focused depyrogenation processdevelopment that isconsistent with the material to be depyrogenated, the resident

endotoxin level of the material to be depyrogenated, and the limitof endotoxin for the finished article
• Adequate validation studies
• Ongoing monitoring of processcontrols to ensure continued efficacy of the depyrogenation process
• Identifying and documenting changes (a change control program) to the depyrogenation processes over time
Known or anticipated levels of endotoxin can be determined so that appropriate indirector direct measuresof control,

consistentwith the product or materials ofconstruction, will ensure that endotoxin iseliminated or reduced to levels that ensure
product and patient safety.

Shoulddirect methods of depyrogenation be requiredfor the control of endotoxin in or on the article, an important
considerationduring manufacturing process development is the selectionof an appropriate method from the possible
alternatives: dry heat, chemical, filtration, or physical removal. Insome instancesthisselection is limited by the potential effects
of the depyrogenation treatment may haveon the materials themselves. The choiceof the appropriate processfor a givenitem
requires knowledgeof depyrogenation techniquesand information concerning effects of the processon the material being
processed. The selectionof a particular treatment (and the details of its execution) often represents a compromise between
those conditionsrequiredto destroythe endotoxinor removeit to the desired level and the effectofthe processon the materials.
Depyrogenation processesshould be no more aggressive than required for effective processcontrol to avoid adverse
consequences to materialqualityattributes.
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The validation program comprises several formally documented stages to establish that the depyrogenation process is
capable of operating within prescribed parameters for process equipment, that independent measurements of critical
parameters are possibleand accurate, and that acceptance criteriafor challenge material removal or destruction are met.

• The development stage investigates and establishesthe operating parameters that define the controls to be used for the
depyrogenation process.

• The installation qualification (IQ)stage establishes that equipment controls and other instrumentation needed to execute
depyrogenation processes and measure the resultsof the depyrogenation process are properly designed and calibrated.
Documentation should be available to demonstrate the acceptabilityof any required utilities such as steam, water, and air.

• The operational qualification (OQ) stage confirms that the equipment and other processescomponents function within
the defined depyrogenation parameters.

• The performance qualification (PQ)stage of the validation program directlyevaluates the depyrogenation of materials or
articles. Whereverpossible, these studies should employ or simulate the actual conditions of use, includingthe use of real
or simulated product material. Worst case conditions, for example, might include the bracketing of critical parameters
such as time/temperature and belt speed for dry heat depyrogenation of glass vials, flow rate for depyrogenation by
filtration of solutions, and maximum measured, anticipated, or defined endotoxin loads for any material. "Worst case"
should be defined and justified in the validation protocol. Endotoxin indicators may be utilized to support physical
measurements in the validation of the depyrogenation process. Although the "rule of three" suggests that three
consecutivesuccessful validation runs be executed, perform sufficient replicate studies to demonstrate the capabilityand
efficiency of the depyrogenation process, including the validation of operational ranges of any equipment used in such
processes. The number of replicate studies chosen should be scientifically based and justified. At the end of the PQ, a
report is written to establish operating parameters.

ROUTINE PROCESS CONTROL

Once a depyrogenation process has been validated it must be maintained in that state to ensure the continued acceptability
of its operation. This is accomplished through a number of related practices essentialfor continued use of the process.

• Physical measurements: Data reported by the equipment sensors and recorders must be verified after the completion of
each depyrogenation cycle.

• Calibration: Any equipment used in the control or quantitative assessment of parameters required for a depyrogenation
process must have its measurement accuracyverified against a traceable standard on a periodic basis.

• Preventive maintenance: Thereshould be a defined maintenance schedule for each piece of processor testing equipment
required for depyrogenation that isconsistent with the manufacturer's written recommendation.

• Ongoing process control verification: Depending on the specifics of the particular depyrogenation process, there may
be additional requirements for ongoing confirmation of process efficacy. These can include the testing of raw materials,
water supplies, and in-process sampling. These performance parameters are monitored against assigned limits designed
to ensure that finished products meet acceptable endotoxin levels. Monitoring of operating parameters and controls plays
an important role in maintaining the depyrogenation process in a validated state.

• Periodic reassessment: It is expected that the effectiveness of depyrogenation processes be reconfirmed on a periodic
basis. Areassessment schedule should be formalized to assessthe potential impact of de minimis or undetected changes
to maintain the process in a validated state.

• Change control: In order to remain in a validated state, the various material, procedure, and equipment elements
impacting the depyrogenation process should be carefully monitored to ensure that changes are properly evaluated for
their potential impact on the process. The scope of the change control program must include materialsbeing processed,
processequipment, processing parameters, and process holding time limits. The extent of the effort required to support a
change will vary with the potential impact of the change on the process outcome.

• Training: Depyrogenation processes rely heavily on scientific principlesfor the effective destruction or removal of
endotoxins. Scientists and engineers well-grounded in the principlesof endotoxin removal and testing develop processes
to ensure effective depyrogenation. Individuals involved in the development of depyrogenation processes require a
background in microbiology, physics, chemistry, and engineering, and they must be familiar with good manufacturing
principles and regulations. Depyrogenation is an interdisciplinary activitywhere the combined knowledge of a group of
individuals isgenerally required for the establishment of a reliable process. In addition to the depyrogenation process
development team, individuals responsiblefor the maintenance and operation of depyrogenation processes must alsobe
trained appropriately to ensure that their actionscontribute to success.The operators are often the firstto identifychanges
in process performance because of their intimate involvement with it. Effective training programs should be established
and documented. Training programs should emphasize depyrogenation principles, adherence to established processes
and procedures, and the importance of documenting deviations from normal operations.

ROUTINE TESTING

Testing is not a control mechanism but rather a tool to assess the effectiveness of control measures. Depending on the
specifics of the particular depyrogenation process, there may be additional requirements for ongoing confirmation of process
efficacy.
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These requirementscan includethe testing of raw materials, water supplies, and in-process sampling. These performance
parameters are monitored against assigned limits based on historical data, and are designed to ensure that finished products
meet acceptable endotoxin levels. Monitoring of operating parameters and controlsplays an important rolein maintaining the
depyrogenation process in a validatedstate.

(1228.1) DRY HEAT DEPYROGENATION

INTRODUCTION

Dryheat is the method most frequently used for the depyrogenation of heat stable materials. Dry heat depyrogenation is
dependent upon two parameters:time and temperature, whichequates to a thermal input. As a result, dry heat depyrogenation
processescan be easily monitored/controlled and are highly reproducible. Depyrogenation processes typically operate at a
range of temperatures from approximately170° up to about 400°.

The most prevalentpyrogenicagents in parental manufacturing that are of concern relative to patient safetyare bacterial
endotoxins, found in the outer cell walls of Gram-negative bacteria.The destruction of bacterial endotoxins (depyrogenation)
by dry heat has been studied extensively and has been shown to follow firstorder kinetics. The well-defined kinetics of
inactivation makesit possible to predict the efficacy of dry heat processes operating at differenttimes and temperatures by
understanding the total thermal input (Fo) .

The range of temperatures used for dry heat depyrogenation overlaps the upper range of temperatures used for dry heat
sterilization (see DryHeatSterilization (1229.8»). This isbecause bacterial endotoxins are more resistant to the effects of dry heat
than the most heat-resistantbacterial spores. This chapter provides an overview of the processof dry heat depyrogenation, its
control, and validation.

TECHNOLOGIES USED FOR DEPYROGENATION BY DRY HEAT

Although all dry heat depyrogenation processes relystrictly on time of exposure and temperature to assure effectiveness,
the equipment used typically falls into two categories: the dry heat "batch" oven and continuous tunnel systems. Batch ovens
are routinely used for the depyrogenation of product containers, most often glass, but also other heat stable product contact
parts or laboratoryequipment. Continuous tunnels, on the other hand, are used primarily to depyrogenate glass product
containers.

Batch Ovens

Circulating heated air is used to heat the load items, which may be individually covered or wrapped in a material that is
unaffected by the temperature used, or placed ina liddedcontainerfor protection during pre-and post-process handling.When
depyrogenation and sterilization are to be achievedin the same process, airsuppliedto the oven ispassedthrough one or more
high efficiency particulateair (HEPA) filter(s) to maintainsterility within the oven after completion of the dwell period. These
forced, air ovens typically operate at a positive air pressuredifferential relative to the surrounding room. This design results in
particulate air quality that can meet ISO 5 requirements to reduce particulate matter and microbial contamination risk
throughout processing. .

In order to ensure sufficient lethality and processcontrol, oven control probe(s) must maintaina predefined temperature
for a predefined time period prior to cooling.The limited heat transfercapacity of air requires that items in the oven be placed
infixed locations confirmedacceptable during the cycle development/validation effort. Cautionshouldbe exercised in defining
variable load patterns as minimum load sizes may result in inadvertent slower heating of the load and greater temperature
variability. Smaller facilities may use a singledoor oven, but the principles of operation and validation are the same as with
larger double door production units. The important batch oven processvariables are set-point temperature, duration of dwell
period, load type and configuration, airflow characteristics, and container size.

Continuous Tunnels

The use of tunnels for dry heat depyrogenation of glasscontainers on a moving conveyorallows for substantially higher
throughput and packing densitiesthan the batch process, reduces handling, and isordinarily integrated with a washing and
filling system.Tunnels typically useforced heated airsystemsor radiant IR systemsthat recirculate airthrough a battery of HEPA
filters. Load items in tunnels are typically fed directly from an integrated container washing system.

Depyrogenation tunnels have separate zones for heating and cooling, allowing for continuous in-feed and discharge at
temperatures appropriate for production purposes.The tunnel is maintained at constant airflow and temperature conditions
during use, and as glass passesthrough the tunnel it is heated to depyrogenating temperatures and cooled before exiting.
Although the conditionswithin the tunnel are essentially constant and well controlled, the temperature of the glassas it passes
through the tunnel on the conveyorwill change with its location. Dwell time iscontrolled by adjusting the conveyorspeed,'
which in the depyrogenation tunnel is the processparameter that governs exposure time. .

The air in the tunnel ismost commonly heated usingelectrical coils but other heat sources, such as infrared or high-pressure
steam, have been used. Forenergy conservation, heated air in depyrogenationtunnels isoften recirculated. The important

1 Not all tunnels have a variablespeed capacity.
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contin~ous tunnel process variables are heating zone temperature, cooling zone temperature, belt speed, and container mass
per Unit.

DRY HEAT DEPYROGENATION FUNDAMENTALS

Dryheat depyrogenation uses air first to heat and then to cool the items. The limited heat capacity of dry air results in
relatively slow heating and cooling of the load items. Variability in temperature distribution in dry heat ovens and tunnels is
typically much higher than that observed in moist heat systems.The limited heat capacityof air requiresthat items in ovens be
placed in the same locationsas confirmed acceptable in the cycledevelopment/validation effort. Packing and thermal masswill
also playcritical rolesin temperature management. Caution must also be exercisedwith varying load mass and distribution as
in some instances (resultingfrom oven design, air flow characteristics, and control probe position) minimum load sizes may
result in process variability.

DEPYROGENATION PROCESS CONTROL

Process temperatures indry heat depyrogenation are controlled bycalibrated temperature sensorsplaced at specific locations
within the equipment. The exposure portion ofthe processisdesigned to attain a minimumdwelltime at a predefined minimum
temperature ensuring that depyrogenation conditions are adequately uniform.The defined dwell time isdetermined by using
measurement devices (e.g., thermocouples) directly in contact with the items to be depyrogenated during development. The
inactivation of bacterialendotoxins by dry heat involves the control of only two parameters: time and temperature.

The simplicity of process control for these parameters provides a predictable depyrogenation effect.Once validated, a clear
understanding of the inputs to the system, meaning resident endotoxin load on incoming materials, and outputs of the system,
meaning reduction of resident levels of endotoxin to safe levels, is more meaningful than spiking with unnaturally high levels
of challenge material and looking for a prescriptive requirement for log reduction. The dosimetric measurement for dry heat
depyrogenation processesisthe Fo unit. An Fo = 1 isdefined as the depyrogenation effectachieved by 1 min of heating at 250°.
The Fo-value enables the integration of temperature over the process duration (time). By convention, the rate at which
depyrogenation destruction rate (D-value) varies as a function of temperature change isdefined as the z-value.The z-valuefor
dry heat depyrogenation has been shown to be in the range of 45°-55°. For the purposes of this chapter, 50° is used as a
standard z-value. Other values may be used. (1,2)

The Fo approach is used as a means to compare dry heat depyrogenation effects produced by processes that operate at
varying temperatures. Basic mathematics can be used to calculate the depyrogenation effect produced at temperatures other
than 250° to determine equivalence to that provided at 250°.

Using a reference temperature of 250° and an assumed z-value of 50°, the Fo calculation can be determined:

Fo = accumulated destruction
t, = process start time

tz = process end time
T =temperature at each time increment
I1t =time interval between temperature measurements

Summing the instantaneous temperature contributions over the entire depyrogenation process allows for the calculationof
the overall process efficacy or Fo delivered over the course of the process. Many commercial data loggers are equipped with
software that enables them to make this calculationand integrate the total Foaccumulated during a process.The Fo calculation
is used during initial validation, validation maintenance, and change control. The mathematical principles of the Fo calculation
are essentially the same as those used to calculate lethality(Fo) values in moist heat sterilization. Fo valuesare used to confirm
process consistency over time as correlation to endotoxin destruction is rarely possible.

VALIDATION

Because dry heat depyrogenation isappropriate onlyfor heat stable materials, a high margin for safety is always attainable.
Times and temperatures used for the purpose of destroying challenge materialscan result in extreme challenges to material
integrity and stability. Attention to depyrogenation processes, including an understanding of the resident endotoxin load on
incoming materialsand reduction to levels needed to assurepatient safety,should take placeduring drug product development,
prior to validation.

Equipment Qualification

Equipment Qualification (EQ) isa predefined program that focuses on the processingequipment to confirmthat it has been
properly installedand operates as intended prior to evaluation of the process. Insome companies, EQ may be separated into
installation qualification (IQ)and operational qualification (OQ), or combined together under a jointterminologyof installation/
operational qualification (I/OQ). Equipment qualification providesa baselinefor preventive maintenance and change control
assuring reproducibility of equipment operation over time.

www.webofpharma.com

https://nhathuocngocanh.com/



USP43 Genera/Information / (1228.1) 8183

Empty Chamber Temperature Distribution for Ovens

The oven should be evaluated for empty chamber temperature distribution. Thisisassessed by measurement of temperature
at each corner of oven, near the controlling probe(s) and other locations as justified. Differences in the cycledwell period can
be discounted in this evaluation, as only the shortest dwell period need be evaluated. The evaluation is best performed over
the last few minutes of the dwell period once the system has fully stabilized.The acceptance criteria for this test vary with the
oven's design and operating conditions; however, temperature distribution istypically substantially lessuniformthan observed
in autoclaves and may be ±15° or more. Depyrogenation ovens that are located at floor level may have even greater ranges in
temperature. The temperature distribution measurement may be of value in the evaluation of changes to the oven.

Empty Temperature Distribution in Tunnels

While these studies are often done, they are actuallyof limitedvalue. Unloaded depyrogenation tunnels will always produce
far more variability in temperature distribution than will a fully loaded tunnel. Therefore,for depyrogenation tunnels,
temperature studies under fully loaded conditions only are indicated. Important to the proper operation of the dry heat tunnel
is the establishment of the required air flow balance between the tunnel and the adjoining areas. Improper air flow can cause
uneven heating across the load being processed.The temperature distribution measurement may be of value in the evaluation
of changes to the tunnel.

Component Mapping

The abilityof dry heat to penetrate load items and to bring them to the required temperature should be determined.
Load items that are complex, of significant mass, with enclosed volumes and product contact surfaces that must be

depyrogenated, should be subjected to component mapping to determine internal cold spots. All load items should be
prepared, wrapped (ifthat isthe practice), and oriented in a manner consistent with how they will be processed. Glass typically
enters the depyrogenation process (whether tunnel or oven) wet and must be evaluated wet to properlydet.ermine the effect
on overall thermal input. Mapping of glasscomponents to be processed in tunnels is not necessary; all monitoring of
temperature in tunnels is accomplished with probes in contact with the bottom of the container.

Load Mapping in Ovens

Fixed loading patterns are necessary in oven depyrogenation because of the limited heat capacity of the air; fully packed
conditions because of their greater mass ordinarily result in the best process temperature uniformity. Load mapping assures
that items placed throughout the load attain the desired depyrogenation conditions. Identification of cold zones within the
oven should be established during depyrogenation cycledevelopment. Informationfrom the load mapping is used to adjust
cycle timing to assure appropriate efficacy acrossthe entire load. It may be possibleto validate maximum and minimum loads
(as determined by either the number of items or their mass).

F0 is calculated from the temperature data at all monitored locationswithin the load pattern.

Load Mapping in Tunnels

Loadmapping can be assessed usingsets ofcalibratedsensors(Le.,trailingor wireless temperature sensors)positioned within
the glass pack as it moves through the tunnel. Temperature sensors should be placed into direct contact with the glass item at
the bottom of the container. Temperature measurements should be made on the leading edge, the middle (highest density),
and the trailing edge of the glass pack across the width of the conveyor belt. There should be NLT 5 temperature sensors
positioned across the belt in each section of the load. Fo is calculated from the temperature data at all monitored locations.
Studiesshould be performed using all container sizes to determine the lowest Fo locations.The Fo resultscan be used to support
the selection of containers/conditions to be evaluated in the confirmation studies (see below).There is no requirement to
perform temperature heat distribution measurements during these studies.

Confirmation of Depyrogenation

The materials/glasscomponents to be depyrogenated should be assessedfor their incoming endotoxin content prior to the
validation study. Thiswould include glass as received and immediately after washing. All tested materials should be handled
and prepared using defined procedures. Materials and glass prepared in the same manner are used in the depyrogenation
validation studies. The addition of challenge material to the load items, including a requirement to demonstrate a 3-log
reduction, may not be required iftime and temperature studies consistently indicate that depyrogenation conditions are met.
Temperature monitoring as described above must be done simultaneouslywith the depyrogenation confirmationstudies. The
confirmation studies should be performed at reduced time-temperature conditions from those utilized in routine processing
and deliver lower Fo resultswhen compared to those determined in the mapping studies and are considered "worst case"
confirmation of depyrogenation process efficacy. There is no requirement to perform temperature heat distribution
measurements during these studies.
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A minimum of five (5) samples should be taken in proximityat NLT 10 temperature-monitored locations (including those
determined to be the coldestfrom the oven load mapping study) in the oven and tested for endotoxin content post-processing.
The process is considered acceptable ifthe amount of endotoxin per sample is NMT 0.1 EU.

TUNNELS

A minimum of five (5) samples should be taken in proximityto each monitored position within the tunnel load (including
those determined to be the coldest from the tunnel load mapping study) and tested for endotoxin content post-processing.
The process isconsidered acceptable if the amount of endotoxin per sample is NMT 0.1 EU.

ROUTINE PROCESS CONTROL

As with all processes, after the dry heat depyrogenation process has been validated, it must be subject to ongoing controls
that maintain it within the validated state at all times. Temperature and exposure time, which are the important dry heat
depyrogenation parameters, can be used to confirm performance on a routine basis. Where direct assessment of Fo is not
possible, assuring that the temperature and exposure time conditions were met results in an equivalent confidence that the
depyrogenation system operated in a validated state of control.

Depyrogenation (1228) detailsthe general practicesthat are appropriate for alldepyrogenation systems. Thisisaccomplished
by a number of related practicesthat are essential for the continued use of the processover an extended period of time. The
essential practices to maintain validated status include calibration, physical measurements, periodicendotoxin assessment on
incoming materials, ongoing processcontrol, change control, preventivemaintenance, and periodic reassessmentand training.

APPENDIX

Additional Sources of Information

• Tsuji K, Harrison S. Dry heat destruction of lipopolysaccharide: dry heat destruction kinetics. Appl Environ Microbio. 1978;
36(5):710-714.

• Ludwig J., Avis KE. Dry heat inactivation of endotoxin on the surface of glass.J Parenteral Sci Technol. 1990; 44(1):4-12.
• Parenteral Drug Association (PDA), technical report 3, Validation of dry heat processes used for depyrogenation and

sterilization. 2013.
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(1228.3) DEPYROGENATION BY FILTRATION

1. INTRODUCTION
2. TECHNOLOGIES USED FOR DEPYROGENATION BY FILTRATION

2.1 Microporous Membrane Filtration
2.2 Reverse Osmosis
2.3 Ultrafiltration
2.4 Charge-Modified Depth Filters
2.5 Activated Carbon Depth Filters
2.6 Membrane Adsorbers

3. VALIDATION

1. INTRODUCTION

Depyrogenation by filtration involves the physical removal of endotoxins from pharmaceutical solutions by adsorption and
sizeexclusion. Endotoxins are responsible for making up the majority of pyrogens, which must be removedfrom pharmaceutical
products including injectable biologics. There are many factors to be considered when designing a depyrogenation filtration
process for solutions containing proteins and peptides: type of target protein and its concentration, electrolyteconcentration,
pHand buffersystem, protein molecularweight and isoelectric point (pi), filtration parameters (e.g., flowrate), and interactions
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with other components causingaggregation. In general, a combination of these factors determines the most effective
depyrogenation method.

Depyrogenation of liquids may be accomplished by means of filtration through various types of filter media including
microporousmembranes, reverse osmosis (RO) membranes, ultrafilters, charge-modified depth filters, activatedcarbon, and
membrane absorbers. Depyrogenation filtration processes are not intended to removemicroorganisms from a processstream;
however, by their nature, filters selectedfor use in depyrogenation processes may also be capable of retaining many types of
microorganisms.

2. TECHNOLOGIES USED FOR DEPYROGENATION BY FILTRATION

2.1 Microporous Membrane Filtration

Microporous membranes (typically with pore sizeor retention ratings between 1.0 and 0.1 IJm) can be veryeffective in
removing intact bacteria via size exclusion and adsorption withinflow pathways. The use of microporous membranes on a
freshly prepared solution to be filtered can effectively prevent bacterial proliferation in the solution, along with any potential
subsequent endotoxin formation. Endotoxin, however, iscomposed of fragments of bacterial cell wall, often <0.025 IJm (7)
that may easily penetrate most bacteria-retentive membrane filters. These negatively charged particles with endotoxin activity
can be removed via adsorption by positively charged membranes (2). Adsorption of endotoxin has also been shown by
hydrophobic membranes, where it isthought that a hydrophobicinteractionoccursbetween the Lipid Acore and hydrophobic
sites on the membrane flow path surfaces (3). Reduction or removal of endotoxin activity by adsorption to microporous
membranes can be dependent on flowrate, pH,concentration, and fluid and membrane surfaceproperties. Once the effective
binding capacityof the membrane approaches saturation under applied conditions, remaining endotoxinwill passthrough the
membrane.

2.2 Reverse Osmosis

RO membranes are the tightest membranes in sizeseparation. Theycan separate dissolved saltsand sugars from water.
Pyrogens, and essentially everything else, are removedfrom water viasizeexclusion. RO systemsare operated most efficiently
at high pressure (200-1000 psi) to overcome osmotic pressure. RO membrane rating or tightness is measured and expressed
with retention or rejection of markersalts such as sodium chlorideor magnesium sulfate.

RO membranes may be composites(thin film coated on top of ultrafiltration membranes) or cast as a single layer (cellulose
acetate type). Configuration of RO membrane modules can be flat sheet, tubular, or hollow fiber. All commercially available
RO membranes are polymeric, and most are of a spiral-wound, flat-sheetformat.

RO systems are not intended to remove all bacteria, and because they are run at ambient temperatures, microbiological
contamination isa concern. Ultraviolet (UV) light may be used in the system downstreamfrom the RO units to control
microbiological contamination. -

2.3 Ultrafiltration

Ultrafiltration (UF) isa processwherebya fluid ispassedthrough membranes with pore sizes nominally between about 1 and
100 nm under pressure. The filters are usually not rated by the pore size but by the molecular weight cut-off(MWCO). The
methods to determine the MWCO varyby the manufacturerand usually involve measuring passage of molecules of a certain
size, such as a solution of mixed dextrans, polyethylene glycol, or proteins to assign a numerical rating (4).

UF membranes are usually polymeric porous structures, manufactured from a range of materials, most commonly
regenerated cellulose or polyethersulfone, but also ceramics. UF membranes may be produced as flat sheet, hollow fibers, or
ceramic tubes.

UF is generallyoperated in tangential/crossflow mode, which separates the starting (feed) solution into two components:
permeate (the portion of solution going through the membrane) and retentate (the concentrated solution that is passed over
the membrane). UF membranes need to be encased in a suitable integraldevice to enable practical operation. Heatsealing,
over-molding, and resin-potting are all used to assemblemembrane devices and ensure integralflowpaths. Ceramic tubes are
sealed by gasketswithin tubular cylinders.

It isgenerallyassumed that the basicsubunit of lipopolysaccharide (LPS) isabout 10-20 kDa (5). Membranes of 6-10 kDa
cut-offare often used for depyrogenation by size exclusion. However, monomeric LPSs are rarely found in solution because of
their poor solubility in water. LPS is usually present in aggregated forms, such as vesicles ranging in molecular weight from
300 to 1000 kDa. Thus, endotoxin can be successfully removed by higher flux membranes, with MWCOs of 30-100 kDa (6).

'Adsorption, in addition to sizeexclusion, alsocan be a mechanismof endotoxin removal by UFo Several hollow-fiber
membrane materials have been evaluated,and the best removal was obtained with more hydrophobicmembranes. Endotoxin
removal was correlated to the degree of endotoxin adsorption on the membranes in an equilibrium experiment (7).

UF has been used successfully to depyrogenate small moleculedrugs, buffers, electrolytes, antibiotics, and antifungal agents
(8). UF isgenerallynot recommended for endotoxin removal from solutionscontaining larger molecules such as proteins.

2.4 Charge-Modified Depth Filters

Depth filters exhibit two primary clarification mechanisms because of their structural and chemical composition: size
exclusion, either through sieving or entrapment; and adsorption, either through electrokinetic (positive zeta potential)or
hydrophobic interactions.
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Sizeexclusion of particles isa function of the tortuous flow path through the media as well as the depth or length of the
flow path in relation to the sizedistribution of the contaminate loading, e.g., cellular debris, including LPS from cell walls and .
hard particles. Depth filtration efficiency depends on many factors, includingthe filter media characteristics, materials of
construction (e.g., cellulose, filteraids,binding resins), the fluidcharacteristics (e.g., viscosity, dirt load,celldebris, temperature),
as well as the particlecharacteristics (e.g., solid/hard, pleomorphic, proteinaceous, colloidal). Electrokinetic adsorption is
attributed to the resin binders and filteraids that impart a net-positive charge, positive zeta potential, to the filter medium.
Adsorption is a complex mechanism that will vary based on a combination of parameters including positive zeta potential,
hydrophobic adsorption, particle surfacecharge, pH, and ionicstrength of processfluids. Thispositive zeta potential can remove
negatively charged particlessmallerthan the nominal rating of the depth filter medium. The adsorptive mechanism results in
high removal efficiencies for fine particles, colloidal and cellularmaterials, e.g., bacterialendotoxins, nucleicacids, and removal
of negatively charged trace contaminants, whereas the depth medium porosity influences operating parameters such as
pressure differentials, flow rates, dirt load capacity, and throughput.

Most cellulose-based depth filters contain a filteraid to enhance particle retention and flow characteristics. Filter aids are
available in various particle sizes and levels of purity. Common filteraids include diatomaceous earth, perlite (volcanic origin),
carbon (natural sources), and silica- and/or metallic-based materials.

The cartridges and capsule configurationsare constructed of primarily polypropylene and other common elastomers and
polymers, e.g., nylon, polycarbonate, polysulfone. Depth filters are available in standard filtercartridge/capsule configurations;
lab-scalediscs (47 mm/90 mm), flat stock sheets, lenticular cartridges (stacked discs), and capsules.

Ingeneral, the charge-modifieddepth filters showed lowerendotoxin breakthrough levels at charge exhaustion as compared
to charge-modified membrane filters.

Membranes demonstrated total endotoxin breakthrough once the charge capacityof the membrane issaturated. Generally,
charge-modified depth filter media demonstrate lower endotoxin unit (EU) levels that increase slowly at the point of first
endotoxin detection as compared to membranes that exhibit complete breakthrough. . '

Benefits of charge-modifieddepth filters include removalof bacterialendotoxin [4-5 log reduction value (LRV)] (9-17), DNA
fragments, host cell protein, reduction of viruses, and economical throughput with low extractable levels. Systemflow rate
determinations are necessaryto optimize residencetime to maximize adsorptivecapture. Thisparameter isespecially important
for the removal of colloids and endotoxins.

Cellulosic depth filters commonly contain extractable Limulus amebocyte lysate(LAL)-reactive materials that are often
determined to be ~-1 ,3-glucans. ~-1 ,3-Glucansactivate an alternative LAL pathway, FactorG. The activationof FactorG by ~­

1,3-glucans will induce the proclotting enzyme, causing a non-endotoxin-positive LAL result (or enhanced result). To reduce
the risk of ~-1 ,3-glucan extractablesfrom cellulosic depth filters, it is important to follow the recommended rinseconditions of
the specificdepth filter. An alternativeto reduce the effects of ~-1 ,3-glucans is to select LAL reagents tolerant of ~-glucans or
to add a ~-glucan blocking bufferto LAL samples.

Tosome users,the most important attribute ofcharge-modifieddepth filters istheir effectiveness as prefilters. Inmore difficult
filtrations, such as those containing colloids, bacteria, or endotoxins, the user can realize substantial cost savings.

2.5 Activated Carbon Depth Filters

Depth filtration, using activated carbon as a filteraid adsorbent, removes color, odor, and bacterial endotoxins and nucleic
acids. Activatedcarbon"is derivedfrom organic materials, e.g., peat, wood, coconut, bone, lignite coal. The microstructureof
the carbon contains millions of pores that create a highly adsorptive material with a vast internal effective surface area as
compared to polymericmicroporousstructures. These carbon filteraids are typically activated by steam or chemical treatment
such as acid. Although highlyeffective in reducing endotoxin (4-5 log reduction) and other undesirablecontaminants, active
carbon may, because of this highlyadsorptive characteristic, remove other process components and target molecules due to
this nonspecificadsorption property. The high loading capacity and strong adsorptive attributes make activated carbon depth
filtration an attractive alternativeto conventionalfiltration methods or addition of bulkcarbon, where care must be taken to
remove fine carbon particulates in the effluent.

2.6 Membrane Adsorbers

When the target protein in the solution is in the same molecular weight range as that of the endotoxins (10-20 kDa for
endotoxin monomers), the target proteins cannot be separated by UFo Ion exchange chromatography is the most common
depyrogenation method for proteins; however, it has some drawbacks,which limitits usefulness as a depyrogenation step. This
includes handling and usage problems such as packing, channeling, lowflow rates, long regeneration times, compressibility,
and limited chemical stability. Charge-modified membrane adsorbers with ion exchange ligandsfunctionalized on the
membrane surface can provide the required performance needed for depyrogenation from the laboratory up to processscale.
Generally, two strategies can be used for removal of endotoxin from solutionswith such membrane adsorber devices. Using
the strong basicanion exchanger of quaternary amine (Q) type in a bufferwith pH lowerthan the pi of the protein, endotoxin
will bind to the charged membrane substrate, and protein will pass through the membrane (negative chromatography).
Alternatively, a strong acidic ion exchanger type S also can be used with a buffer pH lower than the pi of the protein. In this
case, the endotoxin will pass through, and the protein will be bound to the charged membrane substrate, which can be
subsequently eluted using appropriate buffers in the next step.

Such membrane adsorbers have been used as validated endotoxin clearancesteps in downstream processingof monoclonal
antibody (mAb) or recombinant protein manufacturing. Typical log reduction values(LRVs) reported are >4 (72) based on lab
scale testing.

Another solution is to use mixed-mode membrane adsorbers exhibiting both anionic and hydrophobic chemistries.
Endotoxins(hydrophobic and negatively charged) tightly bind onto the membrane surfaces. By adjustingthe concentration of
salt or pH appropriately, proteins flow through the mixed-mode membrane adsorber by charge repulsion, while endotoxins
remain bound. Mixed-mode membrane adsorbers allowthe depyrogenation of protein solution or buffers with higher
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concentrations of salt (e.g., 100-500 mM) than with the Q adsorber. Such membrane adsorbers have been used as validated
endotoxin clearance steps in downstream processing of mAb or recombinant protein manufacturing. Typical LRVs reported are
in the 3-4 range based on lab scale testing.

3. VALIDATION

SeeDepyrogenation (1228) for a comprehensive discussion of depyrogenation process validation and the use of endotoxin
standards. .
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mechanism for this method of depyrogenation is removal of the' endotoxin,followed by dilution ( 7).The process of general
rinsing to remove pyrogens isaccomplished by using high-purity water such as Waterfor Injectionpreferably above 60°; Multiple
rinses may be necessary with proper controls to ensure that the Waterfor Injectiondoes not become contaminated with
Gram-negative bacteria and bacterial endotoxins during. processing.

The use of high-purity rinse water is often the key to successful reduction of bacterialendotoxin adivity on the-sulfacesof
the materials being processed. At a minimum, the rinse water quality should meet the bacterial endotoxin limit of Waterfor
Injection, which is <0;25 USP Endotoxin Units (EU)/mL. Using water that risks haVing bacteria grow irl it l11ayre . e
deposition of bacterial endotoxins onto the items, or in the case of depyrogenated articles, the re,;depo~ition(re-. tion)
of endotoxins from the rinse water itself. The advent of Waterfor Injection for use in the healthcare manufacturingm has
ensured that the most prevalent ingredient in most of our products is no longer a source of endotoxin. Additionally;
re-pyrogenation of articles due to subsequent microbial proliferation on the rinsed items should beminimiz~deither byaproinpt .
subsequent sterilization or by drying the items after rinsing.

It is important to note that starting with Waterfor Injection,while es~ential, does not ensure that such water remains suitable
for usethrough the duration of the depyrogenation process. When cooledfrom the elevated circulation temperatures used for
its distribution, Waterfor Injection is vulnerable to microbial proliferation. Water for Injection held at atures below 55~

and above 8° should be considered at riskfor microbial contamination unless,sterilized and held i vessel.Therf;:!fore,
holding water for more than 3-4 h within this.temperature danger zone is an unsuitable practice. S. . at recirculate Water
for Injection can be effective but process conditions and water storage times arid temperatures should be carefully controlled
and validated.

Solvents other than Waterfor Injection, such as caustic alkali or detergents, have been used for depyr6gena by rinsing.
The concern with these solvents is the removal of residuals thatmay ultimately be harmful to patients or the .oct, so care
rT;lust betaken to test for residuals during validation of the method:

For any process that purports to depyrogenate by rinsing, there are a number of critical factors that must be defined arid
controlled during the validation study and beyond:

1. Solvent description,including normality or concentration if caustic alkali or detergents are used; if high-purity water./s
used, the source should be clearly described

2. Solvent temperature
3. Solvent pressure, particularly where rinsing is used to depyrogenate glass or other articles that remain stationary during

the process
4. Solvent flow rate through the system
5. A justification for the recirculation of solvents

VALIDATION

Validation of depyrogenation by physical means is not different, in principle, from the validation of other depyrogenation
methods. Endotoxin indicators, which are articles representative of the material to be depyrogenated spiked ~ith a known
amount of endotoxin, are prepared in a laboratory (see Endotoxin Indicators for Depyrogenation (1228.5». Quantitation of
endotoxin activity prior to and subsequent to the rinsing process will demonstrate the effectiveness of the process in removing
endotoxins. To prepare endotoxin indicators; inoculate each indicator with a.known level of activity of Control Standard
Endotoxin (CSE), USP Endotoxin RS (which, by convention, is abbreviated as RSE), or Naturally Occurring E . NOE),
which is calibrated against RSE before processing. Generally speaking; a smallvolume (e.g., <100J.lL) of a hi ated
analyte (purified LPS or NOE) is inoculated onto a section of the article that is the most difficult for the rins ch.
For example, stoppers are generally inoculated onto the product contact portion of the stopper. A 10 m is
used to ensure rapid drying. The inoculated indicators may be dried in a unidirectional airflow cabin eans,
to hasten drying and limit the possibility of extrinsic microbial contamination that can arise in untoiltro nmen 211
conditions, particularly with moisture present. Historically, 1000 EU/article has been the target spike valu '. ., g on
1) the level of endotoxins historically found on the material, 2) the amount of recoverable endotoxlns observed aft Ing
process, and 3) the "safe" level of endotoxin activity that must be attained post.:processing, an inoculum ata level han
1OOOEU may be justified.

Because the prepared endotoxin indicators may be mixed with many uninoculated articles (e.g., stoppers), it is essential to
provide a means to identify the indicators. Forexample, if the stoppers used by the company are gray, ani<;ienticalstopper that
is a different color but has the same elastomeric material, or a stopper of the same composition but a different sha,pe;could be
used for the indicators. Ifa stopper of different color or other identifying mark is not available, the inoculated i 'cator stoppers
might be placed in individual small mesh bags. For glass containers, the indicator containers might ar,
or they may be marked with indelible or heat resistant ink. For metal articles~ a heat-resistant m Ify
the indicators. In any event, the endotoxin indicators must be identical in materials of c0mposi I he
study, but must be prepared so that they can be easily retrieved for analysis.

Once dry, the endotoxin indicators are analyzed for therecoverable lev~lofendotoxinsactivit
lysate (LAL) assay. To determine the recoverable activity, follow the process for extracting e
MedicalDevices-BacterialEndotoxin and Pyrogen Tests (161 ». Submerge the article ora num
Endotoxins Test (BET; see Bacterial Endotoxins Test (85), Reagents and Test Solutions,Waterfor Bacterial En .0 0 s est
prewarmed to 3r. Allow the article(s) to remain in contact with the Water for BETfor an hour. Agitation such as intermittent
vortexing or sonication may be added to enhance recovery. If methods other than immersion in Water for BET are used, they
must be validated to demonstrate that they do not result in a loss of endotoxin activity and identified in the protocol so that
subsequent studies use the same process. Regardless of the method used, a statistically:significant number of samples
representing the load under study should be evaluated' to ensure adequate reprodUcibility.
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Controls

Two s~tSof cOntrols are recommended forvalidation studies:
1. resting of uninoculated indicato.rs---:.provide data on the resident level of endotoxin actiyity~onthelot,of stoppers 'to pe

tested.
2. An-appropriate numberofendotoxin indicators should be retained by thel~borqt6ry and used as'positive controls. After

the depyrogenation process is completed,extract both the processed units and positive~control in.dicatorsasdesqibed
above and test using a qualifiedBET method. "

Any activity detected on the retained positive controls.is called "recoverable" 'activityand activity detected on the processed
indicators is called "residual" activity (2). The following factors should be considered during the extraction ofendotoxin
activity:

1. Inoculated units should not be pooled for analysis. The conceptual basis forthis studydesignistodeterniine the
depyrogenation capability of the process, and pooling extracts fromanumper ofunits would not allow evaluation of _
reproducibility and also bias the results. However, there may be a unique circumstance.in which accurate orvalid results
may not be possible because of a small sample size or other logistical or practical considerations. Ifarticles are pooled,
th.e re~son for pooli[lg should be documented in the body of the protocol.

2. The test result must account for all sources of dilution. Forexample; the units forah LALtestare EU!mL. ifthe extraction
volume is 1 rn L/stopper, then the result of the test is really EU/stQpper. But, for example, ifthe extraction 'volume is5 mLf
stopper, then each milliliterof the extract is a 1:5 dilution ,of any endotoxin activity that has been extracted from the
indicator. '

The log'reduction is calculated using the following formula:

Log10 reduction =(log10 recoverable activity) - (10910 residual activity)

For example, if a laboratory detects 4500 recoverable EU/stopper in the controls and 0.3 residual EU/stopper,the log
reduction is calculated as:

ROUTINE PROCESS CONTROL

Log10 reduction = (lOg10 4500 EU) ...; (log100~3EU)

Log10 reduction = (3.65) -(-'0.52)=='4.17.

Historieally,,laboratories added sufficient inoculum'to each endotoxin indieatorunit so that at least 1000 Eli
recovered in the retained controls. However,.there 'are factors that the: analyst and the validation tearnshould
conducting these studies. Foremost among these factors is an understanding that the lipopolysaccharide
Westphal procedure, of which CSE and RSE consist, have physicochemical properties that can, make achi
dispersion of a,highly concentrated quantity of this material difficultor impossible. Also, CSE tends to a
th re may be difficult to remove from some materials resulting in'c trol recoveries of ,lessthan 5
re may be SUbstantially less than 50%. There may also be conside e varia ... inrecover-y
w . gle test run'.This is, to be expected and history has taught us his doe timp~ctthe
of a . epyr()genation study~. . " . . , .. _ ' , _

A 3-log reduction of the recoverable endotoxin is a comr:non target for acceptable depyrogen,ation effectiveness (3).
HQwever,this may not be attainable in all. test systems or under all testconditions nor may it b~ necessary. Where a3-log
reduction is not attainable it is important to carefully evaluate endotoxin risk in the process,based . . herent
endotoxin burden. Rather than strict reference to a 3-log reduction, the dep " ation ram endotoxin
activi.ty at levels below a scientificallyestablished target can be consistently a . T: t S ,the
(lrticleand the potential contribution to the final endotoxin limitestablished f rug pro uct. imit
is established basedon calculations of active pharmaceutical ingredient (API) dosage contained i ny,
contributions by the excipients and container/closure must be considered in any validation study, an ese
contributions must meet this limit.

Elastomeric closures are generally received with little or no detectable ,endotoxin activit)!. It ispossiblethata 2-109reduction
by rinsing could be sufficient for some packaging components~ exdpients~ or other materials. An important consideration' in
making this determination is the incoming pyroburden and bioburden presented by any material to the d~pyrogenation

process.

Proactive control of Gram-negative bacterial contamination ,is essential tothe production of safeparenteraLproductS. The
use of properly generated, ,stored, .and distributed WFI ensures that the rllc>st prc:valent ingredient in most products is nota
signifi~antsource ofendotoxih, , , ' . " .

Once a depyrogenation process has been effectively developed and validated, itmust be maintainedin'thil
continued acceptability. Chapter <12~8) details the general practices thatare aI?propri(1te , raIl dep n ' " . '
isaccqm . mber of relat~d practices that are essehtial for the cOrltinLJe.d use of t proce ,a. ,nd . rioq
oftime. . tacticesfo maintain validated status includecalibration, physical me suremen, eriodlc endotxin
a'ssessm " " coming'material~, ongoihg process control, change <;ontrol, preventive maintenance, arid periodic
reassess , entand trakling. '
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1. INTRODUCTION

Depyrogenation is defined as destruction or removal of pyrogens (see Depyrogenation (1228». Forthe purposes of this
chapter, the terms "bacterial endotoxin" or "endotoxin" refer to a component of the outer cell membrane of Gram-negative
bacteria, which is known to induce a febrile response in humans and other mammals. The endotoxin complex contains many
cellwall components including, but not limitedto, phospholipids, lipoproteins, and lipopolysaccharides. Lipopolysaccharide
(LPS) is the biologically active portion of both naturally occurring and laboratory-prepared endotoxin complexes. The USP
Endotoxin Reference Standard (which, byconvention, isabbreviated as RSE) and control standard endotoxin (CSE) preparations
purchased from lysate manufacturers and other third-party vendors are not endotoxins but rather are preparations of
purified LPS.

"Endotoxin indicators" (Els) are tools that are used (where required) in conjunction with physical measurements to analyze
the effectiveness of a depyrogenation process. Els used to determine the effectiveness of dry heat depyrogenation processes
are commonly purchased as glassvials that are inoculatedwith a known level of LPS activity. This chapter expands the definition
of EI to include any carrier, including glass vials, inoculated with endotoxin or LPS that is used to challenge a depyrogenation
process. Els can be used to analyzethe effectiveness of endotoxin removal by washing, rinsing, cleaning, or by usingseparation
technologies, such as filtration or chromatography. Carriers can be a varietyof materials, including rubber stoppers to assess
stopper-washing processes, bulk product to assess and validate processing steps, and stainless steel coupons to assessthe
cleaning of production vessels.

Purified LPS, such as CSE obtained from lysatemanufacturersor other third-party vendors, has historically been a convenient
choice for use as the analyte used in the preparation of Els. However, Els prepared in-house using laboratory-derived endotoxin
more closely mimic product contamination, and as a result can provide a more realistic assessment of the depyrogenating
capabilityof various production processesthan does highlypurified LPS. Thischapter provides informationon the preparation
and use of these more specialized indicatorsto assureboth consistencyand comparabilityof data among method development
and validationstudies.

2. ENDOTOXIN AND LPS

A bacterial endotoxin is defined in the Introduction. LPS is the biologically active portion of the naturally occurring and
laboratory-prepared endotoxin complex. Highly purified LPS, extracted from the natural endotoxin complex, isused to prepare
the primarycompendial RSE or secondary CSE preparations, such as those purchased from Limulus amebocyte lysate (LAL)
reagent manufacturers. LPS consists of three distinct regions:

1. The structure of the hydrophobic lipid A portion of the molecule is the most highlyconserved among Gram-negative
species and is responsiblefor most, if not all, of the biological activityof endotoxins

2. Acore oligosaccharide links the lipid Ato the hydrophilic O-specific side chain or O-antigen
3. The hydrophilic O-antigen isa highlyvariable region that confersserological specificity to the organism and isoften used

to distinguish strains of Gram-negative bacteria
When drug products and devices are contaminated with endotoxin, the contaminant is not purified LPS but rather whole

Gram-negative cells and/or cellwall fragments containing LPS. LPS and endotoxin are therefore dissimilar in many respects.
The amphipathic nature of the LPS molecule[l.e., having both a polar (hydrophilic) end and a nonpolar (hydrophobic) end]

enables itto form complicated, three-dimensional, aggregated structures in solution. The aggregated forms of LPS have the
capacity to adsorb, or "stick", to surfaces, and depending on the LPS formulation and the surface, extraction and detection
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may prove difficult using conventional extraction methods (see below). The degree of aggregation of the purified molecule is
also affected by the conditions to which the LPS isexposed. Factors such as temperature, pH, salt concentration, divalent cation
concentration, chelating agents, and detergents can have a profound effect on the biological activity and stability of LPS in
solution. Purified LPS preparations used for depyrogenation studiesshould not contain any "fillers" or excipients. The excipients
that are commonly used in the formulation of CSE have been shown to reduce the heat resistanceof LPS (1) and may interfere
in the recovery of LPS because of a caramelized excipient that has been post-processed by dry heat.

Endotoxins contaminating parenteral products may exhibit greater stabilityof activityin solution and less surfaceadsorption
than purified LPS. As well, the detection of endotoxin may be lessinfluencedthan LPS by aggregation, disaggregation, or other
conformations induced by some product matrices. Information on principles to consider when preparing endotoxin in the
laboratory can be found below.

3. APPLICATION OF ENDOTOXIN INDICATORS

The choice of an EI should be relevant to the process being validated. Forphysical depyrogenation, such as dry heat, the
carrier materialfor the EI may be a surface such as a glass vial or appropriate coupon material with documented heating
characteristics similar to the materials being processed, and onto which a known quantity of LPS or endotoxin has been
inoculated. Forstopper washing/depyrogenation studies, stopper carriers are inoculated with known levels of LPS or endotoxin.
For raw materialsor process intermediates that are inherently contaminated with assayable levels of endotoxin activity, there
may not be a need to add LPS or endotoxin to validateendotoxin reduction in the manufacturing process, as the level of
contamination may be sufficient to accurately measure activity upstream and downstream of the depyrogenating step(s).

Forprocessesusing raw materialsor for upstream intermediates that are not contaminated with endotoxins, the use of either
the USP RSE or eSE, which are both highly purified preparations, may not reflect the actual removal or reduction potential of
the product stream depyrogenation step(s) under challenge. Forthese purposes, endotoxins harvestedfrom Gram-negative
cultures may be more suitable for depyrogenation processes typically found in biopharmaceutical product streams. The cell
wall fragments and outer membrane constituents associated with these endotoxins represent realistic challenges to process
operations such as ultrafiltration, affinity chromatography, and the use of charged media membranes or columns.

Challenge studies for LPS or endotoxin removal in process streams should be conducted at the laboratoryor pilot scale so
as not to introduce high levels of endotoxin or LPS into the actual production environment.

4. PREPARATION AND USE OF ENDOTOXIN INDICATORS

4.1 Methodology to Create a Laboratory-Prepared Endotoxin: Principles to Consider

Glass vial Els purchased from third-party vendors do not need further preparation before use. These indicatorsare labeled
with a nominal value of inoculated LPS, and the labelclaim should be confirmed upon receipt to assurethat there is sufficient
activity(endotoxin unit, or EU) available for the study.

• There is not one "best" or "standard" method for preparing endotoxin in the laboratory, but one example of a published
method for the preparation of laboratory-prepared endotoxin may be found in Bowers and Tran (2). Regardless of the
methodology for preparation, the following recommendations should be considered to properlyand consistentlyproduce,
identify, and maintain laboratory-prepared endotoxin for use as a tool for depyrogenation studies. An appropriate
Gram-negative bacterial strain from a recognized culture collection is a good choice for preparing a laboratory-derived
endotoxin. Alternatively, a Gram-negativeorganism isolatedfrom a facility, water system, raw material, or product that is
identified to the species level, that has been shown to be geneticallystable and that is properly maintained, may also be
considered. Establishing the identity and baselinegenetic fingerprint of an environmental organism will assure that
subsequent preparations are consistent.

• The laboratory should create detailed procedures or laboratorywork instructionsfor culture maintenance and endotoxin
preparation to assure consistency between batches of endotoxin. Forexample, endotoxin may be isolatedfrom a culture
of Gram-negative bacteria, according to the method of Bowers and Tran (2) or a well-documented variationof that
method. Whatever the methodology for growth and endotoxin isolation that is developed by the laboratory, the
methodology should be documented and used consistently.

• Consistent with good microbiological practice, the culture and maintenance of the cells used to produce a
laboratory-prepared endotoxin should be consistent with Microbiological Best Laboratory Practices (1117). Instructions on
1) the proper maintenance of the organism; 2) growth conditions, including any requirements to prepare media, nutrient
requirements, and time/temperature of incubation; 3) methods for cryopreservationor lyophilization for master cell banks
and working cell banks; 4) storage of the endotoxin, once prepared including concentration, vessel type, and volume;
and 5) master batch production records to assure consistency in subsequent studies should be written, managed via
change control, and followed.

o Once isolated, the relative activityof the endotoxin preparation should be established by comparing its activityto a
known LPS standard such as RSE, or a CSE that has been standardized against the RSE. Determinationof activity
involves diluting the endotoxin preparation and assaying the dilutions against an LPS standard curve such that the
result of the dilution falls within the range of the referenced standard curve. As with the CSE standard used in the
bacterial endotoxins test (BET) assayfrom Bacterial Endotoxins Test (85), the activity of the endotoxin may vary,
depending on the lot of lysateand lot of LPS used for the analysis. It is recommended, consistentwith the assignment
of potency for the CSE, that activityof an endotoxin preparation be evaluated for each lysate manufacturer, lysate
lot, and test method (gel, kineticturbidimetric, or kinetic chromogenic) in use in the laboratory.

, The activityof the stock endotoxin preparation in EU/mL is reported as:
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(Test result in EU/ml) x (dilutionfactor) = EU/ml of the starting endotoxin preparation
o Once activityhas been determined, and ifapplicable to the study design, a standard seriesof dilutionsof the newly

prepared endotoxin should demonstrate onset times that result in slope and y-intercept valuesthat are consistent
with the standard curve parameters of the RSE/CSE standard using the same lot of lysate. This demonstrates that the
activityof endotoxin preparation dilutes and reacts with the lysate in a manner that is similar to lPS.

o Characterization of the endotoxin preparation should also include data on the stabilityof the preparation, because
stabilityiscritical to the comparison of data from one study to the next. Ifthe endotoxin preparation isstored, storage
parameters includingthe concentration of the preparation in EU/ml, the composition of the vessel, the temperature
of storage, and the length of storage, should be defined.Anexpiration date should be assigned based on determined
stability.

4.2 Inoculation of Eis

To prepare an EI in house, inoculateendotoxin or lPSonto an article(carrier) that will serveas the substrate for the EI. Carriers
for Els can be anything that issubject to depyrogenation such as: vials (for dry heat depyrogenation), stoppers (for stopper
washing), stainless steel coupons (for vessel cleaning), or product (for depyrogenation of process streams). .

The simplest way to inoculate these indicators is to add a smallvolume of a highlyconcentrated solution of endotoxin or
lPS to the carrier.The volume and concentration of added endotoxin or lPS should be calculated to add at least 1000 EU to
the carrier, although higher or lowerconcentrations may be justified based on historical data on the endotoxin content of the
material. [NOTE-The remaining discussion assumes a 1000-EU inoculum, but the principles hold for any level of initial
inoculum.] Fornonliquid carriers, the endotoxin is "fixed" or dried onto the carriersubstrate. This fixing step is most easily
accomplished by drying in a unidirectional airflow cabinet or hood, although other drying methods includingvacuum drying,
lyophilization, and other fixation methods could be used. Indepyrogenation challenge studies, once a fixing method ischosen,
it should not change in subsequent studies to assure comparabilityof results. Before using the Els, a recovery procedure,
consisting of a reconstitution or extraction method, should be developed and verified for consistency (3).

Forliquidcarrierssuch as bulkproduct, the level of inoculation in EU/ml should be justified based on "worst case" challenge
for the depyrogenation step under study, meaning that the highest concentration of endotoxin that could be in the upstream
product, based on process knowledge and historical endotoxin values, should be used. Such justification should take all
contributing factors into account, including but not limitedto: Gram-negative bioburden in raw materials and bulk;endotoxin
content in raw materials includingwater, contributions by product contact surfaces; and the effect of hold times, particularly
for nonsterile bulk.

4.3 Recovery of Endotoxin from Eis

To use Els, it is necessaryto recoverand quantify the activity of the endotoxin or lPS from both unprocessed indicators
(controls) and from processed indicators(i.e., those that have been through the depyrogenation process). lPS tends to adsorb
to surfacesand may aggregate or disaggregate in some product matrices; therefore, recovery of activity from Els made with
lPS isoften not 100% of the nominalor measured spikevalue.This section addresses the methodology for recoveryand possible
strategies for addressing recoveries that may be observed in challenge testing.

Inthe case of commercially available Els prepared with lPS, the manufacturer's directionsfor extraction and recovery should
be followed. With such products, there should be littledifficulty in achieving recovery within a factor of 2 of the labeled lPS
concentration. Ifrecoveries within the specified range cannot be achieved, the manufacturer should be contacted for technical
assistance.

For Els made in-house using lPS, the composition of carriers, such as plastics, can affect recovery or result in inconsistent
recovery because of adsorption. Forthese carriers, there is no prelabeled concentration to verify. In this case, the expected
recoveryshould be based on the measure of the activity of endotoxin or lPS added to the article and the volume of extraction
fluid used to recover it. The actual (measured) activity in the extract should then be compared to the measured activity of the
endotoxin or lPS added to determine the percentage of recovery.

Forexample, consider a stock endotoxin or lPS preparation containing a measured activity of 100,000 EU/ml that is used
to prepare in-house Els. Ifa volume of 50 pl, of this preparation isdried on the surfaceof each of a number of 1O-ml vials, the
known amount of activityadded is5000 EU. Ifthe recovery/extraction is performed in 5 ml of water for BET, and the recovery
is 100%, the expected activity in the extract solution is 1000 EU/ml.

5,000 EU/vial =1000 EU/ l
5 ml extraction solution/vial m

If, however, the measured activity after extraction is 200 EU/ml as opposed to the expected 1000 EU/ml, the efficiency of
the extraction method is20%.

Recovery of endotoxin or lPSfrom nonliquidEls prepared in-housecan follow recommendations for the extraction of medical
devices in preparation for LAl testing. Medical Devices-Bacterial Endotoxin and Pyrogen Tests (161) states, "The standard
extraction method isto soak or immersethe device or flush the fluid pathway with extracting fluid that has been heated to 37
± 1.0°, keeping the extracting fluid in contact with the relevantsurface(s)for NlT 1 h." The volume used for reconstitution or
extraction should be appropriate for the material, size, and shape of the EI, recognizingthat a volumetoo lowmay not efficiently
recover the endotoxin or lPS and that excessive volumeswill unnecessarily dilute the endotoxin or lPSthat has been extracted.

Ifthe recovery of added endotoxin or lPS isvariable, an alternate extraction method may be developed and validated. This
may include agitation or mixing, sonication or alternative extraction solutions. Acombination of extraction in 0.01% sodium
laurelsulfate, sonication, and vortex mixing is one such approach that has been reported to be more effective than extraction
in water for medical devices (4-6). Other extraction methods are summarized by Bryans et al. (7) and in ANSI!MMI standard
ST72:2011 (8).
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Another situation concerns liquid endotoxin or LPS preparations that are used either to validate a depyrogenation process
in a processstream or to investigate the destruction or removalof endotoxin or LPS in a manufacturing process. In these cases,
the initial concentration of the stock liquid endotoxin or LPS solution should be measured before it is added to the system or
process. Ifsome of this preparation isadded ("spiked") to a bulk process solution that is then subject to a particular processor
treatment, the activity ofendotoxin or LPS in this bulksolution should be measured and recorded as the starting activity. It is
important to determine whether changes in the endotoxin or LPS activityof the processed solution are due to effectsof the
process and not to instability of the LPS or endotoxin in the solution. The stabilityof the activityof the LPS or endotoxin in
these preparations should be verified over a period appropriate to the proposed use of the preparation.

Aswith the spiking method (choice of endotoxin/LPS and "fixing" process), whichever reconstitution/extraction procedure
is chosen should be verified for consistencyand should be used for all subsequent studies to assure comparabilityof results.

4.4 Choice of Test Methodology for the Analysis of Els

Anyof the test methods described in (85) can be used for the analysis of processed and unprocessed Els. As with the rest of
the methodology, it is highly recommended that an assay (kineticturbidimetric, kinetic chromogenic, or gel clot assay) be
chosen during method development and used consistentlythroughout the initial study and in subsequent studies to assure
that data are comparable. The use of alternate assays is permissible, provided that they are validated to assure that they are
equivalent to or non-inferiorto the standard compendial assays.

5. ANALYSIS OF RESULTS Of DEPYROGENATION STUDIES

To evaluate the effectiveness of a depyrogenation process, the residual activitythat is recovered from processed indicators
is compared to the endotoxin or LPS activity of unprocessed controls. Typically, the log,o of the endotoxin or LPS activity
measured for the processed EI (or solution) issubtracted from the log,oof the measured endotoxin or LPS activityof unprocessed
control indicators.The result of the subtraction isthe log reduction that isattributable to the depyrogenation process. Ifthere
are multiplecontrolsand/or samples of processed material (and there usually are), the most conservative approach isto subtract
the highest log,oconcentration recoveredfrom the processed Els (or solution samples)from the lowest10glo unprocessed control
endotoxin activity. Forexample:

• The activities inthree unprocessed Els are 1286,1000, and 1532 EU/mL
• The activities in three processed Els are 0.634, 0.512, and 0.496 EU/mL
The log reduction iscalculated as:

10glo (1000) -log10 0.634 =3 - (-0.198) =3.198 log reduction

Historically, a2:3-log reduction has been required by regulatory/compliance guidance. However, depending on the process
and historical data, a 3-log reduction may be either excessive or inadequate. Forexample, for glass vials with a low or
nonmeasurable endotoxin content upon receipt, the requirement to continually and repeatedly revalidate with an acceptance
criterion of a 3-log reduction of the endotoxin spikeof> 1000 EU isexcessive. Alternatively, a fermentation process with an
endotoxin content of >107 EU/mL in the clarified culture supernatant will require more than a 3-log reduction to achieve safe
levels of endotoxin in the drug substance or drug product. Additionally, given the sensitivity of BET assays, it may not be
necessaryto spikewith 1000 EU to demonstrate a 3-log reduction. Forexample, ifthe assaysensitivity is0.005 EU/mL, one
may choose to spikewith 50 EU and demonstrate an ultimate recovery in the test articles of lessthan 0.05 EU/mL, which
calculates to greater than a 3-log reduction. Inany event, the design of experiments including an appropriate specification for
the log reduction of processed indicatorsand required test sensitivity to demonstrate the specified log reduction should be
established and justified in a preapproved protocol for the study. The total reduction, of course, may be achieved over several
steps in a purification process.Thus, the necessary reduction isoften achieved additively over the course of multiple purification
steps.
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(1229) STERILIZATION OF COMPENDIAL ARTICLES

BACKCROUND AND SCOPE

This general information chapter provides an overview of the concepts and principles involved in sterilization (by various
modes) of compendial articles that must be sterile. It includes information about supportive sterilization processes utilized in
their preparation.' More detailed recommendations are presented in specific information chapters for each sterilization
mode:

• Steam Sterilization by DirectContact (1229.1)
• Moist Heat Sterilization ofAqueous Liquids (1229.2)
• Monitoring of Bioburden (1229.3)
• Sterilizing Filtration of Liquids (1229.4)
• Biological Indicators for Sterilization (1229.5)
• LiquidPhase Sterilization (1229.6)
• Gaseous Sterilization (1229.7)
• Dry Heat Sterilization (1229.8)
• Physicochemical Integrators and Indicators for Sterilization (1229.9)
• Radiation Sterilization (1229.10)
• VaporPhase Sterilization (1229.11 )
In the strictest definition of sterility, a specimen is deemed sterile only when there is a complete absence of viable

microorganisms (bacteria, yeasts, and molds), but sterility cannot be demonstrated with respect to compendial articles and
other items because of the inherent limitations of the current test (see SterilityTests (71». Sterility, therefore, is defined in
probabilistic terms that establish an acceptable level of risk. Sterility can be accomplished only by the use of a validated
sterilization process under appropriate current good rnanufacturlnq practices and cannot be demonstrated by reliance on
sterility testing alone. The basic principles for control of sterilization processes, including method development, validation, and
ongoing assurance, are as follows:

1. Sterilization process development that includes evaluation of the stability and compatibility of materials, container
integrity, expected presterilization bioburden, equipment method control parameters, etc.

2. Identification of sterilization process parameters that preserve the inherent properties of the materials yet inactivate or
remove microorganisms..

3. Demonstration that the sterilization process and equipment are capable of operating within the prescribed parameters
and corresponding to independent measurements of the critical parameters.

4. Performance of replicate studies that represent the operational range of the equipment and employ actual or simulated
product. The use of biological indicators for correlation between the measured physical parameters and the expected
lethality is recommended wherever possible..

5. Maintenance and monitoring of the validated process during routine operation.
6. Assurance that the bioburden (number and type) of the materials is acceptable and is maintained within predetermined

limits during .routine operation.

VALIDATION OF STERILIZATION PROCESSES

Validation of sterilization processes requires knowledge of sterilization technology and use of the appropriate instrumentation
and equipment to control and verifycritical sterilization process parameters. An important aspect of the sterilization validation
program involves the use of biological indicators when appropriate. All sterilization processes should be maintained in a state
of validation that includes periodic requalification. The validation program for each type of sterilization comprises several
formally documented stages.

The general principles of validation programs are applicable to all sterilization procedures. Individual details are presented
in the specific USP informational chapters for each sterilization.mode.

The process development stage investigates and establishes the operating parameters that define the controls thatwill be
used for the sterilization process. Portions of the cycle development can be performed in a laboratory set~ing. The installation
qualification stage establishes that equipment controls and other instrumentation are installed as specified and calibrated.
Documentation should demonstrate the acceptability of the required utilities such as steam, water, and air. The operational
qualification stage confirms that the equipment functions within the defined sterilization parameters. The performance
qualificationstage of the validation program directly evaluates the sterilization of materials or articles. Thisdetermination requires
independent parameter measurement during the sterilization process, as well as biological challenges in operational
configurations. Correlation between the physical measurements and the demonstrated microbiological lethality or removal

1These processes may also provide depyrogenation, the extent of which depends on the actual sterilization conditions. (Depyrogenation by various
means will be addressed in a chapter under development.)
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capabilityfor sterilizing filtration methods supports the effectiveness of the sterilization process.The routineprocess controlstage
of the sterilization process requires a number of supportive practices and is outlined in detail below. .

ESTABLISHING AND JUSTIFYING STERILIZATION PROCESSES THAT RELY ON MICROBIAL
INACTIVATION

Articles intended to be sterile must attain a :::;1 0-6 probabilityof a nonsterile unit, l.e., lessthan or equal to one chance in one
million that viable bioburdenmicroorganisms are present. [NOTE-This is also called the Sterility Assurance Level. The term
Probabilityofa Nonsterile Unit (PNSU) is used throughout this chapter because it isdescriptiveand substantiallyeasier to
understand.] This PNSU can be accomplished by balancing the method effect on the materialsand the destruction of the
bioburden (see Figure 1). Three methods are currently in use: overkill, bioburden/biological indicator, and bioburden-based
methods. These methods are described in greater detail below. Regardless of the method chosen, the objective isa maximum
PNSU of~1 0-6 for the bioburden. Anoverkill method isthe simplestmethod to establishbut has the greatest impact on materials.
The bioburden-based method requires the most method control but subjects the materialsto the least stressful conditions.
Confidence in the process's lethality is the same, regardlessof the method utilized.

Demonstrated PNSU

I

/.
Information Needed

"---""7~r

-' Process Impact on Materials

Bioburden Bioburden I BI Overkill
Method Method Method

Figure 1. Abasic comparison of variousvalidation methods.

Foritems that are essentially unaffected by the sterilization process, the overkill method is preferred because of itssimplicity.
Overkill sterilization can be defined as a method in which the destruction of a high concentration of a resistant microorganism
supports the destruction of reasonablyanticipated bioburden present in routine processing.That objectivecan be demonstrated
by attaining any of the following: a defined minimumlethality; a defined set of method conditions; or confirmationof minimum
log reduction of a resistant biological indicator.

Ifarticles could be damaged by extended exposure to the sterilization process, it may not be feasible to employ an overkill
method. In these instances, demonstrating the effectiveness of the sterilization cycle requires not only information about the
delivered method conditions but also knowledge about resistanceand control of the population of the materials' bioburden.
Thismethod iswidely used for the terminal sterilization of heat-labilesolutions and laboratory media. This sterilization strategy
is variously called the bioburden/biological indicator or combination based method and isdefined thus:

Bioburden/biological indicator based sterilization isan approach in which the incomplete destruction (or destruction of a
modest population) of a resistant biological indicator can be used to demonstrate the capabilityof the method to reliably
destroy the bioburden present. Thisisaccomplished using detailed knowledge of the bioburden and biological indicator
populations and their relative resistance.

The bioburden-based method is used when material stability is limited or when there are no suitable biological indicator
microorganismsavailable to use with the sterilizing process. Customarily, radiation sterilization isvalidated using the bioburden
based method. The bioburden-based method can be defined as:

Amethod in which bioburden samples from the material are routinelyevaluated for resistanceto the sterilization process
and may be utilized to demonstrate the effectiveness of the process. Routine monitoring of the bioburden population and
its resistance to the sterilization process is mandatory.

Filter sterilization of liquids and gases differs from other sterilization modes because filtration relies on removal of
microorganismsfrom the fluid rather than inactivation by chemical or physical means.

D-Value and Microbial Resistance

The D-value is the time (customarily in minutes) or radiation dose (customarily in kGy) required to reduce the microbial
population by 90% or 1 log,ocycle(Le., to a surviving fraction of 111 0) and must be associatedwith the specific lethalconditions
at which it was determined (see Figure 2). Forsteam and dry heat, the D-value isa function of temperature. In gas sterilization
(ethylene oxide, C102, or 03)' D-values are a function of the chemical concentration, relative humidity, and temperature.
Similarly, for liquid chemical sterilization the D-value is a function of the temperature and sterilant concentration.
[NOTE-Determining the D-value for vapor (condensing) systems such as H202, H202 plasma, and peracetic acid is complex
because of the biphasic nature of the materials. Radiation and filtration sterilization are validated using unique methods. These
processes ar~ validated by methods that differfrom those in this introductory chapter.]
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Figure 2. Graphical representation of D-value.

The D-value is not an inherent attribute of the microbe only, so the influenceof other factors such as substrate, matrix,
recoverymedia, and test methodology must be considered in D-value determination. The resistanceof a biological indicator is
defined for the indicator as a system. Accurate assessment and comparison between D-values requiresstandardization of test
methods. To properlyevaluate the effectiveness of a sterilization process, analystsmust evaluate the resistanceof the bioburden
experimentallyor via a literature search.

The death curve for microorganisms subjected to a sterilization process is comprised of three distinct regions (see Figure 3):
1. Survivor curve region-Where viable microorganisms can be recovered and counted to determine the slope of the death

curve. Using survivor counts in short exposure periods, the first section of the death curve can be drawn to where the
population is approximately 10 CFU.

2. Fraction negative region-Where replicate studies with multiple biological indicatorsare used to estimate the slope. This
can extend the demonstrable portion of the death curve to approximately 10-2 to 10-3•

3. Estimated region-Where the death rate curve established by either the survivor curve method or fraction negative
method isextrapolated to the desired PNSU. Below 10-3 the death curve isassumed to be linearand isdepicted in Figure
3 by the dashed line beyond the point assuming that the death of microorganisms continues at the same rate.

Figure 3. Death curve showing the various regions.

As stated earlier, the goal of the sterilization process is inactivationof the bioburden without adversely affecting product
quality attributes. Demonstration of the lethality of a sterilization process under routine operation relies on differences in the
relative resistanceand population of the bioburden relative to the biological indicator (see Figure 4). Where the overkill method
is used, bioburden controls can be lessrigorous.
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Figure 4. Relative resistance and population of typical biological indicator and bioburden microorganisms.

Validation of sterilization processes links physical measurements with biological indicator performance to establish method
lethality.[NoTE-In radiationsterilization bioburden responseislinked to physical irradiation dosage measurements.] Knowledge
of the method's effectiveness coupled with bioburden controlson the materialsunder processingand informationon bioburden
resistance allow determination of the probabilityof a nonsterile unit.

Analysts must know the resistanceof the biological indicatorto the process in order to ensure that the organism's response
to the process is properly understood. Equally important isan understanding of the bioburden present during routine use of
the sterilization process and its possible resistanceto the chosen process.

Biological and Physical Data

The biological indicator, when used, isa convenient means to simplify the sterilization validationeffort. Biological indicators
customarilyare bacterialspores that have established resistance to the sterilization process under evaluation.When supplied as
spores (on a substrate or as a suspension) with known initial population and resistance, their response to the method can be
correlated to the measured physical conditions. Spores are preferable as biological indicators because their resistanceand
population are predictable and stable when they are handled, stored, and used as recommended.

The spores can be placed in the sterilization load in locationswhere physical parameter measurements such as temperature
or gas concentration cannot be easily obtained (e.g., within needle lumens, syringes,and ampuls) or where measurement may
alter the delivered conditions (e.g., sampling of the lethalgas). The biological indicator providesa means to directlyassessthe
sterilizing effect of the method in a manner not possible by physical measurements. The lethality-based physical measurement
and biological inactivation data from a sterilization processshould be in reasonable agreement. When this is not the case, an
investigation should be considered.

STERILIZATION INDICATORS AND INTEGRATORS

The execution of sterilization processes can be supported by physical and chemical indicators and integrators that provide
an indication that processing is completed. These are available in many different forms for use in conjunction with many
common sterilization processes.

Sterilization indicators respond to sterilization process parameters in a nonquantitative fashion; i.e., they show passing or
failing results.They are useful in an operating environment as a means to identify whether an item has been exposed to a
sterilization process. They are of minimal use in directly establishing process efficacy. Sterilization integrators are more
sophisticated devicesthat react quantitativelyin response to one or more of the critical sterilization parameters and yielda result
that can be correlated to lethality. The most sophisticated integrators are radiation dosimeters that are so accurate and robust
that their use has displaced the use of biological indicatorsfor the validation of radiation sterilization. Additional detail about
integrators and indicators can be found in Physicochemical Integrators and Indicators for Sterilization <, 229.9).

STERILIZATION PROCESS DEVELOPMENT

An important consideration in any sterilization activity is the selection of an appropriate process from the many possible
alternatives: steam, dry heat, gas, radiation, vapor, chemical, or filtration. The choice of the appropriate method for a given
item requires knowledge of the sterilization process and information concerning effects of the process on the material being
sterilized. The selection of a particularsterilizing treatment and the details of its execution often represent a compromise
between the conditions required to destroy or remove the bioburden to the desired level and the impact of the sterilization
process on the materials being processed. Sterilization processes should be sufficiently robust for certainty of microbial
inactivation while avoiding adverse consequences to material quality attributes. .

The overkill method employsconditions that are capable of destroying a high concentration of a resistantbiological indicator
and thus are a greater challenge to material integrity and stability. Overkill is employed only where the items being sterilized
can withstand extended exposure to the sterilizing process and is used most commonly for metal, glass, and other items that
are unaffected by process exposure. Its use isalways preferable where materials can tolerate the more aggressive conditions
utilized.
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The half-cycle validation method isa specialcase of the overkill method in which a lethal cycle to the biological indicator is
arbitrarily doubled. Its use unnecessarily exposes materials to harsh conditions, and it should be avoided.

Bioburden/biological indicator (or combination) methods are appropriate when the product has some sensitivity to the
sterilizing conditions. Analysts commonly use it for large- and small-volume parenterals, in-process solutions, and laboratory
media for which the material properties would be impaired by a lengthy exposure to the sterilizing conditions. The proper use
of the method requires control over the presterilization bioburden levels and confidence that the bioburden's resistance issuch
that it will be destroyed during processing.The complete destruction of or the use of a high population of the bioburden/
biological indicator isnot necessaryfor useofthis method because it relies on differences inthe relative resistanceand population
of the biological indicator and bioburden microorganisms.

The bioburden method bases the sterilization duration solelyon the expected population and resistanceof the bioburden
on the materials. This is the method of choice for all radiation sterilization. It relies on periodicbioburden monitoring and
resistancescreening to establishconfidence in the method. The bioburden method does not requireuseofa biological indicator.

Filtration is used for liquids and gases that either will not withstand heat, radiation, or chemicalsterilization processes or are
more convenientlysterilized in-line.

ROUTINE PROCESS CONTROL

Aftera sterilization process has been initially validated, it must be maintained in that state to ensure continued acceptable
operation. This is accomplished by a number of related activities that are essential for continued use of the method.

Calibration-Equipment instrumentation must be periodically calibrated against a traceable standard. This includes
recording as well as controlling instruments that regulate the operation of the equipment.
Physical Measurements-Data reported by the equipment sensors and recorders must be verified after the completion of
each sterilization cycle.The recordsfrom the sterilization equipment are an essential part of the documentation.
Physical Integrators/Indicators-When they are used, integrators, and to a lesserextent indicators, provide an immediate
indication of method execution and differentiate between processed and unprocessed materials. When these integrators
provide a direct indication of method lethality (e.g., radiation dosimeters), they can be used for material release.
Parametric Release-The releaseof finished products without sterility testing isaddressed in Terminally Sterilized
Pharmaceutical Products-Parametric Release (1222).
Additional Considerations-Depending on the specifics of the particular sterilization process, there may be additional
requirements for confirming method efficacy. These can include bioburden sampling, bioburden resistance
determination, biological indicator resistancedetermination, and supplier audits. As applicable, these activities should be
carried out to maintain the sterilization process in a validated state.
Change Control-To maintain a validated state, materials, procedures, and equipment that influence the sterilization
processshould be monitored to ensure that allchanges are recorded and evaluated in terms of their potential impact. To
accomplish this, analysts must establisha formalized system for change control.
Preventive Maintenance-The usershould establish a defined preventive maintenance programfor each piece of sterilizing
equipment in accordance with the equipment manufacturer's written recommendation. Preventive maintenance
represents a special classof predefined changes that have no adverse effects on the operation of the system and thus do
not require evaluation under change control,
Periodic Reassessment-In the absence of change to the materials, method, or equipment, the effectiveness of sterilizatiqn
processesshould be reconfirmed on a periodic basis. This system should be formalized and should address the potential
impact of a number of de minimuschanges or undetected changes to the validated system. In the absence of change,
the amount of information required to support a sterilization process is lessthan that requiredfor initial acceptance of
the sterilization process.
Training-Sterilization processes relyheavily on scientific principlesfor the effective destruction of microorganisms.
Scientists and engineers well-grounded in the principles of microbial death and removal develop processes to ensure
effective sterilization. Individuals involved in the development of sterilization processes requirea background in
microbiology, physics, chemistry, and engineering, and they must be familiar with good manufactoring principles and
regulations.Sterilization isan interdisciplinary activity where the combined knowledgeofa group of individuals isgenerally
required for the establishment of a reliable process. Inaddition to the sterilization processdevelopment team, individuals
responsiblefor maintenance and operation of sterilization processes must also be trained appropriately to ensure that
their actions contribute to success.These individuals are often the first to identifyupsets and shifts in process performance
because oftheir intimate involvementwith it. Effective training programs should be establishedand documented. Training
programs should emphasize sterilization principles, adherence to established processesand procedures, and the
importance of documenting deviationsfrom normal operations.
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(1229.1> STEAM STERILIZATION BY DIRECT CONTACT

SCOPE AND BACKGROUND

Steam sterilization is perhaps the most common of all sterilization processes. It is used in settings ranging from practitioner
offices to large-scale manufacturing facilities. The diversity of practices that use steam sterilization is reflected in the range and
sophistication of the equipment used. This general information chapter addresses sterilization in which saturated steam comes
into direct contact with the load items (whether wrapped or unwrapped) and providesan overviewof the basicconcepts of
this mode of sterilization, including lts'validation. The load items in this sterilization process are variously termed parts,
components,hard goods, wrapped goods, or porous goods. These items may be metallic, glass, ceramic, elastomeric, or
polymericmaterialsthat have littleor no sensitivity to thermal degradation at the sterilizing temperatures. Forsteam sterilization
by direct contact, it is customary to sterilize items using an overkill method.

Sterilization of liquid-filled containers may be substantiallydifferent. Moist HeatSterilization of Aqueous Liquids (1229.2)
provides information about applications in which steam isa heating medium but is not in contact with the sterilization target,
the liquid in the container.

SATURATED STEAM

Saturated steam isa biphasic mixtureof H20 in gas and liquid phases in thermal equilibrium. Saturated steam has a singular
temperature-pressure relationship in which both phases are present, and at a given temperature only one pressure is possible
for saturation. The importance of using saturated steam for sterilization arises primarily from two attributes. First, saturated
steam rapidly kills microorganisms because of the presence of liquidwater. Steam heated above saturation, also termed
superheated steam, lacks liquidwater, and although it ishigher in temperature than saturated steam it issubstantiallylesslethal
to microbes. Second, when steam changes phase from gas to liquid, it releasesthermal energy (2202 kJ/kg at 121°) that is
transferred to the load items, facilitating sterilization of their exposed surfaces.

The initial objective for saturated steam sterilization is that the air in the sterilizing chamber must be replaced by saturated
steam. Residual air within the sterilizer chamber and load items acts as both an insulatorand an obstacle to steam penetration
to allsurfacesof the load items, and its removal isessentialfor effective sterilization. The presence of residual air in the chamber
negates the singular temperature-pressure relationship of saturated steam. Inthe absence of saturation, physical measurements
may not provide assurance of lethality.

GRAVITY DISPl.ACEMENT CYCLES

Inthe simplest autoclave cycles, air removal isaccomplished by gravitydisplacement. Because steam ishotter and lessdense
than air, it rises to the top of the autoclave, and the colder air exits at the bottom of the chamber. Saturated steam entering
the chamber changes into liquidcondensate as it contacts the colder surfacesof the autoclave chamber and load items.
Retention of condensate within the load reduces cycleeffectiveness because it is a barrier to steam contact, and additional
steam is needed to maintain the saturated steam at the sterilizing temperature. The load items, wrapping materials, and load
arrangement should be designed to facilitate air removal and condensate drainage. In gravitydisplacement cycles, the load
slowly reaches the desired sterilizing temperature because air removal is relatively slowcompared to cycles in which its removal
is mechanicallyassisted. During the exposure segment of the cycle, a thermostatic trap at the bottom of the chamber drain
allows the removal of condensate (and any residual air) from the sterilizer while maintaining sterilizing conditions. At the
conclusion of the dwell period, the chamber is returned to atmospheric pressure. .

PREVACUUM CYCLES

To remove air more effectively from the chamber and the load items, sterilizers may employ multiple evacuation/pressure
pulses in which air is replaced by steam. The number and depth of these pulses may vary. Because the alternating vacuum and
pressure pulses may stress wrapping materials, the latter must be chosen carefully. The operation of the sterilizer during the
exposure segment is similarto that of the gravitydisplacement cycle previously described. The vacuum system can be used at
the end of the process to remove residual steam and condensate from the load items. The selection of a specific cycleand its
associated sterilization parameters for a given item depends on a number of factors, including the heat lability of the material,
heat penetration into the article, the item's mass, difficulties with air/condensate removal, and other factors described in the
validation program (see below).' '
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STERILIZATION CYCLE CONTROL
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Sterilizers are controlled by computerized/automated systems that manage the overall process execution and data reporting.
The systems for steam sterilization may be controlled by calibrated temperature and/or pressure sensors on the equipment.
During the exposure portions of the cycle, a minimum dwell time at a predefined temperature is required to ensure the method
lethality target (minimum time-temperature or Fa) is met. Cycleefficacyfor steam sterilization often is measured using Fa, which
is defined as the equivalent exposure time at 121°. Fa is a means for quantifying steam sterilization effectiveness by determining
the equivalent sterilization time in minutes relative to a base temperature of 121° and a z-value of 10°; z-value is defined as the
number of degrees of temperature change necessary to change the D-value by a factor of 10. The Fa method is used to evaluate
sterilization processes operated at varying temperature conditions to a single standard.

The process lethality at temperatures other than 121° can be calculated to determine lethality equivalent to that provided
at 121°. Moist heat sterilization process efficacy is not intrinsically linked to a target temperature of 1210, which is simply the
Celsius conversion of 250°F, and other temperatures can be used. Sterilizercontrol systems for direct sterilization typically
provide a minimum time at a defined set point temperature after the initial air/condensate removal. Steam sterilizers are
controlled using temperature sensors located in the drain line before the thermostatic trap, although other control schemes
may be used. The temperature at this location typically is recorded for permanent documentation of sterilizing conditions. In
sterilization by direct contact, exceeding the minimum time-temperature requirements or Fa is acceptable because of minimal
adverse consequences to the materials being sterilized.

Total lethality can be calculated over the course of the process. For the specific reference temperature of 121° and a z-value
of 10°, the total accumulated Fa can be determined by the following equation:

F. = ~210(T -121)dt=,lf210[T -121]L1t
o ~1 10 LJt1 10

where
t, =start time
t2 =end time
T = temperature

Summing the instantaneous lethality contributions over the entire sterilization process allows the calculation of the overall
process lethality or Fa delivered. The Fa calculation should begin at 100° and should continue through the end of the dwell
period provided that saturated steam conditions are maintained.

VALIDATION OF STERILIZATION BY DIRECT CONTACT

The predominant approach for steam sterilization by direct contact isthe overkillmethod defined in Sterilization ofCompendial
Articles (1229). Overkill sterilization is a method in which the destruction of a high concentration of a resistant microorganism
is correlated with the destruction of reasonably anticipated bioburden present during routine processing. That objective can
be demonstrated by attaining any of the following: a defined minimum lethality (Fa), a defined set of physical conditions, or
confirmation of a minimum log reduction of a resistant biological indicator.

The validation requirements for the overkill method are less onerous than those for other methods such as those based on
bioburden or bioburden/biological indicators. When the load items can withstand substantial heat without adverse
consequence, overkill is the method of choice for steam sterilization because of its ease of execution, reduced considerations
for bioburden control, and overall simplicity.

Equipment Qualification

Equipment qualification is a predefined program that examines the equipment to confirm that it has been properly installed
and operates as intended before the sterilization process. Equipment qualification can be separated into installation qualification
and operational qualification, or can be considered joint installation and operational qualification. The qualification effort
provides a baseline for the sterilizer's preventive maintenance and change control.

Empty Chamber Temperature Distribution

A common procedure to evaluate steam sterilizer installation is the evaluation of the empty chamber's performance. Each
air removal method used in the sterilizer is evaluated by temperature measurement near the corners of the sterilizer chamber,
near the controlling probe, and other locations as appropriate. The distribution of temperatures in the empty chamber should
be determined only by sensors located in the chamber, and the temperatures of the chamber drain or outside the chamber
proper are not directly relevant in this validation activity. Differences in the cycle dwell period can be ignored because only the
shortest dwell period for each air removal method must be evaluated. The acceptance criteria for this test varywith the sterilizer's
capabilities and customary use. Biological indicators are not required in the evaluation of empty chamber temperature
distribution.
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Items that are steam sterilized can be quite complex and may have interior void volumes, obscured surfaces, crevices, and
difficult-to-reach product contact surfaces that must be sterilized. The ability of saturated steam to penetrate the wrapping
materialsor containers and to reach the surfaces should be established for each item. Althoughthis is relatively easy for simple
items such as spatulas, beakers, and other simple geometric shapes, it can be substantially more difficult for filling assemblies,
filter housings, tubing, and hoses. Analysts should conduct studies to determine cold spots in items to ensure that heat
penetration takes place throughout the load items using thermocouples in contact with the item's surface.These studies can
be performed in a laboratory setting and need not be repeated when the same item issterilized in multiple autoclaves. During
this evaluation, all load items should be wrapped and oriented in a manner that facilitates steam ingressand air and condensate
removal. Items must be wrapped and oriented in an essentially identical manner for reproduciblesterilization.

load Mapping

The determination of loading patterns isan essential practice for terminal sterilization of aqueous liquids by moist heat (see
Moist Heat Sterilization ofAqueous Liquids (1229.2», but this practice is not a critical concern regarding direct sterilization of
items because differences between components playa greater role than location within the load.' Loads for direct steam
sterilization can be validated using a maximum and minimum load as determined by either the number of each item or their
mass. Bestpractices include placing larger itemson the lowershelves, allowinqcondensate from these items to exit the sterilizer
with minimal contact with other load items.

Biological Indicators

The commonly used biological indicator for steam sterilization by direct contact contains spores of Geobacillus
stearothermophilus (ATCC 12980 or ATCC 7953), a thermophilic microorganism with a moist heat resistance substantially
greater than that of most vegetative microorganisms. The spore challenge can be placed on a substrate within or on a load
item, or the challenge can be a load item that is inoculated with a spore suspension. When biological indicators are used
according to the manufacturer's directions, the resistance information provided by the vendor can be used. End users must
determine the population and resistanceof inoculated items they prepare.

Heat Penetration and Microbiological Challenge

The goal of the validation activity is the confirmationof acceptable heat penetration using temperature measurements and
biological indicator challenges. Customarily this study is performed under conditions where the exposure time and/or
temperature are reduced slightly from the routine set points. Thermocouples and biological indicators should be placed with
load items at the locations determined to be most difficult to heat during component mapping. Thermocouples should be in
contact with the item's surface.Analysts must take care in the insertion of thermocouples and biological indicators so they do
not alter the abilityof the steam to enter the objects being challenged. Thisdifficulty can be overcome with specialfittings for
thermocouple entry or by placement of temperature probes in units placed near the units that contain biological indicators. In
the latter case, replicate studies provide proof of cycleefficacy when both the biological indicators are killed and the physical
measurements correspond to the expected time-temperature values or Fa. Ifthe microbial and physical measurements do not
meet predefined acceptance criteria, an investigation is required and corrective action is necessaryto rectify the discrepancy.

Routine Process Control

As with all sterilization processes, after validation, steam sterilization must be subject to formal controls that maintain it in a
validated state over time. Sterilization ofCompendial Articles (1229) outlines the general requirementsfor allsterilization processes
including training, calibration, physical measurements, physical integrators or indicators, ongoing method control, change
control, preventive maintenance, and periodic reassessment.
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(1229.2) MOIST HEAT STERILIZATION OF AQUEOUS LIQUIDS

INTRODUCTION

Steam sterilization of aqueous liquids (including both suspensions and emulsionswith mixing), also known as sterilization of
nonporous loads, is the method of choice for aqueous parenteral products, in-processaqueous liquids, laboratory media, and
biological waste materials.This type of sterilization isaccomplished primarily in closed containers. Duringsteam sterilization by
direct contact (alsocalled steam sterilization of parts, hard goods, or porous items) the steam in the chamber directlycontacts
the surface of load items to effect sterilization (see Steam Sterilization by Direct Contact (1229.1»). In contrast, sterilization of
liquids in containers is accomplished by application of heat to the container, heating of the container wall, and ultimately
heating of the internal liquid volume. This can be accomplished using steam, superheated water, and air in various
combinations. Some aqueous liquids are susceptible to over-processing that could render them unfitfor their intended use.
Manufacturers should consider the influence of these differences when they establish a suitable process.

During the sterilization of liquid-filled containers, differential pressures between the interiorof the containers and the
sterilization chamber may potentially impact container integrity. Air over-pressure is used to minimize the pressure differential
between the container and the sterilizer to protect the integrity of the container, especially prefilled syringesand plastic
containers. Before sterilization of product containers, manufacturers should consider the potential adverse consequences of
excess heat on the materials. In order to ensure sterility as well as functionality, the process definition and validation method
used must incorporate both lower and upper temperature and time limits on the process conditions.

When the overkill method can be used for sterilization of sealed liquidcontainers, it isthe preferred method and isdescribed
in Steam Sterilization by Direct Contact (1229.1). When product quality attributes can be impaired by excessive heat, the
sterilization processshould use lesstime or a lowertemperature to minimizethe adverse effect on the materials. Sterilization
time-temperature or Fa conditions (Fa isdefined as the equivalent sterilization time relative to a base temperature of 121°)
include both lower (sterility-related) and upper (stability-related) limits.' Manufacturerscommonly employ the bioburden/
biological indicator (BB/BI) or bioburden methods when constraints on the material's ability to withstand the process require
the use of lessaggressive conditions. This approach requires appropriate controls on presterilization bioburden and/or
product-related D-values in conjunction with bioindicators of lower spore count or resistanceto ensure sterilization.

Terminal Sterilization of Products

The maintenance of product attributes may require the use of sterilizing conditions that are lessaggressiveand sterilization
equipment, cycles, and validation methods adapted to these more restricted circumstances.The substantial variations in
equipment designs and methods for terminalsterilization preclude a singulardescription of a typicalcycle. All terminalsterilizers
heat the load, but they accomplish this in varying ways:saturated steam; steam-air mixtures, steam-air-water mixtures, and
superheated water. Air over-pressurefor maintenance of container integrity and cooling containers and water for heating/
cooling of the load may be present depending upon the autoclave size, throughput expectations, and container.

In-Process Fluids

In-process fluids are usedfor pHadjustment, dilutionto a specifiedvolume, lubrication, and other purposes. Inmany instances
these liquids are sterilized in conjunction with itemsthat must be sterilizedby direct steam contact, and the sterilization process
must ensure that all items are adequately sterilized.

laboratory Media

Laboratorymedia often are sterilized in standard steam autoclaves with minor adaptations. Provision for slow exhaust (to
reduce stresson container integrityand minimize boilover)and jacket cooling can help improvethe basicsteam sterilizer design
and operation to better accommodate the materials. The sterilization process may be specific for media containers or a
combination of both liquid-filled containers and hard goods. This process may resemble the methods used for terminally
sterilized products (seeabove). Thesterilization of laboratorymedia may entail the processingofa number ofdifferentcontainers
that contain different materials. Manufacturers should be aware of the potential for under- and over-processing acrossthe load
and must consider container size, container contents, and position. When liquid-filled containers are combined in the same
load with hard goods, manufacturers must consider the unique concerns of each to ensure all items are properlysterilized.
Because laboratory media are considered self-indicating with respect to sterility, the use of internal biological indicatorsduring
validation is not required.

Biowaste Sterilization

The sterilization of biowaste in sealed containersfrom laboratory or production use issimilar to parts sterilization. The process
isdefined to ensure a minimum time-temperature exposure or attainment of a specified Fa value throughout all items of the
load. Depending on the potential contaminants present, the autoclave design may incorporate condensate collection/
sterilization or sterilizable exhaust filters to ensure that pathogens are adequately contained. Because the objectiveof biowaste

1 Degradation kinetics may differfrom those of microbial kill, and Fo values may not be sufficient to fully evaluate "worst case" effects.
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sterilization is to render the materials safe for contact and disposal, the overkill method described in Steam Sterilization by Direct
Contact(1229.1) is employed.

BIOBURDEN/BIOLOGICAL INDICATOR METHOD

Application of the BB/BI method requires a thorough understanding of the bioburden type, population, and resistance
typically present in the presterilized product-filled container. The method relies on substantial differences between moist heat
resistance and the population of the bioburden present and the biological indicator used during validation (Figure 1).
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Table 1. Examples of PNSU Calculation

log Nu =-FlO + log No [1]
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Figure 1. Relative resistance and population of typical bioburden and biological indicator microorganisms.

BB/BI is a method in which the incomplete destruction (or destruction of a modest population) of a resistant biological
indicator can be used to demonstrate the capability of the process to reliably destroy any bioburden. This is accomplished using
detailed knowledge of the BB and BI populations and their relative resistance.

Typical BB microorganisms have only minimal resistance in comparison to Bls, and this can be confirmed by heat screening
of BB isolates. The BB population is controlled by filtration steps for the fluid, process time limits, environmental controls,
gowning systems, and other means. The conventional Bls for terminal sterilization using the BB/BI method are Clostridium
sporogenes ATCC 7955 and Bacillus subtilisATCC 5230, although other strains can be used. The use of Geobacillus
stearothermophilus for terminal sterilization is uncommon with the BB/BI method because the organism's strong resistance to
moist heat makes it poorly suited for this application.

Confirmation of an acceptable probability of a nonsterile unit (PNSU) can be accomplished using physical measurements
and BI response (which define the lethality of the process) in conjunction with processing limits for the BB population and
resistance (which define the Noand D-value). D-value is the time (customarily in minutes) required to reduce the microbial
population by 90% or 1 log10cycle (l.e., to a surviving fraction of 111 0) and must be associated with the specific lethal conditions
at which it was determined. For example, D121 is the D-value at 121°. Articles intended to be sterile must attain a sl 0-6 PNSU,
i.e., lessthan or equal to 1 chance in 1 million that viable bioburden microorganisms are present. The PNSU can be determined
from Equation 1.

Nu = PNSU
0= D-value of the natural bioburden
Fo= Fo-value of the process (lethality)

No =bioburden population per container
The following example indicates the resulting PNSU under the defined conditions of validation and routine operation (Table

1).

Validation Routine Usage

Fo= 8.0 min Fo=8.0 min

Dl2l of 81 =0.5 min Dl2l of bioburden =0.005 min

Noof BI=106 Noof bioburden =100 (or 102 )

PNSUfor BI=10-10 PNSUfor BB=10-1598
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Determiningthe resistanceof the bioburden isaccomplished using a heat-screening processduring which a pure culture (a
laboratory culture containing a single species of organism spores with minimal vegetative cells) is boiled at 100° for various
periods. Ifthe bioburden microorganism is viableafter exposure, its resistanceat 121° can be estimated for use in the PNSU
calculation (Table2).

Table 2. D121 Estimation from Boil Test Results

Exposure Time Approximate Om-value

1 min 0.01 min

10 min 0.1 min

20 min 0.2 min

100 min 1.0min

Bioburden Method

In most respects the BB method is similar to the BB/BI indicator method. The difference lies in the isolation and
characterizationof the most-resistantbioburden microorganism.The worst-case isolateis used as the biological indicator in the
evaluation of the process. Foruse in this manner, it must be cultured to produce a suitable challenge population. When this
method is used, the bioburden of each process cycle must be closely controlled with respect to population and must be
monitored for resistance.

Sterilization Cycle Control

Process equipment for terminal sterilization typically iscontrolled by calibrated and pressure sensors in/on the chamber/
equipment. During the exposure portions of the cycle, attainment of a minimum dwell time at a predefined temperature is
used to support process lethality. Cycle lethality for terminal sterilization customarilyis measured using Fa, which isdefined as
an actual exposure time at a variable process temperature that is equivalent to an exposure at 121° based on an ideal
microorganism with a z-value of 10°. Thiscan include lethalitydeliveredduring the heat-up and cooling phases of the
sterilization process. A z-value isdefined as the number of degrees of temperature change necessaryto change the D-value
by a factor of 10. The Fa approach is used to evaluate to a single standard sterilization processes that are operated at varying
temperature conditions. The process lethalityat temperatures other than 121° can be calculated to determine lethality
equivalent to that provided at 121°. Sterilizer control systemsfor terminal sterilization deliverconditions within a predefined
time-temperature or Fa range to avoid over-processing.

Simplemathematics can be used to calculate the total lethalityover the course of the process. Forthe specific reference
temperature of 121° and a z-value of 10.0°, the Fa calculation can be determined by Equation 2:

Fa= f'10(T-121)dt=±10(T-121)l1t [2]
" 10 " 10

t = time
T= temperature

Summing the instantaneous lethalitycontributions over the entire sterilization process allows the calculationof the overall
process lethality or Fa deliveredover the course of the entire process at varying conditions.

Validation of liquid-Filled Container Sterilization

As previously noted, the preferredmethod for steam sterilization isthe overkill method asdefined inSterilization ofCompendia!
Articles (1229) and Steam Sterilization by DirectContact(1229.1). However, when the processed materials are susceptible to
damage by moist heat at the overkill conditions, the BB/BI method isbetter suited because it resultsin reduced heat input while
affordingthe same degree of processefficacy but with differentcontrols.Asnoted above, terminalsterilization processesrequire
greater consideration of the effectsof the treatment on material properties. This has implications for many of the elements of
the qualification and validation exercisesas indicated below. The validation requirements for the BB/BI and BB methods are
more rigorous than those associated with the overkill method. Although the overkill method can be confidently used without
detailed considerationof the presterilization bioburden, application of the BB/BI and BB methods requirecontinued monitoring
and control of the bioburden, specifically the population and resistance. Thisisaccomplished by testing of filled containers just
before sterilization and measuring the number of colony-forming units per container and confirming the absence of resistant
BB isolates. When resistant isolates are found, their thermal resistance in the fluid should be determined.

EFFECT OF THE STERILIZATION PROCESS

A preliminary determination of the liquidand the container-closure system's ability to withstand the expected sterilizing
conditions should be made during product development. This can be accomplished by sterilization at conditions slightly in
excess of the maximum expected and evaluating the effect on the material. The evaluationshould encompass the essential
qualityattributes with attention focused on knownand potential new impurities.Appearanceand other physical propertiesalso
should be evaluated as a part of this effort.
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Equipment qualification is a predefined program that confirms the equipment has been properly installed and that it operates
as intended. Qualification of the sterilizing equipment provides a baseline for preventive maintenance and change control for
the sterilizer. The sterilization equipment may require qualification of air, water, utility, and other systems that impact the
sterilization equipment's performance.

EMPTY CHAMBER TEMPERATUR~ DISTRIBUTION

The dual considerations of sterility and stability commonly associatedwith sterilization of liquids require that equal attention
be paid to potential under- and over-processing of the load. For this reason the temperature gradient across the sterilizer may
require substantially tighter control than that expected in sterilization by direct contact. The objective is to minimize the time­
temperature or Fo differences across the load.throughout the process. Biological indicators are not required in the evaluation
of empty chamber temperature distribution.

BIOLOGICAL INDICATORS

The selection of a BI must be considered carefully because of the balance that must be maintained between attaining
sterilization and maintaining the sterilized material's essential quality attributes. The biological challenge is either directly
inoculated into a liquid-filled container or is introduced via self-contained units provided there is adequate correlation between
their resistance and the resistance that would occur in the process fluid. The liquid can be either the product or a surrogate
fluid. The resistance of the indicator in the product (and surrogate fluid, where used) must be known. The surrogate's physical
properties should approximate those of the product. Inhere are surfaceswithin the container that are not presterilized,
biological challenge of those surfaces may be required.

LIQUID D-VALUE DETERMINATION

Determination of the thermal resistance(D-value and z-value) for the biological indicator in the liquid is required. This must
be performed in a Biological Indicator Evaluation Resistometer (BIER) in replicate. The thermal resistance of each BI lot in the
liquid should be determined. When a surrogate liquid is used for convenience (e.g., a master solution approach) or because of
microbial inhibition of the BI by the liquid, the thermal resistance in the surrogate must be determined.

CONTAINER MAPPING

Liquid-fill containers with volumes greater than or equal to 100 mL should be mapped to determine internal cold spots. The
mapping should be performed with product containers oriented as they would be within the load. The temperature probes
should be introduced into the containers using methods that maintain container integrity. Internal supports (of minimally
heat-conductive materials) may be required to ensure proper positioning of the probe within the container. After these locations
are determined, they are used as either monitoring locations or are correlated to external conditions on the container during
validation and routine processing. Smaller containers (lessthan 100 mL) have fewer discernable cold spots, the importance of
which is reduced ascontainer sizedecreases. Smaller containers (lessthan 100 mL) can be monitored with temperature probes
secured to their exterior. The "cold spot" should be considered a "region" and not a single point in the container.

LOAD POSITIONING AND MAPPING

A fixed loading position within the sterilizer may be necessaryfor proper sterilization to ensure uniformity of heating and
cooling in routine use. Once the load is positioned properly, its size can vary within a defined range. Load-mapping studies
should be performed to determine the coldest and hottest locations within the load. These locations may not be specific
individual containers but rather regions. This ensuresthat the containers are neither under- nor over-processed in routine
operation of the sterilizer. Validation of variable-size load patterns isaccomplished using a bracketing approach for which success
with maximum and minimum loads (avoiding both under- and over-processing) establishes the acceptability of
intermediate-size loads. However, evaluation of intermediate load sizes may be beneficial. In product sterilization, only a
single-size container with a single product lot is processed concurrently.

HEAT PENETRATION AND MICROBIOLOGICAL CHALLENGE

The core of the validation activity is confirmation of acceptable heat penetration using temperature measurements and
microbialchallenge inactivation. Temperature probes and biological indicators are placed within the load at worst-case locations
(e.g., the coldest portions of the loaded chamber). Introduction of the thermocouples must not alter the integrity of the
container. Biological challenges are placed in containers adjacent to those that contain heat penetration probes (or the same
unit with external temperature measurement).

Proof of cycle efficacy is provided by replicate studies in which the Bls perform as expected and the physical measurements
correspond to the expected values of time and temperature or Fo• If the microbial and physical measurements do not correlate,
an investigation is in order, and corrective action must be taken to rectify the discrepancy. Samplesfrom the hottest regions of
the load are used for evaluation of material stability and quality. .
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PRODUCT QUALITY AND STABILITY EVALUATION
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Manufacturers must conduct ongoing evaluation of the product's ability to withstand the routinesterilizing conditions.The
evaluation should encompassthe essential qualityattributeswithattention focusedon known and potentialnew impurities and
those materials that receive the most heat input. Manufacturers alsoshould evaluateappearance, other physical properties,and
container-closure integrity asa part of this effort. Formicrobiological media, the ability of the media to meet growth promotion
and other requirementsis requiredas indicated in the appropriate test chapter(s) (e.g., Microbiological Examination of Nonsterile
Products: MicrobialEnumeration Tests (61), Microbiological Examination ofNonsterile Products: Tests for Specified Microorganisms
(62), and SterilityTests (71 ».

Routine Process Control

All sterilization processes should be subject to formalized practices that maintain them in a controlledstate. The practices
outlined in Sterilization of Compendial Articles (1229) includethe general requirements appropriate for allsterilization systems.
This isaccomplished by a number of related practices that are essential for continued use of the process over an extended
period of time. The practices include: calibrartion, physical measurements, physicochemical integrators, indicatorsfor
sterilization, monitoringof bioburden, ongoing processcontrol, change control, preventive maintenance, periodic
reassessment, and training.

The use of parametric release iscommon in the terminalsterilization of finished product containers.This subject is
addressed in Terminally Sterilized Pharmaceutical Products-Parametric Release (1222).
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(1229.3) MONITORING OF BIOBURDEN

INTRODUCTION

Monitoring of in-process bioburden of pharmaceutical components and products isan essential element of the overall
contamination-control programfor appropriate sterilization processcontrol. Bioburden monitoringshouldbe designed for the
recovery ofa broad range of microorganisms that are likely to be present in the materialbeing processed. Sterilization processes
are implemented in order to eliminate bioburden in materials and the products, ensuring both adequate processcontrol and
end-user safety. .

Bioburden isa potential risk to the patient not only because the sterilization processmight not be completelyeffective, but
also post-processing becauseof the possible presenceof residual materials such as allergens, endotoxins,and exotoxins.It may
also have adverse impact on product qualityand stability. Therefore, although bioburden may be confidently killed by
destructivesterilization processes or removed by retentiveprocesses (filtration), as summarized in the ensuing sections, its
proliferation before sterilization should be avoided. Process controlsand cleaning, sanitization, and disinfection programs
provideactivemeans for the controlof bioburden populationand support the sampling,enumeration, and characterization of
bioburden necessary to assure that sterilization processes are effective.

Destructive Processes

Destructive sterilization processes, e.g., moist and dry heat sterilization, are developed and validatedto kill microorganisms.
It is critically important to the qualitycontrol aspects of the sterilization program to fully understand the bioburden. The
microorganisms that are most resistant to widely used destructive processes are spores of certain Gram-positive bacteria(note
that moldsporesare less resistantto these destructiveprocesses than are bacterialspores).Asa resultof the resistance properties
of these organisms, some speciesare commonly used as biological indicators for the evaluation of sterilization process
performance. In their vegetativestate, microorganisms that form spores do not exhibit extraordinary resistance to sterilization
processes.

Processes that rely on ionizing radiation are an exception to typical resistance profiles because some non-spore-forming
microorganisms exhibithigher resistance than do sporeformers. Bioburden withinmaterials and productssubjected to radiation
processes isevaluated as part of dose setting activities and isexplained in the Radiation section that follows.

The sterilization process, the development of a thorough understanding of the process, and its microbiological impact are
majorelements inconfirming that an acceptable level ofsterility assuranceisestablished.Understanding the inactivation kinetics
of the typical bioburden as well as other potential bioburden microorganisms iscritical to successful implementation.The new
process should have a documented risk assessmentoutlining its monitoring and control aspects. Theestablishmentof a new
sterilization process requires the evaluation of the suggested biological indicator resistance (7,2).
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The microorganisms least likely to be retained by a sterilizing filtration process are those that are potentiallysmallerthan the
smallest pores in the filter matrix.Although sizeexclusion isan important factor, filters do not retain microorganisms solelyby
sieveretention. Adsorption, wherein microorganisms are retained within the filter matrix by entrapment or electrostaticforces,
also isan important retention mechanism. The control of prefiltration bioburden is an important risk-mitigation factor in
retentive processes, and this isparticularly true when adsorption may be a significantretention mechanism. Bioburden removal
capabilitytherefore depends on the sizeand number of the bioburden microorganisms, the pore sizedistribution of the filter,
the properties of the solution being filtered, and the filtration process parameters.

MONITORING AND SAMPLING

Statistical and analytical limitations complicate the evaluation of bioburden from both liquid and solid materials. Many
products are inherently antimicrobial, and some formulations contain antimicrobial preservatives, both of which can limit
bioburden recovery. Products that are outside of the pH range of approximately 4-9, are strongly hypertonic or strongly
hypotonic, or have low water activity, may reduce the level of recoverable microorganisms.

The collection of multiple samplesfrom the same bulk often gives varying resultsdue to temporal and spatial differences in
microbial distribution. Samplesfrom variedcomponents and differentformulationswill givedifferentresults because ofdifferent
nutritional and cultural requirements, environmental stress to microorganisms, sampling methods, sample size, sampling
pattern, species heterogeneity, and shifting microbial populations. Because of the technical challenges associated with
bioburden analysis, resultswill be dependent upon sample-specific and method-specificvariables when attempting to recover,
grow, or enumerate organisms. Sampling frequency and maximum time delay between sampling and testing should be
established based on previous data.

Presterilization bioburden analysis should be conducted on samples that are representative of materials produced during
routine preparation and processing.Samplingfrequency should be established based on previousdata, knownvariability, batch
size, material, process, and environmental influences. Bioburdenshould be recovered and enumerated from samples that are
representative of the process material. When the material isstored in separate containers, analystsshould consider testing
multiple or composite samples. Bioburden evaluationshould focus on microorganisms that represent a greater concern in the
sterilization process. Total count methods should consider the properties of both the product under evaluation and the
characteristicsof the process that may affect recovery. Cultivation methods, diluents, and media selection must be based on
past experience with the manufacturing process and test material (3). The methods listed in Microbiological Examination of
Nonsterile Products: MicrobialEnumeration Tests (61) and Mycoplasma Tests (63) may be appropriate for bioburden evaluation,
although they may require modification to the methods and qualifications in order to meet the requirements of specific test
materials.

Bioburden Screening

Materials and products that are to be sterilized should be examined to determine the level of bioburden in the article.
Determining the microbial population level is an essentialelement in ensuring process efficacy. Forlethal processes other than
radiation, the presence of Gram-positive spore-formers represent the greatest potential for survival. The potential resistanceof
the bioburden to the specific sterilization process is an important consideration and can be evaluated by a screening process.
Isolates that are identified as Gram-negative rods have the potential to cause high levels of endotoxin. Figure 1 illustrates one
possible bioburden screening program.
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Fig. 1. Typical bioburden screening program.

Destructive Processes (except Radiation)

Microorganisms can be recovered after exposure to heat screening or shock at 100°, which eliminates vegetative cells and
also triggers the germination process in spore-forming bacteria (4). Heat shock treatment isan effective means to reduce the
amount of bioburden microorganisms to be evaluated because spore-formersare the most resistantto all lethalprocessesother
than radiation. Heat screening eliminatesvegetative cells that lack resistanceto sterilization and encourages germination, thus
making it easier to isolatespore formers.

Published reports compare the resistanceof recovered microorganisms to that of predefined bioindicators for many
common (4,5) sterilization processes. Analysts should evaluate the isolatedspore-forming bacteria to determine their resistance
D-value to specific lethal sterilization processes and thus to ensure the validity of the sterilization method. The available data
describe the lackof resistanceof medically and environmentallyisolatedbacteria, mold, and yeast speciesto the more commonly
used sterilization methods, so analysts may find only limited value in repeating these resistancestudies.

Radiation

Sterilization by radiation processes is based on the bioburden in the presterilized material. Analysts commonly use
bioburden-based sterilization processesas described in AAMI/ISO 11137 (6). To ensure consistent sterility assurance, lot-to-lot
variability of bioburden must be controlled. Data should be collected and analyzed for raw materials, intermediates, and/or
products to ensure process control. AAMI/ISO 11137 provides detailed information about radiation sterilization practices,
including cycle development, validation approaches, and dose-auditing methodologies including expectations for initial and
periodic bioburden assessment. AAMI/ISO 11737 providesguidance for establishing methods to estimate bioburden levels on
medical devices prior to irradiation (7).

Sterilizing Filtration

Bioburden screening for sterilizing filtration processes not yet subjected to formal validation can be performed by passing
the material through a 0.45-l..lm-rated filter and examining the filtratefor viable microorganisms. Onlythose microorganisms
that pass the 0.45-l..lm filterare of interest because they present the greatest potential challenge to the sterilizing filtration
process. They should be evaluated against the upstream bioburden. Bioburdenof greatest concern includes Pseudomonas,
Brevundimonas, Ralstonia, and Mycoplasma.
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Recovered microorganisms can be identified to an appropriate level using the methods described in Microbia/Identification,
Characterization, and Strain Typing (111 3). Only those microorganisms that present a potential risk to the product or the patient
require identification to the species level or beyond. For a detailed discussion of the methods used to grow and identify
microorganisms, see (1113). It is not necessary for the purposes of evaluating presterilization bioburden to identify all isolates
to the species level, although this can be helpful in some investigations. Analysts must conduct all evaluative work with pure
cultures, and they must apply normal microbiology laboratory procedures for the selection and maintenance of pure cultures.

Bioburden Control

A typical bioburden-control program includes review and analysis of potential sources of contamination as well assound
processdesign and preventive and monitoring measures. The microbiological contamination-control program should be
developed to identify and control bioburden and to assess product risk based on a formal assessment of risk modalities. The
bioburden risk assessmentshould result in the establishment of critical control points and should include consideration of the
following elements:

• Microbiological attributes of materials before sterilization and the manufacturing process used for the materials (if
applicable)

• Inherent antimicrobial properties of the materials
• Time limits for process execution
• Water activity of the material
• Environmental conditions within the facility
• Equipment design and cleaning
• Sanitization, decontamination, and other active microbial control processes (such as prefiltration, temperature, pH,

osmolarity, etc.)
Controlling the bioburden of materials and products to be sterilized will ensure conformance to the levels required by the

sterilization process validation. Additionally, controlling the bioburden levels of the items to be sterilized assures that residuals
(e.g., allergens, endotoxins, and exotoxins) from that population will also be controlled. This is important because direct
detection of these materials is challenging.
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(1229.4) STERILIZING FILTRATION OF LIQUIDS

INTRODUCTION

Sterilization processes are divided broadly into two categories: destruction of microorganisms and their physical removal
from the material to be sterilized. Autoclaving is an example of the former, and sterilizing filtration is an example of the latter.
The physical removal of microorganisms depends on the bioburden of the solution to be filtered, the properties of the solution,
the filtration conditions, and the filter itself.

Sterilizing filtration is a process that can be validated to consistently yield filtrates that are sterile, as defined in Sterilization
of Compendial Articles (1229). This chapter provides an overview of (1) various factors that affect the filtration process, (2) the
filter integrity test and when to perform it, (3) prefiltration bioburden control, (4) responsibilities of the filter manufacturer and
user, and (5) troubleshooting the filtration process.

Multiple factors contribute to the effectivenessof any sterilizing filtration process. These include the type and number of
microorganisms, the properties of the liquid, the filter design and membrane polymer, and the filtration process parameters.
Properties of the liquid that influence filtration effectiveness include its chemistry, viscosity, surface tension, pH, osmolarity,
ionic strength, and temperature, as well as the presence of insoluble materials. Aspects of the filter that affect the filtration
include effective filter area, nominal pore size, pore-size distribution, membrane thickness, porosity, membrane polymer, filter
pleat density, nonwoven support layers, electrostatic charge, and the hydrophilic nature of the filter membrane. The filtration
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process parameters that influence microbial retention include temperature, flow rate, volume, filtration time, differential
pressure, and pressure pulsations.

Additionally, effective sterilizing filtration depends on (1) the production controls and quality assurance systems used by the
filter manufacturer to ensure the qualityand uniformity of the filter membranes and fabricated filters, (2) the qualification and
validationstudies conducted by, or for, the filter user to demonstrate that the chosen sterilizing filtration process achievesa
sterilefiltrate, (3) effective controls to ensure that prefiltration bioburden and operating parameters remain withinthe validated
ranges, and (4) filter integrity. Filter usersshould ensure that the filtrate remainssterileby using validated sterilization processes
for the filtration assembly and all downstream manufacturing equipment and effective aseptic handling of the sterilized
materials.Filter usersshould carefully consider placement of the filter(e.g., proximity to the filling lineor hold tank) to minimize
the possibility of postfiltration contamination.

Sterilizing-Grade Filters

Asterilizing-grade filter is one that iscapable of retaining a minimum 1 x 107 du of B. diminuta (ATCC 19146) per square
centimeter of effective filterarea when tested in accordance with ASTM F838-05 (2013), StandardTest Method for Determining
Bacterial Retention of Membrane Filters Utilized for LiquidFiltration(2).,

The designation "sterilizing grade" implies a sterilizing action only ifother conditions are met, including the integrity test
specification established by the filter manufacturer and validated by the user (see Validation, below).

Sterilizing-grade filters typically are microporous membranes that have nominal pore-size ratings of about 0.2 IJm. These
membranes are fabricated with various materials, have relatively narrow pore-size distributions,and can be integritytested. The
integrity test resultscan be correlated with microbial retention. Membrane filters that have a nominal pore sizeof 0.45 IJm can
be validated to produce sterilefiltrates under some conditions; for example, some liquids require high differential pressuresto
achieve useful flowrates, and these pressures are not suitablefor usewith 0.2-lJm-rated filters. When manufacturersuse 0.45-lJm
filters, they should ensure particularly stringent control of presterilization bioburden.

Retention Mechanisms

Microporous membranes remove microorganisms from the liquid by two primarymechanisms: sieveretention, which relies
on physical blockage of particles that are larger than the pores they encounter, and adsorption, which isa charge-related
phenomenon whereby particlesare bound to the membrane surfaces. Both mechanisms should be considered during the
development, qualification, and validation of sterilizing filtration processes.

Sieve retention, for the most part, is independent of filtration conditions and the microbial challenge level, but the
composition of the liquid, temperature, and filtration conditions can affect sieve retention under certain conditions.

Adsorption is a charge-related phenomenon that is influenced by the composition of the membrane, the properties of the
filtered liquid, the filtration conditions, and the number and type of microorganisms present in the llquld,

The number and type of microorganisms and other particlespresent in the material to be filtered can affect retention. Sieve
retention implies that every microorganism is larger than the largest pore in the filter. Microorganisms and filter pores are not
uniform in size, and some microorganisms may be smaller than the largest pores. Even ifa microorganism issmallerthan the
pore it encounters, it may be retained ifa site isavailable and the filtration conditions are conducive to adsorption. Retention
probability is related to the number of micro.organisms in the upstream bioburden (4,5).

FACTORS THAT AFFECT RETENTION

Nature of Pores

Microporous membranes consist of a polymer matrix that is penetrated by interstices commonly referred to as pores.
Compared with those in depth filters, the pores in microporous membranes have a relatively narrow sizedistribution.The size,
number, and shape of the pores determine the filter's retention capabilities. With the exception of the pores in track-etched
filter membranes, pores are not cylindrical; they are made up of a series of pseudopolyhedral structures with varying internal
diameters (6).

The pore size, pore-sizedistribution, and membrane porosityare a function of the manufacturing process. Careful design
and control of that process are necessary to ensure that the resulting membrane has the desired integrity test value, microbial
retention capability, and uniformity.

Nature of Microorganisms

Microorganisms have a varietyof shapes and sizes. Ifthe microorganismencounters a membrane pore that is smallerthan
its smallest diameter, the microorganism likely will be captured by sieve retention. If, however, the microorganism issmaller
than the pore it encounters, it may be retained by adsorption ifthe residence time, electrostatic charge, pH, fluid chemistry,
and membrane material are conducive to adsorption.

Some genera of microorganisms are deformable, so that at high-pressuredifferentials or flow rates a microorganism may be
forced through a filter pore that isonly slightly smallerthan the organism (7). Mollicute bacteria lackcellwalls and thus are
small and pliable enough to pass through filter membranes under certain conditions.

Grow-through (l.e., passage of microorganisms through a filteras a function of time) may resultfrom one or more scenarios.
The microorganism may penetrate as it multiplies: a parent cell divides into two smallerdaughter cells that negotiate pore
passageways. Penetration can occur with time, because the increasing number of microorganismsoverwhelms the few larger
pores that are encountered. However, because of the limited time periods typically involved, the controls on bioburden, and
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the often limited availability of nutrients, grow-through isconsidered a rare phenomenon in pharmaceutical processes (see
Monitoring of Bioburden (1229.3») (8).

Composition and Structure of the Filter Matrix

Several factors related to the filter matrix can affectmicrobial retention. These include the material from which the filter is
made, the pore sizeand pore-size distribution, whether the membrane isisotropicor anisotropic(Le., whether membrane pore
structure is uniform from face to face or "tapers" from one face to the other), membrane thickness, and whether the filter
consists of single or multiple layers.

The membrane material isespecially important ifadsorption isa significant mechanism in a particular filtration scheme. For
example, polyamideexhibits stronger microbial adsorption than does cellulose ester (3).

Microporous membranes that havea relatively wide pore-size distribution are less likely to retain microorganisms, particularly
at high challenge levels, than membranes of comparable pore-size ratingswith narrower pore-size distributions. This relates to
the probability of a microorganism's encountering a pore largerthan itself.

Thicker membranes generally are more retentivethan thinner membranes of the same type and pore-size rating, owing to
the higher probability of entrapment or adsorption within the pore structure because of the increased distance that bacteria
must travel in thickermembranes. This distance favors entrapment, as does increased residencetime within the pore, which
favors adsorptive retention (3).

Multi-layered membrane filters exhibita higher probability of retention than do single-layered membrane filters of the same
thickness because the small number of largest pores isthe factor affecting retention and the probability of a large pore in one
layerbeing congruent to a large pore in the adjoining layer of a double-layer filter is negligible (3).

Composition of the Filtered Solution

The compositionof the filtered solutioncan adversely affectthe membrane material ifan incompatibility exists, causing
damage to the membrane and affecting both retention and physical integrity, unlessdetected before the filter isselected for
use. In addition,if adsorption isa significant retention mechanism, then solution properties such as pHand the presence of
surfactants become important. .

Surface charge and ionicstrength are important variables. Bacterial and membrane surfaces in aqueous media are negatively
charged, resulting in repulsion. The repulsive force isbalanced by attractiveforces, which include hydrophobicsurfaceenergy
minimizing forces, operativeonlyover short distances, and hydrogen bonding. High ionicstrength allows the surfaces to close
-because of discharge through the electrolyte-to the point where hydrophobic adsorption can occur (3). Also, high ionic
strength can draw water out of the cell, reducing its size, which may lower the probabilityof retention, depending upon the
composition of the prefiltration bioburden. Surface tension and the presence of surfactants influence retention. Adsorption of
surfactant by the filter and the microorganism creates repulsion, leading to a decreased probability of retention. Surfactants in
concentrations as low as 0.050/0 have beenshown to inhibit adsorption and decrease the retention of latexspheres (9).

Filtration Conditions

Differential pressure, flow rate, and temperature are among the factors that can affect microbial retention. Hydraulic shock
should be avoided, not only because it affects pressuredifferential and flow rate but also because it can damage the filter. Flow
rate is proportional to differential pressure, and higherflow rates reduce adsorption because the contact time is reduced (70).

Microbial retention may be reduced at higher temperatures when these result in higher flowratesdue to decreased solution
viscosity. Temperature effects are not significant in filters where sieve retention is the primary removal mechanism.

Filter Efficacy: log Reduction Value

Filtration efficacy can be defined in terms of a log reductionvalue, which is the logarithm of the quotient produced by
dividing the upstream challenge population by the recovered downstream population.

The log reduction value is influenced by the number and size of the challenge microorganisms, the filter design and
membrane polymer, the filtration process parameters, and the properties of the solution.

To determine the specific log reduction value of a filter, the challenge test should permit some passage of the test
microorganism through the filter in order to produce a denominator. Sterilizing-grade membrane filters should not permit
passageofthe specified challengemicroorganisms for that filter rating.Forthis reason the log reductionvalue ofsterilizing-grade
filters isdescribed as equal to or greater than the log of the challenge population.

Validation

As noted, microbial retention in sterilizing filtration relies on a combination of sieve retention and adsorption. Validation of
sterilizing filtration therefore requires determination of the effectof the liquid on the filter, determination of the effect of the
filteron the liquid, and demonstration that the filter can consistently yieldsterile solutions under the intended conditionsof
use.The liquid to be filtered can affectthe pore structureof the membrane, can have electrostaticproperties differentfrom the
standard challengesuspensionused to establish integrity test specifications, and can change the sizeand shape of the challenge
microorganisms. Factors that should be consideredwhen developing a sterilizing-filtration validation protocol includethe
surfacetension, pH, temperature, and osmolarity of the liquid to be filtered; the compatibility of the material or solution
components with the filter itself; the pressures, flow rates, and hydraulic shock likely to be encountered; and the maximum
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filtration time and volume to be filtered. The effect of sterilization (steam, radiation, or gas) on the filter's retention capability
also should be considered.

B. diminuta (ATCC 19146) is used as the challenge organism unless it is not viable in the liquid to be filtered. Viability studies
should be used to confirm that the liquid has no adverse effects on the challenge organism. Ifthe challenge organism is viable
in the llquld to be filtered, the liquid should be inoculated to achieve a challenge levelof 1 x 107 du/cm2, and the filtrate should
be evaluated for the presence of the challenge organism. If B. diminuta is not viable in the liquid, several options are available,
and analysts can (1) modify the liquid to ensure the viabilityof the challenge organism (e.g., adjust pH or remove the bactericidal
component), (2) reduce the exposure time to ensure that the challenge organism remains viable, or (3) change the challenge
organism from B. diminuta to one that has been isolated from the llquld to be filtered. These studies should employ production
process pressure differentials or process flux values as appropriate.

Ifpossible, the liquid to be filtered should be used because in some instances the challenge organism has penetrated a filter
in contact with the llquid but has been retained by the same filter when inoculated into a surrogate fluid (7 7).

Three different lots of filter membranes should be used for the microbial retention studies. The membranes should have
preuse integrity test values that are near the filter manufacturer's specification in order to minimize the possibility that
production filters will fail to meet the integrity test value established during the validation exercise. Successful microbial
challenge studies result in no microorganisms detectable in the filtrate. The sterilization process for the filter, its housing, and
associated equipment should be validated. The filter should be sterilized within its housing rather than relying on aseptic
assembly following sterilization of the filtration system components. The assembled filtration apparatus can be steam sterilized
in an autoclave, using a vacuum cycle, with particular attention to the orientation and wrapping of the housing and any
associated tubing to allow condensate drainage and steam penetration. Validated steam sterilization-in-place cycles also can
be used.

Sterilization methods and cycles should be carefully chosen and designed to preclude damage to the filter. Pre- and
poststerilization integrity testing can be used to confirm that the sterilization procedure does not change the integritytest value
and to demonstrate that the sterilization process does not damage the filter.

Finally, the scale of the validation approach should be considered. Two approaches are common. One uses a small section
of membrane material, typically a 47-mm disk, to represent the filter. This approach validates the microbial retention capability
of the membrane. A second approach uses the intended filter configuration, typically a 10-inch cartridge in its housing. This
approach validates the filter system performance in addition to the retention capability of the membrane material. Analysts
should consider the volume of the test liquid and operational considerations when they choose which approach to use.

Integrity Testing Principles and Methods

Integrity testing can be used to show that a filter has the correct pore-size rating, is installed properly in its housing, and has
not been damaged by the process used to sterilize it. These integrity test methods generally rely on detecting gas flow caused
by pressure differential across a wetted membrane. Figure 7 shows the relationship between gas flow and pressure differential
for high-surface-area and low-surface-area membranes (a 47-mm membrane disk can be considered low surface area, and a
multicartridge array of 10-inch cartridge filters can be considered high surface area).
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Figure 1. Relationship between gas flow and pressuredifferential for high-surface-area and low-surface-area membranes (see
the section Integrity Testing Principles and Methodsfor definitions).

A filter that successfully passes an integrity test based on specifications developed during an effective sterilizing filtration
validation study is capable of producing a sterile filtrate.

Integrity test methods for microporous membrane filters include bubble point, diffusive flow, and pressurehold. Membrane
type and size and the particular filtration process influence the choice of an appropriate integrity test method. The sensitivity
of the bubble point test decreases with increasinq filter area because of increasing diffusive flow. Bubble point, diffusive flow,
and pressure-hold integrity tests are used for hydrophilic microporous membrane filters. As shown in Figure 7, diffusive flow
occurs at pressures below the bubble point, and bulk flow takes place above the bubble point. The bubble point marks the
transition between diffusive flow and bulk flow. The exact bubble point is difficult to detect in high-surface-area filters, because
the high membrane surface area generates significant diffusion. Integrity testing may be performed manually or by automated
equipment designed specifically for that purpose.

BUBBLE POINT

The bubble point occurs when a gas displaces a wetting liquid from the largest membrane pores, resulting in bulk gas flow
through those pores. The flow is evidenced by a steady stream of bubbles through a column of water on the downstream side
of the membrane.

The bubble point relates to the pore size of the membrane and the contact angle that the wetting liquid makes with the
pore wall. Bubble point is indirectly proportional to membrane pore size and is directly proportional to the surface tension of
the wetting liquid; that is, filters with smaller pores have higher bubble points than those with larger pores, and liquids that
easily wet the membrane exhibit higher bubble points than those that do not. Bubble point is defined as:

P=4 x y x cose/D

P=pressure to evacuate the pore
'Y =surface tension
e =angle of wetting
o =pore diameter

Microbial retention and bubble point correlate: numerous studies have demonstrated that when the microbial reduction
ratio is plotted against the bubble point, a line of constant slope results (72).

The actual bubble point is independent of the membrane surface area, but diffusive flow through high-surface-area filters
can mask the true bubble point. The bubble point test is easyto perform on small- to medium-scale filters, the test time isshort,
and temperature effects are minor. Manual bubble point testing requires manipulation of the downstream side of the filter and
is subjective.
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In diffusive flowtesting a wetted filter providesa liquid layeracrosswhich gas can flow by means of diffusion. Diffusive flow
is measured directlyat constant pressure.

Diffusive flow is proportional to the differential pressure of the test gas, the diffusivity of the test gas in the wetting liquid,
the thickness (depth) of the wetting liquid, the porosity (l.e., void volume) of the membrane, and the effective filtration area.
Diffusive flow is defined by Fick's Law of Diffusion, shown as:

N = [0 x H x (p 1 - P 2)]/(L x p)

N = permeation rate (moles of gas per unit time)
o = diffusivity of the gas in the liquid
H = solubility coefficientof the gas
P 1 - P 2 = transmembrane pressure (differential pressure)
L = thicknessof liquid in the membrane
p = void volume (porosity)of the membrane

Unlike the bubble point test, diffusive flow testing measures gas flow through all the wetted pores, and thus diffusive flow
does not correlatedirectlywith microbial retention. However, bacterialchallenge tests with a series offilters that have decreasing
diffusion rates show that a gas diffusion rate exists below which sterilefiltrates are obtained.

Diffusive flow testing is highlysensitive, especially for higher-surface-area membranes. Larger pores or flaws can be detected
by a thinning of the liquid layerand correspondingly higher diffusive flow rates. Diffusive flow testing is useful for membranes
with small pore sizes (e.g., 0.1 urn and smaller) because of the high pressures required for bubble point testing. Diffusive flow
testing measures flow across the total pore volume, which may mask a flaw, especially in high-surface-area multiple-cartridge
arrays (13). This test also is highlysensitiveto temperature.

PRESSURE HOLD

The pressure hold integrity test is a variation of the diffusive flow test. The wetted membrane provides a liquid layeracross
which gas can flow by means of diffusion. The gas flow is proportional to differential pressure and is measured by pressure
decay on the upstream side of the membrane.

The rate of pressure decay is influenced by upstream volume of the particular holder-filter combination, valveplacement,
and tubing volume. Temperature should remain constant because of the relationship between temperature and pressure
defined by the ideal gas law.

Conversionof pressuredecay test resultsto diffusive flowvaluesallows correlationwith microbial retention. Analysts establish
the relationship between pressure decay and diffusive flow by calculating diffusive flow on the basis of pressure drop per unit
time, with a known upstream volume and reference pressure. Diffusive flow as it relates to pressure decay isshown as

0= [(p 1 x V 1)/(p 0 x t)] x In[p d(p 2 - ilp)]

0= diffusion
p 1 = starting test pressure
V 1 =upstream volume of filtersystem
p 0 = atmospheric pressure
t =test time
p 2 = ending test pressure
Sp =PI - P 2

The advantages and disadvantages of the pressure-hold test are similarto those of the diffusive flowtest. The pressure-hold
test has the additional abilities of revealing imperfections in the assembly and sealing of the housing and filter seating and
avoiding downstream manipulation. Itsdisadvantages are that it is strongly influenced by temperature and that accurate
measurement of the upstream volume is required (14).

When to Test Integrity

The decision not to perform preuse, presterilization integrity testing should be based on a formal risk assessment.
Preuse, poststerilization integrity testing may create an unnecessary risk for microbial contamination of the filter and

associated downstream tubing and equipment. Preuse, poststerilization integrity testing is unnecessary ifeffective validation
studies have demonstrated that the processfor sterilizing the filter does not affect the integrity test value of the filter.

Postfiltration integrity testing should be conducted to ensure that the filter was not damaged during the filtration process.

PREFILTRATION BIOBURDEN CONTROL

The bioburden removal capabilitydepends on the available filter retention capacity, which isa function of the inherent
bioburden load present in the entire volume of the liquid to be filtered and the effective filter surface area. Studies have
demonstrated that microbial retention in sterilizing filtration isa function of the upstream bioburden (3,15,16). Also, nonviable
particulate matter that maybe present in the solution can influence the retentive capacity of the filter (17). Therefore, the
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prefiltration bioburden and particulate levels of the solution should be minimized and controlled before the final sterilizing
filtration step.

Various filter configurations and processes can be used to control the bioburden and nonviable particulate levels presented
to the final, sterilizing-grade filter. One configuration is a multifilter arrangement that consists of two sterilizing-grade filters
(or a bioburden reduction filter followed by a sterilizing-grade filter) connected in series(Figure 2).

Non-sterile
liquid Bioburden

reduction
filter

Sterilizing
gradefilter

~O
Sterile
filtered
liquid

Figure 2. Multifilter configuration to control bioburden and nonviable particulates.

Another configuration appropriate for prefiltration bioburden control usestwo filtration steps separated in time: the liquid
is sterile-filtered into a sterilized tank, where it is then held before a final, sterilizing filtration (Figure 3).

Non-sterile
liquid Bioburden

reduction
filter

Bioburden
controlled
liquid

Sterilizing­
grade
filter

Sterile
filtered
liquid

Figure 3. Bioburden control using two filtration steps.

In each of these scenarios, the bioburden and particulate levels presented to the final, sterilizing-grade filter are low and are
controlled by prefiltration.

When the process results in a consistently low and controlled prefiltration bioburden, use of a single sterilizing-grade filter is
appropriate.

Irrespective of the strategy employed, validation studies should demonstrate the capability to consistently achieve the
requisite levels of prefiltration bioburden and particulate level reduction and control.

RESPONSIBILITIES

Filter Manufacturer

The filter manufacturer is responsible for ensuring that the filter production process has been validated and is well controlled
and that the sterilizing-grade filters meet the requirements of ASTM F838-05 (2013). The filter manufacturer determines the
integrity test specification for the filters, usually adding a safety factor to ensure that each filter will meet that specification. The
filter manufacturer conducts extractable and leachable studies to ensure that the filter does not release objectionable levels of
these materials into the solvent systemstypically employed in pharmaceutical manufacturing. The filter manufacturer conducts
cleanliness tests to assure that the filter does not adversely affect the USP particulate requirements of the product. The filter
manufacturer provides technical support and troubleshooting advice if the filter user encounters a problem.

Filter User

The filter user is responsible for establishing microbial retention at the validated integrity test value, establishing microbial
retention in the liquid to be filtered, and validating the useand sterilization of the filter and housing. The filter user is responsible
for determining that the filter is not additive or extractive to the extent that the filtered liquid is adversely affected.
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Failure of a filter to pass an integrity test may mean that the filter is damaged, is improperly sealed in the housing, is
incompletely wetted, or is nonintegral. It also could mean that the filter is incorrectly labeled (e.g., has the wrong pore size) or
that the integrity test apparatus has been improperly set up or calibrated.

The cause of an integrity test failure can be determined by evaluating the test setup, test parameters, wetting fluid, and
wetting procedure; ensuring that the system is leak-free and the temperature is constant; and ensuring that the test equipment
has been properly calibrated.

If the cause of the failure cannot be determined, analysts can rewet the filter and repeat the integrity test, increasing flush
time, flush volume, and pressure differential. It may be beneficial to use a lower surface tension reference fluid (e.g., 70%
isopropyl alcohol). If the filter fails the integrity test using the reference fluid, it should be considered nonintegral. In addition,
the filter can be returned to the manufacturer for a full analysisto further elucidate the causeof the integrity test failure.
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(1229.5) BIOLOGICAL INDICATORS FOR STERILIZATION

INTRODUCTION

A biological indicator (BI) is a well-characterized preparation of a specific microorganism that has known resistance to a
specific sterilization process.' Blsare used to demonstrate the effectiveness of processes that render a product sterile in its final
package or container, aswell as the effectiveness of the sterilization of equipment, product contact materials, and packaging
components as required. Blsmay also be used to monitor established sterilization cyclesand are used for periodic reassessment
of sterilization process effectiveness. Bls are process aids and can support the correlation of physical parameters to
microbiological destruction. Microorganisms recognized assuitable for Bls are spore-forming bacteria, because the spores of
these microorganisms are significantly more resistant than the vegetative cells that comprise the majority of bioburden in or
on materials.

1 Microbial retention challenges as described in Sterilizing Filtrationof Liquids (1229.4) are not Bls.
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PROPER USE OF BIOLOGICAL INDICATORS

Bls providemicrobiological evidence of processeffectiveness that should be correlatedto physical measurements (see
Sterilization ofCompendialArticles (1229»). Microbiological resistance to sterilization varies with the physical conditions; however,
there are no established means for accuratelypredicting microbial destruction based solely on physical measurements, with
the exception of radiationsterilization. BI placement locations within or on materials to be sterilized are chosen to confirm that
the desired sterilizing conditions have been attained.

Bls are typically spore-forming bacteria of the genera Geobacillus, Bacillus, and Clostridium. Preference in BI selection should
be given to well-characterized strains.

RESPONSIBILITIES

BI Manufacturer's Responsibility

The responsibility for determining the performancecharacteristics of each BI lot resides with the BI manufacturer. The
manufacturershould provide, with each lot of Bls, a certificate of analysis that attests to the validity of BI performanceclaims.
Themanufacturershould provideinformation concerningthe microbial population and resistance (0 and z values, respectively,
where appropriate) as wellas storage and expiryinformation. The BI manufacturer may choose to include survival or kill times
for the BI in their documentation. The resistance of the BI should be determined by the manufacturerunder definedconditions.
The manufacturershould providedirectionsfor use, including the medium and conditions used for the recovery of
microorganisms after exposure to the sterilization process. Disposal instructions alsoshould be provided by the manufacturer
of the BI.

BI User's Responsibility

When Bls are purchased, their suitability for use in a specific sterilization process must be established. The BI user should
obtain a certificate of analysis for each lot of Bls and verify the manufacturer's label claims for spore population (see Biological
Indicators-Resistance Performance Tests (55»). When a BI is used in accordance with the BI manufacturer'sdirections, the
resistance of the BI need not be reconfirmed.

User-Prepared Biological Indicators

Auser of Bls may elect to propagate spore crops of a singlespeciesfor use as a suspension. Alternatively, these spore
suspensions may be purchased from a BI manufacturer. When liquid suspensionsare applied to a substrate, it is the user's
responsibility to determine the population and resistance of the microorganism used. The resistance determined for liquid
suspensions relatesonly to other lotsof the same suspension and isnot representativeof how that microorganism will perform
on a substrate or in a differentsuspending medium. In these circumstances, the BI resistance and populationshould be
re-established (see (55».

CHARACTERIZATION OF BIOLOGICAL INDICATORS

The use of Bls should include procedures for their acceptance and control. The following elements outline the major
considerations. Resistance performance isaddressed separately in (55), which provides methods for evaluating BI resistance.

Packaging and Storage

Storeunder the conditionsrecommended on the labelor under validatedconditions,and protect fromlight,toxicsubstances,
excessive heat, and moisture.

Expiration Date

Use within the Bl's labeled or determined expiration date.

Identification

Whereidentification of the BI speciesisdeemed necessary, as inthe courseofan investigation into unusual results, useeithera
phenotypic or genotypic identification method (see MicrobialCharacterization, Identification, and Strain Typing (1113) for
additional information).

Purity

By examination of the coloniesderivedfrom the spores on a suitable plate cuiture medium, determine that there is no
evidenceof contamination with other microorganisms.
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Priorto discarding used spores, sterilize using a method recommended by the BI manufacturer or other equivalent means.

TYPES OF BIOLOGICAL INDICATORS

A BI is a well-characterized preparation of a specific bacterial spore of known resistance to a specific sterilization process.
Some Bls may contain two differentspecies and concentrations of bacterial spores for use in the evaluation of two different
sterilization processes.

One form of BI preparation includes spores that are placed on a carrier(e.g., a diskor strip of paper, glass, plastic, metal, or
other material)and may be packaged to maintain the integrityand viability of the spores inoculated onto the carrier.The carrier
and primary packaging should not be damaged or degraded by the specific sterilization process. Another preparation of Bls
is a spore suspension that is inoculated on or into representative units of the article to be sterilized. Asurrogate article may be
used if it is not practical to inoculate the actual article.Asurrogate article isa preparation that differs in one or more waysfrom
the actual article but performs as the actual articleduring cycle development, validation, and routine use. The physical design
of actual or surrogate articlescan affect the resistanceof spore suspensionsthat are inoculated on or into an article (see (55».
In the case of liquid inoculated products, it is essentialto determine the population, 0 value (and, in terminal sterilization
applications, z value) of the relevant BI spore in the liquid product, and any simulated product substrate (if utilized).

Athird form of BI is a sealed system that includesthe growth medium (either in direct contact with the BI during the
sterilization or placed in contact with the BI after sterilization) for recovery of process-exposed BI microorganisms. Some BI
systems may contain a growth indicator or sensor in addition to growth media.

SELECTION FOR SPECIFIC STERILIZATION PROCESSES

The selection of a BI requires knowledgeof the resistanceof the BI system to the specific sterilization process. It must be
establishedthat the BI system providesa challengeto the sterilization processgreater than the resistanceof the nativebioburden.
The recommendations for BI with each sterilization process are not exclusive; they represent only the more common choices.

Steam Sterilization by Direct Contact

Forsteam sterilization by direct contact, the commonly used Bf contains spores of G. stearothermophilus (ATCC 12980 or
ATCC 7953), a thermophilic microorganism with a moist heat resistancesubstantially greater than that of most vegetative
microorganisms (see Steam Sterilization by Direct Contact (1229.1».

Moist Heat Sterilization of Aqueous Liquids

Heat-resistantspore-forming microorganisms such as C. sporogenes (ATCC 7955), B. subtilis (ATCC 35021), or B. atrophaeus
(ATCC 9372) are used. B. subtilis, B. atrophaeus, and C. sporogenes are preferred for use in sterilization of aqueous solutions or
where their lower thermal resistanceis more 'appropriate.

Dry Heat Sterilization

Fordry heat sterilization,spores of B. atrophaeus (ATCC 9372) are typically used (see Dry Heat Sterilization (1229.8». Where
dry heat depyrogenation has been demonstrated (Dry Heat Depyrogenation (1228.1», sterilization by dry heat need not be
confirmed, and a BI is not required. The elevated temperatures required to depyrogenate materialsare more than sufficient to
sterilize the materials at the same time.

Ionizing Radiation

The use of a resistant BI is unnecessaryfor the evaluation of radiation sterilization processes. Dose setting involves the
evaluation of preirradiation bioburden as well as dosimetric evaluation and allied tests as defined in ISO 11137-1, -2, and -3,
as well as in Radiation Sterilization (1229.10).

Gas Sterilization

Forethylene oxide sterilization, spores of B. atrophaeus are commonly used. Forother gaseous agents, spores of G.
stearothermophilus or B. atrophaeus are commonly used (see Gaseous Sterilization (1229.7».

Chemical Sterilization

The sterilization of items using a liquid sterilant isaccomplished using spores of an appropriate strain such as B. atrophaeus,
B. subtilis, or other appropriate spore-forming species, as determined by the user. Whichever strain is chosen for this purpose
should have greater resistance than does the bioburden. ' .
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The biphasic nature of these materialsprecludes the accurate determination of specific lethal conditions (for establishment
of D values, see Vapor Phase Sterilization ('229.' '». Bls using either G. stearothermophilus or B. atrophaeus have been utilized
in the evaluation of these processes.
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(1229.6) LIQUID-PHASE STERILIZATION

INTRODUCTION

Microorganisms are subject to destruction in a varietyof ways.Aside from the classical methods of steam, dry heat, and
radiation, destructive sterilization may also occur by immersion in a chemical solution. This is termed liquid-phasesterilization
(7). A number of chemical agents, such as aldehydes, acids, bases, and strong oxidants in solution, under the appropriate
conditions, are capable of destroying bacteria and fungi, including both vegetative cellsand spores in a quantitative fashion
(2,3). Objects to be sterilized are immersed in the solution of the chemical agent, after which the agent must be removed in a
manner that preservesthe sterilized object from recontamination. Removal of the chemical sterilant from the exposed surfaces
that have been sterilized must be accomplished in a manner that maintains the sterility of the item postprocessing.
Recontaminationfalls outside the scope of usualconsiderationforsterilization processes.However, in liquidchemicalsterilization
it is customary to include the agent's removal (whether this isaccomplished by physical or chemical means) in the overall
process, together with any needed additional steps to avoid recontamination.

Asubstantial number of liquids in aqueous solutionare capable of sterilizing articlesduring immersion. Examples includethe
following:

• Aldehydes-glutaraldehyde, formaldehyde
• Acids-peracetic acid, nitricacid, sulfuric acid
• Bases-sodium hydroxide, potassium hydroxide
• Oxygenating compounds-hydrogen peroxide, ozone, chlorine dioxide
• Halides-sodium hypochlorite, chlorine
As is the case for gas sterilization, the effectiveness of chemical sterilants varieswith concentration and temperature. Other

factors that affectantimicrobial activity includepH,extent of mixing (ifpresent), and presence ofcellularor other debris. Because
of the limited number of variables, process control for sterilization by liquids is relatively simple.

Because there are no widelyaccepted biological indicators for sterilization by liquids, the use of a common mesophilic
sporeformer such as Bacillus otrophaeus or B. subtilisiscommonplace because these are the likely worst-case bioburden isolates.

The agents used for sterilization by liquids varywith respect to sterilant stability, effective pH range, concentration,
temperature, contact time required, and potential interactionwith the materials.When selecting the most appropriate sterilant,
manufacturers must consider its effect on the materials, package components, and equipment, as is the case with all other

.sterilizing processes.The varietyof agents, process diversity, and potential applications preclude a material-by-material review
of these agents in this chapter. Manufacturers should note that these agents are highlytoxic, and appropriate safety measures
should be practiced at all times during cycledevelopment, validation, and routine operation.
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VALIDATION OF STERILIZATION BY LIQUIDS

Experimental evidence has shown that first-order kinetics is appropriate for microbial destruction, which makes validationa
simple exercise. The validationof sterilization by liquids can be accomplished using either the half-cycle approach or the
bracketing method.

Half-Cycle Approach

The half-cycle approach described below isa modification of the method described in Gaseous Sterilization (1229.7) (see
Figure 1). It is a method that requiresthe destruction of a resistant microorganismat defined lethal conditions. In routine
operation, the process dwell period isarbitrarily doubled and supports a theoretical reduction of the biological indicator (and
thus the bioburden) to a probability of a nonsterile unit of at least 10-6 for a full cycle.
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Figure 1. Half-cycle sterilization validation.

3

The half-cycle method originally was usedforethylene oxide sterilization when the relationship between the microorganisms
and the delivered process parameters was less certain.

Bracketing Approach

Inthis method (see Figure 2), analystsevaluateconditions of concentration and temperature that bracket the defined process
condition to support both over-and under-treatment of the materialsand bioburden, respectively. Users can establishthe death
rate for the microbial population for each of the conditions that bracket the routine process.
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Figure 2. Bracketing method.

Regardless of the approach used, in order to complete the cycledevelopment and validation manufacturers must identify a
rapid neutralization method that inactivatesthe chemical agent to allow microbialquantification after fractional kill exposure.
The exposure periods may need to be brief because many of these agents have rapid kill rates.

Equipment Qualification

Equipment qualification isa predefined program that examines the equipment to confirmthat it has been properly installed
and operates as intended before the sterilization process.Thisactivity for sterilization by liquidchemicalsissimple, because the
equipment used is rarelycomplex. Temperature control and agitation/recirculation rates are the essential considerations.

Component and load Definition

Sterilization by liquidsisa surfacephenomenon, and allsurfacesof the materialsmust be immersed inthe sterilant.Treatment
uniformitycan be ensured by recirculation or mixingof the sterilantduring the process. Penetration into needle lumens, closely
fitted parts, and porous materials should be confirmed.The use of a maximum load per defined vessel or container represents
the worst case because it provides the maximum surfacearea to be sterilized.

Biological Indicators

The common indicator organismsfor chemical sterilization are B. atrophaeus ATCC 9372 or B. subtilisATCC 6633. The spore
challenge is inoculated directly onto the items. End usersshould determine the populations of inoculated items. Manufacturers
should place indicatorswithin loadsat locationsbelievedto be hardest for the agent to reach, on the basisofvisual examination.

Process Confirmation/Microbiological Challenge

The core of the validation activity is confirmation of acceptable process parameters and inactivation of the microbial
challenge. The end user should expect a lineardeath curve forthe spore challenge and require total death of the challenge.
The end user can consider adjustment in chemical sterilant concentration, process time, agitation, and other factors. Proofof
cycleefficacy is provided in replicatestudies in which the biological indicators are killed, and physical measurements are taken
as documentation.

Agent Neutralization/Removal

Afterexposure, the sterilizing agent must be adequately removed from the items or neutralized beforefurther processing.
Thissegment of the process uses chemical neutralization or physical removal and must be executed in a manner that preserves
the sterility of the items. Aseptic processing with appropriate capabilitydemonstration should be provided. Process simulation
beginning with the completion ofsterilizationthrough placement into a sealed sterile container is expected. See Sterility
Assurance (1211) for additional information.
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Liquid-phase sterilization must be subject to controls that maintain the validated state. The practices outlined in Sterilization
of CompendialArticles (1229) address the general requirementsfor allsterilization systems.Sterilization isaccomplishedby means
of a number of related practices that are essentialfor continued use of the process over an extended period of time, including
calibration, chemical and physical measurements, ongoing process control, change control, preventive maintenance, periodic
reassessment, and training.
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(1229.7) GASEOUS STERILIZATION

INTRODUCTION

The use of sterilizing gases for the preparation of materials and equipment iscommonly used for items that are susceptible
to damage by heat or radiation processes. Many polymeric materials, especially medical devices, are surfacesterilized in this
manner, as is nonpressure-rated process equipment. The sterilization of dry powders using gases is inappropriate due to the
inability of gases to penetrate solid materials. The majority of gas sterilization processes employ ethylene oxide (EO), and
procedures for use with other gases generallyare patterned after EO practices. Ozone, mixed oxidesof nitrogen, and chlorine
dioxide are some of the other gaseous sterilants used. [Systems that can exist in liquid and gas phase at the operating
temperatures (e.g., hydrogen peroxide, peraceticacid,and paraformaldehyde)are excludedfrom considerationin this chapter.]
EO's abilityto penetrate through polymers, cellulosics, and other materials allows it to be used for the terminal sterilization of
medical devices in their final packaging. The other sterilizing gases may be suitable for similar applications.

Processcontrol for gas sterilization equipment isaccomplished by control of sterilant gas concentration, relative humidity,
temperature, and system pressure. Mixing of the gas in the sterilization chamber may be beneficial. EO sterilization may be
used for parametric release as described in Terminally Sterilized Pharmaceutical Products-Parametric Release (1 222).

Gas sterilization differs markedlyfrom processesduring which the agent used can condense during the operation. Vapor
sterilization processes will be addressed separately in Vapor-Phase Sterilization (1229.11).

As outlined in Sterilization of Compendial Articles (1229), analystsmust take care in ensuring sterility and demonstrating that
the essential quality attributes of the materials are not adversely affected by the process. With respect to gas processes, key
considerations include the immediate effectsof sterilizing gas on the materials or equipment being sterilized, residual sterilant,
sterilant byproducts, and potential chemical reactions.The common gas processes differslightly with respect to process
execution and material concerns and thus are described individually.

ETHYLENE OXIDE

EO isa powerfulalkylating agent that destroys microorganisms by chemical reaction, primarily with cell DNA. The destructive
mechanism largelyfollows first-order kinetics and depends on concentration, humidity, and temperature. The use of EO for
medical devices in their final packaging has, to a large extent, shaped EO sterilization processes (and, to a lesserextent, all gas
sterilization) for other applications (2,3). The usual EO processfollows a sequence of prehumidification, air removal,
rehumidification in the chamber, gas exposure, gas removal from the chamber, and postexposure aeration. The preexposure
steps ensure that adequate moisture is present on and within the items being sterilized. The postexposure steps provide time
for the diffusion of EO and its byproducts out of the materials and packaging. When EO is used for nonporous equipment the
process can be streamlined, which eliminatesmany of the pre- and postexposure steps because of the need onlyfor surface
sterilization. During EO sterilization the gas is introduced at the beginning, and only minimal additions are necessary later to
maintain pressure as the gas is absorbed into the material/sterlization load within the vessel. Humidity adjustment during the
process also may be required. Insome instances, EO reactswith materialsin the load to form ethylenechlorohydrin and ethylene
glycol.These compounds, including EO, must be reduced to safe levels before the items can be used by patients (4,5). EO
processing requires strict worker safetyand environmental controls because it isassociated with carcinogenicity, mutagenicity,
and neurotoxicity. In addition, EO is explosive in concentrations of greater than 2.6% by volume in air, therefore, inert gases
are often used to minimizeflammability. The commonly accepted biological indicator (BI) strain isBacillus atrophaeus (formerly
B. subtilis var. niger).
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Ozone isa potent oxidizing agent produced by passinga stream of oxygen or air through a high-voltage electrical field.
Ozone isan effective biocidal agent for treatment of water suppliesand has demonstrated lethality at concentrationsfrom 20/0­
10% in air. Optimal microbial destruction isaccomplished when the relative humidity is above 80% at room temperature.
Ozone degrades to oxygen in the presence of moistureand metals and therefore usually isgenerated in situ. Ozone does not
penetrate porousmaterialsto the sameextent as EO does. Process systemsthat useozoneforgas sterilization havethe advantage
ofsimplicity. Its generation and destruction(usinga catalyticconverter)are accomplished without movingpartsor consumables
other than the suppliedoxygen.Thesterilization processusesa sequence of humidification, injection, exposure,and ventilation
to remove the ozone from the chamber at the end of the cycle. The common Bls identified for ozone are Geobacillus
stearothermophilus and Bacillus atrophaeus.

CHLORINE DIOXIDE

Chlorinedioxide isan effective sterilizing gas. Purechlorinedioxide is metastable and therefore is generated as needed.
Chlorine dioxide is noncarcinogenic, nonflammable, and effective at ambient temperatures. Itsability to penetrate materials
may be less than that of EO.

A typical chlorinedioxide sterilization process uses a sequence of preconditioning, conditioning dwell period, charge, and
exposure, followed by aeration.

The BI most commonly used is Bacillus atrophaeus.

NITROGEN DIOXIDE

Nitrogen dioxide isa sterilizing gas effective at ambient temperature. liquid nitrogen dioxide isconverted to a gas on
introduction to the target chamber. Nitrogendioxide is nonexplosive and its residues are noncarcinogenic, noncytotoxic, and
nonteratogenic. It has a limited ability to penetrate polymeric materials in comparison to EO, which makes postcycle aeration
more rapid. It is incompatiblewith cellulosic materials such as paper and cardboard. Thesuggested Bls for nitrogen dioxide are
G. stearothermophilus and B. atrophaeus.

VALIDATION OF GAS STERILIZATION

The validation of gaseous sterilization generally begins with the establishing of a "minimum lethal processdwell time"
through the use of fractional exposurestudies. Thesefractional studies establish that exposure time, under standard process
conditions, where the biological indicator isfullyinactivated. This minimumexposure time then becomes the basis for the
application of the half-cycle approach for validating the sterilization cycle. The absence of information relatingthe effectof
varying gas concentration, humidity, and temperature on microorganisms resulted in a conservative assumption that the
bioburden isequal in antimicrobial resistance and population to that of the biological indicator.The half-cycle method can be
defined as follows.

The half-cycle validation method requires the destruction of a high concentration (NLT 106 spores) of a resistant
microorganism under defined, minimum conditionsfor complete kill. This establishes the minimum lethal process dwell time.
In routine operation, the processdwell period isarbitrarily doubled and supports a theoretical reduction of the biological
indicator (and thus the bioburden) to a probability of a nonsterile unit (PNSU) of 10-6 (for definitions of terms in this chapter,
see Sterilization of Compendial Articles (1229».

The half-cycle method used for gas sterilization isshown in Figure 1.
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Figure 1. Half-cycle sterilization validation.
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Alternative approaches to cycle validation are available. Gillis and Mosley developed a means for parametric evaluation of
EO sterilizing conditions that may result in greater use of other validation methods (6). A bracketing approach (see Figure 2)
that better supports the process operating ranges for the critical parameters relative to the half-cycle method has also been
used. In the bracketing method, one evaluatesconditions that bracket the defined process condition in order to establish
parameters for the minimum and maximum effects on the materials and bioburden. The minimum lethal process dwell time
(see half-cycle description above) establishes the worst casefor microbial kill. Incrementalincreasesin processdwelltime beyond
the minimum lethal process dwell time are used to establish the routine and maximum exposure periods, the latter of which
imparts the greatest effect on materials. In addition, adjustments to agent concentration and relative humidity are utilized to
further enhance the bracketing approach. By this method, the routine process conditions may be established between the
minimum and maximum process conditions to assure complete microbial kill while maintaining the integrity of the materials.
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Figure 2. Bracketing method.

Equipment Qualification

The equipment qualification for gas sterilization should include both pre- and postcycle systems to confirmthat the
equipment has been properly installed and operates as intended.

Empty Chamber Parameter Distribution

Despite the use of true gases, evaluationof parameter uniformity across the chamber isa common activity. Thisensures that
the gas and humidity introduction methods provideconsistencythroughout the chamber and can be correlated to the routine
monitoring location(s), when present. Biological indicatorsare not required in the evaluation of the empty chamber uniformity.

Component and load Mapping

Component and load mapping using invasive sampling are not a part of gas sterilization because sampling systems placed
within the load items would alter gas and humiditypenetration. Evaluation of lethal conditions with individual items and across
loading patterns is best provided by biological indicators or process challenge devices placed within the load items and
distributed within the load. Indicators or processcontrol devices are placed within the items and load at locations believedto
be hardest for the gas and humidity to penetrate.

Biological Indicators

The biological indicator of choicefor gas sterilization varies, as noted above. B. atrophaeus(ATCC 9372) is used with EO and
chlorine dioxide, and ozone sterilization is monitored with G. stearothermophi/us (ATCC 12980 or 7953). D-values for the
biological indicator can be used to establish exposure periods for the sterilization process to ensure adequate process efficacy.
When positioning biological indicatorswithin items it is important to ensure that the placement of the BI does not occlude gas
passage or otherwise interfere with the distribution/penetration of the sterilant within the item.

Process Confirmation and Microbiological Challenge

The core of the validation activity is the confirmation of acceptable process parameters with simultaneous physical and
chemical measurement and microbial challenge. Sensors are placed in the chamber, or biological indicators are positioned
within the load items. Proofof cycleefficacy is provided in replicatestudies in which the biological indicators are killed and the
physical measurements correspond to the expected values.
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Gassterilization issubject to formal controls that maintaina validated state over time. The practicesoutlined in (1229) include
the general requirements appropriate for allsterilization systems. Sterilization isaccomplished by a number of related practices
that are essentialfor continued use of the processover an extended period of time. The essentialpracticesto maintain validated
status include calibration, physical measurements, ongoing process control, change control, preventivemaintenance, periodic
reassessment, and training. When parametric release has not been established, biological indicators positioned within the load
are used for routine releaseof each sterilization load, along with a reviewof documentation from the sterilizer control system.
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(1229.8) DRY HEAT STERILIZATION

Dryheat sterilization isa process utilized for heat-stable items (glass, stainless steel, nonaqueous liquids, powders, etc.) that
are unsuited for steam sterilization because of either an absence of water (nonaqueous liquids and powders) or requirements
for absolute dryness following processing (product contact parts for nonaqueous products). Because dry heat relies on air for
the transfer of heat to and from the load items, the process takes longer than a steam process for a comparable size item or
load. Lengthy heating and cooling periods require that the load items be unaffected by heat over a long period of time and
also require the use of the overkill method for cycledevelopment and validation.

Dryheat sterilization is typically performed in the range of 160°-190° where the objective is sterilization rather than
depyrogenation. (Depyrogenation will be covered separately in Dry HeatDepyrogenation (1228.1». Indry heat sterilization, hot
air is in direct contact with the load items (whether wrapped or unwrapped) and transferssome of its thermal energy. Unlike
steam sterilization, in dry heat sterilization there is no phase change of the heating medium, and thus heat transfer is less
efficient. The items can be stainlesssteel, glass, ceramic, or other heat-stable materialsand may be wrapped or covered with
aluminum foil to protect them during pre- and postprocess handling. Dryheat sterilization is commonly used for heat-stable
materials (e.g., petrolatum or powders).

The limited heat transfer capacity of air requires that items in the oven be placed in locations that were confirmed to be
acceptable during the validationeffort. Manufacturers should exercisecaution with varying load sizesbecause insome instances
(resultingfrom system design and control probe positioning) minimum load sizes may present a worst case.

STERILIZATION CYCLE CONTROL

Process equipment for dry heat sterilization iscontrolled by calibrated temperature sensors. During the exposure portions of
the cycle, attainment ofa minimum dwelltime at a predefined temperature isused to document process lethality. Cycle efficacy
for dry heat sterilization customarily is measured using FH' which typically is defined as the amount of time the load receives
the equivalent of exposure at 170°. The FH approach is used to compare sterilization processes that operate at varying
temperature conditions to a single standard. The process lethalityat temperatures other than 170° can be calculated to
determine lethalityequivalent to that provided at 170°. Sterilizer control systems must deliverconditions within a predefined
time-temperature or FH range. Simple mathematics can be used to calculate the total lethalityover the course of the process.
Forthe specific reference temperature of 170° and a z-value (for definitionssee Steam Sterilization by DirectContact(1229.1»
of 20°, the FH calculationcan be determined by the following equation:

FH = accumulated lethality
t 2 =end time
t 1 =start time
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T = temperature
Accumulation of the lethality(FH) for the sterilization process across the entire cycle(heat-up and cool-downsegments

included) includesthe contribution of those segments and allows the cycle to be defined by a targeted lethality rather than
by a time at a defined minimum temperature.

VALIDATION OF DRY HEAT STERILIZATION

Because dry air has limited heat capacity and dry heat conditions are more variable than those encountered with other
thermal sterilization methods, analysts routinelyvalidate their dry heat sterilization procedures using the overkill method as
defined in Sterilization of Compendial Articles (1229).

Overkill sterilization can be defined as a method inwhich the destruction ofa high concentration ofa resistantmicroorganism
supports the destruction of reasonably anticipated bioburden that could be present during routine processing. That objective
can be demonstrated by attaining any of the following: a defined minimum lethality; a defined set of method conditions; or
confirmation of minimum log reduction of a resistant biological indicator.

The validation requirements for the overkill method are less onerous than those of the other sterilization approaches. Because
the load items can withstand substantial amounts of heat without adverse consequence, the greater lethality provided by the
overkill method clearlyis justifiable.

Equipment Qualification

Equipmentqualification isa predefined program that focuseson the sterilizing equipment to confirmthat it has been properly
installed and operates as intended before evaluation of the sterilization process. Insome companies, equipment qualification
is separated into installation qualification and operational qualification or is lumped together under a joint terminology of
installation/operationalqualification. The major use of qualification of the sterilizing equipment is to provide a baseline for
preventivemaintenance and change control, ensuring reproducibility of operation over time and assurancethat the sterilization
process is constantly and accurately performed.

Empty Chamber Temperature Distribution

The equipment should be evaluated for empty chamber temperature distribution. The oven or tunnel should be evaluated
to determine the range of temperatures within the system, and the cycle parameters should be determined to ensure adequate
lethalityacross the expected load. The acceptance criteriafor empty chambers can varywith the equipment capabilities and
customary use, but it is typically lessuniform than observed in steam sterilizers. Biological indicatorsare not required during
the evaluation of empty chamber temperature distribution.

Component Mapping

Load items that are complex and feature enclosed volumesand product contact surfacesshould be subjected to component
mapping to determine internal cold spots. This is particularly important in powder sterilization. Foreach load item,
manufacturers should establish the ability of heat to penetrate the items or containers and to bring them to the required
temperature. These studies can be performed in a laboratorysetting and need not be repeated when the same item issterilized
in other equipment. Thermocouples should be placed into direct contact with the item(s) being evaluated. During component
mapping load items should be prepared and oriented in a manner that is consistent with how they will be processed.

load Mapping

Fixed loading patterns for dry heat sterilization in batch ovens are preferable because the limited heat capacityof the air
allows substantial temperature differences across the load. It may be possibleto validate maximum and minimum loads as
determined by either the number of items or their mass within the oven. Loading in a continuous tunnel process is typically
well defined by the limitationsof the conveyingsystem. Load and component mapping ensures that all load items attain the
required temperature. Informationfrom the load mapping isused to adjustcycletiming to ensure appropriate lethality. System
control must consider the relationship between load position and size relative to temperature control locations.

Biological Indicators

The biological indicator (BI) for dry heat sterilization is Bacillus atrophaeus (ATCC 9372), a thermophilic spore-formerwith
high resistanceto dry heat. The spore challenge is placed on a substrate positioned within the load or on a load item. Ifspores
are used as intended by the BI manufacturer, the population and resistance information provided by the vendor can be used.
End users should determine the population and resistanceof their biological indicator used when inoculatingtheir own items.

Heat Penetration and Microbiological Challenge

The core of the validation activityis the confirmation of acceptable heat penetration using temperature measurements and
microbial challenges. Thermocouples and Bls are placed within the load items at the locations determined during the
component and load mapping to present the worst case. Thermocouplesshould be placed into direct contact with the item(s)
being monitored. Proofofcycleefficacy isprovidedbyreplicatestudies inwhich the Bls are killed and the physical measurements
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correspond to the expected values of time-temperature or FH' Ifthe microbial and physical measurements do not correlate,
manufacturers should conduct an investigation and should take corrective action to rectify the discrepancy. Thisstudy
customarily isperformedslightly subminimal to the lowerspecification limits for time, temperature, and/or cumulative lethality.

ROUTINE PROCESS CONTROL

As with all sterilization processes, after the dry heat sterilization process has been validated, it must be subject to formalized
controls that keep it in a validatedstate over time. General chapter Sterilization of Compendial Articles (1229) details the general
practicesthat are appropriate for all sterilization systems. This isaccomplishedby a numberof relatedpracticesthat are essential
for the continued useof the processoveran extended periodof time. Theessential practices to maintainvalidatedstatus include
calibration, physical measurements, physical integratorsand indicators, ongoing process control, change control, preventive
maintenance, and periodic reassessment and training.
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(1229.9) PHYSICOCHEMICAL INTEGRATORS AND INDICATORS FOR
STERILIZATION

INTRODUCTION

Physicochemical integrators providesome assessmentof sterilization process efficacy and may be used in cases where
validation of a sterilization process isnot required-an exception is the validation and monitoring of radiationsterilization with
dosimetry.The physicochemical indicatorprovides an immediate visual confirmation that an item has been exposed to a
sterilization process. Performance standards both withinand between lots of physicochemical integrators or indicators from a
given manufacturershould be consistent. Integrators or indicators should not interact physically or chemically with any
container or product when placed in the sterilizer load, and should not alter the strength, quality, or purityof the sterilized
article. The integrator or indicatorshould be positioned such that it does not alter the effectiveness of the sterilization process.
The principal usage of physicochemical integrators and indicators is to provide a rapid means of confirmation of sterilization
cyclecompletion.This isespecially important with singledoor sterilization chambers where a potential mix-upof nonsterilized
and sterilized items is more likely. Aside from radiation sterilization where dosimetricdata isaccepted as definitive they should
not be used as the sole proof of cycle efficacy (see Radiation Sterilization (1229.10».

PHYSICOCHEMICAL INTEGRATORS

A physicochemical integrator isdefined as a device that responds to one or more sterilization processcritical parameters,
which results in a measurablevaluethat can be correlatedto microbial lethality. The manufacturers of physicochemical
integrators should providedata to demonstrate that the labeled performance characteristics tests of the integrators are met.

Physicochemical integrators require precautionsfor use and the appropriate interpretive criteria to define their performance
characteristics. Performance of the sterilization apparatus must be ascertainedfrom records generated bycalibrated instruments
(temperature, pressure, exposure time, gas concentration, and others, as applicable). The integrator can demonstrate only
inadequate or adequate exposure to a combination of sterilization parameters.

PhysicochemicaJ integrators for radiation sterilization are designed to react predictably to the delivered radiation dose and
can provide primary evidence of sterilization process effectiveness. The use of dosimeters in radiation sterilization cycle
development and routine processcontrol isaddressed in ANSI/MMI/ISO 11137-3, Sterilization of health care products­
Radiation-Part 3: Guidanceon dosimetric aspects (7).

PHYSICOCHEMICAL INDICATORS

Aphysicochemical indicatorisdefinedasa devicethat provides visual evidenceofexposureto one or more critical sterilization
parameters. Physicochemical indicators cannot provideprimaryevidenceof sterilization efficacy.

REFERENCE
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INTRODUCTION

USP 43

Radiation sterilization utilizes the lethal effectof various forms of radiation as a means of microbial destruction. Ionizing
radiation (gamma, x-ray, or beam) sterilization is used extensively for the sterilization of medical devices and for a varietyof
other materialsand products. Nonionizing sterilization methods such as microwave, infrared, x-ray, and ultraviolet light may
be useful but have more restricted application, and are outside the scope of this chapter. Thischapter providesan overview of
sterilization using ionizing radiation and its validation, including dose setting, material compatibility, and dose verification.

The effectsof radiation on materials can be substantial and are a major consideration when manufacturers select radiation
as a processing method. The advantages of sterilization by irradiation include simplicity, absence of mechanical complexity,
reproducibility, and overall efficiency. Infact, radiation sterilization is unique because the basisof control essentially is the
absorbed radiation dose, which can be precisely measured. Methods used to establishappropriate radiation doses to achieve
the desired sterility assurance level are defined in ISO 11137-1 Sterilization of Health Care Products; ISO 11137-2 Sterilization
of HealthCare Products-Radiation-Part 2: Establishing the Sterilization Dose;and ISO TS 13004: 2013 Sterilization of Health
Care Products-Radiation-Substantiation of Selected Sterilization Dose: Method VDmaxSD. These methods include Method
1, Method 2A, Method 2B, and Method VDmax, which differin the specific testing scheme and the number of articles that are
needed for testing and are based on certain assumptions about bioburden. The use of a biological indicator is inappropriate
during radiation sterilization validation because (a) there are accurate correlations between dose measurement and microbial
destruction for a wide range of microorganisms and (b) the established dose setting methods are based on the material's
bioburden in its natural state. These correlationshave been developed by the medical device industry and provide a direct
methodology for process control. Dosimetry plays a central role in radiation sterilization and servesas a direct means for
affirming process lethality. The radiation dose measured in kGy (formerly MRads) isdirectly related to the lethal effectsof the
radiation on microorganisms. The measured dose has the same utility as Fa in steam sterilization. Routine process control for
radiation sterilization is provided by one or more reference dosimeters on the exterior of the packages (after dosimeters have
been correlated during validationwith dose measurement inside the package). The robustness and reliability of the absorbed
dose of the article to be sterilized can support parametric release, as described in Terminally Sterilized Pharmaceutical Products
-Parametric Release (1222), for many items.

GAMMA STERILIZATION

Gamma sterilization entailsthe useofa specifically designed facility where itemsto be sterilized are exposed to a C0 60 radiation
source in a manner that ensures uniform dosing. Highly penetrating photons (gamma rays) are emitted from C0 60 as itdecays
to Ni60

• The half-life for this isotope is 5.27 years, which means that over the course of each year the source losesabout 12%
of its radioactivity. Thissteady reduction in radioactivity requires that radiation process operators adjust their process controls
(typically exposure time) to maintain the establisheddose required. Periodically, additionalC0 60 is required to maintain practical
throughput.

X-RAY STERILIZATION

X-ray sterilizers generate highly penetrative photons similar to the gamma photons from C0 60 irradiators. X-ray photons are
generated when accelerated electrons impact a target such as tantalum. These systems rely on scanning of materialswith x-ray
photons in order to sterilize them. Properly maintained, these systems are able to delivera constant dose over time. No local
radioactive source is required for x-raysterilization systems.

E-BEAM STERILIZATION

Electron beam systems relyon scanning of objects with focused electrons to sterilize the items within a defined radiation
field. Properly maintained and controlled, these systemsdelivera constant dose, so there is no change in dose with respect to
time. The principal advantages of electron beam sterilization are a much higher dose rate and the absence of a localized
radioactivesource. Thesesystems can be installed and operated by the end user. Electron beam penetration issubstantiallyless
than that obtained with photons, and therefore dose mapping iscritical to ensure that items of varying density and complexity
are properlysterilized. Because of the high dose rates used with electron beam sterilization, some materials can experience
significantly higher temperatures than the same materials would experience in C0 60 irradiation.

VALIDATION OF RADIATION STERILIZATION

Cycledevelopment for radiation requiresthe identification of an appropriate radiation dose for the objects and confirmation
that the dose does not adverselyaffect the material's essential quality attributes. In other words, analysts should identify the
minimum sterilization dose as well as the maximum dose the material can withstand without negative effects..With this
information analysts can set the dose for a specific radiation sterilization application.

Dosesetting or dose establishment typically isachieved by following one of the ISO methods. These are Method 1, Method
2A, Method 2B, and Method VDmax' The choice of the most appropriate method depends chiefly on production batch size,
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knowledgeof the normal bioburden, and the material's sensitivity to radiation. Dosemapping plays an important rolethrough
the cycle development and dose-setting exercise.

Dose Setting

Method 1 isbased upon the assignmentand verification ofa sterilization dose based on a microbial population.The resistance
of the microbial population is not determined, and dose setting is based on a standard radiation resistance assigned to the
microbial population, derivedfrom data obtained from medicaldevice manufacturersand from the literature. This analysis
assumesthat the distribution of standard resistance represents a more severe challenge than the natural microbial population
on the material to be sterilized. Averification dose study should confirm the relative resistance assumption.The VDmax method
issimilar to Method 1 (it requires both bioburdenand dose verification testing) but relies on bioburden ranges(e.g., <1000 CFUs
per item for a 25-kGy sterilization dose and, for example, 0.1-1.5 CFUs per item for a 15-kGy sterilization dose).

The more complex Method 2 does not require the enumeration of the microbial population for the purpose of setting the
sterilization dose (although it is required for routine monitoring and control) but uses a series of incremental dose exposures
to establish a dose at which approximately lout of 100 samples irradiated at that dose will be nonsterile. This is not the
sterilization dose, but it provides the basis to determine the sterilization dose by extrapolationfrom this information.

Material Compatibility

Once the required dose level has been established, the maximumdose should be established. Analysts typically establish the
maximumdose by evaluatingthe highest likely dose that might be seen during the sterilization process, adding a safetyfactor,
and evaluatingthe item for immediateand long-termeffects of the radiation exposure. Some materials mayappear unchanged
initially, and the effectsmay become evidentonlyover time. The evaluationshould considerallof the materials exposed to the
radiation processing, especially the drug product and its primary container. Product stability, safety, and functionality should
be confirmed over the product's intended use period.

Dose Verification

The methods for cycledevelopment and dose setting relyon the bioburden approach. Analysts use defined presterilization
bioburden controls and periodicevaluation of the processeffects on the bioburden to maintaincycle efficacy. Establishing the
required dose for microbial destruction during cycle development uses the bioburden's natural resistance; analysts then
extrapolate the dose-settingalgorithmsto establish a dose that iscapable of delivering a probability ofa nonsterile unit (PNSU, a
standard measurement) of 1 x 10-6• The results of the dose-setting approaches for initial bioburden with differentpopulations
and resistance to radiationsterilization are depicted in Figure 1.
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EQUIPMENT QUALIFICATION

Validation Activities

Confirmation of appropriate dose delivery when using the sterilization dose requires a number of supportive activities.
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Radiation Dose

4o

Figure 1. Results of radiation dose setting using VDmax' (top) Higher bioburden population, higher resistanceto radiation
sterilization. (bottom) Lower bioburden population, lower resistanceto radiation sterilization.

The use of gamma sterilization requires initial and periodic assessment of equipment controls and parameters necessaryto
establish the system's capability. Sterilization systems that deliverdirected beams or rays have controls for scan speed, source
intensity, and system timers. The other elements of radiation sterilization equipment largelyare related to material transport
and are easily qualified. Qualification of safety controls, devices, and software is required.

EMPTY CHAMBER DOSE MAPPING

This optional exerciseentails mapping the target area for radiation dose in the absence of a load and isa possible means to
evaluate a focused beam or raysystem. It provides a baselineof performance that may be useful over time.
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LOAD DOSE MAPPING
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The arrangement of items in irradiation containers, carriers, or pallets isan essential part of the initial validation exercise. The
goal ofthe mapping isto define the distribution ofa dose throughout the load items and establish a configurationthat minimizes
dose variationacross the materials. The items are mapped using multiple dosimeters positioned internally and externally.
Identification of maximum dose location is important in evaluating the effects of the radiation on the load items. The location
of minimum and maximum dose can be identified from the dose mapping data for monitoring in routine sterilization of
materials.

BIOLOGICAL INDICATORS

The use of biological indicators for radiation sterilization is not indicated because the physical and dosimetric measurements
employed are more reliable, reproducible, and robust than biological systems.

DOSIMETRY

Process control for radiation sterilization relies heavily on dosimetry for both initial development and ongoing verification.
Forguidance on the selection and use of a dosimetry system for use in radiation sterilization refer to ASTM E2628 Practice for
Dosimetry in Radiation Processing.The dosimetersand the instruments used with them should be calibrated according to ISO/
ASTM 51261 Practicefor Calibration of Routine Dosimetry Systemsfor Radiation Processing.

PROCESS CONFIRMATION

The core of the validation activityis the confirmation of acceptable lethality using dosimeters that are positioned across the
materialas it isprocessed through the radiation-sterilizing equipment. Proofof sterilization cycleefficacy isprovided in replicate
studies in which the dosimetry resultscorrespond to the required minimum value for sterility assurance and demonstrate that
the maximum value has not been exceeded. .

Routine Process Control

Radiation sterilization should be subject to formalcontrols that maintain the validatedstatus. The practicesoutlined in General
Principles of Sterilization of Compendial Articles (1229) provide the general requirements appropriate for allsterilization systems.
This isaccomplished by a number of related practicesthat are essentialfor the continued use of the process over an extended
period of time. The practices that are essential to maintain validated status for radiation include training, calibration, physical
measurements, bioburden monitoring, change control, preventive maintenance, and periodic dose audits.

REFERENCES

1. jacobs, G., Validation of the Radiation Sterilization of Pharmaceuticals, chapter in Agalloco, l-. &: Carleton,F. [. (eds.),
Validation of Pharmaceutical Processes: 3rd Edition, InformaUSA, New York, 2007.

2. Herring, c., & Saylor, M., Sterilization with Radioisotopes, chapter in Morrissey, R., &: Phillips, G. B. (eds.), Sterilization
Technology-A Practical Guidefor Manufacturer.s and Users of Health Care Products, Van Nostrand Reinhold, New York,
1993.

3. Cleland, M., O'Neill,T., & Thompson, c., Sterilization with Accelerated Electrons, chapter in Morrissey, R., &: Phillips, G.
B., Sterilization Technology-A Practical Guide for Manufacturers and Users of HealthCare Products, Van Nostrand Reinhold,
New York, 1993.

(1229.11) VAPOR PHASE STERILIZATION

INTRODUCTION

Sterilization can be accomplished usingsporicidal agents suspended in air (Le., vapor). Sterilizing agents that operate in this
fashion include hydrogen peroxide (HzOz), peracetic acid (CH3C03CH), formaldehyde (CHzO), and glutaraldehyde
[CHz(CHzCHOh] in aqueous solution. At room temperature these are liquidsor solidsthat can be vaporizedfor introduction
into a vessel or chamber. They differfrom sterilizing gases and liquids in that there are multiple phases within the vessel during
sterilization. Vaporsterilizationsystems are well suited for heat-sensitive materials and surface sterilization. Items exposed to
the processshould have their surfacesexposed to the greatest extent possible.Vaporsterilization processesrequire appropriate
sterilant concentration, temperature, and relative humidity, all of which may be variable during the exposure period. Because
the agent is ordinarilysupplied as an aqueous solution, moisture is introduced with the agent. The consequences of variation
in these parameters may be localized differences in relative humidity, agent concentration, and condensation rates on the
surfacesto be treated, resulting in variations in process lethality. The parameters to be established include sterilant amount
(usually derived from injection quantities), relative humidity, and temperature. There is no demonstrated correlation between
gas phase conditions, surface conditions, and microbial kill. Forthis reason, online monitoring of vapor phase concentration is
not widely utilized as a control parameter. Efforts to develop a standardized biological indicator for vapor systems have been
hampered by the multiphasic nature of these sterilants. Selection of the appropriate biological indicator (BI) and resistance
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should be based on experimentation within the user's system. Only under well-defined, specific conditions (e.g., agent
concentration, humidity level, temperature, substrate, and phase) can a reliable D-value be established (for a definition of
D-value, see Sterilization of Compendial Articles (1229».

This chapter will briefly review hydrogen peroxide and peracetic acid sterilization systems, because they are more widely
used than other vapor phase sterilizing agents in the pharmaceutical and medical device industries.

HYDROGEN PEROXIDE

The efficacy of hydrogen peroxide as a liquid sterilant has been long established.' There are several effective approaches to
hydrogen peroxide (H202) injection, including continuous, intermittent, or allat once. Some of the systemsutilize an evacuation
or drying step prior to introduction of the hydrogen peroxide (H202) to allowfor increased concentration without excess
condensation. Alternatively, hydrogen peroxide (H202) can be introduced as a liquid, followed by target heating. Following the
exposure period, the chamber or target isaerated to an acceptable level for further processing of materials and/or personnel
exposure (whichever is lowest) prior to opening and removing the sterilized article.

PERACETIC ACID

Peraceticacid (CH3C03CH), alone or mixed with hydrogen peroxide, isa sporicidal agent that has been proven effective.'
Peracetic acid is introduced as a liquid through an atomizer, resulting in the presence of liquid and vapor phases within the
chamber. Afterthe process dwell period, it is removed by evaporation.

VALIDATION OF VAPOR STERILIZATION

Standard sterilizing conditions have not been defined due to the varying phase and multiphase nature of the sterilantduring
sterilization processes.Therefore, no standardized Bls with D-values that may be used for conventional predictiveanalysis of kill
rates exist. Inthe absence of Bl D-values, and due to the variationin vapor sterilization cycle parameters, an empirical approach
must be used. The kill rates in the gas and liquid phases that constitute the vapor may be substantiallydifferent(liquid kill rates
are considered greater than gaseous kill rates). Destruction of Bls distributed across the system or load demonstrates lethality
regardless of which phase effectsthe kill. Sterilization process parameters (usually time) that do not kill the Bls may be adjusted
until a complete kill is achieved. This establishesthe minimum conditions necessaryfor a complete kill. Vaporsterilization may
be validated using a half-cycle, bracketing, or other suitable approach as defined in (1229) and Gaseous Sterilization (1229.7).

The half-cycle validation method requiresthe destruction of a suitable concentration of a resistant microorganism under
defined, minimum conditions for a complete kill. Then, in routine operation, the minimum lethal time period isarbitrarily
doubled, which supports a doubling of the spore log reduction of the BI, and ismore than sufficientto inactivatethe bioburden.

A bracketing approach, which better supports process operating ranges for the critical parameters than does the half-cycle
method, also can be employed. Inthe bracketing method, one evaluatesconditions that bracket the defined processcondition
in order to establish parameters for the minimum and maximum effectson the materialsand bioburden. The minimum lethal
processdwell time establishesthe worst casefor microbial kill. Incrementalincreases in processdwelltime beyond the minimum
lethal time period are used to establish the maximum exposure periods, which impart the greatest effect on materials. In
addition, adjustments to the quantity of agent introduced, operating temperature, and relativehumidity are utilized to further
enhance the bracketing approach. By this method, the routine process conditions may be established between the minimum
and maximum process conditions to ensure complete microbial kill while maintaining the integrity of the materials.

The following activities are defined for a batch process, and therefore appropriate adaptation is necessarywhen they are
applied to intermittent or continuous sterilization processes.

• Equipment qualification-The equipment qualification for vapor sterilization mimics that of other sterilization processes in
order to confirm that the equipment has been properly installed and operates as intended.

• Empty chamber parameter distribution-Although multipoint measurement is possible, it lacks correlation to surface
microbial kill. Humidityand temperature measurements, along with chemical indicators, can provide a limited indication
of sterilant distribution. Bls are not required in the evaluation of the empty chamber.

• Component mapping-For surfacesterilization, internal mapping of load items is not required. Although vapors are
primarily used as surfacesterilants, when they are used for packaged articles with internal surfaces and volumes that need
to be sterilized, internal mapping should be performed, with Bls placed indifficult-to-penetratelocationsto confirm process
lethality.

• Load mapping-Humidity and temperature measurements, along with chemical indicators,can providea limited indication
of sterilant distribution on component surfaces. Bls are not required. Effects of load size and patterns should be assessed.

• Biological indicators-The use of multipleBls at each test location isrecommended to more adequately support the process
lethality.

• Process confirmation and microbiological chal/enge-The core of the validation activityis the confirmation of acceptable
process parameters and inactivation of the microbial challenge. Proof of cycle efficacy is provided in replicatestudies in
which the Bls are killed and chemicalor physical measurements are utilized.

, Block 55, editor. Disinfection Sterilization, and Preservation. 5th ed. Philadelphia: Lippincott Williams & Wilkins; c2001. Chapter 9, Peroxygen
compounds; pp. 185-204.
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Vaporsterilization is subject to controls that maintain a validated state over time. The practices outlined in (1229) describe
the general requirements appropriate for all sterilization systems. The essential practices required to maintain validated status
includecalibration,physical measurements, useof Bls, physical or chemical integrators and indicators, ongoing processcontrol,
change control, preventive maintenance, periodic reassessment, and training.

(1229.12) NEW STERILIZATION METHODS

INTRODUCTION

Sterilization processes are developed for the eliminationof viable microorganismswhile preserving the essential physical,
chemical, and biological properties of the materials subjected to them. Where this cannot be accomplished by the sterilization
methods described in Sterilization of Compendial Articles (1229), it may be possibleto sterilize by using a proposed method not
commonly used. When doing so, it is the end user's responsibility to demonstrate that the proposed new method can be used
safely and effectively.

POINTS TO CONSIDER FOR A NEW STERILIZATION METHOD

The major steps in the implementation of a new sterilization method include the following:
• Elimination of any established method through experimental evidence and/or comprehensive literature reviewof any

materials used
• Aliterature reviewto identifysupportive information on the proposed method
• Identification and confirmation of reproducible lethalityagainst a broad range of microorganisms, including bacterial

spore-formers
• Identification and definition of critical process parameters necessaryto ensure sufficient lethality. The effective range of

these parameters should be explored to identify necessaryconditions for the proposed sterilization process.Among the
parameters to be considered, depending upon the nature of the process under consideration, are process dwell time,
temperature, concentration, energy or power, and relative humidity.Thisevaluationshould include positive and negative
controls to ensure that the proposed method is in fact responsiblefor microbial destruction.

• The selection of a biological indicator (usually a spore-forming microorganism)with increased resistanceto the
sterilization method

• Evaluation of the proposed method against anticipated bioburden microorganisms and comparison of relative resistance
of the bioburden microorganism to that of the chosen biological indicator

• The identificationof in-process and/or post-process measurements and/or analysis that can reliably confirm the
effectiveness of the proposed sterilization process.

Where the proposed new method is used for materials intended for human and/or veterinary use, the relevant regulatory
authorities should be contacted to secure their acceptance before either investigational or clinical usage. Validation of the
proposed new method should be completed before use on a commercial basis.

(1229.13) STERILIZATION-IN-PLACE

INTRODUCTION

Sterilization-in-place (SIP) can be defined as the sterilization of a system or piece of process equipment in situ. The purpose
of SIP' is to eliminate, or greatly reduce, the need for post-sterilization handling, including that necessaryto make aseptic
connections. Mobile process equipment (e.g., portable tanks, storage vessels, and other equipment), once sterilized in this
manner, may be relocated. The SIP processcan be carried out by using any of the following physical methods: moist heat, dry
heat, gas, liquid, or vapor (described below) according to the approaches described in Sterilization of Compendial Articles
(1229), as adapted for use with the specific equipment or system.

COMMON ELEMENTS OF SIP PROCESSES

There are a number of considerationsappropriate for the design and use of SIP procedures that apply to allof the sterilization
methods:

• The use of an SIP method is normally associated with a "c1osed system." Closed systems are almost always sterilized in
situ, and the design elements of the typical closed system are consistent with many SIP process needs.

1AAMI/ISO 13408-5. Aseptic processing of health care products-part 5: sterilization in place; 2008.

www.webofpharma.com

https://nhathuocngocanh.com/



8234 (1229.13) / General Information USP 43

• Forlarge systems, it may be necessaryto sterilize in portions. The individual sterilization processesshould overlapto ensure
treatment of all internal surfaces.

o The focus of the SIP procedure issterilization of the product contact surfaces (the interior of the system). Demonstration
of process lethality relies upon physical measurements and biological indicators. This confirmation should extend to the
"sterile boundary" of the system, including vessel headspace, connections to other vessels/equipment, and other parts of
the system. The interior surfaces of the process equipment, irrespective of their materialsof construction, should be
exposed to lethal conditions sufficient to sterilize the system and confirmed as lethal with an appropriate biological
challenge.

o SIP is accomplished almost exclusively using the overkill approach to sterilization. The components of the physical
equipment should be chosen based upon their ability to withstand the sterilizing conditions to be used. Filters in the
process system, whether membrane or high-efficiency particulate air (HEPA), are typically susceptible to damage during
SIP, and care must be taken to preservetheir integrity. Filter manufacturers can provideguidance on acceptable sterilization
methods and parameters.

o The absence of specifically designed equipment in which the sterilization process is performed places the bulk of
responsibility for design onto the user. SIP systems ordinarilycannot be purchased directly in the way one purchases a
steam sterilizeror a dry heat oven. Instead, the system, which was designed for the operating process, may require
modification to accommodate the SIP process to be used. The user must assume the role of designer for the process,
equipment, and control system.

o The system design and operating procedures must provide for an efficient means of introducing and removing the
sterilization agent. Sterilization agent removal must consider the potential effectsof residualsterilant on the materials to
be processed. Establishmentofa reliableprocesssequence isa critical part of the cycledevelopment exercise.The sterilizing
agent is normally introduced through a filter on the system that may also serve as a process, purge gas, or vent filter.

o At the conclusion of the sterilization process sequence and until ready for use, the system should be pressurized with a
purge gas (sterile air or nitrogen are the most common) to prevent the introduction of contaminants to the sterilized
system.

o The critical process parameters for the SIP process should be-recordedas the process isexecuted. The important parameters
may include temperature, pressure, concentration, flow rate, humidity, and time, among others.

CLOSED SYSTEMS

Inpharmaceutical manufacturing operations, closed systems are used for variousapplications including maintenance of large
quantities of materials (liquidsor powders) in a sterile state; manufacture of biological and synthetic organic active ingredients
(especiallywhere microbial absence is essential); and preparation of process equipment for use in sterile drug product
manufacturing and filling. The use of closed systems provides superior separation of sterile materialsfrom the surrounding
environment. Typically, closed systemsare maintained under positivepressureat alltimes. The characteristicsof a closed system
that establish its designation as "closed" include the followinq.?

• It maintains integrity during all operating periods and under all conditions.
• It is sterilized-in-place or sterilized while closed before use.
• It can be adapted for materialstransfer in and/or out while maintaining its sterile state.
• It can be connected to other closed systems while maintaining the integrity of all systems.
• It is subject to scheduled preventive maintenance.
• It uses sterilizing-gradefilters for sterilization of liquid and gas process streams.

SIP METHODS

Moist Heat

The use of saturated steam is the most prevalent method for SIP of large systems. The majority of installations use gravity
displacement cycles adapted from those originally used in steam sterilizers (the size and complexity of many systems preclude
the use of prevacuum cycles). Important considerations include the provision for air removal,condensate discharge, and steam
removal post-dwell.v' Thismethod iscommonly used for bioreactors, sterile bulk production, holding tank and delivery lines,
and other large systems.

Superheated Water

Systems used for Water for Injection and Purified Watercan be sterilized by using superheated water (water that is heated
above its boiling point and pressurized to maintain it as a liquid)circulatingthrough the system. Thismethod has the ability to

2 ParenteralDrug Association, Technical ReportNo. 28, Revised. Supplement Volume 60, No..S-2, Process simulationtesting for sterilebulk
pharmaceutical chemicals. Bethesda, MD: PDAi 2005.
3 AgallocoJ,Steam sterilization-in-place technology and validation. In:Agalloco J, Carleton FJ, editors. Validation of pharmaceuticalprocesses. 3rd ed.
New York: Informa USA; 2007.
4 Parenteral DrugAssociation, Technical ReportNo. 61, Steam in place. Bethesda, MD: PDA; 2013.

www.webofpharma.com

https://nhathuocngocanh.com/



USP 43 General Information / (1229.14) 8235

sterilize vessels, filters, and other wetted components at the sametime.5 Removal of residual watersubsequent to the sterilization
phase is recommended.

Dry Heat

Dry heat has been used for SIP of spraydryers and their associatedmaterial collection systems. Theair supplyfor sterilization
in these systemsis provided through HEPA filters.

Gas

Gas-phase SIP has been used for non- and low-pressure-rated processequipment, such as freezedryers, prefreezers, process
vessels, and other equipment.

liquid

Liquid chemicalsterilization is best suited for liquid-handling systemsand can be used onlyfor fully wetted surfaces. This
process issimilar to those using superheated water except the lethal modality ischemical rather than thermal.

Vapor

Sterilizing vapors have been used for the in situ sterilization of the same types of processequipment as those treated with
sterilizing gases.The precautionsassociated withvaporsterilization described in Vapor Phase Sterilization (1229.11)are required.

ROUTINE PROCESS CONTROL

SIP processes are subject to formal controlsthat maintaina validatedstate over time. The practices outlined in(1229) include
the general requirements appropriate for all sterilization systemsas well as those specific to an individual sterilization method.
Sterilization isaccomplishedbya number of relatedpractices that are essential forcontinued useofthe processoveran extended
period of time. The essential practicesto maintainvalidatedstatus includecalibration, physical measurements, physical
integrators or indicators, ongoing processcontrol, change control, preventivemaintenance, periodic reassessment, and
training.

(1229.14) STERILIZATION CYCLE DEVELOPMENT

INTRODUCTION

The proper development and implementation of a sterilization process requires a number of important sequential steps to
ensurethat an appropriate sterilization process results in materials and products that are both microbiologically safeand suitable
for their intended use.' Sterilization technologies that rely on heat, ionizing radiation, and chemicals often have the potential
to alter the physicochemical properties of materials to which they are applied. Insome cases, sterilization could either leave
toxic residues on materials that were sterilized or resultin impurities (i.e., leachables) being more readily released into products
that contact them. Thus, it isnecessary to considersterilization not onlyas a means of eliminating microorganisms but alsoas a
processthat has the potential to change materials in a manner that impacts usefulness, safety, or both. Abalance between the
microbial lethality of a sterilization processand other aspectsof patient safetymust be established. Arobust sterilization process
that satisfies both is the desired objective of the cycle development activities.

PROCESS SCREENING

Radiation

The methods for establishment of radiation sterilization are described in detail in ISO 11137, and adherence to the most
recent version of that standard is recommended.

Sterilizing Filtration

Filtration sterilization processes rely on exclusion of microorganisms and differ substantially from those that rely on lethality
(see Sterilizing Filtration of Liquids (1229.4». Process development for filtration must consider manyfactors, such as adverse
effects of the fluid on the filter(e.g., chemical compatibility) and of the filter on the fluid (e.g., extractables and leachables), as

5 Haggstrom! M. Sterilization-in-place using steam or superheated water. In:Proceedingsof the PDA Basel conference. Bethesda, MD: PDA; 2002.
, Theterm "materials",as used throughout thischapter, includes drug substances,drug products, in-process materials, components, containers,closures,
laboratorymedia, utensils, product contact materials, and other itemssubject to sterilization processes.
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well as adsorption of fluid components. Physical interactions such as pressure differential, hydraulic shock, flow rate,
temperature, and filtration capacity must also be considered. See (1229.4) for additional information.

Other Sterilization Methods

USP 43

The first step in the development of a sterilization cycle is exposing the materialsto the sterilization processand evaluating
the impact that the process hason them. Initially, this determination can be a general screening process inwhich gross changes
in appearance may be sufficient to confirm incompatibility. Where appearance is unchanged, the materialshould be evaluated
for changes to its physical and chemicalattributes. Ifthe resultsare marginal, reductions in those parameters that most impact
lethalityand/or material effectsmay be beneficial. Tests conducted over a range of process lethalitythat would result in
microbiological destruction should be performed. At this stage of development, the final process conditions required are not
yet established, so flexibility in the preliminary evaluation is necessary. Common sense should be applied when considering
sterilization process alternatives. Forexample, thermal treatments are inappropriate for refrigerated materials, items cannot be
heated close to their melting point, sterilizing gases and liquids cannot penetrate sealed containers or nonporous materials,
and other obvious restrictions may also be present. In the evaluation of items made of many materials (i.e., sealed vials,
permeable pouches, etc.), consider the effecton all material components of the item being sterilized. Altering one or more
components of the item may result in a favorable outcome. In many projects involving the sterilization of a custom-designed
component, the sterilization processevaluation isan essential element of proof-of-principle studies. No component selection
and manufacturing process design for a sterilematerial can be considered complete until a suitable sterilization process has
been identified and fully evaluated, and renders the material sterile while having minimal effectson its physical and chemical
attributes.

The following conditions are merelyexamplesfor consideration when evaluating materialsfor compatibility with the
sterilization processes indicated:

1. Moist heat-at conditions sufficient to reliably kill the expected bioburden (see Steam Sterilization by DirectContact
(1229.1) and Moist HeatSterilization of Aqueous Liquids (1229.2»

2. Dryheat-check for the lowestmelting point of materials and processat 25° below the lowest melting temperature (see
Dry Heat Sterilization (1229.8»

3. Liquids, gases, and vapors-at conditions sufficientto reliably kill the expected bioburden (see Liquid-Phase Sterilization
(1229.6), Gaseous Sterilization (1229.7), and VaporPhase Sterilization (1229.11»

Other conditions can be utilized in this preliminary evaluation, and multiple methods may need to be explored. Use
information in the literature or provided by the suppliers to facilitate this effort. Materials should be changed ifthe initial
materials are suspected of being incompatiblewith an otherwise acceptable method. The selected sterilization method should
be the process that has the least impact on the essential quality attributes of the material and delivers lethality sufficient to
exceed the desired minimum probability of a nonsterile unit (PN5U).

Bl0BURDEN EVALUATION

In parallel with the processdescribedabove, an assessment of the bioburden present inor on the itemsto be sterilized should
be conducted (see Monitoring of Bioburden (1229.3». The initial evaluationshould include an estimation of bioburden .
population and resistance. Acontrol strategy for periodic bioburden monitoring for resistance and population should be
instituted regardless of the results of the initial study (see (1229.3».2 Forradiation sterilization processes, the expectations for
bioburden evaluation are established in ISO 11137.·

Bioburden Resistance

Forthe remaining sterilization processes, the execution of a boil test (100° for 10 min) can serve as a basicscreen for
spore-forming microorganisms (see (1229.2». The absence of survivors in a boil test greatly simplifies the sterilization cycle
development as the sterilizing conditionsfor non-spore-formers are less stressful on the production materials. If microorganisms
are determined to survive the boil test, their resistance to the chosen sterilization process should be established. The boil test
allows for estimation of a D valuefor a moist heat process. Forother processes, a literature reference or laboratorystudy is
required (see ISO 18472 Sterilization of Health Care Products-Biological and Chemical Indicators-Test Equipment).

Bioburden Population

Ifno microorganismsare recovered or only non-spore-formers are recovered, an estimation of bioburden population can be
utilized to expedite selection of the appropriate process duration. As spore-forming bacteria are ubiquitous, the potential
presence of spores in the bioburden should be given consideration.

2 Native bioburden must be routinely tested and trended with appropriate screening in place for organisms that may exceed the worst case in terms of
population and/or survivability. Ifa more resistantorganism and/or abnormally high population has been isolated through a screening procedure, the
impact on the sterilization process to achievethe required sterility assurance level must be determined.
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ESTIMATION OF PROCESS DURATION

The minimum duration of the sterilization dwell period can be determined once the sterilizing method has been selected
and the bioburden (as determined or assumed) information has been obtained. This is accomplished by rearranging Equation
7, used to estimate the PNSU (see Sterilization of Compendial Articles (1229»).

-F
logNu = D + log No (1)

Rearrangement of the equation and solvingfor Fresults in Equation 2.

F = D (log No-log Nu) (2)

No =assumed PNSU (NMT 1 positive unit in 106 units)
F = dwell time of the sterilization process at a defined condition expressed in minutes!
o =estimated D value of the bioburden in minutes
No =estimated maximum population of the bioburden

The calculated Fvalue represents the minimum duration of the process dwell period to reduce the assumed initial microbial
population to lessthan the desired PNSU. Safety factors can be added to the assumed Dvalue of the bioburden, the minimum
desired PNSU, and the bioburden population estimate. The use of a safetyfactor reduces contamination risk as it increasesthe
process duration, but it may adverselyaffect the materials being sterilized. With or without safetyfactors, determination of the
estimated process duration under sterilizing conditions is a prerequisite to the subsequent activities.

Depending on the Fvalue (or process dwelltime) selected, the validation approach for sterilization can be determined. The
preferred, but not required, method is the use of an overkill approach (see (1229») where the Fvalue allows for complete
inactivation of a resistant biological indicator. Where material limitations restrict the use of lengthy sterilizing conditions, the
bioburden/biological indicator or bioburden methods may be more appropriate (see (1229»).

FORMAL MATERIAL EVALUATION

Once the appropriate sterilization process has been chosen, the effects of that process on the materialsshould be
reconfirmed (7). The requirements for this can varyfrom simple physical examinations for materialsexpected to be largely
unaffected by the sterilization process, such as stainless steel or glass with steam, to comprehensive stability examinations for
formulated products in their final container-closureconfiguration. The criteria for these studies should be objective wherever
possible. It is useful to do a literature search for materials about which there is minimal experience, and to search and discuss
potential material effectswith suppliers. The preparation and sterilization of the test units for these formal studies can be
conducted in a laboratory setting and must be fully documented.

When sterilizing using chemical agents, the sterilized materialsshould be tested for the presence of residual sterilant and its
known degradation by-products. Post-sterilization cycle aeration or other treatments may be necessaryto reduce these to
acceptable levels. .

BIOLOGICAL INDICATOR SELECTION

A biological indicator should be selected that is appropriate for the chosen sterilization process and its duration, as well as
the intended validationapproach (see Biological Indicators for Sterilization (1229.5»). The chosen biological indicator providesa
means to measure the lethalityof the process through the selection of biological indicator population and resistance.The
sterilization process duration should not be adapted to accommodate the specifics of any biological indicator.

CONTAINER AND ITEM MAPPING

Studiesshould be performed to determine the locationwithin the materials to be sterilized that is least likely to achieve
sterilizing conditions. The mapping can be conducted using thermocouples, dosimeters, biological indicators, and/or chemical
indicators placed within the materials. The materials to be sterilized should be wrapped or packaged and oriented as intended
for routine use of the sterilization process.The wrapping and packaging materials and methods should be controlled to ensure
reproducibility. It is essential when conducting these studies that the introduction of the measuring devicesbe accomplished
in a manner that does not alter (positively or negatively) the penetration of the sterilant through any wrapping and packaging
or through the material itself. Ifthe materials to be sterilized have simple geometry, with minimal internal volume, and are
sterilized with other more complex items, mapping of the simpler materials can be omitted. Interpolation of volume, density,
dimension, and mass may be possible to reduce the extent of studies required. Mapping studies should be documented for
future reference.

3 The Fvalue is equivalent to Fofor moist heat, FH for dry heat, or process dwell time Lfor other sterilization processes and is typically expressed in
minutes.
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The initial use of a sterilization process should include confirmation that the sterilization conditions can be delivered
throughout the entire load. Additional guidance on this, and the subsequent aspect of sterilization validation and process
control, can be found in other chapters within the (1229) family of chapters.

REFERENCI;S

1. Association for the Advancement of Medical Instrumentation (AAMI). Compatibility of materialssubject to sterilization.
Arlington, VA: AAMI Technical Report No. 17; 2008.

(1229.15) STERILIZING FILTRATION OF GASES

INTRODUCTION

Gases, such as compressed air, nitrogen, and atmospheric gases that contact sterilecomponents, containers and closures,
and product contact surfacesof processing equipment, such as tanks and piping, must be sterileto prevent contamination of
pharmaceuticals and biopharmaceuticals.The sterilization of gases is typically accomplished by passing the gas through one
or more sterilizing-grade membrane filters. The filtration process must be designed to ensure that the filtered gas has been
sterilized.

GAS VERSUS LIQUID STERILIZING FILTRATION

Sterilizing Filtration of Liquids (1229.4) contains information that is applicable to this chapter, including but not limited to
sterilizing-grade filters, retention mechanisms and factors affecting retention, validation, integrity-testing principles and
methods, and prefiltration bioburden control. The significant differences between liquid and gas filtration will be discussed in
this chapter.

MEMBRANES FOR GAS STERILIZATION

Filters used for sterilization of gases are commonly hydrophobic membranes, although hydrophilic membranes can be
employed where membrane wetting during use is not an issue.Wetting may be a factor with filters used for autoclave venting
and where vent filters are required to maintain the sterility of tank headspace. Microporous filter membranes that have a
pore-size rating of NMT 0.2 urn, which meets the ASTM International standard (see F838-15a Standard Test Method for
Determining Bacterial Retention of Membrane Filters Utilizedfor LiquidFiltration), are suitable for the sterilization of gases; in fact,
these filters are considerablymore retentivefor gases than for liquids (7). Additionally, the filters must be chemically compatible
with the gas to be filtered and physically compatlble with the filtration conditions (e.g., pressure differentials and flow rates),

RETENTION MECHANISMS

The primary retention mechanisms of membrane filters used in gas sterilization are sizeexclusion, impaction, diffusional
interception, and electrostatic attraction. Size exclusion is effective for particles(microorganisms) that are too large to pass
through the pore structure of the filter membrane and is essentially independent of the velocity of gas flowing through the
filter. Retention mechanisms other than sizeexclusion can be effective for particlessmallerthan the pores they encounter.
Retention due to impaction, diffusional interception, and electrostatic attraction is dependent on particle size, flow rate, and
relative humidity. Forexample, particle retention efficiency due to impaction is proportional to the mass of the particle;heavier
particles have a greater momentum than lighter ones and are therefore more likely to contact pore walls and subsequently be
retained by thefilter during tortuous flow. Incontrast, the capture efficiency of diffusional interception is inversely proportional
to particlesize and velocity. Smallerparticles influenced by Brownian motion can exit the streamlines, contact the filter matrix,
and be retained, and lowervelocityincreases potential contact time and improvescapture'efficiency. Electrostatic attraction of
particles is reduced by a high relative humidity in the filtered gas. Adsorption, which can be important in liquidfiltration, is
not a retention mechanism for gases.

VALIDATION

Validation of the processes used in sterilizing filtration for gases, in general, may be divided into two parts: sterilization of
the filterand its housing, and the ability of the filterto remove microorganismsfrom the filtered gas.

Sterilization of the filter and its housing has been addressed specifically in (1229.4) and Sterilization-in-Place (1229.13), and
generally in Sterilizationof Compendial Articles (1229).

www.webofpharma.com

https://nhathuocngocanh.com/



USP 43 General Information / (1229.16) 8239

Membrane filters meeting the requirementsof ASTM F838-15a are suitablefor sterilizing filtration of gases in terms of
microbial retention. Liquid bacterial challengetesting represents a worst-case conditionfor sterilizing gas filters because the
retention efficiency in liquids is lowerthan in gases (2).

INTEGRITY TESTING

Integrity testing requirementsand techniques are discussed in (1229.4). The hydrophobicfilters typically used for gas
filtration can be integrity tested usingbubble-point,diffusive-flow, and pressure-hold tests that usea liquid of lowsurfacetension
to completelywet the pore structure of the filter membrane. Additionally, integritytesting can be performed by measuring the
membrane's resistance to wetting with water as a function of pressure. Water intrusion testing is an exampleof this type of
integrity testing.

REFERENCES

1. Liu BYH, Rubow I<L, Pui DYH. Performance of HEPA and ULPA filters. Proceedings, Annual Technical Meeting-Institute
of Environmental Sciences. 1985 Apr29-May 2; Las Vegas, NV.

2. Parenteral DrugAssociation. Sterilizing filtration of gases.Technical ReportNo. 40. PDA JPharm Sci Technol. 2005;58(1
SupplTR40):7-44.

Add the following:
. "

~(1229.16) PRION INACTIVATION

INTRODUCTION

Prions are transmissible agents comprised of abnormal proteinaceousmaterials that lead to the precipitation of healthy
protein within eukaryotic ~ells, leading to cell death. Prions have been associatedwith transmissible spongiform
encephalopathies (TSE), fatal neurological diseases, that occur in humans and other animals. Some examplesof TSE are .
Creutzfeldt-Jakob disea~e (CJD) hi humans, scrapie insheep, and bovinespongiform encephalopathy (BSE) in cattle. Prions are
consideredhighly' resistantto most physical and chemicaldestructionagents, and in r:nany casesare moreresistantthan bacterial
spores to these agents (1). Priofls are potential contaminants in materials and cell lines of mammalian originand their
inactivation/removal is required where their presence can be expected. They can also be found on equipment and medical
devicesexposed to contaminatedmaterials. Empirical confirmation is recommended in the application of all prion inactivation
processesas there are differentcontaminants, conflicting statements regarding performance,and limited information on many
of the potential processes.. .' . .

The removal of proteinaceousmaterials inch:.Iding prions ismade more difficult ifthese are allowed to dry on surfacesbefore
treatment. Forthat reason all surfaces should be kept water wet until inactivatioo begins.

The processconditionsand agents used for prion inactivation must consider patient safetyas part of the riskassessment
during product manufacture and reprocessing of equipment and medical devices. The effectof the process/agent on the
materials being processed must be considered.

When the items/materials to betreated are intended for disposal, incineration isconsidered to be the most effective means
of prion inactivation.

METHODS OF DESTRUCTION

Chemical Methods

. Physical removaland priem degradation (or fragmentati6n) have been demonstrated using a vari~ty of alkaline cleaning
form"uliltions, typically at pH >9.The usefulness of these harsh solutions variesconsiderablydepending on the formulation~

concentration, pH,and cleaningprocessconditions(e.g., exposuretime, temperature). Reported results regardingthe chemical
inactivation of prions have been i{1consistent becaus~ of numerousvariables involving the prion (e.g., strain~ concentration,
underlying tissue, test species) and the chemicaltreatment (e.g., agent, concentration, processparameters). Effective
prion~inactivating chemicalagents includechlorine (delivered in various forms), phenoliccompounds, gua,nidine thiocyanate,
and sodium hydroxide, among'others (2). Chemical methods (with or without heat) are better suitedfor surfacetreatment.

ThermalMethods.

Thedestruction of prions by moist heat has been reported across a Wide range of temperatures (from 1000/15 minto 1380
/

l' h), which reflects the diversity of the challenge presented (2). Thermal treatments can be used for raw materials, fluids,and
equipment.
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The combination ofchemical and thermal methods provides the greatest cOnfidence in prion titer reduCtion for equipment: A
common process for prion decontamination is moist heat (or superheating under pressure) over time (e.g.; 121,°for 2:1 h, 132°~
136°for2:18 min) immersed in.concentrated alkaline solutions such as sodium hydroxide (NaOH) -at 1-2 N. L0'A'~r

concentrations of sodium hydroxide and potassium hydroxide have been shown to be effective against surface prion
contamination when used in.combination with surfactants supplemented with other chemicaladditiv~s.Anex~mpleisa
disinfectant formulation containing ,0.2% sodium dodeSyl sulfate (SDS), 03% sodium hydroxide; and 20 panol; thi~

combinaf has beenshoV\lnto be effective against prions, bacteria, and viruses. The effects Ikal' st .. - . n
on prions e" studied and shown to calise protein and peptide fragmentation over tim hes . b ed
at increased conc rations of the alkali solution and/or hlghertemperatures (7). When working wit . azar ous c
methods, there are practical problems,that need to be considered, such as risks to personnel while handling harsh . . I
agents, the eventual deleterious effects onthe autoclave chamber, andthe potential detrimental effects on medical.devices due
to surface reactivedamage to metals and plastics. In addition to sodium hydroxide, sodium hyp()chlorite (chlorine) solutions
are widely used as anti-prion chemicals (3).

METHODS THAT ARE NOT EFFECTIVE

The following disinfectants or disinfection processes have been shown to be ineffective for prion decontamination:
formaldehyde, glutaraldehyde, alcohols, radiation (ionizing or nonionizing),' dry heat, ethylene oxide, quaternary ammonium
compounds, pasteurization, and boiling (4).

REFERENCES

1. Rutala W, Weber D. Creutzfeldt-Jakob disease: Recommendations for disinfection and sterilization. C1in Infect Dis.
2001 ;12(9):1348"':1356.

2. McDonnell GE echanisms of microbial resistance., In: Antisepsis, Disinfection; and Sten1ization: Types, Action, and
Resistance.2n . Sterling, VA:ASM Pressj2017:285-393.

3. McDonnell GE.Transmissible spongiform encephalopathies and decontamination. FraiseAP,Mailla
Principles and PraCtice of Disinfection, Preservation, and Sterilization. 5th ed. Hobok , NJ:Wiley-Blackw

4. Donnell . Decontam' ion of prions. In: Walker JH,ed. Decontaminationin Hospitais and Healthcare. Cam6ridge;
Publishing, 14: 346-369.

5. ornmendations for'decontamination of instruments. contaminated with prions (https://www..cdc.g6v/prions/cjd/
in n-;control.html).

6. WHO infection Control Gu'idelines for Transmissible Spongiform Encephalopathies. ANSI/AAMI Standards ST7~:2017
Annex C-Processing CJDcontaminated patient care equipment and environmental surfaces.

7. NIH, Creutzfeldt-Jakob-Disease-Fact-Sh~et. https://www.ninds.nih.gov/Disorders/Patient-Caregiver-Education/
Fact-Sheets/Creutzfeldt-Jakob-Disease-Fact-Sheet.
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(1230) WATER FOR HEMODIALYSIS APPLICATIONS

GENERAL PURIFICATION CONSIDERATIONS

Chemical and microbial components that can be found in drinking water meeting U.S. Environmental Protection Agency
National Primary Drinking Water Regulations (or equivalent) may have the potential to produce significant negative effects in
patients undergoing hemodialysis. It is, therefore, necessary to subject the water to further treatment to reduce these
components to acceptable levels. The WaterforHemodialysis monograph provides bacterial and chemical tests that are required
to ensure patient safety. Additional testing is recommended as follows:

1. Excess levels of aluminum, fluorides, and chlorine may be found seasonally in drinking water as a result of chemicals used
in water treatment. These components should be monitored in Water for Hemodialysis being produced in accordance
with established standard operating procedures. The maximum acceptable levels of these and other elements and
compounds, as proposed by AAMI (Association for the Advancement of Medical Instrumentation) are listed in Table 1.
These attributes should be periodically monitored to ensure they are being controlled by the routine testing performed
in accordance with the Water for Hemodialysis monograph.

2. A comprehensive validation testing of the system producing Water for Hemodialysis should be performed initially and
periodically thereafter to ensure that the water treatment equipment and system sanitization processes are functioning
properly.
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Table 1. Maximum Allowable Chemical Levels in Water for Hemodialysis (water used to prepare dialysate and concentrates from
powder at a dialysis facility and to reprocess dialyzers for multiple user

Element or Compound

Contaminants withdocumented toxicity
inhemodialysis

Aluminum

Chloramines

Freechlorine

Copper

Fluoride

lead

Nitrate (as N)

Sulfate

Zinc

Contaminants normally included indialysate

Calcium

Magnesium

Potassium

Sodium

Othercontaminants

Antimony

Arsenic

Barium

. Beryllium

Cadmium

Chromium

Mercury

Selenium

Silver

Thallium

Maximum Concentration
(mg/l)

0.01

0.1

0.5

0.1

0.2

0.005

2

100

0.1

2 (0.1 mEq/l)

4 (0.3 mEq/L)

8 (0.2 mEq/L)

70 (3.0 mEq/L)

0.006

0.005

0.1

0.0004

0.001

0.014

0.0002

0.09

0.005

0.002

• Reprinted with permission from ANSI/AAMI RD62:2006, "Water treatment equipment for hemodialysisapplications"; ©Associationfor the Advancement of
Medical Instrumentation, Arlington, VA.

The chemical limits included in Table 7 have been recognized by federal government agencies as standards for Water for
Hemodialysis. Written standard operating procedures for water testing should be established by the physician in charge or the
designated facility manager. The test frequency decisionshould be based upon historical data analysis, the qualityof the source
water as reported by the municipal water treatment facility or public health agency in the area, etc. Records should be
maintained to document levels and any necessary remedial action taken promptly.

Chemicalanalysis of water components listedshould be performed using methods referenced in the American Public Health
Association's StandardMethods for the Examination of Waterand Wastewater, 21st Edition;' those referenced in the U.S.
Environmental Protection Agency's Methods for the Determination of Metals in Environmental Samples.? or equivalent methods
as referenced in ANSI/AAMI RD 62:2006.

. MICROBIAL CONSIDERATIONS

The Water for Hemodialysis monograph includes total aerobic microbial count (TAMC) limits of 100 cfu/mLand endotoxin
limits of 1 USP Endotoxin Unit/mL. Inaddition, the absence of Pseudomonas aeruginosa should be routinelydetermined because
this isan opportunistic pathogen hazardous to acutely ill hemodialysis patients. Both the high microbial counts and the

1American Public Health Association, Washington, DC 20005.
2 U.S. Environmental Protection Agency Publication EPA-600-R-94-111, Cincinnati, OH.

www.webofpharma.com

https://nhathuocngocanh.com/



8242 (1230) / General Information USP 43

presence of Pseudomonas aeruginosa can be associated with inadequate water system maintenance and sanitization. Sampling
the water should be done at all use points where the water enters the dialysis equipment. Samples should be assayedwithin
30 minutes of collection or immediately refrigerated and then assayedwithin 24 hours of collection. The microbial enumeration
and absence tests are performed using procedures found in the USPgeneral test chapters MicrobialEnumeration Tests (61) and
Tests for Specified Microorganisms (62). Quantification of bacterial endotoxins is performed using procedures found in the USP
general test chapter Bacterial Endotoxins Test (85).

Becauseofthe incubation time required to obtain definitive microbiological results, water systemsshould be microbiologically
monitored to confirm that they continue to produce water of acceptable quality. "Alert" and "Action Levels" are therefore
necessary for the monitoring and control of the system. An Alert Level constitutes a warning and does not require a corrective
action. An Action Level indicates a drift from normal operating conditions and requires that corrective action be taken to bring
the process back into the normal operating range. Exceeding an Alert or Action Level does not imply that water quality has
been compromised. The maximum recommended Action Level for a total viable microbial count in the product water should
be no greater than 25 cfu/mL, and the maximum recommended Action Level for bacterial endotoxins should be no greater
than 0.25 USP Endotoxin Unit/mL. Aswith all process control values, Action and Alert Levels should be established from normal
system monitoring trends and process capabilities in a fashion that allows remedial actions to occur in response to process
control level excursions well before specifications are exceeded (also see MicrobialConsiderations under Waterfor Pharmaceutical
Purposes (1231 ).

(1231) WATER FOR PHARMACEUTICAL PURPOSES
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1. INTRODUCTION

USP 43

Water iswidely used as a raw material, inactive ingredient, medicinal vehicle, and solvent in the processing,formulation,
and manufacture of pharmaceutical products (dosage forms), active pharmaceutical ingredients (APls), API intermediates,
compendial articles, and analytical reagents as well as in cleaning applications.

This is an informational chapter on pharmaceutical water topics and includes some of the chemical and microbiological
concerns unique to water and its preparation and uses.The chapter provides information about water quality attributes (that
mayor may not be included within a water monograph) and processing techniques that can be used to improve water quality.
It also discusses water system validationand givesa description of minimum water qualitystandards that should be considered
when selecting a water source including sampling and system controls. It isequally important for water systems to be operated
and maintained in a state of control to provide assurance of operational stabilityand therefore the capabilityto provide water
that meets established water quality standards.

This informational chapter is intended to be educational, and the user should also refer to existing regulations or guidelines
that cover U.S. and international [International Council for Harmonisation of Technics! Requirements for Pharmaceuticalsfor
Human Use(ICH) or World Health Organization (WHO)] good manufacturing practice (GMP) issues, as wellas operational and
engineering guides and/or other regulatory guidance for water [e.g., from the Food and Drug Administration (FDA),
Environmental Protection Agency (EPA), or WHO]. Thischapter is not, and should not be considered, an all-inclusive document
on pharmaceutical waters. It contains basic information and points to be considered for the processing, holding, monitoring,
and use of water. It is the user's responsibility to ensure that:

1. The selection of the type and specifications of water is appropriate for its intended use.
2. Water production and quality meet applicable governmental regulations and guidance.
3. The pharmacopeial specificationsfor the types of water used in monographed articlesare met.
4. Water used in the preparation of reagents for analysis or the performance of required tests meets USP requirements.
Control and monitoring of the chemical and endotoxin purity of waters are important for complying with the requirements

of the monographs in this compendium. Attributes listed in USP monographs should be considered the "minimum"
requirements. More stringent requirements may be needed for some applications to ensure suitability for particular uses. Basic
guidance on the appropriate applications ofwaters can be found in the monographs and isalsodiscussedfurther in this chapter.

Controlof the microbiological qualityofwater isalsoimportant for many of itsuses.Thisattribute isintentionallynot specified
in most water monographs. Microbiological control isdiscussed throughout this chapter, but especially in sections 4. Validation
and Qualification of Water Purification, Storage, and DistributionSystems, 5. Design and Operation ofPurified Waterand Waterfor
Injection Systems, 6. Sampling, 8. Microbial Evaluations, and 9. Alert and Action Levels and Specifications.
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Thischapter contains various chemical, microbiological, processing, and engineering concepts of importance to users of
water. Water system validation, process control levels, and specifications are also presented later in this chapter.

2. SOURCE WATER CONSIDERATIONS

Source water isthe water that enters the facility. The originof this source water can be from natural surfacewaters like rivers
and reservoirs, deep-bed well waters, sea waters, or some combination of these, potentiallyincludingmultiple locationsof each
type of source water. Thus, source water can be supplied from these various origins (public or private),from municipalities'
on-site water sourcing, or by external delivery such as a truck. It is possiblethat source water may not be potable and safe to
drink. Such water may require pretreatment to ensure that it meets drinkingwater standards. It isthe responsibility of the users
of any source water to ensure that the water used in the production of drug substances (API), as wellas water for indirect drug
product contact or for purification system feed water purposes meets, at a minimum, drinking (potable) water standards as
defined by the requirements of the National Primary Drinking Water Regulations (NPDWR) (40 CFR 141) issuedby the U.S. EPA
or the drinking water regulations of the European Union (EU) or Japan, or the WHO drinking water guidelines (see 3.3.7 .
Drinking Water). These regulations establish limits on the types and quantities of certain chemical and microbiological
contaminants and ensure that the water will contain safe quantities of chemical and microbial species.

Where water supplies are from regulated water utility companies, lessstringent monitoring may be possible because the
attributes may be tested regularly and ensured by the supplier (see 9.4.5 Source WaterControl). Water being withdrawn from a
nonregulated supply should be sampled and tested appropriately at a suitable frequency that takes into account local
environmental and seasonalchanges and other qualityfluctuations. Testingshould ensure conformance with one of the drinking
water standards discussed above.

The useofwater complyingwith one of these designated drinkingwaters as a source water allows water pretreatment systems
to only be challenged to removesmallquantities of potentially difficult-to-remove chemicals. Control of objectionable chemical
contaminants at the source water stage eliminatesthe need to specifically test for some of them [e.g., trihalomethanes and
elemental impurities (see Elemental Impurities-Limits (232»] after the water has been further purified, assuming there is no
opportunity for recontamination. .

Source waters can be used for nonproduct contact purposes such as for non-contact cooling systems. Such water may not
normally be required to meet drinkingwater standards. Under such circumstances, the quality standards for this water when
used in a pharmaceutical facility should be subject to quality standards established by the user and defensible to regulatory
agencies.

There are many different grades of water used for pharmaceutical purposes. Several are described in USP monographs that
specify uses, acceptable methods of preparation, and quality attributes. These waters can be divided into two general types:
bulkwaters, which are typically produced on-site where they are used; and sterile waters, which are produced, packaged, and
sterilized to preserve microbial quality throughout their packaged shelf life. There are several specialized types of sterilewaters
that differin their designated applications, packaging limitations, and other quality attributes. Monographed waters must meet
the quality attributes as specified in the related monographs, and any Notesappearing in those monographs should be
considered and addressed.

Withthe exception of Bacteriostatic Waterfor Injection, the monographed bulkand sterilewaters have a statement indicating
that there are no added substances, or no added antimicrobial agents. In the case of antimicrobial agents, the purpose is to
ensure that the sterilewater product is rendered sterile based solely on its preparation, packaging, and storage. In the case of
the more general statement, "no added substances", this requirement is intended to mean "no added substances that aren't
sufficiently removed". Two specific examples support this intentio~'~~~~~~~~.~E~rT"1a~~~~~rT"1.el~;'i~i[~~(~he use of softeners is
commonplace. Asoftener replaces calciumand magnesium ions ~(al~()~n()wrj<a§b~E<:fn~§§i()l'l~)"'1?(0$P41) with sodium, so
technicallyyou are adding two sodium ionsfor each hard ion. The purpose of sodium displacement is to protect downstream
equipment from the hard water. The sodium ionsare eventually removed sufficiently, and this isproven when the water sample
passesthe test in WaterConductivity (645). Another specific example isthe use of ozone as a sanitant that isadded to the storage
tank for microbial control. This could be considered an added substance, unlessthe ozone isdestroyed before use, as isnormally
the case. Other notable examples include the addition of chlorine to kill bacteria in the pretreatment system, use of bisulfite to
chemicallyreduce chlorine to chloride and protect downstream equipment, and use of a nitrogen blanket for protection from
atmospheric contamination.

There are also other types of water for which there are no monographs. These are waters with names given for descriptive
purposes only. Many of these waters are used in specific analytical methods. The descriptivetitles may implycertain quality
attributes or modes of preparation, but these nonmonographed waters may not necessarily adhere strictlyto the stated or
implied modes of preparation or specified attributes. Waters produced by other means or controlled by other test attributes,
or even a monographed water, may equallysatisfy the intended uses for these waters. It isthe user's responsibility to ensure
that such waters, even if produced and controlled exactlyas stated, are suitable for their intended use. Wherever the term
"water"is used within this compendium without other descriptive adjectivesor clauses, the intent isthat water of no lesspurity
than USP Purified Waterbe used (see 3.7.7 Purified Water). Abriefdescription of the varioustypes ofwaters commonly associated
with pharmaceutical applications and their significant uses or attributes follows.

Figure 7 may be helpful in understanding some of the various types of waters, their preparation, and uses.
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Figure 1. Waterfor pharmaceutical purposes. aComplying with U.S. EPA NPDWR or the drinking water regulations of EU or
japan or WHO.

3.1 Bulk Monographed Waters and Steam

The following waters are generally produced in large volumes' using a multiple-unitoperation water system. These waters
are typically distributed in a piping system for use at the same site.

3.1.1 PURIFIED WATER

Purified Water(see the USP monograph) isused as an excipient in the production of nonparenteral preparations and in other
pharmaceutical applications, such as the cleaning of nonparenteral product-contact components and equipment. Unless
otherwise specified, Purified Water is also to be used as the minimum water qualityfor all tests and assays in which "water" is
indicated (see General Notices, 8.230.30 Water in a Compendial Procedure). Thisapplies regardless of the font and letter case
used in its spelling.

The minimal quality of source water for the production of Purified Water is Drinking Water whose attributes are prescribed
by the U.S. EPA, EU, japan, or WHO. This source water may be purified using unit operations that include deionization,
distillation, ion exchange, reverseosmosis, filtration, or other suitable purification procedures. Purified Water must meet the
requirementsfor ionicand organic chemicalpurityand must be protected from microbial contamination. Purified Watersystems
must be validatedto reliably and consistentlyproduce and distribute water of acceptable chemicaland microbiological quality.
Purified Water systemsthat function under ambient conditions are particularly susceptible to the establishment of biofilms of
microorganisms, which can be the source of undesirable levels of viable microorganisms or endotoxins in the water. These
ambient Purified Water systems require frequent sanitization and microbiological monitoring to ensure that the water reaching
the points of use has appropriate microbiological quality.

The Purified Watermonograph alsoallows bulkpackagingfor commercial use elsewhere. Incontrast to Sterile Purified Water,
packaged Purified Water is not required to be sterile. Because there is potential for microbial contamination and other quality
changes in this packaged nonsterile water, this form of Purified Water should be prepared and stored in a manner that limits
microbial growth, and/or should be used in a timelyfashion before microbial proliferation renders it unsuitablefor its intended
use. Also, depending on the material used for packaging, extractable compounds could be leaching into the water from the
packaging. Although this article is required to meet the same chemical purity standards as the bulkwater, extractables from
the packaging will likely render the packaged water less chemically pure than the bulkwater. The nature of these impurities
may even render the water an inappropriate choicefor some applications. It is the user's responsibility to ensure fitnessfor use
of this packaged articlewhen it is used in manufacturing, clinical, or analytical applications where the purer bulkform of the
water is indicated.

3.1.2 WATER FOR INJECTION

Water for Injection (see the USP monograph) is used as an excipient in the production of parenteral and other preparations
where product endotoxin content must be controlled, and in other pharmaceutical applications, such as the cleaning of certain
equipment and parenteral product-contact components.

The minimal qualityofsource water for the productionofWaterfor Injection isDrinking Waterwhose attributes are prescribed
by the U.S. EPA, EU, japan, or WHO. This source water may be treated to render it suitable for subsequent final purification
steps, such as distillation (or whatever other validated process is used, according to the monograph). The finished water must
meet all of the chemical requirements specified in the monograph, as well as an additional bacterial endotoxin specification.
Because endotoxins are produced by the kinds of microorganisms that are prone to inhabit water systems, the equipment and
procedures used by the system to purify, store, and distribute Water for Injection should be designed to control microbial
contamination and must be designed to remove incomingendotoxins from the source water. Waterfor Injection systems must
be validated to reliably and consistently produce and distribute this quality of water.
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The Water for Injection monograph also allows bulk packaging for commercial use. In contrast to Sterile Water for Injection,
packaged Water for Injection is not required to be sterile. However, to preclude significantchanges in its microbial and
endotoxins content during storage, this form of Water for Injection should be prepared and stored in a manner that limits
microbial introduction and growth and/or should be used in a timelyfashion before microbial proliferation renders it unsuitable
for its intended use. Also, depending on the material used for packaging, extractable compounds could be leaching into the
water from the packaging. Although this article is required to meet the same chemical purity standards as the bulk water,
extractables from the packaging will likely render the packaged water lesschemically pure than the bulkwater. The nature of
these impuritiesmay even render the water an inappropriate choicefor some applications. It isthe user's responsibility to ensure
fitnessfor use of this packaged articlewhen it is used in manufacturing, clinical, or analytical applicationswhere the purer bulk
form of the water is indicated.

3.1.3 WATER FOR HEMODIALYSIS

Water for Hemodialysis (see the USP monograph) is used for hemodialysis applications, primarily the dilution of hemodialysis
concentrate solutions. The minimal quality of source water for the production of Water for Hemodialysis is Drinking Water
whose attributes are prescribed by the U.S. EPA, EU, Japan, or WHO. Waterfor Hemodialysis has been further purified to reduce
chemical and microbiological components, and it is produced and used on site. Thiswater contains no added antimicrobial
agents, and it is not intended for injection. Water for Hemodialysis must meet all of the chemical requirements specifiedin the
monograph as well as an additional bacterial endotoxin specification. The microbial limits attribute for this water is unique
among the "bulk" water monographs, but isjustified on the basisofthiswater's specific application, which has microbial content
requirements related to its safe use. The bacterial endotoxins attribute is likewise established at a level related to its safe use.

3.1.4 PURE STEAM

Pure Steam (see the USP monograph) isalso sometimes referred to as "clean steam". It is used where the steam or its
condensate would directlycontact official articles or article-contact surfaces, such as during their preparation, sterilization, or
cleaning where no subsequent processingstep isused to remove any impurityresidues.These PureSteam applications include,
but are not limited to, porous load sterilization processes, product or cleaning solutions heated by direct steam injection, or
humidification of processes where steam injection is used to control the humidity inside processing vessels where the official
articles or their in-processforms are exposed. The primary intent of using this quality of steam is to ensure that official articles
or article-contact surfacesexposed to it are not contaminated by residueswithin the steam.

The minimal quality of source water for the production of Pure Steam is Drinking Water whose attributes are prescribed by
the U.S. EPA, EU, Japan, or WHO, and which has been suitablytreated. Thewater isthen vaporizedwith suitable mistelimination,
and distributed under pressure. The sources of undesirable contaminants within Pure Steam could arisefrom entrained source
water droplets, anticorrosionsteam additives, or residuesfrom the steam production and distribution system itself. The chemical
tests in the Pure Steam monograph should detect most of the contaminants that could arise from these sources. Ifan official
article isexposed to Pure Steam and it is intended for parenteral use or other applications where the pyrogenic content must
be controlled, the Pure Steam must additionally meet the specification for Bacterial Endotoxins Test (85).

These purity attributes are measured in the condensate of the article, rather than the article itself. This, of course, imparts
great importance to the cleanliness of the process for Pure Steam condensate generation and collection, because it must not
adversely impact the quality of the resulting condensed fluid.

Other steam attributes not detailed in the monograph, particularly the presence of even smallquantities of noncondensable
gases or the existence of a superheated or dry state, may also be important for applicationssuch as sterilization. The large release
ofenergy (latent heat of condensation) as water changes from the gaseous to the liquidstate is the keyto steam's sterilization
efficacy and its efficiency, in general, as a heat transfer agent. If this phase change (condensation) is not allowed to happen
because the steam isextremely hot and is in a persistent superheated, dry state, then its usefulness could be seriously
compromised. Noncondensable gases in steam tend to stratifyor collect in certain areas of a steam sterilization chamber or its
load. These surfaceswould thereby be at least partially insulated from the steam condensation phenomenon, preventing them
from experiencing the full energy of the sterilizing conditions. Therefore, control of these kindsof steam attributes, in addition
to its chemical purity, may also be important for certain Pure Steam applications. However, because these additional attributes
are use-specific, they are not mentioned in the Pure Steam monograph.

Note that lower-purity "plant steam" may be used in the following applications: 1) for steam sterilization of
nonproduct-contact nonporous loads, 2) for general cleaning of nonproduct-contact equipment, 3) as a nonproduct-contact
heat-exchange medium, and 4) in all compatible applications involved in bulk pharmaceutical chemical and API manufacture.

Finally, because Pure Steam is lethal to microbes, monitoring of microbial control within a steam system is unnecessary, as
is microbial analysis of the steam condensate.

3.2 Sterile Monographed Waters

The following monographed waters are packaged forms of either Purified Water or Water for Injection that have been
sterilized to preserve their microbiological properties. Thesewaters may havespecific intended uses as indicated by their names,
and may also have restrictions on the packaging configurations related to those uses. In general, these sterilewaters may be
used in a variety of applications in lieuof the bulkforms of water from which they were derived. However, there isa substantial
difference between the acceptance criteria for the chemical puritiesof these bulkwaters versussterilewaters. The specifications
for sterilewaters differfrom those of bulkwaters to accommodate a wide varietyof packaging types, properties, volumes, and
uses. As a result, the inorganic and organic impurity specifications are not equivalent for bulk and packaged waters. The "
packaging materials and elastomericclosuresare the primarysources of these impurities, which tend to increaseover the shelf
life of these packaged articles. Therefore, due consideration must be given to the chemical purity suitability at the time of use
of the sterile forms of water when used in manufacturing, analytical, and cleaning applications in lieu of the bulkwaters from
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which these waters were derived. It isthe user's responsibility to ensure fitnessfor use of these sterile packaged waters in these
applications. Nevertheless, for the applicationsdiscussed below for each sterilewater, their respective purities and packaging
restrictionsgenerally render them suitable by definition.

3.2.1 STERILE PURIFIED WATER

Sterile Purified Water(see the USP monograph) is Purified Water, packaged and rendered sterile. It can be used in the
preparation of nonparenteral compendial dosage forms or in analytical applications requiring Purified Waterwhere 1) access
to a validated Purified Water system is not practical, 2) only a relatively smallquantity is needed, 3) Sterile Purified Water is
required by specific monograph or pharmacy practice, or 4) bulk packaged Purified Water is not suitably controlled for the
microbiological qualityfor its intended use.

3.2.2 STERILE WATER FOR INJECTION

Sterile Waterfor Injection (see the USP monograph) isWater for Injection packaged and rendered sterile. It is used for
extemporaneous prescription compounding and as a sterilediluent for parenteral products. It may also be used for other
applications where bulkWaterfor Injection or Purified Water is indicated but access to a validatedwater system is not practical,
or where only a relatively small quantity is needed. Sterile Water for Injection is packaged in single-dosecontainers not larger
than 1 L.

3.2.3 BACTERIOSTATIC WATER FOR INJECTION

Bacteriostatic Waterfor Injection(see the USP monograph) isWaterfor Injection, packaged and rendered sterile, to which has
been added one or more suitable antimicrobial preservatives. It is intended to be used as a diluent in the preparation of
parenteral products, most typically for multi-dose products that require repeated content withdrawals. It may be packaged in
single-dose or multiple-dose containers not larger than 30 mL.

3.2.4 STERILE WATER FOR IRRIGATION

Sterile Waterfor Irrigation (see the USP monograph) isWater for Injection packaged and sterilized in single-dosecontainers
that may be larger than 1 Land allowrapid delivery of their contents. Due to its usage, Sterile Wa.ter for Irrigation isnot required
to meet Particulate Matter in Injections (788). It may also be used in other applications that do not have particulate matter
specifications, where bulkWater for Injection or Purified Water is indicated but where access to a validatedwater system is not
practical, or where somewhat larger quantities are needed than are provided as Sterile Water for Injection.

3.2.5 STERILE WATER FOR INHALATION

Sterile Waterfor Inhalation (see the USP monograph) isWater for Injection that is packaged and rendered sterile and is
intended for use in inhalators and in the preparation of inhalationsolutions.This monograph has no requirement to meet
(788); it carriesa lessstringent specification for bacterialendotoxins than Sterile Waterfor Injection, and therefore isnot suitable
for parenteral applications.

3.3 Nonmonographed Waters

Inaddition to the bulk monographed waters described above, nonmonographed waters can also be used in pharmaceutical
processing steps such as cleaning and synthetic steps, and alsoas a starting materialfor further purification or testing purposes.
Unless otherwise specified in the compendium, the minimum quality of water is Purified Water. [NOTE-The information in this
chapter is not an all-inclusive discussion of all nonmonographed waters identified in the USP-NF.]

3.3.1 DRINKING WATER

Drinking Watercan be referred to as Potable Water (meaning drinkableor fit to drink), National Primary Drinking Water,
Primary Drinking Water, or EPA Drinking Water. Exceptwhere a singulardrinkingwater specification isstated (such as the U.S.
EPA's NPDWR, as cited in 40 CFR Part 141), this water must comply with the quality attributes of either the NPDWR or the
drinking water regulations of the EU or Japan, or the WHO Guidelines for Drinking-WaterQuality. Drinking Water may originate
from a varietyof sources includinga publicwater supply, a privatewater supply (e.g., a well), or a combination of these sources
(see 2. Source WaterConsiderations).

Drinking Water may be used in the earlystages of cleaning pharmaceutical manufacturing equipment and product-contact
components. Drinking Water isalso the minimum qualityof water that should be used for the preparation of official substances
and other bulk pharmaceutical ingredients. Where compatible with the processes, the contaminant levels allowed in Drinking
Water are generallyconsidered safefor use in preparing official substances and other drug substances. However, where required
by the processing of the materials to achieve their required final purity, higher qualities of water may be needed for these
manufacturing steps, perhaps even water as pure as Waterfor Injection or Purified Water. Such higher-purity waters, however,
might require only selected attributes to be of higher puritythan Drinkirg Water (see Figure 20 and Figure 2b). Drinking Water
is the prescribed source or feed water for the production of bulk monographed pharmaceutical waters. The use of Drinking
Water specifications establishes a reasonable set of maximum allowable levels of chemical and microbiological contaminants
with which a water purification system will be challenged. Because seasonal variations in the quality attributes of the Drinking
Water supply can occur, it is important to give due consideration to its uses. The processing steps in the production of
pharmaceutical waters must be designed to accommodate this variability.

www.webofpharma.com

https://nhathuocngocanh.com/



USP 43 General Information / (1231) 8249

/
~no

I,endotoxln
remO'<O<l

(romAPlln
Iitl.ersteps?

lyes

I
L. ~. _~ ~ ~__. I

Figure 2a. Selection of water for pharmaceutical purposes: APls and dosage forms.
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Figure 2b. Selection of water for pharmaceutical purposes: Analytical reagents.

3.3.2 OTHER NONMONOGRAPHED WATERS

In addition to Drinking Water, this compendium discusses waters with variousother designations. These include waters of
variousquality levels for special uses such as, but not limited to, cleaning and testing purposes.

Both General Notices and Requirements (see General Notices, 8.230.30 Waterin a Compendial Procedure) and Reagents,
Indicators, and Solutions clearlystate that where the term "water" is indicated for use in analyses without grammatical
qualification or other specification, the quality of the water must be Purified Water. However, numerous such qualifications do
exist. Some of these qualifications involve adjectives describing methods of preparation, ranging from specifying the primary
purification step to specifying additional purification. Other qualifications callfor specific attribute "absences" to be met that
might otherwise interfere with analytical processes. In most of these cases, the required attribute absences are not specifically
tested. Sometimes, a further "purification process" isspecifiedthat ostensiblyallows the water to adequately meet this required
"absence attribute".

However, preparation instructionsfor many reagents were carriedforward from the innovator's laboratoriesto the originally
introduced monograph for a particular USP-NF article or general test chapter. The quality.of the reagent water described in
these tests may reflect the water quality designation of the innovator's laboratory. These specific water designations may have
originated without the innovator's awareness of the requirement for Purified Water in USP-NF tests. Regardless of the original
reason-for the creation of these numerous specialanalytical waters, it is possiblethat the attributes of these specialwaters could
now be met by the basic preparation steps and current specifications of Purified Water. In some cases, however, some of the
cited post-processing steps are still necessaryto reliably achieve the required attributes.

Users are not obligated to utilize specific and perhaps archaically generated forms of analytical water where alternativeswith
equal or better quality, availability, or analytical performance may exist. The consistencyand reliability of operations for
producing these alternative analytical waters should be verified so that the desired attributes are produced. In addition, any
alternative analytical water must be evaluated on an application-by-application basis by the user to ensure its suitability. The
following is a summary of the various types of nonmonographed analytical waters that are cited in the USP-NF. This is not an
exhaustive'llstinq. Those listedbelow are used in multiplelocations.Several nonmonographed analytical waters are not included
below because they are only found in one or perhaps two locations within this compendium.
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Note that the names of many of the waters below implya very low chemical impurity level. Forexample, "deionized water"
impliesthat all the ions have been removed. However, in most cases discussed below, exposure of the water to air will result
in the ingress of carbon dioxide (C0 2), leading to the formation of bicarbonate and hydrogen ions. Therefore, the removalof
ions cannot be completely maintained for most analytical applications.

3.3.3 AMMONIA-FREE WATER

Froma functional standpoint, Ammonia-Free Water must have a negligibleammonia concentration to avoid interference in
tests sensitivefor or to ammonia. Due to the nature of the uses of this water, Purified Water could be a reasonable alternative
for these applications.

3.3.4 CARBON DIOXIDE-FREE WATER

Carbon dioxide-freewater is defined in the Reagents, Indicators, and Solutions section of USP-NF as Purified Water that has
been vigorouslyboiledfor NLT 5 min, then cooled and protected from absorption of atmospheric carbon dioxide. Alternatively,
this could be Purified Water that has a resistivity of NLT 18 megohm-em at 25°.

Becausethe absorption of atmospheric carbon dioxide lowers the pH of high-puritywaters, most of the uses of Carbon
Dioxide-Free Water are either associated as a solvent in pH-related or pH-sensitive determinations or as a solvent in
bicarbonate-sensitive reagents or determinations.

The term "Carbon Dioxide-Free Water" issometimes used improperly. Besides its use for pH or acidity/alkalinity tests, the
purpose for using this water is not always clear. The intention could be to use water that was deaerated (free of dissolved air)
or deionized (free of extraneous ions),or even Purified Water with an additional boilingstep. Although boiling ishighlyeffective
for removing carbon dioxide as well as allother dissolved gasses, these gases are readily re-absorbed unless the water is
protected. Even with protection, such as use of a stoppered container, re-absorption will occur over time as air will readily
transmit through sealsand diffusethrough most materials.Deionization isalsoan efficient processfor removing dissolved carbon
dioxide. Carbon dioxideforms ionic bicarbonate in water, and will be subsequently removed by ion-exchange resins. However,
the same problem of carbon dioxide re-absorption will occur after the deionized water is exposed to air. Also, the deionization
approach for creating Carbon Dioxide-Free Water does not deaerate the water or remove other dissolved gases such as oxygen
(02); it only removes carbon dioxide and other ions.

Depending on the application, Purified Water may meet the requirements where Carbon Dioxide-Free Water is calledfor.
Thiscould also include pH or acidityor alkalinity tests. The pH of a sample of pure DeionizedWater is, by definition, 7.0. When
that same sample is exposed to typical environmental atmospheric conditions, the water sample will absorb carbon dioxide
and result in a pH range of approximately 5.4-6.2 ([H+] is in the range of 4.0 x 10-6 M to 6.3 x 10-7 M). The added acidity
caused by carbon dioxide absorption may be insignificant compared to the material being analyzed.

3.3.5 DISTILLED WATER

Distilled Water is produced by vaporizing Drinking Water or a higher quality of water and condensing it into a purer state.
It is used primarily as a solvent for reagent preparation, and it is also specified in the execution of other aspects of tests, such
asfor rinsingan analyte, transferringa test materialas a slurry, as a calibrationstandard or analyticalblank,and for test apparatus
cleaning. Distilled Water is also cited as the starting water to be used for making High-Purity Water (see
3.3.70 High-Purity Water). Because none of the cited uses of this water imply a need for a particular purity attribute that can
only be derived by distillation, water meeting the requirements for Purified Waterderived by other means of purification or
Waterfor Injectioncould be equallysuitablewhere Distilled Water isspecified. It isthe user's responsibility to verify the suitability
of Purified Water or Water for Injection.

3.3.6 FRESHLY DISTILLED WATER

Freshly Distilled Water or "recently distilled water" is produced in the same manner as Distilled Water and should be used
soonafter its generation. This implies the need to avoid endotoxin contamination, as well as any other forms of contamination
from the air or containers, that could arise with prolonged storage. Freshly Distilled Water is used for preparing solutions for
subcutaneous test-animal injections and for a reagent solvent in tests for which there appears to be no particularly high water
purity needed that could be ascribable to being "freshlydistilled". In the test-animal application, the term "freshlydistilled"
and its testing use imply a chemical, endotoxin, and microbiological purity that could be equally satisfied by Water for
Injection (although no reference is made to these chemical, endotoxin, or microbial attributes or specific protection from
recontamination). Fornon-animal uses,water meeting the requirements for Purified Waterderived by other means of purification
and/or storage periods could be equallysuitable where "recently distilled water" or Freshly Distilled Water isspecified. It is the
user's responsibility to verify the suitability of Purified Water or Water for Injection.

3.3.7 DEIONIZED WATER

DeionizedWater can be produced by starting with either Drinking Water or Purified Water, depending upon monograph or
testing procedures defined in the compendia. DeionizedWater is produced by an ion-exchange process in which the cations
and anions are replaced with H+ and OH- ions by use of ion-exchange resins. Similar to Distilled Water, DeionizedWater is
used primarily as a solvent for reagent preparation, but it is also specified in the execution of other aspects of tests, such as for
transferring an analyte within a test procedure, as a calibration standard or analytical blank, and for test apparatus cleaning.
Also, none of the cited usesof this water implyany needed purityattribute that can only be achieved by deionization. Therefore,
water meeting the requirements.for Purified Waterthat isderived by other means of purification could be equallysuitable where
DeionizedWater is specified. It is the user's responsibility to verify the suitabilityof Purified Water.
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3.3.8 DEIONIZED DISTILLED WATER

Deionized Distilled Water isproduced bydeionizing(see 3.3.7 Deionized Water) Distilled Water.This water isused as a reagent
in a liquid chromatography test that requiresa low ionicor organic impurity level. Because of the importance of this high purity,
water that meets the requirements for Purified Watermay not be acceptable. High-Purity Water (see 3.3.10 High-Purity Water)
could be a reasonable alternative to this water. It isthe user's responsibility to verify the suitability of the alternativewater used.

3.3.9 FILTERED WATER

Filtered Water is Purified Water that has been filtered to remove particles that could interfere with the analysis where this
water is specified. It is sometimes used synonymously with Particle-Free Water and Ultra-Filtered Water and is cited in some
monographs and general chapters as well as in Reagents, Indicators, and Solutions. Depending on its referencedlocation in USP­
NF, it isvariously defined as water that has been passed through filters rated as 1.2, 0.2, or 0.22 urn, or unspecified porosity
rating. Even though the water names and the filter ratings used to produce these waters are defined inconsistently, the use of
0.2-lJmor 0.22-lJmfilteredPurified Watershould be universally acceptable for allapplicationswhere Particle-Free Water, Filtered
Water, or Ultra-Filtered Water are specified.

3.3.10 HIGH-PURITY WATER

High-Purity Water may be prepared by deionizing previously distilled water and then filtering it through a 0.45-lJm rated
membrane. Thiswater must have an in-line conductivityof NMT 0.15 lJS/cm (NLT 6.67 megohm-cm) at 25°. If the water of
this purity contacts the atmosphere even briefly as it is ~eing ~.sed.or drawn from its purification system, its conductivity will
immediately increase by as much as about 1.0 lJS/cm ~.at2S~.6.1S(USP41) as atmospheric carbon dioxide dissolves in the water
and equilibrates to hydrogen and bicarbonate ions. Therefore, ifthe analytical use requires that water conductivity remains as
low as possibleor the bicarbonate/carbon dioxide levels be as lowas possible, the water should be protected from atmospheric
exposure. High-Purity Water is used as a reagent, as a solventfor reagent preparation, and for test apparatus cleaning where
lessstringent water specifications would not be considered acceptable. However, ifa user's routinely available Purified Water is
filtered and meets or exceeds the conductivityspecificalions of High-Purity Water, it could be used in lieu of High-Purity Water.

3.3.11 DEAERATED WATER

Deaerated Water or "degassed water" is Purified Water that has been treated to reduce the content of dissolved air by
"suitable means" such as boiling,sonication, and/or stirring during the application of a partialvacuum, followed by immediate
use or protection from air reabsorption.

3.3.12 OXYGEN-FREE WATER

Oxygen-FreeWater is Purified Water that has been treated to remove or reduce dissolved oxygen. Such treatment could
involve deaerating by boiling or sparging with an inert gas such as nitrogen or helium, followed by inert gas blanketing to
prevent oxygen reabsorption. Any procedure used for removing oxygen should be verified as reliably producing water that is
fit for use.

3.3.13 WATER FOR BACTERIAL ENDOTOXINS TEST

Waterfor Bacterial Endotoxins Test (BET) is also referred to as Limulus Amebocyte Lysate (LAL) ReagentWater. This type of
water is often Water for Injection, which may have been sterilized. It isfree from a level of endotoxin that would yield any
detectable reaction or interference with the LAL reagent used in the BET (see (85».

_~......_ .... ANDOF WATER
DISTRIBUTION SYSTEMS

4.1 Validation Requirement

4. VALIDATION AND _ ...............-.....,1'1l

Establishing the reliability of pharmaceutical water purification, storage, and distribution systems requiresdemonstrating
control of the process through an appropriate period of monitoring and observation. Finished water istypically continuously
produced and used, while product and process attributes may only be periodically assessed. The qualityof bulkfinished water
cannot be established by only testing monograph attributes. The unit operations in the pharmaceutical water system need to
demonstrate that they are in control through monitoring of the process parameters and water quality. The advent of using
conductivity and total organic carbon (TOC) to define chemicalpurity allows the user to more quantitatively assessthe water's
chemical purity and itsvariability as a function of routine treatment system maintenance and regeneration. Treatment processes
must also demonstrate control of microbial attributes within the overall system. Some unit operations that are needed for
chemical treatment may significantly increase microbial and bacterial endotoxin levels. These are later controlled by
downstream unit operations. Knowledge of the treatment system processes and the effectiveness of control measures is needed
to ensure that the pharmaceutical waters are acceptable for use.

Efficacy of the design, operation, sanitization, and control of the pharmaceutical water system isdemonstrated through the
monitoring of chemical and microbial attributes. Atypical water system validation program involves an initial increased
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frequency of monitoring of the treatment system process parameters and sampling and testing of major process points to
demonstrate the ability to produce the acceptable water and to characterize the operation of the system.Thisisfollowed by a
life cycleapproach of validation maintenance and monitoring.

4.2 Validation Approach

Validation is the program of documentinq, to a high level of assurance, that a specific process iscapable of consistently
delivering product conforming to an established set of quality attributes. Avalidation program qualifies and documents the
deslqn, installation, operation, and performance of the system. Agraphical representation of a typical water system validation
life cycle is shown in Figure 3.

The validation protocol should be based on the boundaries of the water system and the critical water quality and process
attributes needed to maintain consistent performance. The system boundary may stop at the point of use or may include the
water transfer process. Ifthe transfer processfrom the distribution system outlets to the water use locations (typically either
with hoses or hard-piped equipment connections) isdefined as outside the water system boundary, then this transfer process
still needs to be validatedto not adversely affectthe qualityof the water as it isdeliveredfor use. Because routine qualitycontrol
(QC) microbial monitoring is performed for the same transfer process and components (e.q., hoses and heat exchangers) as
that of routine water use(see 6.7.2 QCSampling)J there issome logicto includethis water transferprocesswithinthe distribution
system validation.

4.2.1 VALIDATION ELEMENTS

Validation isaccomplished through the use of a structured, documented process.The phases of this process include Design
Qualification (DQ)J Installation Qualification (IQ)J Operational Qualification (OQ)J Performance Qualification (PQ)J and
Validation Maintenance. The process isdocumented in a validation protocol. The elements may be in individual protocols for
each phase, or integrated into variations of a DQ/IQ/OQ/PQcombined document format. The protocolsare formally approved
quality documents. Factory AcceptanceTesting (FAT)J SiteAcceptanceTesting (SAT)J and commissioning testing of the system
may supplement qualification tests for IQor OQ provided that they are properly documented and reviewed; and if it can be
shown that the system functionality is not affected by the transport and installation.

Validation Task SystemActivity
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at Rid:{batchrelease artercondudloc ConcufrentPO)
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effectsof seasonaldlanges andloolflr lermmalntenance. and

l...-;,;.;.;,.;;~=::....-...r appropriateneuofalertand;actlonlevelsforproceucontrol.

Figure 3. Water system validation life cycle.

4.2.2 USER REQUIREMENTS SPECIFICATION AND DESIGN QUALIFICATION

The user requirementsfor the water systemshould identify the desiqn, operation, maintenance, and qualityelements needed
to produce the desired water type from the available source water, including its anticipated attribute variability. The essential
elements of quality need to be built in at this stage and any GMP risks mitigated to an acceptable level.

The reviewof the specifications, system desiqn, components, functions, and operation should be performed to demonstrate
that the system complieswith GMPs and verify that the design meets the user requirements. This documented reviewmay be
performed as part of the overall design process or as a separate DQ.
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4.2.3IQ
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An IQ protocol for a water system confirms that the system has been properly installedand documented. This may include
verification ofcomponents" piping, installation, and weld quality; documentation of the specifications for all systemcomponents
present; inspections to verify that the drawings accurately depict the final configuration of the water system and, where
necessary, special tests to verify that the installation meets the design requirements. Additionally, the water system is readied
for operational testing, including calibration of instruments, configuration of alarm levels and adjustment of operating
parameters (e.g., flow rate, pressure).

4.2.4 OQ

The OQ phase consisting of tests and inspections to verify that the equipment, system alerts, and controls are operating
reliably and that appropriate Alert and Action Levels are established (this phase of qualification may overlapwith aspects of IQ
and PQ). During this phase of validationspecific testing is performed for alarms, verifying control sequences, equipment
functional checks, and verification of operating ranges. SOPs for allaspects of water system operation, maintenance, water use,
water sampling, and testing, etc. should be in place and operator training completed. At the completion of the OQ, the water
system has demonstrated that the components are operational and the system is producing suitable water.

4.2.5 PQ

The prospective PQstage considers two aspects of the water system: critical process parameters and critical water attribute
parameters. These are evaluated in parallel by monitoring the water quality and demonstrating acceptable qualityattributes
while demonstrating control of the process parameters (see 6.3 Validation Sampling Plans). The initial PQstage may result in
refinement of process parameters to yield appropriate water quality.This PQ stage includes an increased frequency of
monitoring for approximately 2-4 weeks, or sufficient time to generate adequate data to demonstrate that water meeting the
appropriate quality attributes is produced and distributed. One of the reasons for this duration is that biofilm, the source of
planktonicorganisms in water samples, takes time to develop and to determine ifthe sanitizationunit operations and processes
are adequate to control microbial proliferation. The chemical control program adequacy is typically apparent in lesstime than
it takes to see microbial control adequacy. However, chemical purification can be compromised by poor microbial control and,
to a lesserdegree, vice versa.

Once a level of control of microbial and chemical attributes lias been demonstrated, the next phase of PQisto continue the
frequency of monitoring for approximately 2-4 weeksat a somewhat reduced level that will still give adequate data on system
performance while using the pharmaceutical water. The water may be used for manufacturing at risk, and the associated
products may be released only after water quality attributes have been determined to be acceptable and this validation phase
has been completed. At the completion of the second phase, the data should be formally reviewed and the system approved
for operational use.

4.3 Operational Use

When the water system has been placed into operational use, monitoring of the water quality attributes and the system
process parameters is performed at a routine frequency (see 6.4 Routine Sampling Plans) to ensure that they remainwith a state
of control during long-term variability from seasonal variations in source water quality, unit operation maintenance, system
sanitization processes, and earlier-established Alert and Action Levels.

The water system should continue to be monitored and evaluated on an on-going basisfollowing a life cycle approach using
online instruments or samples for laboratory-basedtesting. The use of online instruments and process automation technology,
such as conductivity, TOC, temperature, flow rate, and pressure can facilitate improved operational control of the attributes
and parameters and for process release. Manual observation of operating parameters and laboratory-based testing is also
appropriate and acceptable for monitoring and trend evaluation.

4.3.1 MONITORING

The frequency of routine monitoring should be based on the criticality of the finished water, capabilities of the process, and
ability to maintain product water quality trends. Monitoring may be adjusted from the initial validation monitoring program
when there is sufficientdata to support a change (see 6.4 Routine Sampling Plans).

4.3.2 VALIDATION MAINTENANCE

Maintaining the validated state of control requires a life cycle approach. After the completion of the PQand releaseof the
water system for use, ongoing activities and programs have to be in place to maintain the validated state of control after the
system has been validated and placed into service (see 5.4 Operation, Maintenance, and Control). This includesunit operation,
calibration, corrective maintenance, preventive maintenance, procedures, manuals and drawings, standardization of .
instruments, process parameter and quality attribute trending, change control, deviations, corrective and preventiveactions
(CAPA), training, records retention, logbooks, etc.

4.3.3 CHANGE CONTROL

Identification and control of changes made to unit operations and other system components, operation parameters, system
sanitization, and laboratory processes or procedures need to be established. Not all changes will require validation follow up,
but even minor ones, such as gasket elastomer changes could have an impact on quality attributes. The impact of the change
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on process parameters and quality attributes must be identified, evaluated and remediated. Thismay result in a selective
validation activityto demonstrate the ongoing state of control for the system and ability to maintain water quality attributes.

Certain calibration and preventive maintenance activities may be considered routine tasks ifthey do not impact on system
operation or water quality. Replacementof components needs to be carefully evaluated. Replacementof comP<:>D~~t~~~inQ
~~~c~ P~~sQ~~~r,~II~~<:>es not affectsystem operation or control. Replacementof components with ones that ~9r~nc>te><aqt
pgrtt?iiP4f}b?lM~""1§(0se!JJ) similar functional specifications can be performed at risk with the critical specifications (e.g., material
of construction, dimensions,flowrate, responsefactors) having been evaluated and the differences determined to be acceptable
and documented within the change control system.

4.3.4 PERIODIC REVIEW

The water system qualification, maintenance history, calibration records, quality and processdata, issues with the unit
operations and any process variability, change control, and other validation maintenance data should be assessed periodically
to determine impact on the state of control.

The reviewmay result in adjustments to operating or sanitization processes, calibrationor maintenance plans, or monitoring
plans. This may also result in additional testing or repeating certain qualification tasks (re-qualification).

The design, installation, and operation of systems to produce Purified Water and Water for Injection include similar
components, control techniques, and procedures. The qualityattributes of the two waters differin their bioburden expectation,
the presence of a bacterial endotoxin requirement for Water for Injection, and in their methods of preparation. The similarities
in the quality attributes provide considerablecommon ground in the design of water systems to meet either requirement. The
critical difference is the degree of control of the system and the final purification steps needed to ensure removal of bacteria
and bacterial endotoxins and reductions in opportunities for blofllm re-development within those purification steps that could
become in situ sources of bacteria and endotoxin in the finished water.

Many aspects of system design and operation relate to control and elimination of biofilm. Unitoperations can cause the
deterioration of water microbial attributes and the formation of biofilm on unit operation surfaces, even when properly
maintained (see 8.2 Biofilm Formation in WaterSystems).

Production of pharmaceutical water involves sequential unit operations (processingsteps) that address specific water quality
attributes and protect the operation of subsequent treatment steps. Atypical evaluation process for selecting an appropriate
water quality for a particular pharmaceutical purpose is shown in the decisiontrees in Figure 20 and Figure 2b. This diagram
may be used to assist in defining requirements for specific water uses and in the selection of unit operations. The final unit
operation used to produce Water for Injection is.limitedto distillation or other processesequivalent or superior to distillation in
the removal of chemical impurities as well as microorganisms and their components, such as bacterialendotoxins. Distillation
coupled with suitable pretreatment technologies has a long historyof generally reliable performance (though not completely
infallible) and can be validated as a unit operation for the production of Waterfor Injection. Other combinations of purification
technologies may also be suitable in the production of Water for Injection if they can be shown through validationto be as
effective and reliableas distillation in the removal of chemicals and microorganisms. The development of new designs and
materials of construction for other technologies (such as reverseosmosis, electrodeionization, and ultrafiltration) that allow
intermittent or continuous operation at hot bactericidal conditions show promisefor a valid use in producing Waterfor Injection.

5.1 Unit Operations Considerations

To achieve the quality attributes for pharmaceutical waters, multiple-unitoperations are required. The design of the water
purification system needs to take into consideration different aspects, including the source water quality, sanitization,
pharmaceutical water qualityattributes, usesof the water, and maintenance programs. Each unit operation contributes specific
purification attributes associated with chemical and microbiologicalJarameters.

The following is a brief description of selected unit operations an the design, installation, operation, maintenance, and
monitoring parameter considerations associated with them. Not all unit operations are discussed, nor are all potential
shortcomings addressed.

5.1.1 PREFILTRATION

The purpose of prefiltration-also referredto as initial, coarse, particulate,or depth filtration-is to removesolidcontaminants
from the incoming source water supply and protect downstream system components from particulates that can inhibit
equipment performance and shorten their effective life. Thiscoarsefiltration technology primarily usessieving effectsfor particle
capture and a depth of filtration medium that has a high "dirt load" capacity. Suchfiltration units are available in a wide range
of designs and for variousapplications. Removal efficiencies and capacities differsignificantly, from granular bed filters such as
multimedia or sand for larger water systems,to depth cartridges for smallerwater systems. Unitand systemconfigurationsvary
widely in the type of filtering media and the location in the process. Granularor cartridge prefilters are often situated at the
beginning of the water purification system prior to unit operations designed to remove the source water disinfectants.
Cartridge-type coarse filters may also be used to capture fines releasedfrom granular beds such as activated carbon and
deionization beds. These locations, however, do not preclude the need for periodic microbial evaluation.

Designand operational issues that may impact the performance of depth filters include channeling of the filtering media,
blockagefrom silt, microbial growth, and filtering-media lossduring improper backwashing.Control methods involve pressure
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and flow monitoring during use and backwashing, sanitizing, and replacing filtering media. An important design concern is
sizing of the filter to prevent channeling or media loss resulting from inappropriate water flow rates as well as proper sizing to
minimize excessivelyfrequent or infrequent backwashing or cartridge filter replacement.

5.1.2 ACTIVATED CARBON

Activated carbon beds, depending on the type and placement, are used to adsorb low-molecular-weight organic material,
bacterial endotoxins, and oxidizing additives such as chlorine and chloramine compounds, removing them from the water.
They are used to achieve certain quality attributes and to protect against reactions with downstream unit operations, stainless
steel surfaces, resins, and membranes.

The chief operating concerns regarding activated carbon beds include the propensity to support bacterial growth, the ,
potential for hydraulic channeling, the organic adsorption capacity, and insufficient contact time. Operation deficiencies may
result in the releaseof bacteria, endotoxins, organic chemicals, and fine carbon particles.

Control measures may involve monitoring water flow rates and differential pressures, sanitizing with hot water or steam,
backwashing, testing for adsorption capacity, and frequent replacement of the carbon bed. Monitoring of carbon bed unit
operation may also include microbial loading, disinfectant chemical reduction, and TOC if used for TOC reduction. The use of
hot water or steam for carbon bed sanitization is ineffective if there is channeling rather than even permeation through the
bed. Channeling can be mitigated through design and proper flow rates during sanitization.

Microbial biofilm development on the surface of the granular carbon particles can cause adjacent bed granules to
agglomerate. This may result in ineffective removal of trapped debris and fragile biofilm during backwashing, and ineffective
sanitization.

Alternative technologies to activated carbon beds can be used to avoid their microbial challenges. These include
disinfectant-neutralizing chemical additives and intense ultraviolet (UV) light for removal of chlorine, and regenerable organic
scavenging deionizing resins for removal of organics.

5.1.3 ADDITIVES

Chemical additives are used in water systems 1) to control microorganisms by use of sanitizing agents, such as chlorine
compounds and ozone; 2) to enhance the removal of suspended solids by use of flocculating agents; 3) to remove chlorine
compounds; 4) to avoid scaling on reverseosmosis membranes; and 5) to adjust pH for more effective removal of carbonate
and ammonia compounds by reverse osmosis. These additives do not constitute "added substances" as long as they are either
removed by subsequent processing steps or are otherwise absent from the finished water. Control of additives to ensure a
continuously effective concentration and subsequent monitoring to ensure their removal should be designed into the system
and included in the monitoring program.

5.1.4 ORGANIC SCAVENGERS

Organic scavenging devices use macroreticular, weakly basic anion-exchange resinscapable of removing negatively charged
organic material and endotoxins from the water. Organic scavenger resinscan be regenerated with appropriate biocidal caustic
brine solutions. Operating concerns are associated with organic scavenging capacity; particulate, chemical, and microbiological
fouling of the reactive resin surface; flow rate; regeneration frequency; and shedding of fines from the fragile resins. Control
measuresinclude TOC testing of influent and effluent, backwashing, monitoring hydraulic performance, and using downstream
filters to remove resin fines.

5.1.5 SOFTENERS

Water softeners may be located either upstream or downstream of disinfectant removal units. They utilize sodium-based
cation-exchange resins to remove water-hardness ions, such as calcium and magnesium, that could foul or interfere with the
performance of downstream processing equipment such as reverse osmosis membranes, deionization devices, and distillation
units. Water softeners can also be used to remove other lower affinity cations, such as the ammonium ion, that may be released
from chloramine disinfectants commonly used in drinking water. If ammonium removal isone of its purposes, the softener must
be located downstream of the disinfectant removal operation. Water softener resin beds are regenerated with concentrated
sodium chloride solution (brine).

Concerns include microorganism proliferation, channeling, appropriate water flow rates and contact time, ion-exchange
capacity, organic and particulate resin fouling, organic leaching from new resins, fracture of the resin beads, resin degradation
by excessivelychlorinated water, and contamination from the brine solution used for regeneration.

Control measures involve recirculation of water during periods of low water use; periodic sanitization of the resin and brine
system; use of microbial control devices (e.g., UV light and chlorine); locating the unit upstream of the disinfectant removal
step (if used only for softening); appropriate regeneration frequency; effluent chemical monitoring (e.g., hardness ions and
possibly ammonium); and downstream filtration to remove resin fines. If a softener is used for ammonium removal from
chloramine-containing source water, then the capacity, contact time, resin surface fouling, pH, and regeneration frequency are
very important.

5.1.6 DEIONIZATION

Deionization (01) and continuous electrodeionization (CEDI) are effective methods of improving the chemical quality
attributes of water by removing cations and anions. 01systems have charged resins that require periodic regeneration with an
acid and base, Typically, cation resins are regenerated with either hydrochloric or sulfuric acid, which replace the captured
positive ions with hydrogen ions. Anion resins are regenerated with sodium hydroxide or potassium hydroxide, which replace
captured negative ions with hydroxide ions. Because free endotoxin is negatively charged, some removal of endotoxin is
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achieved by the anion resin.The system can be designed so that the cation and anion resins are in separate or "twin" beds, or
they can be blended together to form a "mixed" bed.

The CEDI system uses a combination of ion-exchange materials such as resins or grafted material, selectively permeable
membranes, and an electric charge, providing continuous flow (of product and waste concentrate) and continuous
regeneration. Water enters both the resin section and the waste (concentrate) section. The resin acts as a conductor, enabling
the electrical potential to drivethe captured cations and anions through the resinand appropriate membranes for concentration
and removal in the waste water stream. As the water passes through the resin, it is deionized to become product water. The
electrical potential also separates the water in the resin (product) section into hydrogen and hydroxide ions. This permits
continuous regeneration of the resin without the need for regenerant additives. However, unlike conventional deionization,
CEDI units must start with water that isalreadypartially purifiedbecause they generallycannot achievethe conductivityattribute
of Purified Water when starting with the heavier ion load of source water.

Concerns for all forms of DI units include microbial and endotoxin control; chemical additive impact on resins and
membranes; and loss, degradation, and fouling of resin. Issues of concern specific to DI units include regeneration frequency
and completeness; channeling caused by biofilm agglomeration of resin particles; organic leachingfrom new resins; complete
resin separation for mixed bed regeneration; and bed fluidization air contamination (mixed beds).

Control measures may includecontinuous recirculation loops, effluentmicrobial control by UV light,conductivitymonitoring,
resin testing, microporous filtration of bed fluidization air, microbialmonitoring, frequent regeneration to minimize and control
microorganism growth, sizing the equipment for suitable water flow and contact time, and use of elevated temperatures.
Internaldistributor and regeneration pipingfor DI bed units should be configured to ensure that regeneration chemicalscontact
all internal bed and piping surfaces and resins.

Rechargeablecanisters can be the source of contamination and should be carefully monitored. Full knowledge of previous
resin use, minimum storage time between regeneration and use, and appropriate sanitizing procedures are critical factors for
ensuring proper performance.

5.1.7 REVERSE OSMOSIS

Reverse osmosis(RO) units usesemipermeable membranes. The "pores" of RO membranes are intersegmentalspaces among
the polymer molecules.Theyare bigenough for permeation ofwater molecules, but they limitthe passage of hydrated chemical
ions, organic compounds, and microorganisms. RO membranes can achieve chemical, microbial, and endotoxin quality
improvement. Many factors, including pH, temperature, source water hardness, permeate and reject flow rate, and differential
pressure across the membrane, affectthe selectivity and effectivenessof this permeation. The processstreams consistof supply
water, product water (permeate), and waste water (reject). Depending on the source water, pretreatment and system
configuration variations and chemicaladditives may be necessary to achieve the desired performance and reliability. Formost
source waters, a single stage of RO filtration is usually not enough to meet Purified Water conductivityspecifications. Asecond
pass of this permeate water through another RO stage usuallyachieves the necessary permeate purity ifotherfactors such as
pH and temperature have been appropriately adjusted and the ammonia from source water that has been previously treated
with chloramines is removed. .

Concerns associated with the design and operation of RO units include membrane materialsthat are sensitive to sanitizing
agents and to particulate, chemical, and microbial membrane fouling; membrane and seal integrity; and the passage of
dissolved gases, such as carbon dioxide and ammonia. Failure of membrane or seal integrity will result in product water
contamination. Methods of control involve suitable pretreatment of the influentwater stream; appropriate membrane material
selection; membrane design and heat tolerance; periodic sanitization; and monitoring of differential pressures, conductivity,
microbial levels, and TOC.

The development of RO units that can tolerate sanitizing water temperatures and also operate efficiently and continuously
at elevated temperatures has added greatly to their microbial control ability and to the avoidance of biofouling. RO units can
be used alone or in combination with DI and CEDI units, as well as ultrafiltration, for operational and quality enhancements.

5.1.8 ULTRAFILTRATION

Ultrafiltration is a technology that isoften used near the end of a pharmaceutical water purification system for removing
endotoxins from a water stream though upstream uses are possible. Ultrafiltration can use semipermeable membranes, but
unlike RO, these typically use polysulfone membranes with intersegmental "pores" that have been purposefully enlarged.
Membranes with differing molecularweight "cutoffs" can be created to preferentially reject moleculeswith molecularweights
above these ratings.

Ceramic ultrafilters are another molecularsievingtechnology. Ceramic ultrafilters are self-supporting and extremelydurable;
they can be backwashed, chemically cleaned, and steam sterilized. However, they may require higher operating pressuresthan
do membrane-type ultrafilters.

All ultrafiltration devices work primarily by a molecular sieving principle. Ultrafilters with molecularweight cutoff ratings in
the range of 10,000-20,000 Da are typically used in water systems for removing endotoxins. This technology may be
appropriate as an intermediate or final purification step. Aswith RO, successful performance is dependent upon pretreatment
of the water by upstream unit operations.

Issues of concern for ultrafilters include compatibilityof membrane materialwith heat and sanitizing agents, membrane
integrity, fouling by particles and microorganisms, and seal integrity. Control measures involve filter membrane composition,
sanitization, flow design (dead end vs. tangential), cartridge replacement, elevated feed water temperature, and monitoring
TOCand differential pressure.
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Microbial-retentive membrane filters have a larger effective "pore size" than ultrafilters and are intended to prevent the
passage of microorganismsand similarly sized particleswithout unduly restrictingflow.Thistype offiltration iswidelyemployed
within water systemsfor filtering the bacteria out of both water and compressed gases as well as for vent filters on tanks and
stills and other unit operations.

In water systems, a filter's microbial retention characteristics exhibit different phenomena than in other aseptic filtration
applications.

The following factors interact to create the retention phenomena for water system microorganisms: the variability in the
range and average pore sizescreated by the various membrane fabrication processes; the variability of the surface chemistry
and three-dimensionalstructure related to the differentpolymers in these filtermatrices;and the sizeand surfaceproperties
of the microorganism intended to be retained by the filters. In some the of water system
microorganisms on the sides of some 0.2- to filters to weeks)
seems to the idea that It not
known downstream "'nln",~,r::lr"lr",

rn it · ..t\ 1"1i"'I retention success in water systems has been reported with the use of filters rated as 0.2 or 0.1 IJm.
agreement that, for a given manufacturer, their o.t-urn rated filters are tighter than their 0.2- to 0.22-lJm rated

filters. Ht\"AI""""''' comparably rated filters from different manufacturers may not have equivalent performance in water filtration
applications because of the different filter materials, differentfabrication processes, and nonstandardized microbial retention
challenge processescurrently used for defining the O.t-urn filterrating. It should be noted that filters with a O.l-lJm rating may
result in a lower flow rate compared to 0.2- to 0.22-lJmfilters, so. whatever filters are chosen for a water system application,
the user must verify that they are suitable for their intended application, use period, and use process, includingflow rate.

Formicrobial retentive gas filtrations, the same sieving and adsorptive retention phenomena are at workas in liquidfiltration,
but the adsorptive phenomenon is enhanced by additional electrostatic interactions between the particlesand filter matrix.
These electrostatic interactions are so strong, particle retention for a given filter rating is significantly more efficient in gas
filtration than in water or product-solution filtrations. These additional adsorptive interactions render filters rated at 0.2-0.22
IJm unquestionably suitablefor microbial retentive gas filtrations. When microbial retentivefilters are used in these applications,
the membrane surface is typically hydrophobic (non-wettable by water). Asignificantarea of concern for gas filtration is
blockage of tank vents by condensed water vapor, which can cause mechanical damage to the tank. Control measures include
electrical or steam tracing and a self-draining orientation of vent filter housings to prevent accumulation of vapor condensate.
However, a continuously high filter temperature will take an oxidative toll on polypropylene components of the filter, so
sterilization of the unit prior to initial use, and periodically thereafter, as well as regular visual inspections, integrity tests, and
filter cartridge changes are recommended control methods.

In water applications, microbial retentive filters may be used downstream of unit operations that tend to release
microorganisms or upstream of unit operations that are sensitive to microorganisms. Microbial retentivefilters may also be used
to filterwater feeding the distribution system. Itshould be noted that regulatory authorities allowthe use of microbial retentive
filters within distribution systems or even at use points ifthey have been properlyvalidated and are appropriately maintained. A
point-of-usefiltershould only be intended to "polish" the microbial quality of an otherwise well-maintained system and not to
serve as the primary microbialcontrol device. The efficacy of system microbial control measures can only be assessed by
sampling the water upstream of the filters. As an added measure of protection, in-line UV lamps, appropriately sized for the
flow rate (see 5.3 Sanitization), may be used just upstream of microbial retentive filters to inactivate microorganisms prior to
their capture by the filter. This tandem approach tends to greatly delay potential microbial penetration phenomena and can
substantiallyextend filter service life.

5.1.1 0 ULTRAVIOLET LIGHT

The use of low-pressure UV lights that emit a 254-nm wavelength for microbial control is discussed in 5.3 Sanitization, but
the application of UV light in chemical purification isalso emerging. This254-nm wavelength isalso useful in the destruction
of ozone. Atwavelengths around 185 nm (as well as at 254 nm), medium-pressure UV lights have demonstrated utility in the
destruction of the chlorin~-cont~iningdisi~f~~t~~t~.used in source water as well as for interim stages of water pretreatment.
Highintensities of ~J.a?nl'Tl~l()n~()r.?§.4·PI'Tl~lS(LJSP41) incombination with other oxidizing sanitants, such as hydrogen peroxide,
have been used to lowerTOClevels in recirculating distributionsystems.The organics are typically converted to carbon dioxide,
which equilibratesto bicarbonate, and incompletelyoxidizedcarboxylic acids, both ofwhich can easily be removed by polishing
ion-exchange resins. .

Areas of concern include inadequate UV intensityand residence time, gradual lossof UV emissivity with bulb age, gradual
formation of a UV-absorbing film at the water contact surface, incomplete photodegradation during unforeseen source water
hyperchlorination, release of ammonia from chloramine photodegradation, unapparent UV bulb failure, and conductivity
degradation in distribution systems using 185-nm UV lights.

Control measures include regular inspection or emissivity alarms to detect bulb failures or film occlusions, regular UV bulb
sleevecleaning and wiping, downstream chlorine detectors (when used for dechlorination), downstream polishingdeionizers
(when used for TOC reduction), and regular (approximatelyyearly) bulb replacement. UV lamps generate heat during
operation"which can cause failure of the lamps or increasethe temperature of the water. Precautionsshould be in place to
ensure that water flow is present to control excessive temperature increase.
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Distillation units provide chemical and microbial purification via thermal vaporization, mist elimination, and water vapor
condensation. Avarietyof designs is available, including single effect, multiple effect, and vapor compression. The latter two
configurations are normally used in larger systems because of their generating capacity and efficiency. Source water controls
must provide for the removal of hardness and silica impurities that may foul or corrode the heat transfer surfaces, as wellas the
removal of those impurities that could volatize and condense along with the water vapor. Inspite of general perceptions, even
the best distillation process does not ensure absolute removal of contaminating ions, organics, and endotoxins. Most stills are
recognized as being able to accomplish at least a 3-4 log reduction in these impurityconcentrations. They are highlyeffective
in sterilizing the feed water.

Areas of concern include carryoverof volatile organic impuritiessuch as trihalomethanes (see 2. Source Water
Considerations) and gaseous impurities such as ammonia and carbon dioxide, faulty mist elimination, evaporator flooding,
inadequate blow down, stagnant water in condensers and evaporators, pump and compressorseal design, pinhole evaporator
and condenser leaks, and conductivity(quality) variations during start-up and operation.

Methods of control may involve the following: preliminary steps to remove both dissolved carbon dioxide and other volatile
or noncondensable impurities; reliable mist elimination to minimize feed water droplet entrainment; visual or automated
high-water-Ievel indicationto detect boiledlooding and boilover; use of sanitarypumps and compressors to minimizemicrobial
and lubricant contamination of feed water and condensate; proper drainage during inactive periods to minimize microbial
growth and accumulation of associated endotoxin in boilerwater; blow down control to limitthe impurity concentration effect
in the boiler to manageable levels; on-lineconductivitysensing with automated diversion to waste to prevent unacceptable
water upon still start-up or still malfunction from getting into the finished water distribution system; and periodic testing for
pinhole leaks to routinely ensure that condensate is not compromised by nonvolatized source water contaminants.

5.1.12 STORAGE TANKS

Storage tanks are included in water distribution systems to optimize processing equipment capacity. Storage also allows for
routine maintenance within the purification systemwhilemaintaining continuous supplyto meet manufacturing needs. Design
and operation considerations are needed to prevent or minimizethe development of biofilm, to minimizecorrosion, to aid in
the use of chemical sanitization of the tanks, and to safeguard mechanical integrity.

Areas of concern include microbial growth or corrosion due to irregularor incomplete sanitizationand microbial
contamination from unalarmed rupture diskfailures caused by condensate-occluded vent filters.

Control considerations may includeusing closed tanks with smooth interiors, the ability to spray the tank headspace using
spray balls on recirculating loop returns, and the use of heated, jacketed/insulated tanks. This minimizes corrosion and biofilm
development and aids in thermal or chemicalsanitization. Storage tanks require venting to compensate for the dynamics of
changing water levels. This can be accomplishedwith a properly oriented and heat-traced filter housing fitted with a
hydrophobic microbial retentive membrane filteraffixed to an atmospheric vent. Alternatively, an automatic membrane-filtered
compressed gas blanketing system may be used. In both cases, rupture disks equipped with a rupture alarm device should be
used as a further safeguard for the mechanical integrityof the tank.

5.1.13 DISTRIBUTION SYSTEMS

Distribution system configuration should allowfor the continuous flow of water in the piping by means of recirculation. Use
of no recirculating, dead-end, or one-way systemsor system segments should be avoided whenever possible. Ifnot possible,
these systems should be flushed periodically and monitored more closely. Experience has shown that continuously recirculated
systems are easier to maintain. Pumps should be designed to deliverfully turbulent flow conditions to facilitate thorough heat
distribution (for hot-water sanitized systems) as well as thorough chemical sanitant distribution. Turbulent flow also appears to
either retard the development of biofilms or reduce the tendency of those biofilms to shed bacteria into the water. Ifredundant
components, such as pumps or filters, are used, they should be configured and used to avoid microbial contamination of the
system.

Components and distribution lines should be sloped and fitted with drain points so that the system can be completely
drained. In distribution systems, dead legsand low-flow conditions should be avoided, and valvedtie-in points should have
length-to-diameter ratios of six or less. In systemsthat operate at self-sanitizing temperatures, precautions should be taken to
avoid cool points where biofilm development could occur. Ifdrainage of components or distribution lines is intended as a
microbial control strategy, they should also be configured to be dried completely using dry compressed gas because drained
but still moist surfaceswill still support microbial proliferation. Water exitingfrom the distributionsystemshould not be returned
to the system without first passing through all or a portion of the purification system.

The distribution design should include the placement of sampling valves in the storage tank and at other locations, such as
in the return line of the recirculating water system. Direct connections to processesor auxiliary equipment should be designed
to prevent reverseflow into the controlledwater system. Hoses and heat exchangers that are attached to points of use to deliver
water must not chemically or microbiologically degrade the water quality. The distribution system should permit sanitization
for microorganism control. The system may be continuouslyoperated at sanitizing conditions or sanitized periodically.

5.1.14 NOVEL/EMERGING TECHNOLOGIES

New water treatment technologies are being developed continuously. Before these technologies are utilized in
pharmaceuticalwater systems, they should be evaluatedfor acceptable use in a GMP environment. Other considerations should
include the treatment process, reliability and robustness, use of added substances, materials of construction, and ability to
validate.Considerationshould be givento recognizethe areas of concern during the evaluationand to identifycontrol measures
for the technology. Thisshould include impact on chemical and microbial attributes.
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5.2 Installation, Materials of Construction, and Component Selection

Installation techniques are important because they can affectthe mechanical, corrosive, and sanitary integrityof the system.
Valve installation should promote gravitydrainage. Pipesupports should provide appropriate slopes for drainage and should
be designed to support the piping adequately under worst-casethermal and flowconditions. The methods ofconnecting system
components-including units of operation, tanks, and distribution piping-require careful attention to preclude potential
operational and microbial problems.

Stainless steel welds should provide reliable joints that are internally smooth and corrosion-free. Low-carbon stainless steel,
compatible wirefiller where necessary, inert gas, automatic welding machines, and regular inspection and documentation help
to ensure acceptable weld quality. Follow-up cleaning and passivation of metal surfaces after installation areimportant for
removing contamination and corrosion products and to re-establish the passive corrosion-resistantsurface.

Plastic materialscan be fused (welded) in some cases, and also require smooth, uniform internal surfaces. Adhesive glues
and solvents should be avoided due to the potential for voids and organic extractables. Mechanical methods of joining, such
as flange fittings, require care to avoid the creation of offsets, gaps, penetrations, and voids. Use of plasticmaterials may
contribute to TOC levels.

Control measures include good alignment, properly sized gaskets, appropriate spacing, uniformsealingforce, and the
avoidance of threaded fittings.

Materials of construction should be selected to be compatible with control measures such as sanitizing, cleaning, or
passivation. Temperature rating isa critical factor in choosing appropriate materialsbecause surfacesmay be required to handle
elevated operating and sanitizationtemperatures. Ifchemicalsor additiveswill be used to clean, passivate, or sanitizethe system,
materials resistant to these chemicalsor additives must be utilized. Materials should be capable of handling turbulent flow and
elevated velocities without erosion of the corrosion-resistant film (such as the passivechromium oxide surfaceof stainlesssteel)
or reduction in wall thickness for plastics. Thefinish on metallic materialssuch asstainless steel, whether it isa refined mill finish,
polished to a specific grit, or an electropolished treatment, should complement the system design and provide satisfactory
corrosion and microbial activityresistance. The finish should also be a material that can be chemically sanitized. Auxiliary
equipment and fittings that require seals, gaskets, diaphragms, filter media, and membranes should exclude materials that
permit the possibility of extractables, shedding, and microbial activity. Insulating materials exposed to stainless steel surfaces
should be free of chlorides to avoid the phenomenon of stress corrosion cracking that can lead to system contamination and
the destruction of tanks and critical system components.

Specifications are important to ensure proper selection of materialsand to serve as a referencefor system qualification and
maintenance. Information such as the manufacturer's metallurgical reportsfor stainlesssteel and reports ofcomposition, ratings,
and material-handling capabilities for nonmetallic substances should be reviewedfor suitability and retained for reference.
Component (auxiliary equipment) selection should be made with assurance that it does not create a source of contamination
intrusion. Heat exchangers should be constructed to prevent leakage of heat transfer medium into the pharmaceutical water
and, for heat exchanger designs where prevention may fail, there should be a means to detect leakage. Pumps should be of
sanitary design with seals that prevent contamination of the water. Valves should have smooth internal surfaceswith the seat
and closing device exposed to the flushing action of water, such as occurs in diaphragm valves. Valves with pocket areas or
closing devices (e.g., ball, plug, gate, globe) that move into and out of the flow area should be avoided.

5.3 Sanitization

Microbial control in water systems isachieved primarily through sanitization practices. Systems can be sanitized using either
thermal or (photo-)chemical means.· .

5.3.1 THERMAL SANITIZATION

Thermal approaches to system sanitization include periodicor continuouslycirculating hot water and the use of steam.
Temperatures of 65°-80° are most commonly used for thermal sanitization. Continuously recirculating water of at least 65° at
the coldest location in the distribution system has also been used effectively instainlesssteel distributionsystemswhen attention
is paid to uniformityand distribution of such self-sanitizing temperatures. These techniques are limited to systems that are
compatible with the higher temperatures needed to achievesanitization. Frequent use of thermal sanitization at appropriate
temperatures should eliminate the need for other sanitization methods.

The use of thermal methods at temperatures above 80° iscontraindicated because it does not add to microbial control of
the system or reduction of biofilm. Some methods (e.g., steam sanitizing, hot water circulationat temperatures 2:100°) can be
lesseffective or even destructivebecause ofthe need to eliminatecondensate or manipulate systemcomponents, stress materials
of construction, deform filters, and its adverse impact on instrumentation.

Although thermal methods control biofilm development by either continuously inhibiting its growth or, in intermittent
applications, by killing the microorganisms within developing biofilms, they are not effective in removing established biofilms.
Killed but intact biofilms can become a nutrient source for rapid biofilm regrowth after the sanitizing conditions are removed
or halted. In cases of infrequent thermal sanitizationsthat allow biofilm development between treatments, a combination of
routine thermal treatment and periodic supplementation with chemicalsanitization may be more effective. The more frequent
the thermal sanitization, the more likely it is that biofilm re-development can be eliminated.

5.3.2 CHEMICAL SANITIZATION

Chemical methods, where compatible, can be used on a wider varietyof construction materials. These methods typically
use oxidizingagents such as ozone, hydrogen peroxide, peracetic acid, or combinations thereof. Halogenated compounds can
be effective sanitizers but are lessaggressiveoxidizingagents and may be difficult to flush from the system. Chemical agents
may not penetrate the furl biofilm matrix or extend into all biofilm locations (such as crevicesat gasketed fittings) and may
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leave biofilms incompletely inactivated. Compounds such as ozone, hydrogen peroxide, and peracetic acid oxidize bacteria
and biofilms with reactiveperoxides and byforming veryreactive free radicals(notably hydroxyl radicals). The short half-life of
ozone in particular,and its limitation on achievableconcentrations, require that it be added continuously during the sanitization
process. Hydrogen peroxide and ozone rapidly degrade to water and/or oxygen, and peracetic acid degrades to oxygen and
acetic acid. The ease of degradation of ozone to oxygen using 254-nm UV lights in circulating loops allows it to be used
effectively on a continuouslysanitizing basis in holding tanks and on an intermittent basis(e.g., dailyor weekly) in the
distribution loops.The highlyreactivenature of ozone requiresthe use of system materialsand components that are even more
oxidation resistant than those typically used with the other oxidizing agents.

It is important to note that microorganisms in a well-developed biofilm can be extremely difficult to kill, even by using
aggressiveoxidizing chemicals. The lessdeveloped and therefore thinner the biofilm, the more effective the biofilm inactivation.
Therefore, optimal microbial control is achieved by using oxidizing chemicals at a frequency that does not permit significant
biofilm development between treatments.

Validation of chemical sanitization requiresdemonstration of adequate chemical concentrations throughout the system,
exposure to allwetted surfaces includingthe body of use point valves, and complete removal of the sanitant from the system
at the completion of treatment. Methods validation for the detection and quantification of residues of the sanitant or its
objectionable degradants isan essential part of the validation program.

5.3.3 UV SANITIZATION

In-line UV light at a wavelength of 254 nm can also be used to continuously "sanitize" only the water circulating in the
system, but these devicesmust be properlysizedfor the water flow. Such devices inactivatea high percentage (but not 100%)
of microorganismsthat flowthrough the devicebut cannot be used to directlycontrol existingbiofilm upstream or downstream
of the device. However, when coupled with conventional thermal or chemical sanitizationtechnologies or located immediately
upstream of a microbially retentive filter, UV light is most effective and can prolong the interval between needed system
re-sanitizations.

5.3.4 SANITIZATION PROCEDURES

Sanitization steps require validation to demonstrate the ability to reduce and hold microbial contamination at acceptable
levels. Validation of thermal methods should include a heat distribution study to demonstrate that sanitization temperatures
are achieved throughout the system, including the body of use point valves; sampling ports; instrument side branches; and
fittings, couplings,and adapters, relying on water convection and thermal conduction through systemmaterialsfor heat transfer
to wetted surfaces.

The routine frequency ofsanitizationshould be supported by the resultsof system microbial monitoring. Conclusions derived
from trend analysis of the microbiological data should be used as the alert mechanism for the need for extraordinary
maintenance. The routine frequency of sanitization should be established in such a way that the system operates in a state of
microbiological control and does not regularly exceed Alert and Action Levels (see 9.4 Defining Alertand ActionLevels and
Specifications).

5.4 Operation, Maintenance, and Control

Apreventive maintenance program should be established to ensure that the water system remainsin a state of control. The
program should include 1) procedures for operating the system, 2) monitoring programs for critical quality attributes and
operating conditions including calibration of critical instruments, 3) schedule for periodic sanitization, 4) preventive
maintenance of components, and 5) control of changes to the mechanical system and to operating conditions.

5.4.1 OPERATING PROCEDURES

Operating procedures for the water system and for performing routine maintenance and correctiveaction should be written,
and they should also define the point when action is required. The procedures should be well documented, and should detail
the function of each job, assign who is responsiblefor performing the work, describe how the job isto be done, and identify
acceptable operating parameters. The effectiveness of these procedures should be assessed during water system validation.

5.4.2 PROCESS MONITORING PROGRAM

Aprocess-monitoring program should establishthe critical qualityattributes and operating parameters that are documented
and monitored. The program may include a combination of in-line sensors and/or automated instruments (e.g., for
temperature, TOCconductivity, hardness, and chlorine), automated or manual documentation ofoperational parameters (e.g.,
flow rates or pressure drop across a carbon bed, filter, or RO unit), and laboratory tests (e.g., total microbial counts). The
frequency of sampling, the requirement for evaluating test results, and the necessityof initiating correctiveaction should be
included.

5.4.3 ROUTINE MICROBIAL CONTROL

Sanitization may be integral to operation and maintenance, and necessary on a routine basis, depending on system design
and the selected units of operation, to maintain the system in a state of microbial control. Technologies for sanitization are
described above in more detail in 5.3 Sanitization.
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Apreventivemaintenance program should be in effect.The program should establish what preventive maintenance isto be
performed, the frequency of maintenancework, and how the workshould be documented.

5.4.5 CHANGE CONTROL

The mechanical configuration, operating conditions, and maintenance activities of the water system must be controlled.
Proposed changes should be evaluatedfor their impact on the whole system.The need to requalify the system after changes
are made should be determined. After a decision is made to modify a water system, the affecteddrawings, manuals, and
procedures should be revised. Portions or operationsof the water systemthat are affectedby the modification should be tested
to demonstrate a continued state of control.The extent and duration of testing should be related to the risk impact of the
change to the system.

The testing of water samplesfrom a water system iscritical to the ongoing control of the system and assessmentof the
qualityof the water being used. If improperly collected,a sample couldyield a test resultthat isunrepresentative of the sample's
purpose. This could lead to inaction when remediation is needed or to unnecessary remediation when none is necessary. It
could also lead to misinterpretations of product impact. Therefore, properlycollecting water samples, understanding their
purpose, and establishing appropriate water systemsampling plans are essential to water qualitycontrol and system control.

6.1 Purposes and Procedures

articularwatere .lS(USP41) attribute, a sample of the water usually must be removedfrom a water systemfor
attribute _~The sample needs to be obtained from specific locations thatarerepresentative for the

This sample may be analyzed by in-Iine/on-Iine instrumentsor it may be completely
sample" in a container for off-line testing. In-Iine/on-Iine testing avoids the exogenous

contamination of samplesthat could lead to artifactually variable data trends and incorrect
performance, maintenance, and utilized·r, SP41) as well as initiating fruitless causative investigations. ;H~i-rat)-SCJlmJ)res,
maybe;approprlate,where:th~ water in t te. isnothomogene(i)usJor certainattributes~~1~(USP41)

The data from water testing are generally usedfor one of two purposes: for processcontrol (PC) of the water purification
and distribution system or for~releaseor. lS (USP41) QC of the water being drawn from the systemfor some applicationor use.
In many cases,depending on the sampling location and sampling process, the resulting data can be used for both PC and QC
purposes.

6.1.1 PC SAMPLING

Because PCsampling is intended to reflect the qualityof the water behind the valve and within the distribution system,
purification system,or between itspurification steps, efforts should be made to avoid contaminating the water
drawn from the system so that its test results accuratelyreflectthe water qualitywithin the system at that

may require the use of strategically located sampling ports, in addition to points of use.
Ifmicrobial testing is needed for PC purposes, the sampling valve should have a properlyinstalled, sanitarydesign that uses

vigorous pre-sampling flushing. This flushing shearsofffragile biofilm structuresgrowingon surfaces withinthe valve and water
path before the sample iscollected.This avoids biasing the microbial count of perhaps pristine water in the system behind that
valve. Afully open valve flush (at >8 ftls velocity within the valve and connector) for at least 30 s typically provides sufficient
shear forces to adequately remove anyfragile biofilm structures. Additional control measuresfor preventing sample
contamination could also includestringent pre- and post-sampling outlet sanitation, the use of sterile hoses and gasketsor
other connectors to direct the water flow, and other measures.

The data from PC sampling indicate how well the system is maintaining the water qualityat that sampiing location.These
data are subsequently used to signalwhen some extraordinaryintervention might be needed, in addition to normal
maintenance and system sanitization operations, to restore the system to the expected level of purity.

PC sampling can only be used to indicate the qualityof the water being delivered to the points of use (for QC purposes) if
it has been shown to be representative of that point-of-use quality.This may be possible with chemical attributes that are
typically not affected by the fluid path of the water delivery process, but isgenerally not possible with microbial attributes,
which can be greatly affected by localized biofilms along that fluid path. Ifthis fluid path is not utilized for PC sampling, then
the resulting data typically cannot be used for QC purposes.

6.1.2 QC SAMPLING

QC sampling is intended to reflect the quality of water that is being used. Thesesamples should be collected at the true
point of use; that is, where the water isdelivered for use, not where it leaves the water system. QC sampling must utlllzethat
same delivery path and components utilized for a water transfer during actual water use. This includes the same valves, hoses,
heat exchangers, flow totalizers,. hard-pipedconnections, and other components utilized during water use.

. Inaddition to the water transfercomponents, QCsampling must also use the same water transferprocessemployed during
water use, including the same pre-useoutlet and delivery path flushing procedure and the same outlet, fitting, and hose
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sanitization practices employed during actual water use. The water delivery process and components used for QC sampling
must be identical to manufacturing practicesat everysystem outlet for the QC sample to mimicthe qualityofwater being used
by accumulating the same chemical and microbial contaminant levels it would during actual use from that outlet location.

Where permanent connections from the water system to equipment are present, accommodation should be made in the
design to collect samples from locationsas close to the equipment as possible. Forexample, samples can be collected from
special sample ports or other valves near the equipment connection that allowthe collected water sample to accurately reflect
the water quality that is used. Where the water transfer conduit isdesigned and/or definitively treated to eliminate all
contaminating influences prior to water transfer through that conduit, PCsampling locationswithin the distribution system
can reflectthe qualityof the water that isactuallyused for QC purposes at those permanent connections. However, the success
ofthe design and treatments intended to eliminatethese contaminating influences must be verified. This istypically done during
water system validation.

Where routine water use practices involve contamination-prone activities, such as no pre-useflushing or poor hose storage/
sanitization/replacement practices, these water use practices should be improved to reduce the potential for delivering
contaminated water from the water systemand for unacceptable QCsample testing resultsthat reflectthat same contamination.

6.2 Attributes and Sampling Locations

The tests being performed on the samples are relevant to the sampling location and purpose of the sample. In-process
monitoring of nonmonograph attributes may be indicated for specific unit operations. Forinstance, before and after a softener,
it may be important to determine water hardness to verify softener efficacy. Before and after an activated carbon bed/filter, it
may be important to verify chlorine or TOC removal and/or reduction or test for an increase in microbial count. Before a
distillation unit, it may be important to quantitate the incoming bacterial endotoxin level to ensure that the still is not being
over-challenged beyond its typical 3-4 log purification capability. However, once the water is in the distribution system, the
compendial attributes of importance typically include at least conductivity,TOC, and microbial count. In Waterfor Injection
systemsand other systems or system locationswhere bacterialendotoxin control is important, endotoxin isalsoassayed. Other
tests may be necessarydepending on the intended uses of the water.

6.2.1 CHEMICAL ATTRIBUTES

Dissolved chemical contaminants detected by conductivityor TOCtesting tend to be uniformly distributed in the water
throughout the water system. However, there are exceptions where localized chemical contamination sourcescan occur, such
as from a coolant-leaking heat exchanger in a sub-loop, or at a point of use, or within a dead leg. These chemical contaminants
may only be seen at the associated outlets and not systemically. However, in the absence of localized contamination influences,
chemical attributes are candidates for on-line testing at fixed strategic locations within the distribution system, such as near a
circulating loop return, and are generally reflective of the same chemical quality at all locationsand points of use within the
distribution system. Nevertheless, the suitability of the on-line locationsof these instruments for QC release purposes must be
verified as being representative of the use-point water quality. This is usually done during water system validation.

6.2.2 MICROBIAL ATTRIBUTES

The same uniformityscenario cannot be assumed for microbial attributes. Planktonic organismsin a water sample could have
originated from biofilms in the purification or distributionsystems releasing more or lessuniform levels of planktonicorganisms
into the circulatingwater, as detectable in samples from alloutlets. However, a local biofilm developing within a water delivery
conduit (such as a use-point outlet valveand transfer hose) in an otherwise pristine biofilm-free water system could release
planktonicorganisms detectable only in water deliveredthrough that conduit. Therefore, QC releasesamplesfor assessing the
quality of water that isdelivered by the system during water use must be collected after the water has traversed the same fluid
conduit (including the same preparatory activities such as outlet sanitization and pre-flushing) from the water distribution
system to the specific locations where the water is used.

On-line microbial water sampling/testing has value in pharmaceutical water systems onlyfor PC purposes unlessthe water
is taken from the point of use in the same manner as routine water usage, in which case the data can also have a QC release
purpose. Microbial counts detected from strategic sampling ports continue to have PCand investigational value, but generally
cannot be substituted for QC release testing except in certain scenarios, as described in 6.7.2 QCSampling.

6.3 Validation Sampling Plans

The initial sampling plan for a pharmaceutical water system is usually developed for a validation program (see 4. Validation
and Qualificationof WaterPurification, Storage, and DistributionSystems). Thisstrategy isfor characterizationof the system's
ability to purify, distribute, and deliver pharmaceuticalwater. Typically, the initial validation sampling isfor a short duration
(e.g., at least 2-4 weeks) at a high sampling frequency to generate a significantbody of data that will allowdetection of
short-term or localized chemical or microbial quality deviationsfrom all outlets. These data provide an initial assessment of
system performance to guide decisionsabout using the water for operational purposes.

The initial validationsampling plan isre-evaluatedwhen the pharmaceuticalwater isplaced into operation, typically to reduce
the amount of data being generated while not compromising the abilityto identifyanomalous operations/events, especially
during the early life cycleof the water system. In the absence of such quality deviations during the initial sampling period, the
sampling frequency can be lessened for a period of time (e.g., at least 2-4' additional weeks) to ensure that somewhat
longer-term adverse quality trends are not apparent. During this second period of time, the water may be consideredfor at-risk
routine use, pending the acceptable completion of the second validationsampling period. After successful completion,
monitoring can eventually be lessened again to what will become the routine sampling plan.
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Periodic review of the water systemoperation and monitoring needs to be performedto assess seasonalsource water
variability, effectiveness of sanitization, and routine maintenance events. Periodic review should be performed during the
complete life cycleof the water system, typically annually, for evidence of longer-termdata trends and qualitydeviations.

The routine sampling plan should be re-evaluated periodically based on the available data to determine the appropriate
frequency and sample locations. This review offers an opportunity to improvedata evaluation and reduce workloads based on
what that data indicate relative to process and qualitycontrol. The routine sampling plan should have a rationalefor the
frequency and locationsthat are selected to justify how the resulting data will be used to characterize the overall operation of
the system and the releaseof the water for use.

6.4 Routine Sampling Plans

6.4.1 SOURCE WATER SAMPLING

As mentioned in earliersections,the sourcewater for pharmaceutical water systems must complywith the standards for one
of the Drinking Waters listed in the associated compendialwater monograph or in General Notices. When a municipality or
other water authority is providing this Drinking Water, they are required to complywith the local Drinking Water Regulations
for the water supplied to a drinking or potable water distribution piping grid for that region.The qualityof that water by the
time it reaches the pharmaceuticaluser isdependent on a number offactors including distancefrom the input source, duration
of travel within the piping, and conditionofthe pipingin that potable water distribution grid,any ofwhichcould haveadversely
affectedsome of its initial chemicaland/or microbial attributes. Based on a risk assessment, it may be prudent to verify full
compliance with regulations using water collectedfrom sample ports prior to the pretreatment system, or other equivalent
Drinking Wateroutlets withinthe facility. If the water complies, then continued assuranceofcompliancecould be verified using
Drinking Water Regulation test results provided by the water authority or by periodicretesting of selected or all the Drinking
Water attributes by the user or by both the user and the water authority. Ifprivatesourced water is utilized, it is the user's
responsibility to demonstrate full Drinking Water regulation compliance, using water samplesfrom such sampling ports on a
periodic basis as determined by a risk analysis.

These pre-pretreatment sampling ports could, at the user's discretion, be used to periodically monitor other source water
attributes that could affectspecific pretreatment or purification unit operations. Dependingon the user's source water quality
consistencyand a risk assessmentof itspotential impacton the purification process, the periodically monitored attributes could
include microbial count, absence of coliforms, bacterial endotoxin levels, conductivity, TOC, pH, hardness, chlorine, silica,
turbidityor siltdensity index,and others.Thesedata could be useful in investigations and for operationaladjustments to critical
unit operation parameters and maintenance procedures, or for feedback to the potable water providerifunusual trends are
observed.

6.4.2 PRETREATMENT AND PURIFICATION SYSTEM SAMPLING

The locationand frequency of samplingfrom ports within the pretreatment and purification systemsmay be selected based
on a risk analysis of unit operation purpose.The purposeof thissampling isprimarily for PC, forexample, to ensure maintenance
of acceptable unit operation performance, to assess maintenance procedure efficacy, and to investigatethe need for remedial
action. Qualitydeviationsin the earlyportionsof the purification processcan affectunit operation efficiency but usually do not
impact the finished water qualityor acceptable use.

6.4.3 PURIFIED WATER DISTRIBUTION SYSTEM SAMPLING

Purified Waterdistribution systemsamplingisintended to providecontinuing assuranceofongoing PC and compliancewith
the user's finished water chemicaland microbiological requirements. Generally, the locations for that sampling and the
frequency of testing the specific attributes are a matter of process and qualitycontrol consistency, as well as risk tolerance in
the event of a deviation.

Depending on the water system design, the chemical attributes of a water systemtend to be relatively constant and more
uniformly distributed than the microbiological attributes. Therefore, less frequent samplingat onlyselected locations could be
justified for chemical testing based on familiarity with system design and the existenceof historically consistent operational
data. However, with some purification systemdesigns, the chemicalqualitycould change dramatically in a short period of time
(such as from the exhaustion of deionization beds), so frequent or even continuous in-line/on-Iine monitoring of the chemical
attributes would be advisable to be able to recognize and correct the cause of the problem before non-compliantwater is
produced and used.

Formicrobial testing, all use pointsand critical sampleports in a distribution systemare typically sampled routinely, including
-those that are infrequently used by manufacturing. Thereisno prescribedsamplingfrequency for Purified Watersystemoutlets,
so typical outlet sampling frequencies varyfrom daily to monthly, with sampling occurringsomewhere in the system at least
at weekly intervals.

Arisk analysis issuggested for determiningthe samplingplanfor a Purified Watersystem.Factors inthisanalysis could include
(but are not limited to) the test result history for the entire water system as well as specific outlets, the criticality of specific
outlets to manufacturing, the usefulness of selected sample ports as indicators of ongoing system control, and the scope of
impact on products and activities shouldan unfavorable test resultoccur. Forthe scope of impact, the less frequent the sampling,
the more products and processes will be impacted by an unfavorable test result.

6.4.4 WATER FOR INJECTION DISTRIBUTION SYSTEM SAMPLING

The sampling plans for Water'for Injection distribution systems(as well as any water systemwhere some level of bacterial
endotoxin control is needed) utilize the same general sampling approaches as do Purified Watersystems. However, the
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regulatory expectations for Water for Injection distributionsystem sampling plans are more prescriptive because microbial
control must be much more stringent as it isrelated to the bacterialendotoxin attribute. Ingeneral, water samplingfor microbial
and bacterialendotoxin testing isexpected to occurdailysomewhere in the system, with each outlet being sampled periodically,
based on a risk assessment, to characterize the quality of the water.

6.5 Non-Routine Sampling

Non-routine sampling can also be performed on the water system for episodic events or reasonsfor which the routine
sampling plans are insufficient to capture the needed information.Examples includechange control purposessuch as evaluating
potential changes to sampling, testing, maintenance procedures, or system design; data or event excursion investigation
purposes; or simplyfor long-term informational purposesand establishingbaselinesforfuture investigational value.The purpose
of the non-routine sampling dictates the sampling procedures to be used, the attributes to be tested, and the location and
repeating occurrence (ifany) of that testing. Itshould alsobe noted that such non-routine sampling may be done from sampling
ports that mayor may not be routinelytested. Samplingports can be positioned in a water system purelyfor investigational,
non-routine sampling, and as such, they do not need to be part of a routine sampling plan.

7.1 Chemical Tests for Bulk Waters

The chemical attributes of Purified Waterand Waterfor Injectionthat were in effect prior to USP 23 were specifiedby a series
of chemistry tests for variousspecificand nonspecific attributes with the intent of detecting chemical species indicativeof
incomplete or inadequate purification. Although these methods could have been considered barely adequate to control the
quality of these waters, they neverthelessstood the test of time. Thiswas partly because the operation of water systems was,
and still is, based on on-line conductivity measurements and specifications generally thought to preclude the failure of these
archaic chemistry attribute tests.

In 1996, USP moved away from these chemical attribute tests, switching to contemporary analytical technologies for the
bulkwaters Purified Water and Water for Injection. The intent was to upgrade the analytical technologies without tightening
the quality requirements. The two contemporary analytical technologies employed were TOCand conductivity. The TOCtest
replaced the test for Oxidizable Substances that primarily targeted organic contaminants. A multi-staged conductivity test that
detects ionic (mostly inorganic) contaminants replaced, with the exception of the test for Heavy Metals, all of the inorganic
chemical tests (Le.,Ammonia, Calcium, Carbon Dioxide, Chloride, Sulfate).

Replacing the heavy metals attribute was considered unnecessary because 1) the source water specifications (found in the
U.S. EPA's NPDWR) for individual heavy metals were tighter than the approximate limitof detection of the Heavy Metals test
for USP XXII Water for Injection and Purified Water (approximately0.1 ppm), 2) contemporary water system construction
materialsdo not leach heavy metal contaminants, and 3) test resultsfor this attribute have uniformly been negative; there has
not been a confirmed occurrence of a singulartest failure (failure of only the Heavy Metalstest with allother attributes passing)
since the current heavy metal drinking water standards have been in place.

TotalSolids and pH were the only tests not covered byconductivitytesting. The test for TotalSolids wasconsidered redundant
because the nonselectivetests ofconductivityand TOCcould detect most chemicalspeciesother than silica, which could remain
undetected in its colloidal form. Colloidal silica in Purified Water and Water for Injection is easily removed by most water
pretreatment steps, and even if present in the water, it constitutes no medical or functional hazard except in extreme and rare
situations. In such extreme situations; other attribute extremes are also likely to be detected. It is, however, the user's
responsibility to ensure fitnessfor use. Ifsilica isa significant component in the source water, and the purification unitoperations
could fail and selectively allowsilica to be released into the finished water (in the absence of co-contaminants detectable by
conductivity), then either silica-specific testing or a total-solids type testing should be utilized to monitor for and control this
rare problem.

The pH attribute was eventually recognized to be redundant to the conductivity test (which included pH as an aspect of the
test and specification); therefore, pH was discontinued as a separate attribute test.

The rationale used by USP to establish its Purified Water and Water for Injection conductivityspecifications took into
consideration the conductivity contributed by the two least-conductiveformer attributes of Chloride and Ammonia, thereby
precluding their failure had those wet chemistrytests been performed. In essence, the Stage 3 conductivityspecifications (see
WaterConductivity(645), Bulk Wate" Procedure, Stage 3) were established from the sum of the conductivities of the limit
concentrations of chloride ions(from pH5.0 to 6.2) and ammonia ions (from pH 6.3 to 7.0), plus the unavoidablecontribution
of other conductivity-contributing ions from water (Wand OH-), dissolved atmospheric carbon dioxide (as HC03- ) , and an
electro-balancing quantity of either sodium (Nat) or chlorine (CI-), depending on the pH-induced ionic imbalance (see Table

The Stage2 conductivity specification is the lowestvalue in this table, 2.1 IJS/cm. The Sta~~TI,~e:~!~i~~tions, desi ned
nl"ilrYl~l"il\l for on-line measurements, were derived by essentially summing the lowestvalues in~i!'1gi~i9~;~I'i~!]li,I"~f~;!I~tI~I~'~ll~

1.,./u.,.n"" contributing ion columnsfor each of a series of tables similar to Table 7, createdforeach 5°
. example purposes, the italicized values in Table 7, the conductivitydata table for 25°,

were summed to yield a conservativevalue of 1.3 IJS/cm, the Stage 7 specification for a nontemperature-compensated,
nonatmosphere-equilibrated water sample that actuallyhad a measured temperature of 25°_29°. Each 5° increment in the table
was similarly treated to yield the individual values listed in the table of Stage 7 specifications (see WaterConductivity (645),
Bulk Water).
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Table 1. Contributing Ion Conductivities of the Chloride-Ammonia Model as a Function of pH (in atmosphere-equilibrated
water at 25°)

Conductivity
(IJS/ cm)

Combined
Conduct- Stage 3

pH H+ OH- HCOl CI- Nat NH/ ivities limit

5.0 3.49 0 0.02 1.01 0.19 0 4.71 4.7

5.1 2.77 0 0.02 1.01 0.29 0 4.09 4.1

5.2 2.20 0 0.03 1.01 0.38 0 3.62 3.6

5.3 1.75 0 0.04 1.01 0.46 0 3.26 3.3

5.4 1.39 0 0.05 1.01 0.52 0 2.97 3.0

5.5 1.10 0 0.06 1.01 0.58 0 2.75 2.8

5.6 0.88 0 0.08 1.01 0.63 0 2.60 2.6

5.7 0.70 0 0.10 1.01 0.68 0 2.49 2.5

5.8 0.55 0 0.12 1.01 0.73 0 2.41 2.4

5.9 0.44 0 0.16 1.01 0.78 0 2.39 2.4

6.0 0.35 0 0.20 1.01 0.84 0 2.40 2.4

6.1 0.28 0 0.25 1.01 0.90 0 2.44 2.4

6.2 0.22 0 0.31 1.01 0.99 0 2.53 2.5
--

6.3 0.18 0 0.39 0.63 0 1.22 2.42 2.4

6.4 0.14 0.01 0.49 0.45 0 1.22 2.31 2.3

6.5 0.11 0.01 0.62 0.22 0 1.22 2.18 2.2

6.6 0.09 0.01 0.78 0 0.04 1.22 2.14 2.1

6.7 0.07 0.01 0.99 0 0.27 1.22 2.56 2.6

6.8 0.06 0.01 1.24 0 0.56 1.22 3.09 3.1

6.9 0.04 0.02 1.56 0 0.93 1.22 3.77 3.8

7.0 0.03 0.02 1.97 0 1.39 1.22 4.63 4.6

As stated above, this rather radical change to utilizing a conductivity attribute as well as the inclusion of a TOC attribute
allowed for on-line measurements. This was a major philosophical change and allowed industry to realize substantial savings.
The TOC and conductivity tests can also be performed off-line in the laboratories using collected samples, although sample
collection tends to introduce opportunities for adventitious contamination that can cause false high readings. The collection of
on-line data is not, however, without challenges. The continuous readings tend to create voluminous amounts of data, where
previously only a single data point was available. As stated in 6. Sampling, continuous in-process data are excellent for
understanding how a water system performs during all of its various usage and maintenance events in real time, but this is too
much data for QC purposes. Therefore, for example, one can use a justifiable portion of the data (at a designated daily time or
at the time of batch manufacturing) or the highest value in a given period as a worst case representation of the overall water
quality for that period. Data averaging is generally discouraged because of its ability to obscure short-lived extreme quality
events.

7.2 Chemical Tests for Sterile Waters

Packaged/sterile waters present a particular dilemma relative to the attributes of conductivity and TOC. The package itself
is the major source of chemicals (inorganics and organics) that leach over time into the packaged water and can easily be
detected by the conductivity and TOC tests. The irony of organic leaching from plastic packaging is that before the advent of
bulk water TOC testing, when the Oxidizable Substances test was the only "organic purity" test for both bulk and packaged/
sterile water monographs in USP, the insensitivity of that test to many of the organic leachables from plastic and elastomeric
packaging materials was largely unrecognized, allowing organic levels in packaged/sterile water to be quite high (possibly many
times the TOC specification for bulk water).

Similarly, glass containers can also leach inorganics, such as sodium, which are easily detected by conductivity but poorly
detected by the former wet chemistry attribute tests. Most of these leachables are considered harmless based on current
perceptions and standards at the rather significant concentrations present. Nevertheless, they effectively degrade the quality .
of the high-purity waters placed into these packaging systems. Some packaging materials contain more leachables than others
and may not be as suitable for holding water and maintaining its purity.

The attributes of conductivity and TOC tend to reveal more about the packaging leachables than they do about the water's
original purity. These currently "allowed" leachables could render the sterile packaged versions of originally equivalent bulk
water essentially unsuitable for many uses where the bulk waters are perfectly adequate.
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Therefore, to better control the ionic packaging leachables, (645) isdivided into two sections. Thefirst, WaterConductivity
(645), Bulk Water, appliesto Purified Water, Waterfor Injection, Waterfor Hemodialysis, and Pure Steam, and includes the
three-stage conductivity testing instructions and specifications. The second, WaterConductivity (645), Sterile Water, appliesto
Sterile Purified Water, Sterile Waterfor Injection, Sterile Waterfor Inhalation, and Sterile Waterfor Irrigation.TheSterile Watersection
includes conductivity specifications similar to the WaterConductivity (645), Bulk Water, Procedure, Stage 2 testing approach
because it is intended as a laboratorytest, and these sterile waters were made from bulkwater that alreadycompliedwith the
three-stage conductivity test. In essence, packaging leachables are the primary target analytes of-the conductivity
specifications in WaterConductivity (645), Sterile Water. The effecton potentialleachables from different container sizes isthe
rationalefor having two differentspecifications, one forsmall packagescontaining nominalvolumes of10 mL or less and another
for larger packages. These conductivity specifications are harmonized with the European Pharmacopoeia conductivity
specifications for Sterile Waterfor Injection. All monographed waters, except Bacteriostatic Waterfor Injection, have a
conductivity specification that directs the user to either the Bulk Wateror the Sterile Watersection. Forthe sterile packaged
water monographs, thiswater conductivity specification replaces the redundant wet chemistrylimit tests intendedfor inorganic
contaminants that had previously been specified in these monographs.

Controlling the organic purityof these sterile packaged waters, particularly those in plastic packaging, is more challenging.
Although the TOC test can better detect these impurities and therefore can be better used to monitor and control these
impurities than the current Oxidizable Substances test, the latter has a history of use for many decades and has the flexibility to
test a variety of pack-aging types and volumes that are applicable to these sterilepackaged waters. Nevertheless, TOC testing
of these currently allowed sterile, plastic-packaged waters reveals substantial levels of plastic-derived organic leachables that
render the water perhaps orders of magnitude less organically pure than istypically achievedwith bulkwaters.Therefore, usage
of these packaged waters for analytical, manufacturing, and cleaningapplications should only be exercised after the purityof
the water for the application has been confirmed as suitable.

·7.3 Storage and Hold Times for ChemiCal Tests
Due to the homogeneous nature of chemical impurities inw

requirementsand impact of holding times are verypractically
samples can only degrade over time, possibly generating a fai
immediatel on-line.Thegeneralfact isthat the longersamp
by contain r c 'tions:

Foroff~1 he I tests of waters, there areno'comp
general recomme n isto 'perform testing as soon as
measure as quickl . ctical. This·reduces the chances
reduce unwarranted and unnecessary investigations of false p.ositives.

7.3.1CONTAINERS

Whensampling water for off-line analysis, the selection an
accurate data: Forsamples to be tested for chemical impuriti<'u, :..rrnrr

container should be one that does not contaminate the s
. glasscontainerscould " ery' table f

(hours a ays), and ca
g ewise, there are some er m

w , . po ymer rllaterials.are very mer .
Inany case, cleanliness of the container iscrucial becau
emicalpurityof the water. Properly cleaned containersa

'ical cleaning methodssuch as acidor caustic rinsing shou
e containers.

7.'4 Elemental Impurities in I'.tJar,lnalcellt~c:al:1Waltel·~

7.3.2 STORAGE TIMEANpCONDITIONS

There are no specific recommendationsfor storage of sam
containerand water, then generallycolderand shorterstorag
dissolution and reacti'{ity are usually .enhanced by increase
water sample can only get w~)fsein a container, and it nev.

Iimpurities (EI) havethemost restrictive limit
einjections(seelnjections and ImplantedDrLig rodLicts

The most restrictive permissible daily expos
in (232) permit a substantially higher PDE,a

ts A Nati<:mal Primary Drinking
ntio echnologiesused to produ
hatsourc ter that meets US EP

I c ion) forle "ercury, cadmium,and a
pa eral ased on a dailydose of2000 mL. Fora small
correspondingly higher. The purification technologies needed to produce Water
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factol'-6fl ()Oto) OOO'wi,I!assure ,compliancewith (232), providedthere are no eleinental,impuritiesaddedduringprocesslng~,
p~ckaging, deliverY?or storage~ ,

Table 2.Eleme~tallmpurityLimits for Drug Products and their. Water Components per~(232)

U,S.EP)l.NationaIPri~ Resoltof

Par~nteraIJ~D~ ,P;arenter~tpailyDose

mary Drinking Water WHO~D"in~in9 il'~Og\tlr~l?~fEIRegul~ti()ns WaleI' Guidelines Conce QrWFI
Element (~g/da}') (~g/mLa) (~g/mLb) (~g/Jni.b) .....

<l;~Cfr.nriim 2 0.001 0.005 O,bO$ t)id(j(fO.!)

!.f~a,:Q 5 0.0025 0.0,15 Q,9t 9.~QOI5

Irl2rgaDic~?eril~ 15 0.0075 0.01 Oib1 ~,d(jQl

,1norgaflic m~rcllr}{ 3 0.0015 0.002 0.Q06 OiOOO06

b
c

llydose of2000mt, andall'drug product elemental impurities coming from thewatercomporiE!nt.
ati ate these Maximum ContaminantLevels (MCI;s)as mg/l, which equalsJ.lglmL or I:>Rm;
greater of the US EPA 'Regulationscolumn and WHO Guidelines column for each'element, then divided)yl00 (2~log)J

armacopeial Forum [seeBevilacqua A,SoliTe, USPChemicalAnalysis Expert<::orflmittee.
Waters. Pharm Forum~ 2013;39(1 )].... 15 (U5P41)

efound
armaCe

,Chemical purificationtechnologies for Purified Water are similarly efficient in removing EI as those for Wat
pr . n. Because allsterilewaters are prepared from Purified Water or, Waferfor Injectioo, th nce

nds,to steril~.waters,provided there are no elemental impurities added during proce cka

8. MICROBIAL EVALUATIONS

This section of the chapter presentsa discussion about the typesand sourcesof microorganisms and whether certain microbes
are prone to colonizepharmaceutical water systems. This section alsoaddressesmicrobiological examination of water samples,
including a discussion on recovery methods.

8.1 Microorganism Types

Microorganisms are ubiquitousand their natural habitats are extremelydiverse. Based on comparative ribosomal RNA
sequencing, the phylogenetictree of life consists of three domains: Bacteria and Archaea (both prokaryotes), and Eukarya
(eukaryotes). Most microorganisms that contaminate pharmaceutical products are prokaryotic bacteriaand eukaryotic fungi
(yeastsand molds). Thesemicrobesare typical isolates from pharmaceutical environments, including the associated personnel,
and a few are frankor opportunistic pathogens. Contaminationwith viruses isa concern in bioprocessing that usesanimalcells.

8.1.1 ARCHAEANS

Microbes from the domain Archaea are phylogenetically related to prokaryotes but are distinctfrom bacteria. Manyare
extremophiles, with some speciescapable of growing at very high temperatures (hyperthermophiles) or in other extreme
environments beyond the tolerance of any other life form. In general, most extremophiles are anaerobic or microaerophilic
chemolithoautotrophs. Because of their unique habitats, metabolism, and nutritional requirements, Archaeans are not known
to be frank or opportunistic pathogens, and they are not capable of colonizing a pharmaceutical water system.

8.1.2 BACTERIA

Bacteria are of immense importancebecause of their rapid growth, mutation rates, and ability to existunder diverse and
adverse conditions;"'s0rTleofthem are human pathogens;..; 15 (USP41) Some are very small and can pass through 0.2-l.Jm rated
filters. Others form spores, which are not part of their reproductive cycle. Bacterial spore formation isa complexdevelopmental
processthat allows the organismsto produce a dormant and highly resistantcellin timesofextremestress.Bacterial endospores
can survive high temperatures, strong UV irradiation, desiccation, chemical damage, and enzymatic destruction, which would
normally kill vegetative bacteria.

Using a traditionalcellular stainingtechnique basedon cell wall compositional differences, bacteriaarecategorized into Gram
positive and Gram negative, although many sub-groups existwithin each category based on genomic similarities and
differences. .
8.1.2.1 Gram-positive bacteria: Gram-positive bacteriaare common ina pharmaceutical manufacturing environment but not
in water systems.This is because they are generally not suited to surviving in a liquid environment that has the chemical purity
of a pharmaceutical-gradewater syst~m. Gr~rn-positiv~bacteria include the spore-forming bacteriafrom the genus Bacillus,
which are common soil and dust"'m:ICJ:09rgal1isl1l$t... 1S(USI'41)and the non-sporulating bacteriafrom the genera Staphylococcus,
Streptococcus,~ndMlcrococcus, which normally'colonize human skin and mucous membranes. Other types of Gram-positive
bacterial~IT1I~fQOr9Clr)jStl)s~~ls(Uip:4l) include organismsfrom the genera Corynebacterium, Mycobacterium, Arthrobacter,
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Unlike other bacteria, these
parasites. Mycoplasmas also

cannot survive in a hypotonic
a concern for pharmaceutical-grade water

Propionibacterium, Streptomyces, and Actinomyces. This latter group of microbes can be found in various natural habitats
including the human skinand soil.

Although Gram-positive bacteria can be detected in pharmaceutical water samples, their recovery is often associated with
faulty aseptic technique during sampling or testing, or associatedwith exogenous contamination sources. Although these
non-aquatic microorganisms could be present in source water and could, in rare circumstances, make their way into the early
stages of a water purification unit operation, Gram-positive bacteria are not knownto colonizewater systems. Inaddition, these
microbes will likely be removed by one or more of the purification unit operations prior to the ultimate creation of the
pharmaceutical-grade water.
8.1 ..~ ..?Gra~,:.~e ative bacteria: These types of bacteria are found in soil, water, plants, and animals. Gr~m:8.e~.~.~iv~,~.~s~~ri~
~.~.~ ..•~ ·0,~>1.. ..~~R~~E.Q;l~.~~u,tical manufacturers, primarily due to their production of endotoxins .~9~.W~II.~stb~!r/~~i.HtM
tQ,P,......•~~t~t~m~iJo.l,$(lJSI'4j) a topic discussed in 8.4 Endotoxin. Some Gram-negative bacteria prefer aquatic habitats
and tend to colonize water systems and other wet environments as biofilms, a topic discussed in 8.2 Biofilm Formation in Water
Systems.
8.1.2.3 Mycoplasma: Organismsfrom the genus Mycoplasma are the smallestof the
()~Q~.~i~Q;l~8~.not have a cellwalland many exist as intracellular or
~m~Y,t.El$tLJ$R4J) require specific nutrients for survival, including
environment such as pure water. Based on these facts, this type
systems.

8.1.3 FUNGI

Fungiare mainlyaerobic mesophilic microbes. They exist as unicellular (yeast) and multicellular filamentous (mold)
organisms: Molds are oftenfound in wet/moist butusually non~aquatic environments, suc:h ~~ sQiI and decaying.vegetation.
I.Yea are often associated with humans and vegetation, and both,yeasts .and molds'also can be found in pharmaceutical
envir .ment...,15 (USP41) As mold matures it develops spores, which, unlike bacterialspores, are part of its reproductive cycleand
are less resistant to adverse conditions. Moldspores are easily spread through air and materials, and could contaminate water

yeasts nor molds are suited for colonization or survival in pharmaceutical water systems.Their recovery is often
associated with faultyaseptic technique during sampling or testing, or associatedwith exogenous contamination sources.These
non-aquatic microorganisms, ifpresent insourcewater, could maketheir way into the earlystages ofa water purification system;
however, they will likely be removed by one or more of the purification unit operations. . .

8.1.4 VIRUSES

Avirus is a small infectious agent unlike eukaryotes and prokaryotes. This is because viruses have no metabolic abilities of
their own. Viruses are genetic elements containing either DNA or RNA that replicatewithin host cells. Humanpathogenic viruses,
especially those offecalorigin,could be present insource wate~' ..~.~~~~~~~.!~~X.~.~~.~~~i.IXD.~~~ralized bytypicalwater purification
treatments, such as chlorination. Therefore, it is unlikely that~l'1~m~,1J.P~tIjQg~nic:.t.t§(QsR41) viruses will be present or will
proliferate (due to the absence of host cells) in pharmaceutical-grade waters.

8.1.5 THERMOPHILES

Thermophiles are heat-lovingorganisms and can be either bacteria or molds. Thermophilicand hyperthermophilica
microorganisms (see 8.7.7 Archaeans) require unique environmental and nutritional conditions to survive' .
specific inorganic or organic nutrients and thein:ontentrartions, extreme pH, presence or absenc:e,ofo These
conditions do not exist in the high-puritywater of pharmaceutical water systems, whether ambient or hot, to support their
growth. Bacteria that are able to inhabit hot pharmaceuticalwater systems are invariably found in much cooler locationsWithin
these hot systems; for example, within infrequently used outlets, ambient subloops off of hot loops, use-point and sub-loop
cooling heat exchangers, transfer hoses and connecting pipes, or dead legs. These bacterial contaminants are the same
mesophilic (moderate temperature-loving) types found in ambient water systems and are not thermophiles. Based on these
facts, thermophilic bacteria are not a concern for hot pharmaceutical-grade water systems.

8.2 Biofilm Formation in Water Systems

A biofilm is a three-dimensional structured community of sessile microbial cells embedded in a matrix of extracellular
polymericsubstances (EPS). Biofilms form when bacteria attach to surfacesin moist environments and produce a slimy, glue-like
substance, the EPS matrix, while proliferating at that location.Thisslimymatrix facilitates biofilm adhesion to surfacesas well
as the attachment of additional planktonic cells to form a microbial community.

The EPS matrix of biofilms that colonizewater systems alsofacilitates adsorption and concentration of nutrients from the
water and retains the metabolites and waste products produced by the embedded biofilm cells, which can serve as nutrients
for other biofilm community members.

This EPS matrix isalso largelyresponsiblefor biofilm's resistance to chemical sanitizers, which must penetrate completely
through the matrix to contact and kill the biofilm cellswithin the matrix. Heatsanitization approaches do not generally have
these EPS matrix penetration difficulties, so they are usually considered superior to chemicals in killing biofilms where materials
of construction allow.

The three-dimensional structure of a well-developed biofilm, as well as the biofilm's creation and releaseof small, motile
"pioneer cells" for further colonization, are facilitated through gene expression modulating "quorum sensing" chemicals
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released in tiny amounts by individual biofilm cells and concentrated to a functional level within this same EPS matrix. So, the
EPS matrix of biofilms is primarily responsible for the biofilm's success in colonizing and proliferating in very low
nutrient-containing high-puritywater systems. The EPS matrixalso explains the difficulty in killing and/or removing biofilms
from water purification and distribution systemsurfaces.

8.2.1 BIOFILM-FORMING BACTERIA IN WATER SYSTEMS

Common microorganisms recovered from water systemsamples includeGram-negative bacteriafrom the genera
Pseudomonas, Ralstonia, Burkholderia, Stenotrophomonas, Comam~ ..~~;!t;'!~~~~!~~9.S~~~!~t!I~i'~~~/.r;;~~X~~her t es/~!
Pseudomonas-like organismsknown collectively as pseudomonads i~t~~mti?~f§iQ~!I;)~I9~ily~ig~q;Qm9ii:q ............•......... ,;ji~;(~~~~ji~These
types of microbes, found in soil and sourcewater, tend to colonizeallwater systemdistribution and purification systemsurfaces
including activated carbon beds, deionizing resin beds, RO systems, membrane filtration modules, connecting piping, hoses,
and valves. If not controlled, they can compromise the functionality of purification steps in the systemand spread downstream,
possibly forming biofilms on the distribution system surfaces such as tanks, piping,valves, hoses, and other surfaces, from where
they can be sheared or otherwise released into the finished water used in processes and products.

Some of the biofilm pseudomonads are opportunistichuman pathogens and may possess resistance to commonly used
pharmaceutical product preservatives, particularly when embedded in EPS matrixflocs sheared from water system biofilms.
Several pseudomonads are alsocapable of utilizing a wide varietyof carbon sources as nutrients, allowing them to colonize
austere,adventitious nutrient environmentssuchaswater systems. This nutritional diversity alsomakesthem capable ofgrowing
to very high numbers in some pharmaceutical products and raw materials, thus leadingto product adulteration and potential
risk to patient health. Given that these bacteria are commonlyfound in aqueous environments, endotoxin control for Water
for Injection systems(and some Purified Watersystems) through biofilm control becomes critical.

8.2.2 NON-BIOFILM-FORMING BACTERIA IN WATER SYSTEMS

Other types of non-pseudomonad Gram-negative bacteria, AS,uch as... 1,5 (US;4J) the genera Escherichia, Salmonella, Shigella,
Serratia, Proteus, Enterobacter, and Klebsiella, are used as indicatorsof fecal contar;;ination. Althoughsome of these bacteria
A~ ",' thogens,others.:1S'(OSP41) can be human enteric pathogens, lAand,caD contaminatepot~blevvater
su . These non-pseudomonads are not suited to colonizing or surviving in pharmaceutical water systemsowing
to the water's chemical purity. Infact, non-pseudomonad enteric bacteria are extremelyunlikely contaminants of
pharmaceutical water systems unless local sewage and source water controls are not in place. Suchcontrols are required in
order to complywith the sourcewater requirements for making USP-grade watersas described in their respective monographs.

8.3 Microorganism Sources

8.3.1 EXOGENOUS CONTAMINATION

Exogenous microbial contamination of bulk pharmaceutical water comes from numerous possible sources, including source
water. Ata minimum, source water should meet the microbial qualityattributes of Drinking Water,which is the absence of
fecal coliforms (E. coli). Awide variety of other types of microorganisms, chiefly Gram-negative bacteria, may be present in the
incomingwater. If appropriate steps are not taken to reduce their numbers or eliminatethem, these microorganisms may
compromisesubsequent water purification steps. ,

Exogenous microbial contamination can alsoarisefrom maintenance operations, equipment design, and the processof
monitoring, including:

• Unprotected, faulty, or absent vent filters or rupture disks
• Backflow from interconnected equipment
• Non-sanitized distribution system openings for component replacements, inspections, repairs, and expansions
• Inadequate drain air-breaks
• Innate bioburden of activated carbon, ion-exchange resins, regenerant chemicals, and chlorine-neutralizing chemicals
• Inappropriate rinsing water qualityafter regeneration or sanitization
• Poorsanitization of use points, hard-pipedequipment connectors, and other water transferdevices such as hoses
• Deficient techniques for use, sampling, and operation
The exogenous contaminants may not be normalaquatic bacteria but rather microorganisms of soil, air, or even human

origin. The detection of non-aquatic microorganisms may be an indicationof sampling or testing contamination or a system
component failure, which should trigger investigation and remediation. Sufficient care should be given to sampling, testing,
system design, and maintenance to minimize microbial contamination from exogenous sources.

8.3.2 ENDOGENOUS CONTAMINATION

Endogenous sources of microbial contaminationcan arisefrom unit operations in a water purification systemthat is not
properly maintained and operated. Microorganisms present in source water may adsorb to carbon bed media, ion-exchange
resins, filter membranes, and other equipment surfaces, and initiate the formation of biofilms.

Downstream colonization can occur when microorganisms are shed from existing biofilm-colonized surfaces and carriedto
other areas of the water system. Microorganisms may also attach to suspended particles such as carbon bed fines or fractured
resin particles. Whenthe microorganisms become planktonic, they serveasa sourceofcontaminationto subsequent purification
equipment and to distributionsystems.
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Another source of endogenous microbial contamination is the distribution system itself. Microorganisms can colonize pipe
surfaces, rough welds, misaligned flanges, valves, and dead legs, where they proliferate and form biofilms. Once formed,
biofilms can become a continuous source of microbialcontamination, which isvery difficult to eradicate. Therefore, biofilm .
development must be managed by methods such as frequent cleaning and sanitization, as well as process and equipment
design.

8.4 Endotoxin

'i~q$~K\Qf;
as used'in parenteral . . -

Ini,:>rtlil"\n \11/",1"0,.1"1"\" Hernooraivsrs and the sterilized packaged waters made from Waterfor Injection)
uC".QU;)C these compounds are pyrogenic.

8.4.1 SOURCES

~·~yt~(~~e~~?~~g8~8~i~;~fl]~X ~~;i~.~~gg~S;d into the system from the source water or may be releasedfrom cellsurfaces of
bacteria~Jn(yyg.t~r$Y$t~m9i9film$,"'JS(lJS~4l) Forexample, a spike in endotoxin may occur following sanitizationas a result of
endotoxin releasefrom killed cells. Endotoxin quantitation in water samples is not a good indicator of the level of biofilm
development in a water system because of the multiplicity of endotoxin sources.

8.4.2 REMOVAL AND CONTROL

To control endotoxin levels in water systems, it is important to control all potential sources of contamination with
Gram-negative bacteria as well as free endotoxin in the water. Contamination control includes the use of upstream unit
operations to reduce bioburden from incoming water, as wellas engineering controls (e.g., heat sanitization,equipment design,
UV sanitizers, filters, material surface, and flow velocity) to minimize biofilm development on piping surfacesand to reduce
re-inoculationof the system with free-floating bacteria.

Endotoxin remediation may be accomplished through the normal exclusion or removal action afforded by various unit
operations within the treatll1ents~~~~Il1.Exall1ples of endotoxin removal steps in a water purification train include RO;
deionization, ultrafilters,+distilICltipO,"'.is(lJSP41) and endotoxin-adsorptive filters.

8.5 Test Methods

Microbes in water systems can be detected as exampled in this section or by methods adapted from MicrobialEnumeration
Tests (61), Tests for Specified Microorganisms (62), or the current edition of StandardMethods for the Examination of Waterand
Wastewater by the American Public Health Association. Thissection describesclassical culture approaches to bioburden testing,
with a brief discussion on rapid microbiological methods.

Every water system has a unique microbiome. It is the user's responsibility to perform method validationstudies to
demonstrate the suitability of the chosen test media-and incubation conditionsfor bioburden recovery. Ingeneral, usersshould
select the method that recoversthe highest planktonic microbial counts in the shortest time, thus allo~i~~;;!~;~;!i~ely
investigationsand remediation. Such studies are usually performed before or during system validation'i~4il:S(QSR4j)

The steady state condition can take months or even years to be achieved, and can be affected by a change in source water
quality, changes infinishedwater purityby using modifiedor increasingly inefficient purification processes,changes infinished
water use patterns and volumes, changes in routine and preventative maintenance or sanitization procedures and frequencies,
or any type of system intrusion (e.g., component replacement, removal, or addition).

8.5.1 MICROBIAL ENUMERATION CONSIDERATIONS

Most microbial contaminants in water systems are found primarily as biofilms on surfaces, with only a verysmall percentage
of the microbiome suspended in the water, or planktonic, at any given time. Although it would seem logical to directlymonitor
biofilm development on surfaces, current technology for surfaceevaluationsinan operating water system makesthis impractical
in a GMP environment. Therefore, an indirect approach must be used: the detection and enumeration of planktonic
microorganismsthat have been releasedfrom biofilms. Thisplanktonicmicrobiomewill impact the processesor products where
the water is used.

The detection and enumeration of the planktonic microbiome can be accomplished by collectingsamplesfrom water system
outlets. Planktonic organisms are associated with the presence of biofilms as well as free-floating bacteria introduced into the
sX~~~Il1Ee.ioneer cells), which may eventuallyform new biofilms. Therefore, by enumerating the microorganisms in water
~;4;j;Si(l..lSpifj) samples, the overall state of control over biofilm development can be assessed.This assessment has historically been
accomplished with classical cultural techniques, which are viewed as the traditional method. However, nutritional limitations
of the growth media may not satisfy growth requirements of organisms present in the water system that originated from a
biofilm. As a result,traditional culturalmethods may only detect a fraction of the biofilm bacteria present in the water sample.
Other options are available, such as rapid microbiological methods.

There is no ideal cultural enumeration method that will detect all microorganisms in a water sample, although some media
or incubation temperatures may be better than others. However, from a PC perspective, this limitation is acceptable because
it is the relative changes in the trends for water sample microbial counts that indicate the state of PC,
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"'Consideration should also be givento thetimeliness ofmicrobialtesting aft~r s~Hnplecolleetion'. The number otdete~ctable
organisms in a sample collected ina sterile,scrupulouslyclean sample containerwill usually d,ecreasea~ tim, ' ~ The
organismswithin the sample may die.or adhere~tothecontail1 ails, reducing the number that can be wit ornthe,
samplefor testing. The opposite effectcan alsoocc' the sa' ,', container is not scruplJlously clean and cont low
concentration of nutrients that could promote micro Igrowth. Because the !lumber of ()rganisrils' in the,wate nge
overtime after sample collection, it is best to tesfthesamples as soon as possible. Ifit isnot possible to test th i,thin
2 h of collection, the sample should be held at refrigerated temperatures (2~-:8°) and tested within 24 h.lnsit . ere
even 24 h is not possible (such as when using off-site contractlaboratories),i~ isparticularly important to qualify the, .
microbiological sample hold times and storage conditiQnstoavoid significant changes in the microbial population durIng
sample storage.... is (USP41)

8.5.2 THE CLASSICAL CULTURAL APPROACH

Classical cultural approaches for microbial testing of water include but are not limited to pour plates, spread plates,
membrane filtration, and most probable number (MPN) tests. These methods are generally easyto perform, and provide
excellentsample processing throughput. Method sensitivity can be increasedvia the use of largersamplesizes. This strategy is
used in the membrane filtration method. Cultural approaches are further defined by the type of medium used in combination
with the incubation temperature and duration. This combination should be selected accordingto the monitoring needs of a
specific water system and its ability to recoverthe microorganisms of interest, i.e., those that could have a detrimental effect
on the products manufactured or process uses, as well as those that reflectthe microbial control status of the system.
8.5.2.1 Growth media: The traditionalcategorization isthat there are two basicforms of mediaavailable: "high nutrient" and
"low nutrient". Thosemedia traditionally categorizedas high-nutrient include PlateCount Agar(TGYA), SoybeanCaseinDigest
Agar (SCDA or TSA), and m-HPC Agar(formerly m-SPC Agar). These media are intended for the general isolation and
enumeration of heterotrophic or copiotrophic bacteria. Low-nutrient media, such as R2A Agarand NWRI Agar(HPCA), have a
larger variety of nutrients than the high-nutrient media. These low-nutrient media were developedfor use with potable water
due to their ability to recovera more nutritionally diverse population of microorganisms found in these environments.The use
of R2A may not be the best choice for high-purity water systems. Even though high-purity water creates an oligotrophic
environment, it has been shown empirically that in manyhigh-puritycompendialwaters, the microbial count disparity between
low-and high-nutrient media isdramatically less to nil, compared to potable water.,Nevertheless, usingthe medium that has
been demonstrated "'asacceptable through comparativemedia analysis is recommended.... l~ (USP~l)

8.5.2.2 Incubation conditions: Duration and temperature of incubation are also critical aspects of microbiological testing.
Classical compendial methods (e.g., (61») specify the use of high-nutrient media, typically incubated at 30°-35° for NLT 48 h.
Given the types of microbesfound in many water systems, incubation at lowertemperatures (e.g., ranges of 200-2SO or 25°­
30°)for longer periods(at least4 days)could recoverhigher microbial counts than classical compendiaImethods. low-nutrient
media typically requirelonger incubation conditions(at least5 days) because the lowernutrientconcentrationspromote slower
growth. Even high-nutrientmedia can sometimesyieldhighermicrobial recovery with longerand coolerincubationconditions.
"'8.5.2.3 Selection of method conditions: The decision to test a particularsystem using high-or low-n . . er
or lowerincubation temperatures, and longeror shorter incubation times shouldbe based onco' es
using the native microbiomeof the water system.The decision to use media requiring longer inc
higher counts alsoshould be balanced with the timeliness of results. Detection of marginally hi
significantly longer incubation period may not be the best approach for monitoring water syste
growersare not new speciesbut the same as those recovered within shorter incubation times.
low-nutrientmedia lead to the development of microbial coloniesthat are much less differentia
attribute that microbiologists relyon when selectingrepresentativemicrobi types for further c arac e
some of the slowgrowersand th end' . times for th evelopment into,visible
to those colonies becoming dysg an .cult coul it their further characte
the microbial identification technologyu. e ec Ionof me 0 parametersshould providecond
recovermicroorganisms from the water system, including those.that are objectionablefor the intel1de'

8.5.3 SUGGESTED CLASSICAL CULTURAL METHODS

"'Example methods are pres~nted.in Table3:"'.lS(USP41)

Table ... 3....1S(USP41) Example Culture Methods

Pour plate method or membrane filtration method"

Suggested sample volume: 1.0 rnl,"

Drinking Water Growth medium: ·PlateCountAgar"'lS(USP41)c

Incubation time: 48-72 hd

Incubation temperature: 300_35oe
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d)M th d ~I C ItET bla e "'~~""lS(lJsP4n xampe u ure e o s contmue
Pourplate method or membrane filtration methods

Suggested sample volume: 1.0 mLfor pour plate ·typt6ilslUsI'41\ 100 mLfor membrane flltration"

PurifiedWater Growth medium: .<::91·i4+A....~i~(O~Jl41)c'.,..... ..,.::1 ....'"

Incubationtime: 48-72 hd

Incubationtemperature: 300_35oe

Membranefiltration method"

Suggested sample volume: 200 mLb

Waterfor Injection Growth medium: -PIC\l:eCouw

Incubationtime: 48-72 hd

Incubationtemperature: 300_35oe

aA membrane filter with a rating of 0.45 urn isgenerally considered preferable to smallerporositymembranes.
b Samplesize must be appropriate for the expected microbial count of the water in order to derivestatistically validcolonycounts.
C Foroptimum recovery, an alternativemedium may be more appropriate (e.g., m-HPC, TSA/SCDA, R2A).
d Foroptimum recovery, alternative incubation times may be needed.
e Foroptimum recovery,alternativeincubation temperatures may be needed.

For media growth promotion, use at a minimum Pseudomonas aeruginosa ATCC 9027 and Bacillus subtilisATCC 6633.
Additional organisms should be used to represent those that are considered objectionable and/or typically isolated from the
water system (house isolates).

8.5.4 MICROBIAL IDENTIFICATION

In addition to the enumeration of the bioburden in the water, there is a need to identify and/or select certain microbial
species that could be detrimental~8pr8d~c~orprocesses. Some bacteria may also be resistant to preservatives and other
antimicrobialchemicals used in~I"l(.:>n§terile41S(lJSI'41) liquidand semi-solid products, thus leading to potential product spoilage.
Forexample~~~~~~8r1'1()c~~~~c~giC()~~~~9~~r~holderia cepacia, as wellas some other pseudomonads, are known opportunistic
pathogens~l,Jl"Ig<:!r<;:<:!~Clin<;:9ngiJiPO§;4Jsi(t.JsI'41) As such, it ~~y~~aEE~8e~i~~~ to consider these species as objectionable
microorganismsfor the type of water used to manufacture~n9lJ$t<:!ril~4Js(l.lSI'4j) liquid and semi-solid products. There isa higher
risk of infection ifthese organisms are found in products targeted for susceptible patient populations (e.g., the veryyoung, the
very old, and the immunocompromised) or products contacting highly susceptible tissues(e.g., inhaled products or some
topical products). However, ifthe product where the water is us~9.;~rri~~an al:>s.~nS;~E.~<:ification for a articular
species that is not capable of living in a high-puritywater system~~;i·g~ .P';i~~cg~~~ ~4.£j.S.(I,l~;1'4j~
these non-aquatic species should not be candidates for routine~ir~<:9..~. ;8tIl2~.Cl......... Formore
information, see Microbiological Examination 'of Nonsterile Products: Acceptance Criteria for Pharmaceutical Preparations and
Substances for Pharmaceutical Use (1111), MicrobialCharacterization Identification, and StrainTyping (1113), and Microbiological
Best LaboratoryPractices (1117).

ForPCand QC, it isvaluableto knowthe microbial species present in the normal microbiomeof a water system, even ifthey
are not specifically objectionable. Ifa newspeciesisdetected, it may be an indicationofa subtle processchange or an exogenous
intrusion. The identity of the microorganism may be a clue as to its origin and can help with implementation of corrective or
preventive action. Therefore, it is industry practice to identifythe microorganisms in samples that yield resultsexceeding
established Alert and Action Levels. It is also of value to periodically identifythe normal microbiome in a water system, even if
counts are below established Alert Levels. This information can provide perspectiveon the species recoveries from Alert and
Action Level excursion samples, indicatingwhether they are new species or just higher levels of the normal microbiome. Water
system isolatesmay be incorporated into a company culture collectionfor use in tests such as antiITIi<:r()bi~leffectiveness tests,
ITIiCr0l:>ialmeth()9validati()n/suitabilitytestinQ, and m.edi~ gr8V\1thp~8~8ti8~;.Th;.9;.Si~i8r1}t~ use .. ' .
~tlJ9i;~s~()Hldbe.risl<-l:>as;9il:>ecqus.e··l11qnY·$HChisol~t~s.l11aYiDPtg~8V\1>V\I;W()~.;5Q.~>~i9r~DlJ~Ei~
()Oc<:!Clgqpt~d.t()·lal:>()rqtory rnedia,theYroqYo()tiP~r:f()r[Jlli~<:!!M·~iF"'YUliitYP~iPr()g~nit()r~i.l;>1s(05.#1)

8.5.5 RAPID MICROBIOLOGICAL METHODS

In recent years, new technologies that enhance microbial detection and the timeliness of test results have been adopted by
pharmaceutical QCt~s~ingl~b~;~api~f\IIisr8biological Methods (RMM) are divided into four categories: Growth-Based,
Viability-Based, ~M~tal:>()lite ..Based,A1S(USP41) and Nucleic Acid-Based. Examples of RMM used for the evaluation of microbial
quality of water systems include:

• Microscopic visualepifluorescence membrane counting techniques
• Automated laser scanning membrane counting approaches
• Early colony detection methods based on autofluorescence, adenosine triphosphate (ATP) bioluminescence, or vital

staining
• Gepetic-based detection/quantitation
See Validation of AlternativeMicrobiological Methods (1223) for further information on rapid microbiological methods.
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9.1 Introduction

Establishment ofAlert and Action Levels for any manufacturing processfacilitates appropriate and timelycontrol. In the case
of a pharmaceutical water system, the key PC parameters can be specific chemical, physical, and microbiological attributes of
the water produced. Typically, most chemical attributes can be determined in real time or in the labwithina few minutes after
sample collection. Physical attributes such as the pressuredrop across a filter, temperature, and flowrate-which are sometimes
considered critical for operation or sanitization of the water system-must be measured in situ during operation. Obtaining
timely microbial data is more challengingcompared to chemical and physical attributes, often taking several days. This limits
the ability to control microbial attributes in a timelymanner, and therefore requires a more challenging evaluation of the test
results and conservative implementation of PC levels. This section provides guidance on the establishmentand use of Alert and
Action Levels, as well as Specifications to assess the suitability of the water and the water systemfor use in production.

9.2 Examples of Critical Parameter Measurements

Examples of measurements and parametersthat are important to water system processes and products are described below.
The list, which is not intended to be exhaustive or required, containssome examples of parameters that could be measured to
demonstrate that the system is in a state of control.

Examples of measurements that could be critical to the purification or sanitization process include:
• Temperature, for thermallysanitized systems
• Percent rejection of an RO system
• Endotoxin levels of feed water to a distillation system
• Chlorine presence immediately priorto an RO system
Examples of measurements that could be critical to the water distribution
• Return/end-of-loop line pressure, to forewarn of simultaneous

use of too outlets
•
• Flow rate, toensure that sufficient water is available for operations
Examples of measurements that could be critical to final water quality include:
• Conductivity
• TOC
• Endotoxin-for Waterfor Injection systems
•
• Bioburden
• Ozone or other chemicals-for chemically sanitized systems

9.3 Purpose of the Measurements

Althoughthe purpose of each measurement varies, the results can be used to providesystem performance feedback, often
immediately, serving as ongoing PC and product quality indicators. Atthe same time, the results provideinformation necessary
for makingdecisions regarding the immediateprocessing and usability of the water (see 6.7 Purposes and Procedures). However,
some attributes may not be monitored continuously or may have a long delay in data availability (e.g., microbial data).
Regardless, both real-time data and data with longercycle timescan be used to properlyestablish Alert and Action Levels, which
can serve as an earlywarning or indication of a potentially approaching qualityshift.

As PC indicators, Alert and Action Levels are trigger pointsfor the potential need for investigation and/or remedial action,
to prevent a systemfrom deviatingfrom normalconditionsand producingwater unsuitablefor its intended use.This "intended
use" minimumqualityissometimes referred to as a "Specification" or "Limit", and may includelimits for conductivity and TOC
listed in water monographs, or other specifications requiredfor these waters that have been defined by the user internally.

In all cases, the validity of the data should be verified to ensure that the data are accurate and consistently representativeof
the water qualityin the system, regardless ofwhether the samplewascollectedfrom a samplingport or use point. The resulting
data must not be unduly biased, positively or negatively, due to the sampling method, the environment in the vicinity of the
sampling location,the test procedure, instrumentation, or other artifacts that could obscure or misrepresent the true qualityof
the water intended by the purpose of the sampling, i.e., for PC or for QC.

9.4 Defining Alert and Action levels and Specifications

Data generated from routine water system monitoringshould be trended to ensure that the system operates in a state of
chemicaland microbiological control. To assist with the evaluation of system performance, companies should establish
in-process control levels based on historical data or a fraction of the water Specifications (as long as this latter approach yields
valueswith relevance to processperformance).

When establishing Alert and Action Levels and Specifications, a two- or three-tier approach is typically used. In a three-tier
approach, the typical structure isto establish in-process controlsusing "Alert Level", "Action Level", and "Specifications". Alert
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and Action Levels are used as proactive approaches to system management prior to exceeding Specifications. The criteriafor
defining and reacting to adverse trends should be set by the user. These levels should be set at valuesthat allowcompanies to
take action to prevent the system from producing water that is unfit for use. Water Specifications or Limits represent the
suitability for use of the water.

In a two-tier approach, a combination of the above terminology is used, depending on the parameter to be monitored. For
example, ifthe attribute does have a monograph specification, the two tiers are Alert Level (or Action Level) and Specification.
Ifthe attribute does not have a limit/specification, the two tiers are usually Alert Level and Action Level.

Asingle-tierapproach is possible, but this is risky and difficult to manage. With this approach, where the water/system is
either acceptable or not acceptable, the single-tiermethod does not allowfor any adjustment, correction, or investigation prior
to stopping production.

However, certain sampling locations, such as sampling ports that are not used for manufacturing products or processes, do
not represent the finished water qualitywhere a Specification could be applied. In these locations, a two-tier approach (Alert
and ActionLevels only)could be applied. Insome samplinglocations,a single PClevel might possibly be appropriate, depending
on the attribute.

9.4.1 ALERT LEVEL

AnAlertLevel for a measurement or parameter should be derived from the normal operating range of the water system.
Specifically, AlertLevels are based on the historical operating performance under production conditions, and then are
established at levels that are just beyond the majorityof the normal historical data. The Alert Level for a parameter isoften a
single value or a range of values, such as:

• Higher than typical conductivityor TOC
• Higher than typical microbial count
• Higher than typical endotoxin level
• Low temperature during thermal sanitization
• pH range control prior to an RO
• Ozone concentration in a storage tank
Various methods, tools, and statistical approaches are available for establishingAlert Levels, and the user needs

the approaches that workfor their application. Some numerical examples are two or three standard deviations
more) in excess of the mean value, or some percentage above the mean value but below a Specification. An c>\,c.nT •.n;:l·:",,,

example could be the appearance of a new microorganism or a non-zero microbial count where zero is the norm.
When an AlertLevel isexceeded, this indicatesthat a processor product may have driftedfrom itsnormaloperating condition

or range. Alert Level excursions represent a warning and do not necessarily require a corrective action. However, Alert Level
excursions may warrant notification of personnel involved in water system operation, as well as the qualityassurance (QA)
personnel. Alert Level excursionsmay also lead to additional monitoring, with more intense scrutiny of the resulting and
neighboring data as well as other process indicators.

9.4.2 ACTION LEVEL

AnAction Level is also based on the same historical data, but the levels are established at values (or ranges) that exceed the
Alert Levels. The val~.~.~(~.~~~~7.~r~.~etermined using the same types of numerical or event-based tools as the Alert Levels, but
at different values~Ar~ng~~'''>lS(IJ$P41)

In a three-tier approach, it isgood practice to select an Action Level that is more than the Alert Level, but lessthan the
Specification to allowthe user to make correctiveactions before the water would go out of compliance.

Exceeding a quantitative Action Level indicates that the process has allowed the product quality or other critical parameter
to drift outside of its normal operating range. AnAction Level can also be event-based. In addition to exceeding quantitative
Action Levels, some examples of event-based Action Level excursions include, but are not limited to:

• Exceeding an Alert Level repeatedly
• Exceeding an Alert Level in multiple locationssimultaneously
• The recoveryof specific objectionable microorganisms
• A repeating non-zero microbial count where zero is the norm
Ifan Action Level isexceeded, this should prompt immediate notification of both QA staffand the personnel involved in .

water system operations and use, so that correctiveactions can be taken to restore the system back to its normal operating
range. Such remedial actions should also include investigative efforts to understand what happened and eliminate or reduce
the probabilityof recurrence. Depending on the nature of the Action Level excursion, it may be necessaryto evaluate its impact
on the water uses during the period between the previous acceptable test result and the next acceptable test result.

9.4.3 SPECIAL ALERT AND ACTION LEVEL SITUATIONS

In new or significantly altered water systems,where there is limited or no historical data from which to derive trends, it is
common to establish initial Alert and Action Levels based on equipment design capabilities. These initial levels should be within
the process and product Specifications where water is used. It isalso common for new water systems,especially ambient water
systems, to undergo changes, both chemically and microbiologically, over time as various unit operations (such asRO
membranes) exhibit the eff~S~~,~!a~i~~:I~i~.~~e~ of system aging effect is most common during the firstyear of use. As the
system ages, a steady state~.gji~rPQi91'l"l~~'lS(USP41) (microorganism types and levels) may develop due to the collective effects
of system design, source water, maintenance, and operati8~(iQSI~~iDg~~~.f;~~~~ency of re-bedding, backwashing,
regeneration, and sanitization.Thisestablished or mature~rni~roQi()I'l"l~~1S(l.JSP41) may be higher than the one detected when
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the water systemwas new.Therefore, there iscausefor the impuritylevels to increaseoverthis maturationperiodand eventually
stabilize.

Some water systems are so well controlled microbially-such as continuously or intermittentlyhot Waterfor Injection
distribution systems-that microbial counts and endotoxin levels are essentially nil or belowthe limitof reasonable detectability.
This common scenariooften coincides with a very low Specification that is poorlyquantifiable due to imprecision (as much as
two-fold variability) of the test methods that may be near their limits of detection. In such systems, quantitative data trending
has little value, and therefore, quantitative PC levels also have little value. The non-zerovalues in such systems could be due to
sporadicsampling issues and notindlcative of a water system PC deviation; however, ifthese non-zerovalues occur repeatedly,
they could be indicative of processproblems. So, an alternativeapproach for establishing Alert and Action levels with these
data could be the use of the incident rate of non-zerovalues, with the occasional single non-zero "hit" perhaps being an Alert
level (regardless of itsquantitativevalue), and multiple or sequential "hits" being an Action level. Depending on the attribute,
perhaps single hits may not even warrant being consideredan Alert level, so onlya multiple-hit situationwould be considered
actionable. It is up to the user to decide on their approach for system control, l.e., whether to use one, two, or three levels of
controlsfor a given water system and sampling location, and whether to establish Alert and Action levels as quantitative or
qualitative hit-frequency values.

9.4.4 SPECIFICATIONS

Water Specifications or limits are set based on direct potential product and/or process impact and they represent the
suitability for use of the water. The various bulk water monographs contain tests for Conductivity, TOC, and Bacterial
Endotoxins (for Waterfor Injection). Aside fromthe monographs for Waterfor Hemodialysis and multiple sterile waters, microbial
specifications for the bulkwaters are intentionally not included in their monograph tests. .

The need for microbial specifications for bulkwaters (Purified Waterand Water for Injection)depends on the water use(s),
some of which may requirestrict control (e.g., verylow bioburden, absence of objectionableorganisms, or lowionicstrength)
whileothers may require no specification due to the lack of impact. Forexample, microbial sR~~i!~c_ati()r1s~~~2~eR~~R~i~~~; and
~~ei~;~lIxs ~~e~st~<:f..!~..~ ..,,;;,~~~r';~"~~~7i~ ~s~<:f;iPP~~<:f.~s~!~rm ul~!i~p~ .....~n<:f;fip~I.:9.~iP~~I1~;~ip~~~:i~;~~~'i .a!~n;i$;gS~qifor
~n~IY~I~9J;;;r~~g~n~;;.·Pt~P9n~~jQl."'\~;~I;fq,:~g~Z~r1~J~i~~/;m~thoqi$if(1()~~~ff~~t~q;;~Y;lQJ1Qt()~t~';,¢()n!~.m;!.n~Jit sP4t5 or for cleaning
processes that conclude with a final antimicrobial heat dryingor solvent rinsing step, the microbial quality of the water is likely
less of a concern. The decision to establish microbial Specifications for bulkpharmaceutical watersshould be based on a formal
risk assessment of its usesand justified by scientific rationale.

It isvery important to understand the chemical and microbial qualityof the water in its final form as it isdelivered from a
water systemto the locations where it isused in manufacturing activities and other points of use.Thequality of the water within
the water system could be compromised if it picks up chemicalor microbial contaminants during its delivery from the system
to the points of use.Thesepointsof use,where cumulative contaminationcould be present, are the locations where compliance
with all the water Specifications is mandated.

Asdiscussed above, compliancewith chemical Specifications can be confirmedperiodically between uses, immediately prior
to use, or even while the water is being utilized in product manufacturing. While the use of RMM may provide for timely
microbial data, the use of conventional cultivative microbiological testing usually delaysconfirmation of microbial compliance
until after the water has been used. However, for some applications, this logistical limitation should not eliminate the need for
establishing microbial Specifications for this important raw material.

The manufacturing risk imposed accentuates the of validated control for a system.
1!..~ls.~ -:; ..~R·~~;;i!~:·~ the valueof f;gl~.Itl!i~§'jg!g;;$l~ml~ll(fg;5f:Q(ilmi€:(9~~I~lt;fi)I~@ilt9tiRg; ~~~!g~~;iQtll~~ir1~~~~;tifgn~it~~~n.1griq·~·~~;inC)~g$;
~IY$!'JJQg)~;;lsi(Q$pin of samples couecteo
preferably trend-derived Alert and Action which can remedial PC to preclude excursions.

Users should establish their own quantitative microbial Specifications suited to their water uses. Butthese values should not
be greater than 100 cfu/rnl,for Purified Wateror 10 dull 00 ml for Waterfor Injection unless specifically justified, because these
values generallyrepresent the highest microbial levels for pharmaceutical water that are still suitablefor manufacturing use.

ASpecification excursion should prompt an out-of-specification (OOS) investigation. The investigation is performed to
determine 1) the root cause of the excursion so that CAPA may be taken for remediation purposes, and 2) assess the impact
on affected processesand finished products where the water was used. Product disposition decisions must be made and are
dependent on factors that could include:

• Role of water in the product or in-process material
• Chemical or microbial nature of the attribute whose Specification valuewas exceeded
• level of product contamination by the water
• Presence of objectionable microorganisms
• Any downstream processing of affected in-process materials that could mitigate the OOS attribute
• Physical and chemicalpropertiesof the finished product where the water was used that could mitigatethe OOSattribute
• Product administration routes and potentially sensitive/susceptible users

9.4.5 SOURCE WATER CONTROL

The chemicaland microbial attributes of the starting sourcewater are important to the ability of the water systemto remove
or reduce these impurities to meet the fi~!~~.;g;~~~:r Specifications (see 2. Source WaterConsiderations). Using the example
microbial enumeration methods in Tablell~ii~j;~;(~~~j) a reasonablemaximumbacterial Action Level for sourcewater is500 cfu/
ml. This number isderivedfrom U.S. EPA NPDWR where it is used as an Action level for the water authorityindicatingthe
need for improvingdisinfection and water filtration to avoid the penetration of viral, bacterial, and protozoal pathogens into
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the finished Drinking Water. It is not, however, a U.S. EPA heterotrophic plate count Specification or Maximum Contaminant
level (MCl) for Drinking Water.

Nevertheless, of particular importancecould be the microbial and chemical qualityof this startingwater because the water
isoften delivered to the facility at a great distancefrom itssource and in a conditionoverwhichthe userhas littleor no control.
High microbial and chemical levels insourcewater may indicatea municipal potable water system upset, a change in the supply
or original water source, a brokenwater main,or inadequate disinfection, and therefore, potentially contaminated water with
objectionable or new microorganisms or coincidental chemical contaminants.

Consideringthe potential concern about objectionable microorganisms and chemical contaminants in the source water,
contacting the water providerabout the problem should be an immediate firststep. In-house remedial actionscould also be
needed, including performanceof additional testing on the incomingwater (as well as the finished water in some cases) or
pretreating the water with additional microbial and chemical purification operations (see 5.1 Unit Operations Considerations).

(1234) VACCINES FOR HUMAN USE-POLYSACCHARIDE AND
GLYCOCONJUGATE VACCINES

INTRODUCTION

Thischapter describes best practices for production,conjugation,and characterization ofpolysaccharide and glycoconjugate
vaccines. It describes keyqualityattributes at each step of the processand suggests best methods to assess these attributes.
The scope of this chapter includes vaccines consisting of one or more purified polysaccharides (such as pneumococcal,
meningococcal,and Typhoid Vi vaccines) and components involved in their production, and vaccines consisting of one or more
glycoconjugate immunogens in which a saccharide has been covalently attached to a suitablecarrierprotein.The latter
category includesHaemophilus influenzae type b (Hib), meningococcal, and pneumococcal conjugate vaccines. The chapter
does not includecombination vaccines inwhich Hib conjugates are combined with unrelated immunogens against diphtheria,
tetanus, and pertussis.

BACKGROUND

Occurrence of Capsular Polysaccharides
Manypathogenic bacteria possess a polysaccharide capsulethat encloses the cell, modulatesthe flow of nutrients to the cell

surface, and protects against dehydration.Whena bacteriumestablishes an infection in a mammalian host, the polysaccharide
capsule hides cell surfacecomponents from elements of the mammalian immune system,such as antibodiesand complement
proteins that otherwisewould activate mechanisms to kill the pathogen. Although polysaccharide capsules are themselves
immunogenic in childrenand adults,developmentofa protectiveimmune responsemaybe too slowto defend the host against
disease. In many cases, antibodiesdirected against the capsularpolysaccharide are protective, and the priorexistenceof these
antibodies preventsestablishmentofthe infection; this isthe basis for their useasvaccines or components ofconjugate vaccines.
Many bacterial speciescan be divided into serogroups or serotypes that expressstructurally and immunologically distinct
capsular polysaccharides. The number of known serotypesdiffers between organisms. There are sixknown Haemophilus
influenzae serotypes and more than 90 Streptococcus pneumoniae serotypes. Different serotypes(or serogroups)of the same
organism may have different infectivities. For instance, the large majority of diseasecaused by H. influenzae isdue to the b
serotype. Different serotypes maycause disease in differentgeographical regions, may produce a different spectrum of disease,
or may be prevalent in differentage groups. The serotype-specific pattern of disease may change with time within a given
geographical region. Forthese reasons, manypolysaccharide and conjugate vaccines contain multiple saccharide immunogens.

Structures of Capsular Polysaccharides

Capsularpolysaccharides are high molecular weight polymers that contain a strict repeat unit.This repeat unit can be a single
monosaccharide unit or can be an oligosaccharide unit that contains as many as eight sugar residues. The repeat units can be
linearor branched, and are sometimes linked together by phosphodiester bonds. Bacterial polysaccharides often contain
unusual sugar residues that are not found elsewhere, and may be substituted with a wide range of acylating groups (a-acetyl
groups are the most common) and phosphorylatedsubstituents such as phosphoglycerol. Incomplete a-acetylation and
migration of a-acetyl groups between different hydroxyl groups leads to a degree of heterogeneity in the polysaccharides.

Immune Responses to Capsular Polysaccharides

Capsular polysaccharides are T-cell-independenttype 2 immunogens. These immunogens do not evoke antibody isotype
switching,affinity maturation, or immunological memory. Because of the relatively late developmentof the relevantarm of the
human immune system, unconjugated polysaccharide vaccines usually induce only a poor immune response in infants under
the age of two and thus are not used for this population group. Adjuvants in polysaccharide vaccines do not improvethe
immune response. In a typical adult target population onlya singledose is required to induce a protective immune response.
In the absence of immunological memory, regular revaccination is required, often at five-year intervals. Repeated vaccination
can lead to hyporesponsiveness to the vaccine. .
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Conjugation of Polysaccharides to Carrier Protein

Covalent attachment of a capsular polysaccharide, or an oligosaccharidederivedfrom it, to a protein carriercreates a
conjugate vaccine. Immunizationwith a conjugate vaccine induces humoral immunity by means of a different molecular
mechanism that does not require cross-linking of immune cellsurface proteins. Forthis reason, effective conjugate vaccinescan
be produced using oligosaccharide haptens that may be derived frorna capsular polysaccharideorfrom inherently lower
molecularweight polysaccharides such as the O-chainof a lipopolysaccharide. Conjugates can also be produced using naturally
high-mass polysaccharides or bycontrolled size reduction to shorter chains. Depending on the manufacturing process there
are three basic structural models for conjugate vaccines:

• conjugates in which a carrier protein ismodified with multipleoligosaccharidechains that have one or two activationsites
to allowattachment to a carrier protein, resulting in a monomericglycoconjugate or a glycoconjugate with limited
cross-linking ,

• cross-linked conjugates in which multiple activated polysaccharide chains and carrier proteins couple to multiple
polysaccharide chains, creating a cross-linked network of proteins and glycans

• conjugates in which a size-reduced polysaccharide iscovalently attached to a complex of proteins, typically bacterialouter
proteins, via multiple attachments.

The Carrier Protein

The most widely used carrier proteins are related to bacterial toxins that are detoxified by chemical or genetic means.
Conjugate vaccinesinduce a T-cell-dependent response that isdeveloped earlyin life and leads to immunological memory and
boosting of the response by further doses of the vaccine, thus they are suitable for infant immunization.The role of the carrier
protein in modulating the immune response isdiscussed below.

Conjugation Chemistry

Polysaccharides can be covalentlyattached to proteins, although activationof the polysaccharideis required. Sometimesthe
carrier protein is also activated to create compatible reactivegroups. Polysaccharide's can be activated initially by creation of
reactive aldehyde groups, by periodate oxidation or uncovering of the reducing terminal of sugars, by reaction of hydroxyl
groups with highly reactive reagents such as cyanogen bromide (or l-cyano-4-dimethylamino-pyridinium tetrafluoroborate
[CDAP] asa crystalline alternative)or carbonyldiimidazole, by useof carboxylic acid groups, or, ifavailable, byfree amino groups
or phosphate groups. Periodate oxidation, dilute acid hydrolysis, and some other approaches to polysaccharideactivation may,
depending on the structure of the polysaccharide, lead to depolymerizationofoligosaccharides, which are typically fractionated
by size and an appropriate fraction coupled to the carrier.The "natural" reactivegroups on proteins include lysine s-arnlno
groups, N-terminal amino groups, carboxylic acids in aspartate or glutamate, or thiol groups. Carrierprotein activation may
also involve the creation of hydrazide groups or thiolsfor linkage. Covalent attachment between the activated polysaccharide
and the carrier protein, activated or not, can take place via the use of activated esters, sometimes created in situwith a
water-soluble carbodiimide reagent, by reduction of Schiff's bases, by reaction of a thiol with maleimide, or by elimination of
bromide. Conjugation can either be direct, as in reductive amination, or via the introduction of a suitable bifunctional linker.
Ingeneral, the choice of conjugation chernlstryis defined by either the structure of the polysacchariderepeat unit or the desire
to produce a conjugate of a specific structural family.

Immune Responses to Conjugate Vaccines

The immune response to the saccharide component of conjugate vaccines isT-cell-dependent and issimilarto the response
for proteins, although this process is still not fully understood with respect to glycoconjugates. Because this immunological
pathway is in place even in infants, conjugate vaccineswere developed initially for use in infants. Following interaction with
antigen-presenting cellssuch as dendritic cells, macrophages, and B-cells, glycoconjugate vaccinesare internalizedand
processed into small peptides and glycopeptides that then are re-exposed and presented to T-Iymphocytes in association with
the majorhistocompatibility complex classII molecules. Multiple immunizationsofan immunologically naiveinfantare normally
required to raise an antibody response, but processessuch as isotype switching and affinity maturation take place and
immunological memory isstimulated. In general terms, these processes result in induction of long-lasting high-affinity
antibodies that are effective at preventing bacterial pathogens from establishing an infection.Adjuvants in glycoconjugate
vaccinesare effective at boosting immune responses.These vaccineshave also been shown, in the cases of Hib, meningococci,
and pneumococci, to eliminate nasopharyngeal carriage of organisms, thus an important aspect of their effectiveness arises
from suppressing transmission of infectious serotypes between individuals, called a herd effect.

KEY QUALITY PARAMETERS FOR BULK POLYSACCHARIDES

Bulk monovalent polysaccharide is purified from bacterialcell culture and isa keystable intermediate in the manufacture of
both polysaccharide and conjugate vaccines. Manyquality parameters for final vaccinescan be initially assessed by analysis of
bulk monovalent polysaccharides or by using critical in-process tests supporting the manufacturing process. Important quality
parameters for purified polysaccharide include identity, purity, composition, and molecularsize, and depend on the type and
extent of further processing. The purification process isvalidated to consistently'produce compliant material.

The purityofthe polysaccharides depends on the purification steps, includingharvestmethods, clarification, and downstream
purification processes. Forpurification, a combination of precipitation,filtration, and chromatographic procedures can be used,
depending on the chemical nature of the polysaccharide. Thefinal purification step can consistof bufferexchange and filtration
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followed by storage of purified polysaccharide (frozen), or additional precipitation and washing of the precipitate with solvent
before drying, followed by storage. Drying of polysaccharides can be performed in dessicators and can includeseveralsteps of
grinding or fluffing and return to the dessicators for further drying. Manufacturersshould take care during these steps because
mechanical handling of the polysaccharide can reduce its molecular size. The purified polysaccharide is stored at a suitable
temperature in conditions that avoid the uptake of moisture. Lyophilization of polysaccharides is also possible. The stabilityof
the polysaccharide under specifiedstorage conditions should be demonstrated; this may include assessment of the optimal
moisture content of the dried material.

Differentiating which tests should be used for polysacchariderelease and which are better suited to in-process testing to
ensure processconsistencydepends on the processand how the polysaccharidewill be further processed. Final decisionsabout
process parameters typically take place after discussions with regulatory authorities.

Dry Weight

Because dry weight isused both to calculatethe resultsof certain tests with referenceto the dried substance and to calculate
amounts for subsequent processes, volatile matter, including water, in the purified polysaccharide isdetermined by a
combination of suitable methods including the following:

• thermogravimetry (see Loss on Drying(731»)
• Karl Fischer (water only: see WaterDetermination (921»)
• residual solvents determined by gas chromatography (see Residual Solvents (467) and Chromatography (621») and by

nuclear magnetic resonance (NMR) spectroscopy (see NuclearMagnetic Resonance Spectroscopy (761») or colorimetric
methods.

Polysaccharide Identity

The manufacturer is required to confirm the identityof the active component present in the purified polysaccharide. Ifother
polysaccharides are produced at the same manufacturingsite, the method should be validated to show that it distinguishes the
desired polysaccharidefrom allother polysaccharides produced in that facility (see 21 CFR 610.14). The identity isdetermined
by a prespecified combination of suitable methods such as:

• Immunological test methods: These methods requireaccess to highlyspecific antisera that are able to distinguishbetween
closely related polysaccharideantigens. Commonly used formats for this purpose are immunoprecipitation,
immunoelectrophoresis; and enzyme-linked immunosorbent assays (ELISA). The (serological) specificity of the antiserum
should be demonstrated by the absence of cross-reactivity with heterologous polysaccharides manufactured in the same
facility. More information regarding these methods can be found in Immunological Test Methods-General Considerations
(1102), Immunological Test Methods-Enzyme-LinkedImmunosorbent Assay (ELISA) (11 03), and Immunological Test Methods
-Immunoblot Analysis (1104).

• NMR spectroscopy (see (761 »): NMR methods require access either to authentic samples of the polysaccharide or to
referencespectra. Comparison ismade visually in terms of the positions, relative intensities, and multiplicities of significant
resonances, or by use of other objective methods.

• Polysaccharide identity can also be assessed by use of a matrix of compositional assays, usually with colorimetric or
chromatographic readouts, that definefactors such as the amounts of differentsugar types (e.g., amino sugars, uronic
acids, or methyl pentoses depending on the polysaccharide), the amount of substituents (e.g., a-acetyl groups), and the
content of nitrogen and phosphorus.

Polysaccharide Purity and Quantity

COLORIMETRIC ASSAYS

Historically, polysaccharidecontent compared to dry weight (purity) was estimated using a range of colorimetricassays for
functional groups specificto the polysaccharide antigen. Becausethe reference standard is typically a pure monosaccharide or
similarmodel compound, and because assays were typically determined before most structures were known, component
quantification may not parallel true stoichiometry.Thus, manufacturers should develop correlationsamong alternative
approaches. Purity can be calculated based on the method employed and the salt form present. Table llists'colorimetric tests
that may be .appropriateto deter~ine the ~omposition of a particular polysaccha~ide withina vatcin~. The responsefactors for
the sugar Units In the polysaccharidemay differfrom those of a pure monosaccharide referencestandard. Manufacturers should
address these concerns during method validation.

Table 1. Colorimetric Assays for Polysaccharide Composition and Quantity
Resorcinol Dimethyl"

"

An-
Orcinol Assay Assay (Seli- aminobenz- Cysteine Sul- throne-Sul-

(Bial Re- Molybdate wanoff Re- Sulfuric Acid Carbazole aldehyde furlc Acid As- Hestrin furic Acid As-
agent) (Chen) Assay , agent) Digestion Assay Assay say Assay· say

" " ,,',,'/

Methyl-,0 ,
liHex()s~

'I Ol:~~~uo,:" pen-
PS Antigen Ribose Phosphate Sialic Add Urol1ic.Acids.. 'ainines toses O-Acetyl Total Sugar

Hib PRP
.: .. ., ,1 ,.. ;,., 'I

X X , '", " ii:, i,' I

MenA " IiX , X
..
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Table 1. Colorimetric Assays for Polysaccharide Composition and Quantity (continued)
Resor.cinol Dimethyl- An-

Orcinol Assay Assay (Seli- aminobenz- Cysteine Sul- throne-Sui-
(BialRe- Molybdate wanoff Re- SulfuricAcid Carbazole aldehyde furic AcidAs- Hestrin furic AcidAs-
agent) (Chen) Assay agent) Digestion Assay Assay say Assay' say

Methyl-
Total Nitro- Hexos- pen-

PSAntigen Ribose Phosphate SialicAcid gen Uronic Acids amines toses O-Acetyl Total Sugar

MenC X X

MenY X X X

MenW135 X X X

Pneumo (Se-
rotype Spe-
cific) X X X X X X X X

Vi X

aThe hestrin assay is appropriate for compositional analysis and identity, but because the degree of a-acetylation can varybetween polysaccharide batches it is
not normallya suitable assayfor polysaccharide quantitation.

HYDROLYSIS AND COMPOSITION ANALYSIS BY CHROMATOGRAPHY

Acid or base hydrolysis depolymerizes polysaccharides into oligosaccharides, monosaccharides, or smaller fragments that are
polysaccharide-specific for the optimized hydrolysis conditions employed. Aggressive hydrolysis conditions can destroy some
components of the polysaccharide. These fragments can be quantified directly by use of, for example, high-performance
anion-exchange chromatography with pulsed amperometric detection (HPAEC-PAD) or conductivity detection for ions
(HPAEC-CD), or by reversed phase high-performance liquid chromatography (HPLC) of fluorophore-Iabeled sugars.
Alternatively, the hydrolysate can be derivatized and analyzed by gas chromatography with flame ionization (GC-FID) or mass
spectrometric detection (GC-MS). Suitable polysaccharide reference materials or monosaccharides are required, and the
hydrolysis conditions are product-specific. Table 2 summarizes the type of hydrolysis applied, the analytical methods, and the
analytes that have been quantified for different polysaccharides.

Table 2. Chromatographic Methods for Compositional Analysis and Quantification of Vaccine Polysaccharidesa

Acid Hydrolysis,
Fluorophore Meth-

Acid Hydrolysis Labeling, and HFHydrolysis Base Hydrolysis anolysis and
PSAntigen and HPAEC HPLC and HPAEC and HPAEC GCor HPAEC

PRP Ribitol - Phosphate PRP monomer -
MenA ManN-6-P - Phosphate a-acetyl -
MenC Neu5Ac - - a-acetyl -

MenY GIc, Neu5Ac Neu5Ac - a-acetyl -
MenW135 Gal, Neu5Ac Neu5Ac - a-acetyl -
Pneumo Alditols, methylpentoses, Alditols, methylpento-
(Serotype hexoses, hexosamines, - ses, hexoses, hexosa-
Specific) uronicacids, Pyruvate Phosphate a-acetyl mines, uronic acids

- - - a-acetyl Vi monomer -Vi fragment

a PS= polysaccharide; HF = hydrofluoric acid; PRP = polyribosylribitol phosphate; MenA = Meningococcusgroup A;MenC= Meningococcusgroup C; MenY =
Meningococcusgroup Y; MenW135 =Meningococcusgroup W135; Pneumo=Pneumococcus; Man =mannose; Neu =neuraminicacid; Ac=acetyl; Glc=
glucosamine;Gal= galactose.

CAPILLARY ELECTROPHORESIS

Capillary zone electrophoresis has been used for the identification and quantification of meningococcal polysaccharides
without depolymerization.

IMMUNOCHEMICAL ASSAYS

Immunochemical assays such as immunonephelometry or ELISA require access to specific antisera that must be calibrated
to reference materials. The response may be modified by the matrix or size of the polysaccharide.

NMR SPECTROSCOPY

The relative intensities of characteristic resonances can confirm the proportions of different sugar residue types and
substituents such as N- or O-acetyl or pyruvate that are present in the polysaccharide. Quantification can be achieved by
comparison of these intensities to that of an added internal standard (see (761 »).
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Regarding phosphorus determination, one should remember that a number of bacterial polysaccharides contain
phosphodiester linkages. The polysaccharide may be quantified based on its phosphorus content by colorimetricassaysor
instrumental approaches such as inductively coupled plasma-optical emission (ICP-OES) or ICP-mass spectrometry (ICP-MS).

COUNTERIONS

Ifthe percentage purity of polysaccharide bulks (compared to dry weight) is part of their release program, the amount and
type of counterion present must be considered and can be determined by, for example, ICP-MS. This is normallyan in-process
control step.

Polysaccharide Molecular Size Distribution

The molecular size distribution is generallyevaluated by liquid chromatography usingsoft gel-filtration procedures or size
exclusion-high-performance liquid chromatography (SEC-HPLC) equipped with in-line refractive index (RI). The results are
reported as the distribution coefficient(Ko) determined from the main peak of the elution curveor as the percentage of material
that elutes before a defined Ko cut-off value.The absolute molecular weight of the polysaccharide and its hydrodynamic
(gyration) radiuscan be determined bycouplingstatic lightscattering and RI detectors to the SEC-HPLC column, and measuring
the RI increment (dn/dc) using reference polysaccharides. Requirementsbased on molecularweight can be expressed in terms
similar to those based on molecular size, and related either to peak valuesor to the proportion that elutes before a defined
cut-offvalue.

Level of Protein Contamination

The residual protein content of the polysaccharide should be determined by an appropriate assayand should be shown to
be below the approved specification. Thesespecifications typically vary by polysaccharide and serotype. Method validation
should assess the need for sample pretreatment before protein determination and specific interference by the polysaccharide
in the protein assay. Further, method validation should demonstrate that the assaysensitivity isappropriate for the specification.
Biotechnology-DerivedArticles-Total Protein Assay (1 057) contains information regarding these assays. Methods that are typically
applied to polysaccharides include colorimetric assays (e.g., Lowry, Biuret, bicinchonicacid, or Bradford assays) and UV
absorbance.

Level of Nucleic Acid Contamination

The nucleicacid content of the purified polysaccharide should be determined and should be shown to meet specifications,
which are typically lessthan 1% w/w. Nucleic Acid-Based Techniques-Approaches for Detecting Trace Nucleic Acids (Residual DNA
Testing) (11 30) provides additional informationabout these methods.

Quantification of Process- and Product-Related Impurities

Depending on in-process testing or release requirements, chromatographic and spectroscopic methods can be used to
quantify residuals from the fermentation and isolation/purification steps. These residuals may include antifoaming agents,
phenol, cetyltrimethyl ammonium bromide, ethanol, and other residual solvents. Other impurities should also be quantified
using appropriate tests, including:

• bacterialendotoxins (see Bacterial Endotoxins Test (85))
• pyrogens (see Pyrogen Test(151))
• sterility (see Sterility Tests (71)), if required
• bioburden (see Microbiological Examination of Nonsterile Products: Microbial Enumeration Tests (61)), where appropriate.

As an in-process control, the proportion of pneumococcal C polysaccharidein pneumococcal capsular polysaccharides can be
determined by a combination of "H and 31p NMR spectroscopy or by HPAEC-PAD analysis of ribitol. Alternatively, it can be
derived from the compositional analysis.

Stability-Indicating Tests

The polysaccharide may lose integrity because of gradual hydrolysis, resulting in a reduced molecularsize, and this .
degradation can be monitored by size exclusion chromatography or by high-performance sizeexclusion chromatography
(HPSEC) with static light scattering detectors for molecularweight. Loss of O-acetyl groups can be monitored by HPLC methods.
Both the loss or migration of O-acetyl groups and the integrity of phosphate-containing polysaccharides can be tracked by
NMR spectroscopy. Immunochemical methods can also be used to monitor polysaccharide integrity but should be validated
for that purpose.

KEY QUALITY PARAMETERS FOR BULK FORMULATED POLYSACCHARIDE VACCINE

The bulkformulated polysaccharidevaccine refers to a solution that contains a blend ofappropriate amounts of the required
monovalent bulk polysaccharides, as well as any buffersalts, excipients, adjuvants, and antimicrobial preservatives present in
the vaccine product. Typically, the vaccine issterilized, usually by filtration, and is readyfor filling in the final dosage forms.
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Ifan antimicrobial preservative is present and is not assayed at a later stage, its concentration can be assayed at this stage
using an appropriate validated chemical, physicochemical, chromatographic, or spectroscopic assay. While the specification
will depend on the regulatoryagency, typically the amount of preservative should not exceed 120% of the expected value,
and the manufacturer must demonstrate that the preservative iseffective at that concentration (see AntimicrobialEffectiveness
Testing (51».

Sterility

At this stage, if the expectation is that the material is sterile, then sterility should be demonstrated usingan appropriate
validated assaysuch as one of those described in (71). Forother manufacturingprocesses, measurement of some combination
of bioburden, endotoxin count, or pyrogenicity may be sufficient.

Polysaccharide Quantity

To ensure correct dilution of the bulkbeforefinal filling, and unless other control mechanisms are in place,determination of
the content of individual serotypesor total polysaccharide content maybe requiredusingappropriatevalidated physicochemical
or immunochemical methods as defined in the bulkpolysaccharide section.

pH, Osmolarity/Isotonicity, and Excipients

The final format of a vaccine may be liquid or lyophilized. Ifthe format in this stage does not change during the final fill and
is not analyzed later then manufacturers should assaythis bulk material for:

• pH (see pH (791»
• possibly osmolarity or isotonicity (see Osmolalityand Osmolarity (785». If approved by a regulatoryagency, routine

osmolarity testing may be omitted ifthe manufacturer demonstrated consistency in development and clinical lots.
• excipient content, if present.

KEY QUALITY PARAMETERS FOR POLYSACCHARIDE VACCINES: FINAL FILLS

In accordance with 21 CFR 610.1, "No lot of any licensed product shall be released by the manufacturerprior to the
completion of tests for conformity with standards applicable to such product. Each applicable test shall be made on each lot
after completion of all processes of manufacturewhich mayaffectcompliancewith the standard to which the test applies.The
resultsof all tests performedshall.beconsidered in determining whether or not the test results meet the test objective, except
that a test result may be disregardedwhen it isestablishedthat the test is invalid due to causes unrelated to the product." Test
methods should be appropriately verified and validated.

Description and Solubility

Liquid vaccines are typically clearcolorless liquids that are essentially free from visible particles. Lyophilized products are
typically white or cream-colored powders or pellets that are freely soluble in water and yieldclearcolorless liquids that are free
from visible particles.

Polysaccharide Identity

The manufacturer should demonstrate that all the expected polysaccharides are present in the final fill. The test may be
immunochemical, physicochemical, or chemical. Regulation 21 CFR 610.14 requires that the identity test should distinguish
the product from other products handled in the same facility. Insome casesspecific qualityattributes of the polysaccharide
relating to identity,such as O-acetyl content, mayalso be specified, and should be assayedat this final fill stage ifnot assessed
at an earlierstage. Often polysaccharide identityand quantity can be confirmed and determined by the same assay.

Polysaccharide Quantity

The content of each polysaccharide present in the final lot should be determined by a suitablevalidated immunochemical
or physicochemical method. Typically, Vi and pneumococcalpolysaccharide vaccines contain 25 I-Ig of each serotypein a single
human dose, whereas meningococcal polysaccharide vaccines contain 50 IJg of each serogroup in a singlehuman dose. When
immunochemical methods are used, the antiserashould be specific for each polysaccharide in the vaccine, including, in the
case of the pneumococcal serotypes, immunologically cross-reactive species. Specifications are established on a case-by-case
basis, but typically the content of each polysaccharide in the vaccine should be either between 70% and 130% or between
80% and 120% of the labelclaim.
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Polysaccharide Structural Integrity and Molecular Size

USP 43

In the absence of suitable validation data showing that no changes occur during filling and storage, the structural integrity
and molecular sizeof the individual polysaccharide components should be assessed as far as is possible following the final fill.
Depending on the nature of the polysaccharide and the complexityof the vaccine, the integrity of individual serotypes or
serogroups can be established by a combination of immunochemical stability-indicating measurements (e.g., ELISA, rate
nephelometry, or physicochemical methods), by sizeor molecularweight determination alone or in combination with
serotype-specific assays, or by quantification of specific groups such as a-acetyl groups that havebeen shown to be critical for
immunogenicity. Together with the serotype-specific quantification, these assays act as a surrogate for a potency assay.

pH

The pH of the final fill should be determined for liquid products or for redissolved lyophilized products according to (791)
and should meet the requirements of the relevant licensing authority. Thisattribute should be included in stability-testing
programs.

Antimicrobial Preservative

Whereapplicable, the amount ofantimicrobial preservative should be determined bya suitablevalidatedapproach. Typically,
the value should not exceed 120% of the quantity stated on the label.The approved lower limitshould not be lower than the
minimum amount shown to be effective throughout the product's shelf life.

Process Impurities

Unless the product has been tested at an earliermanufacturing stage, and depending on the manufacturing process used,
process impuritiesor residuals such as phenol or formaldehyde should be tested by appropriate validated assays. Formore
information about allowableprocess impurities, see Vaccines for Human Use-Bacterial Vaccines (1238).

Sterility

The sterility of each lot should be ensured according to procedures described in (71) and 21 CFR 610.12. The product should
comply with the requirements of the tests.

Pyrogens or Bacterial Endotoxin

Depending on regulatory requirements, the product's endotoxin content or pyrogenicityshould be determined and should
be shown to meet the relevant specifications. Methods for endotoxin testing are found in (85). Methods for pyrogen testing
are found in (151).

Osmolarity and/or Isotonicity, Excipients, and Moisture Content

Ifthe vaccine isa liquid preparation, the pH and osmolarity/isotonicity of each final lot should be tested and shown to be
within the pre-approved specifications. Fora lyophilized preparation, analystsshould measure the pH after reconstitution with
the appropriate diluent.

Excipient functional category (sometimes referred to as functionality) is a broad, qualitative, and descriptive term for the
purpose or role an excipient serves in a formulation. Of greater importance, however, are the quantitative performance
requirements (Le., critical material attributes) of excipients that must be evaluated and controlled to ensure consistent
performance throughout the product life cycle. Manufacturers should anticipate lot-to-lot and supplier-to-supplier variability
in excipient properties and should have in place appropriate controls if needed to ensure consistent excipient performance
(refer to Excipient Performance (1 059) for guidance).

Regarding moisture content in lyophilized products, as specified in 21 CFR 610.13 each lot of dried product must be tested
for residual moisture and must meet and not exceed established limits as specifiedby an approved method (see also (731) and
(921».

Diluent for lyophilized Products

Data should be provided to support diluent sterility (see (71» and to ensure that adventitious microbial contamination does
not occur under the reconstitution conditions (l.e., diluents should not introduce contamination) or during storage conditions
as described in the package insert. Ifan antimicrobial preservative is used (as is the case normallyonly in multidose products),
testing according to (51) is recommended to demonstrate acceptability. Testing may not be required on all lots once process
control and consistency have been established.

General Safety

Depending on regulatory requirements, a general safety test may be necessaryas set out in 21 CFR 610.11(g), and the
product should meet the specifications.
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KEY QUALITY PARAMETERS FOR CARRIER PROTEIN

A number of protein carriers have been used in preclinical and clinical evaluation of conjugate vaccines. Proteinssuch as
diphtheria and tetanus toxoids, which derivefrom the respectivetoxins afterchemicaldetoxification withformaldehyde, initially
were selected as carriers because of the safety track record accumulated with tetanus and diphtheria vaccination, and these
proteins are used today as carriersfor meningococcal, Hib, and pneumococcal vaccines in a number of countries worldwide.
CRM197, a nontoxic mutant of diphtheria toxin, is also used as a carrierfor licensed Hib, pneumococcal, and meningococcal
conjugate vaccines and for other vaccines being developed. An outer membrane protein complex (OMPC) of serogroup B
meningococcus is the carrier for a licensed Hibconjugate vaccine. An Hib-related protein, Protein D, is the carrierfor most of
the polysaccharides included in one licensed conjugated pneumococcal vaccine.

Key Quality Parameters for Carrier Protein

Five carrier proteins currently are used for conjugate vaccines approved for use by variousregulatory authorities: Diphtheria
Toxoid,Tetanus Toxoid,CRM197, Haemophtlus ProteinD, and OMPC. When the carrierprotein isa component of an approved
vaccine like diphtheria and tetanus toxoids, the first keyquality parameters are those defined by the release tests on the
concentrated bulksfor these components. Other quality parameters include the level of oligomerization (monomer vs.
multimericforms). Forcarrier proteins that are not licensed as stand-alone vaccines, the listof keyquality attributes should at
least include identity, sterility or bioburden (depending on the manufacturing process),endotoxins, and purity. Insome specific
cases, additional quality attributes may require measurement.

CARRIER PROTEIN IDENTITY

The identity of the carrier proteins can be assessed by suitable methods that can be divided into two categories:
• Immunochemical methods: immunoprecipitation (flocculation, radial immunodiffusion, and nephelometry),

immunoelectrophoretic methods (rocket immunoelectrophoresis), and immunoenzymatic methods (immunoblots and
ELISA)

• Standard physicochemical methods used for other purifiedproteins: massspectrometry, peptide mapping, and molecular
mass determination.

Using these methods, a sample preparation iscompared to a reference preparation to demonstrate consistency. The tests listed
here may not be appropriate for toxoid proteins.

STERILITY OR BIOBURDEN

Sterility and bioburden are determined accordinq to procedures described in (71) and (61), respectively, and 21 CFR 610.12.

ENDOTOXINS

To ensure an acceptable level of endotoxin in the final product, manufacturers can determine the endotoxin content of the
carrierprotein according to (85) and thus can show that endotoxin levels are within acceptable limits. Forsome products, rabbit
pyrogenicity testing «151» may be a more relevant test.

Diphtheria Toxoid

ANTIGENIC PURITY

Depending on the manufacturing process diphtheria toxoid preparation can show different degrees of purity. Typically,
antigenic purity for diphtheria toxoid as determined by the flocculation test should be at least 1500 Lf (limitof flocculation)
units/mg of protein.

MONOMER, DIMER, OR AGGREGATE CONTENT

Diphtheria toxin is characterized by the presence of dimeric and multimericaggregation forms that are also present in the
corresponding detoxified preparations. Regarding this parameter, analystscan monitor the manufacturing consistency of
diphtheria toxoid by determining the content of monomers vs. dimers and other aggregates using a suitable method such as
SEC-HPLC coupled with a static light scattering detector. Insome cases, because of the low purity of the preparation the HPLC
profile may result in a broad peak that cannot be resolved into the contribution of the individual species.

Tetanus Toxoid

ANTIGENIC PURITY

Typically, the antigenic purity of tetanus toxoid as determined by the flocculation test should be at least 1500 Lf units/mg
of protein.
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MONOMER, DIMER, OR AGGREGATE CONTENT

The detoxification process for tetanus toxin results in oligomerization to an extent that depends on the process conditions.
Similar to diphtheria toxoid, the physicochemical consistency of tetanus toxoid can be monitored by the determination of
monomeric vs. dimeric forms and other aggregates using suitable methods like SEC-HPLC coupled with static light scattering
detection. Other methods like ultracentrifuge analysis can be applied but may be less suitable for routine testing.

CRM197

CRM197 protein is a nontoxigenic diphtheria toxin isolated from the supernatant of cultures of Corynebacterium diphtheriae
C7(~197)tox. and purified by a sequence of chromatographic and diafiltration steps. A guideline for production and control of
bacterial proteins used in vaccine manufacturing is given in (1238). Recombinant CRM197 should meet requirements for
nonrecombinant material, although additional characterization appropriate for recombinant proteins may be required.

PURITY

The purity of CRM197 batches should be determined via suitable methods, e.g., HPLC(see (621 »), sodium dodecyl sulfate­
polyacrylamide gel electrophoresis (SDS-PAGE; see Biotechnology-Derived Articles-Polyacrylamide Gel Electrophoresis (1056»), or
Capillary Electrophoresis (1053). Typical expectations are that the purity of CRM197 should be at least 90% and often greater
than 95%.

DEGREE OF NICKING

CRM197 contains an exposed loop of three arginine residues that is clipped by proteases present in the culture medium,
resulting in a so-called nicked form. The manufacturing process should demonstrably be able to regularly produce
CRM197 with a consistently low degree of nicking. In the presence of a reducing agent like dithiothreitol, the nicked form
breaks down into two distinct polypeptides called fragments A and B that can be easily detected by SDS-PAGE, which
accordingly is a suitable method to determine the degree of nicking. In a validated process testing may be needed as an
in-process control.

Haemophilus Protein D

Haemophilus Protein D is obtained as a recombinant protein from E. coli fermentation that, after extraction from the cells, is
purified by a seriesof chromatographic and diafiltration steps and finally is sterile filtered. Routine release tests for protein D
include identity, purity, sterility, protein content, and endotoxin content. Host cell proteins and host cell DNA should also be
tested unless process validation has shown consistent clearance.

PURITY

Purity should be monitored with an appropriate test such as HPLC, SDS-PAGE, or capillary electrophoresis (CE).

Outer Membrane Protein Complex

The OMPC of Neisseria meningitidis group B is derived from meningococcal serogroup B bacterial cells by extraction with
buffer-containing detergent. Analysts can monitor manufacturing consistency by determining the OMPC composition with
SDS-PAGE or another suitable method.

ENDOTOXIN CONTENT OR PYROGENICITY

To ensure an acceptable level of endotoxin in the final product, analysts can determine the endotoxin content of the carrier
protein and can show that it falls within acceptable limits according to (85). Alternatively, OMPC preparations should pass the
rabbit pyrogenicity test following injection into rabbits at, typically, 0.25 I-Ig/kg of body mass (see (151»).

MENINGOCOCCAL OMPC REQUIREMENTS-PURITY AND LIPOPOLYSACCHARIDE CONTENT

The composition of meningococcal OMPC carrier should be monitored for consistency by SDS-PAGE or by another suitable
method. Typically, the lipopolysaccharide (LPS) content should not exceed 8% by weight. Suitable methods for LPS
determination include HPLC, colorimetric analyses, SDS-PAGE, and GC-MS.

KEY QUALITY PARAMETERS FOR ACTIVATED INTERMEDIATES

Different chemical strategies can be applied to the synthesis of glycoconjugate vaccines. Two main approaches have
traditionally been employed for glycoconjugate vaccines preparation: one is based on random chemical activationalonq the
chain of the native or slightly size-reduced polysaccharide, followed by conjugation; the other is based on selective activation
of end groups of oligosaccharides generated by controlled fragmentation of the native polysaccharide and subsequently
coupling to the protein carrier. Depending on the conjugation chemistry, a chemical spacer can be usedto facilitate the coupling
of the protein to the saccharide antigens, and, in some cases, prior derivatization of the protein carriers is also required. In some
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cases the activated or derivatized polysaccharide or oligosaccharide is isolated and represents an intermediate of the
glycoconjugatevaccine manufacturing process. Inorder to ensure a reproducible product by means of consistent application
of the appropriate conjugation stoichiometry, manufacturers should use appropriate methods to determine the degree of
activation or derivatization of the poly- or oligosaccharide and of the carrierprotein.

Degree of Activation of Activated polysaccharide

If appropriate, differentactivation or derivatization strategies can be applied to poly- or ollqosaccharides in order to make
them suitablefor covalent coupling to the carrier protein. Insome cases the hydroxyl groups of the polysaccharide firstare
reacted with cyanogen bromide or CDAP or carbonyldiimidazole to form activeesters.These active intermediatesthen can
be reacted in situwith adipic acid dihydrazide or other bifunctional amines to introduce an amino linker. Some bacterial
polysaccharides possesscarboxyl or phosphate groups that might be used for introductionof an amino linker using a
carbodiimide-mediated chemistry. Subsequentcoupling to the carboxyl groups of the carrier protein to obtain the desired
glycoconjugatecan be performed using, for example, a soluble carbodiimide-mediated chemistry. Alternatively, the amino
linker incorporated into the polysaccharide structure can be further derivatized to obtain a bromo-acyl or a maleimido function
that is amenable to coupling with a thiolgroup that is present or previously was incorporatedinto the carrierprotein.

Insome other cases aldehyde groups can be introduced into the polysaccharide structure by reaction of vicinal hydroxyl
groups with the oxidizing reagent sodium metaperiodate (NaI04) . Depending on the polysaccharide structure, the Nal04

treatment can also be used for simultaneous controlleddepolymerization and aldehyde group generation. The poly-or
oligosaccharides-containing aldehyde groups then can be covalently coupled to lysine residues and the N-terminal amino
groups of the carrierprotein by reductive aminationin the presence ofsodium cyanoborohydride (NaBH3CN) or other reducing
agents that are selectivefor Schiff bases.

Some manufacturing strategies are based on the controlled hydrolysis of the native polysaccharides to produce
oligosaccharides that can be specifically derivatized by a sequence of steps that lead to the introductionof an active ester
function at their reducing ends. The desiredconjugate is then obtained by reaction of the activated oligosaccharides with the
lysine residues and N-terminal amino groups of the carrierprotein.

To ensure a consistent conjugation stoichiometry, and therefore a consistent manufacturing process, manufacturersshould
determine the level of derivatization or activation of the poly- or oligosaccharide intermediates. Appropriate methods for
determination of the newlyintroduced chemical functions into the saccharidestructuresshould be in placeand could include,
forexample,colorimetric or other suitablemethods. Incaseswhere the activatedpolysaccharide isconjugated without isolation,
consistency in the degree of polysaccharide activation may also be demonstrated as part of process validation or reflected by
characteristics of the final conjugate bulk.

The calculation of the degree of poly- or oligosaccharide derivatization may require determinationof the total saccharide
quantity that can be achieved by applying, for example, HPAEC-PAD, colorimetric assays, or other suitable methods. In a
validated processwhere production consistency has been established, and depending on the conjugation chemistryused and
the results of clinical trials, testing may be used as an in-process control. Residual unconjugated linker that could interferewith
subsequent steps should be controlledvia measurement or processvalidation.

Molecular Sizing of Activated, Derivatized, or Processed Polysaccharide

The molecularsizeand degree of polymerization of the poly- or oligosaccharide intermediates depends on the particular
manufacturingprocessand should be measured becausethese attributes can affectthe consistency of the conjugation process.
Suitable tests should be applied to intermediate pools that are selected on the basis of the different manufacturing processes.
Examples of suitable methods for profiling molecular sizes and determining the degree of polymerization of poly- and
oligosaccharides are: SEC coupled with UV, RI, or static light scattering detectors; colorimetric assays based on total and end
group determination; HPAEC-PAD; or NMR spectroscopy. Ina validated process, testing can be used as an in-process control.

Degree of Activation of Activated Carrier Protein

As mentioned above, some manufacturing proceduresfor glycoconjugatevaccines mayalsorequireactivation of the protein
carrier. This process step introduces into the protein side chains additional functional groups that react with the poly-or
oligosaccharide intermediates activatedwith the proper functional group. Ingeneral, such functional groups are introduced
by derivatization of protein amino acid side chains like glutamic or aspartic acid with a bifunctional reagent (e.g., adipic acid
dihydrazide or hydrazine) so that a highly nucleophilic hydrazide group becomesavailable forcouplingwith the polysaccharide.
Inother manufacturing strategies, the lysine sidechains of the carrierprotein can be derivatized to introduce different reactive
groups (e.g., bromo-acyl, thiol, or maleimido groups). Appropriatemethods for determinationof the newlyformed chemical
functions introduced into the carrierproteinsshould be in place and may includespectrophotometric assays and mass
spectrometry. The calculation of the degree of activation or derivatization of the carrierprotein may also require the
determination of the total protein quantity (e.g., by colorimetric assays or other appropriate methods). Ina validated process
where production consistencyhas been established, and depending on the conjugationchemistry usedand the results of clinical
trials, testing may be used as an in-process control. Dependingon the conjugation chemistry used (l.e., immediateconjugation
after activation), consistencyin degree of carrierprotein activation may also be demonstrated as part of processvalidation or
reflected by characteristics of the final conjugate bulk.
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In some cases the procedures for protein carrieractivation or derivatization may result in a certain degree of covalent
aggregation of the carrier itself, and this should be monitored with appropriate tests like SEC-HPLC coupled with static light
scattering detection, SDS-PAGE, matrix-assisted laserdesorption-ionization mass spectrometry, or other suitable tests.

KEY QUALITY PARAMETERS FOR MONOVALENT BULK CONJUGATE (DRUG SUBSTANCE)

Conjugation

Conjugation of the polysaccharideantigen to the carrier protein or protein complex is the critical component of the
manufacturing processfor conjugate vaccines. Ageneral overview of a conjugation process is presented in (1238). In addition
to developing a description of critical processingequipment, reagents, and processingsteps, manufacturersshould provide the
rationale for the conjugation chemistryselected and the purification steps, ifany, used to remove unwanted reaction
components. Clearance of product-related impurities (e.g., unconjugated polysaccharide or unconjugated carrier protein)
should be monitored and controlled.

Depending on the nature of the manufacturing process, the monovalent conjugate bulkscan be considered to be the drug
substance or can be considered a process intermediate.

During conjugation, the reactivefunctional groups present on the polysaccharideantigen are reacted with the functional
groups located on the carrierprotein or carriercomplex to form stable, covalent bonds. Manydifferenttypes of chemistriesare
used, including reductive amination, thio-alkylation, or CDAP chemistry.The choice of chemical method should be based on
the availability of functional groups, either naturally occurring or introduced via an activation or side chain loading process,
and the abilityto control the manufacturing process to produce a consistent and stable product.

Although the conjugation process may be conceptuallystraightforward, the process should be well controlled. The process
typically consists of mixing the activated polysaccharide with the.selected carrierand allowingthe components to react.
Depending on the nature of the chemical reaction, an additional chemical reactant may be needed to complete the reaction
or stabilizethe conjugate product. Forexample, in the case of reductiveamination, it may be necessaryto add a reducing agent
to convert the linkagefrom a relatively unstable Schiff base to a more stable secondary amine. Chemicaldeactivationor capping
of residual reactive groups may also be required. Finally, residual levels of unreacted components such as free protein, free
polysaccharide, chemical reagents, and byproducts should be removed from the process viavalidation or should be monitored
by testing. Regulatory authorities may request stability evaluationof these intermediates because the data maysupport stability
predictions for multivalentvaccinesfor which data collection is more difficult.

To define and control the conjugation process, the manufacturer should establish targets for process parameters and
tolerances for allcritical processsteps where possible, includingextent of activation,charge ratiosfor each reaction component,
reaction time, reaction temperature, reaction pH, and mixing conditions. Additionally, tolerances for the purity of each of the
reaction components should be established, including the polysaccharide, carrier protein, and any chemical components as
noted above.

The common keyquality attributes for monovalent conjugates, the rationalefor monitoring these parameters, and suitable
test methods are described below.

Polysaccharide Identity

Polysaccharide identity confirms that the correct antigen was used during the manufacturing process and that no critical
epitope was lost during conjugation. Polysaccharide identity should be confirmed using a suitable immunological or chemical
method. Examples of immunological methods include ELISA, immunoblot analysis, and rate nephelometry. The specificity of
the test method must be ensured by selection of appropriate reagents. Alternatively, the identity of the polysaccharidecan be
confirmed using a chemical or physical method such as HPLC, HPAEC-PAD, GC, or NMR ifacceptable specificity can be
demonstrated and it can be shown that the carrierprotein does not substantiallyinterfere with the identification of the
polysaccharide.

Carrier Protein Identity

Depending on the nature of the manufacturing process and the manufacturing controls, it may be necessaryto confirmthe
identity of the carrier protein, e.g., during a manufacturing process for a multivalentproduct in which different antigens are
conjugated to different carrier proteins within the same facility. Carrierprotein identification can also be performed using an
immunological method such as ELISA or, ifpossible, an appropriate chemical method such as peptide mapping (see
Biotechnology-Derived Articles-Peptide Mapping(1055». Ifappropriate, the carrier identity can be evaluated in the same assay
that is used for the identity of polysaccharide. . .

Polysaccharide Quantity

Polysaccharide quantity or concentration must be confirmedfor all lots of monovalent conjugate because it isdirectlyrelated
to the product dose. Polysaccharide yieldcan alsobe a useful markerfor processconsistency.Avarietyof methods are avail.able
and suitable for use in determining the polysaccharide concentration. These include colorimetricmethods such as the phenol­
sulfuric add, orcinol,and anthrone-sulfuric acid assays and monosaccharide analysis following hydrolysis by HPAEC-PAD, HPLC
with fluorescence detection (HPLC-FD), or Gc. Immunological methods that may be suitable include ELISA ~r rate
nephelometry. The suitability of these methods depends on the availability of appropriate reagents. The choice of method
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should be made on the basis of precision and accuracy. Interference from the carrierprotein must be avoided.Additionally, the
chemistry of the polysaccharide antigen should be consideredwhen analysts select the method. Forexample, the phenol­
sulfuric acid assaymay not be suitablefor use ifthe antlqsn iscomposed largely of amino sugarsor sialic acid. Suitable methods
for polysaccharide quantification are listed in previous sectionsof this chapter.

Carrier Protein Quantity

The concentration of the carrierprotein must be confirmed for all lots of monovalent conjugate. Conjugate vaccines are
typically formulated based on the polysaccharide concentration, not the carrierprotein concentration. However, the
concentration of the carrierprotein is needed to determine the polysaccharide-protein ratio, a key indicatorof process
consistency.

Analysts should select a test method that isspecific for the carrierprotein and does not suffer from interference from the
polysaccharide components. Suitable methods may includeamino acid analysis (see Biotechnology-Derived Articles-Amino Acid
Analysis (l 052»), colorimetric protein tests such as the bicinchoninic acid assayor UV absorbance (see (l 057) for both types of
methods), or the protein-specific output from HPSEC with static light scattering, RI, or UV detection.

Polysaccharide-Protein Ratio

As noted in Carrier Protein Quantity, the polysaccharide-protein ratio may be an indicatorof process consistency. Therefore,
tolerances should be established for two of the three parameters: polysaccharide concentration, protein concentration, and
polysaccharide-protein ratio. It is not necessary to establish limits for all three parameters because the polysaccharide-protein
ratio is typically calculated from the measured polysaccharide and carrierprotein concentrations. Because the downstream
processing and dilutions usually are based on the amount of polysaccharide present in the monovalent bulks, the limitfor the
polysaccharide content can be based on the minimum concentration required for downstream processing.

Molecular Size Distribution or Integrity or Proof of Covalency

The molecularsizeof the conjugate isa key indicatorof processconsistency. Unusually small conjugates may indicate
incomplete conjugation whereas unusually large conjugates may indicate aggregation and may result in a loss of yield during
downstream filtration steps. The average molecular sizeand the sizedistributionshould be measured using appropriate sizing
methods such as SEC, HPSEC, HPSEC with static light scattering or RI detection, or analytical ultracentrifugation. The choice of
the method should be made on the basis of the expected sizeof the conjugate and the availability of a chromophore for
detection.

Proportion of Free (or Unconjugated) Polysaccharide

The proportion of unconjugated polysaccharide must be monitored for each lot of monovalent conjugate because of the
possibility that the presence of a large amount of unconjugated polysaccharide may suppress the immune response to the
antigen. Additionally, the presence of free polysaccharide isa keyindicator of process consistency and isan indirect measure
of covalentattachment to the carrier. Measurementof the proportion of unconjugated polysaccharide can be used as a
stability-indicating test ifappropriatelyvalidated.

To measure the level of unconjugated polysaccharide, analysts must separate the unconjugated polysaccharide from the
conjugated polysaccharide. This can be achieved chromatographically, or by chemical precipitation of the conjugate with acid
or detergents, aluminum adsorption, capillary electrophoresis, gel filtration, centrifugal ultrafiltration, solid-phase extraction,
or immunoprecipitation. The amount of free polysaccharide then can be quantitated using the method that was used to
quantitate the total polysaccharide level, ifthat method issufficiently sensitive, by UV detection ifa chromophore is present,
or by immunological or appropriate physicochemical methods.
. The level of unconjugated polysaccharide must be measured at releaseand during stability testing because deconjugation

isa potential degradation mechanism.

Proportion of Unconjugated Carrier Protein

The level of unconjugated carrierprotein must be monitoredfor each lot of monovalentconjugate because this level isa key
markerof processconsistency and is an indirect measure of covalency. To measure the amount of unconjugated protein, the
unconjugated protein must be separated from the conjugate.This can be done chromatographically or by electrophoresis (slab
or capillary). Once it is separated, the amount of unconjugated protein can be monitored by UV or by a colorimetric method
(see <'057»). Method selectionshould be based on sensitivity, precision, and specificity for unconjugated protein.

Unreacted Functional Groups

During the conjugation process, reactive functional groups on the polysaccharide react withfunctional groups on the carrier
protein. However, the reaction is typically not driven to completion, and a process of capping of remaining reactivegroups
may be required, depending on the nature of the residual reactive groups, the conjugation chemistry used, and manufacturing
processoptimization. The method chosen to cap reactive groups depends on the conjugation chemistry employed. Even so,
some reactive groups may still remain on the conjuqate even after the reaction isquenched by reduction, or after remaining
reactive groups have been chemically capped. Safety concerns, ifany, depend on the nature of the reactive groups and the
level of reactive groups that remain. The level of residual reactive groups should be monitored as a measure of process
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consistency unless processvalidation has shown that unreacted functional groups detectable at this stage are removed during
subsequent manufacturing processes.Additionally, the presence of residual reactivegroups may affect product stabilityduring
storage. ~

The test method used to evaluate residual reactivegroups depends on the activation chemistry that is used and the nature
of the polysaccharideantigen. Appropriatemethods may includegas chromatography, HPLC withfluorescence, or UV detection
following hydrolysis.

Residual Reagents

Consistency in the amount of residual reagents from the conjugation chemistry can be demonstrated during process
development, and the process can be validated for their clearance. This validation includes not only unconjugated
polysaccharideand protein but also buffers, salts, small-molecule reaction components, and byproducts generated during
conjugation. Provided that consistent levels of residual solventsare recovered, such testing may serve as an in-processcontrol.

Sterility or Bioburden

Depending on the manufacturing process, the monovalent conjugate bulksshould be tested for bioburden or sterility. Ifthe
monovalent conjugate bulksare subjected to additional processsteps with no process holds, in some casesit may be appropriate
to perform the sterility or bioburden test at a downstream step.

Bacterial Endotoxins

The monovalent conjugate bulksmust be tested for bacterialendotoxins. Ifthe monovalent conjugate bulksare subjected
to additional process steps with no process holds, in some cases it may be appropriate to perform the endotoxin test at a
downstream step.

FORMULATED AND ADJUVANTED (IF APPROPRIATE) CONJUGATE BULKS

Monovalent conjugate bulkscan be individually adsorbed and formulated as monovalent bulksbefore mixingduring
preparation of the final vaccine.

Adjuvant Content

Ifan adjuvant has been added to the conjugate bulk, its content should be determined by an appropriate method. If
aluminum is used as an adjuvant, typical maximum valuesare 0.85 mg of aluminum per dose, although higher limits up to
1.25 mg of aluminum per dose may be accepted if justified, and lower limits may apply according to governing agency
requirements.

Polysaccharide Content

Assessmentof polysaccharide content can be required but isoften difficult at this stage because of the presence of adjuvants
or excipients. Several methods are available and are suitablefor use in determining the polysaccharide concentration. These
include colorimetric methods such as the phenol-sulfuricacid, orcinol, and anthrone-sulfuric acid assays; and post-hydrolysis
monosaccharide analysis by HPAEC-PAD, HPLC-FD, or Gc. Suitable immunological methods include ELISA or rate
nephelometry. Ifpossible, the same method must be usedfor both this step and the conjugate bulkstep. The choice of method
should be based on precision, accuracy, and specificity. Interferencefrom the matrix must be avoided. Additionally, the
chemistry of the polysaccharide antigen should also be considered when analystsselect the method.

Free (or Unconjugated) Polysaccharide

freepoIY?~;~fharide content must be measured as a releasetest for monovalent formulated bulk ifthe free polysaccharide
<:~9P.e>~; cu~~.te.lyor precisely measured in the final product. For most applications, polysaccharide testingisa markerof
cor~,~tE!;'t',smonitored for each bulk in order to establish production consistency. The test may be omitted when '.
mal"l,yf si$tency has been demonstrated, or the test can be used as an in-processcontrol. Iffree polysaccharidecould
beadS <it; •?,~nt, a desorption step using, for example, phosphate buffer, may be required. The un<:o~jugated
polysacch~9< .....•. ,be.separated from adsorbed and nonadsorbed conjugated polysaccharide. Adsorbed coruuqate can be'
remove~bY,~t;~~.r'fY9.at,on, and nonadsorbed conjugate can be eliminated chromatographically; by chemical precipitationof
the conJ.ugate\fl(,~p.Cl9d or detergent precipitation or aluminum adsorption; by immunochemical precipitationwith anti-carrier
antibodies; bYC::~P!II~ry electrophoresis; or by gel or membrane filtration or ultrafiltration. The amount of free polysaccharide
thencan!bE!qU.~~~I~~~~gcU~ingthe same method that was used to quantitate the total polysaccharide level ifthe Jatter is; .{!

sUfficien~lysE!~§l~I¥~!~~!t·~S·s.·urate..Quantitativetests for polysaccharide includecolorimetricmethods suchasthe phE!rlOI-~ulfuric;
acid, orcl~ol, c:l,.~ylfuric acid assays; and monosaccharide analysis following hydrolysis by HPA,t;<:-P~O,.rtPt<:::,FO,
or Gc. SUltablE!;";c:llmE!thods include ELISA or rate nephelometry. . . (I):; '.":;\i,-.

Results shoul~ >"I!'~ >;:+.~~9:~~Jhepercentage of unconjugated polysaccharidevs. the total content eXPE![imentally.
determined, or, .It :tH· 9jbe determined experimentally, it may be possible to calculate it from,athE!9[E!tic~1 value.
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The level of unconjugated polysaccharide must be measured during stability studies becausedeconjugation isa potential
degradation mechanism.

level of Adsorption to Adjuvant

The level of adsorption in monovalentformulated bulks must be performedas a release test ifit cannot be performed on the
final product. If it is not a releasetest then the adsorption test isa markerof consistency, and the test is performedon each
bulkin order to establish production consistency. After consistent production has been demonstrated, the test can be omitted.

After product centrifugation, nonadsorbed conjugate isquantified in the supernatant. The adsorbed conjugate then is
quantifiedby a suitablevalidated method, which can be the same test used for the total conjugate content. If the physical or
chemical method used for the quantification is not specific for the conjugated form of the saccharide, the amount of free
polysaccharide issubtracted from the total polysaccharide inorder to determine the quantityofadsorbed conjugate. Otherwise
an immunologically specific method can be used (e.g., ELISA). Results can be expressed as the percentage of nonadsorbed
conjugate vs. the total content experimentally determined. Ifit is not possible to determine the amount of nonadsorbed
conjugate experimentally then it may be possible to calculate it from a theoreticalvalue.The level of adsorption to adjuvant
must be measured during stability testing.

Sterility

The sterility of each lot should be measured according to procedures described in (71) and 21 CFR 610.12.

KEY QUALITY PARAMETERS FOR CONJUGATE VACCINE DRUG PRODUCT

Description and Solubility

Each container ineach final fill or drug product should be inspected visually (manually or withautomatic inspection systems),
and containers that show abnormalities such as improper sealing, lackof integrity, or turbidityshould be discarded. Similarly,
the presence of clumping or particles may indicatea product failure.

Polysaccharide Identity

Polysaccharide identity tests confirm that the correct antigen was used during the manufacturing process. Polysaccharide
identityshould be confirmed using a suitable immunological or physicochemical method, e.g., ELISA, immunoblots, or rate
nephelometry.The specificity of the test method must be ensured by use of appropriate reagents. Acceptable specificity must
be demonstrated, and tests must show that the carrierprotein does not substantially interfere with the identification of the
polysaccharide. Assays based on hydrolysis and chromatographic identification of saccharidecomponents (e.g., HPAEC) after
polysaccharide hydrolysis may be acceptable.

.Polysaccharide Quantity

Typically, monovalent conjugate vaccines contain 10 IJg of saccharide, and multivalent vaccines contain between 1 and 10
IJg of each serotype or serogroup per singlehuman dose. Assessment of the content of polysaccharide may be difficult because
ofthe presenceof adjuvantor excipients, especially when multiplecomponents are present.Theamount ofeach polysaccharide
may be required in order to calculate the free polysaccharide content and the proportion of unadsorbed conjugate, or this
information may be used during processing of the vaccine'sfinal formulation. Polysaccharide quantity or concentration must
be confirmed for alltypes of monovalentconjugates because it isdirectlyrelated to the product dose. Avariety of methods are
available and suitablefor use in determining the polysaccharide concentration [see discussion of polysaccharide quantitation
in the Key Quality Parameters for MonovalentBulk Conjugate (Drug Substance) section above].

Carrier Protein Identity (if Appropriate)

Depending on the nature of the manufacturing processand the manufacturingcontrols, ifthe identityof the carrierprotein
has not been confirmed at an earlierstage, it may be necessary to do so before product release. Forexample, an identity test
for the carrierprotein could be necessary during the manufacturing processfor a multivalent product for which different
antigens are conjugated to differentcarrierproteinswithin the same facility. Carrier protein can be identified using an
immunological method such as an immunoblotor ELISA, or usingan appropriate chemical method such as peptide mapping.
If appropriate, the carrier's identity can be evaluated in the same assayused to identify the polysaccharide.

; .

Molecular Size (if Feasible or Appropriate)

Ifthe molecular sizedistribution has not been established for the individual monovalent bulkconjugates used in the drug
product formulation, the molecularsizedistribution of the conjugates must be determined in the final fill or drug product. The
molecular sizeof the conjugate isa keyindicatorof processconsistency. The average molecular sizeand the size distribution
should be measured usingappropriate sizing methods such as SEC, HPSEC, HPSEC with static light scattering or RI detection,
analytical ultracentrifugation, or dynamic lightscattering. The choice of the method should be based on the expected sizeof
the conjugate and the availability of a chromophore or fluorophorefor detection. In the case of molecular sizedistribution
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determinations at the final fill or indrug products composed of multivalentpolysaccharides, serotype-specific detection methods
may be required for the individual monovalent conjugates. Molecular size isa sensitiveindicator of conjugate stability, and,
where possible, it should be measured during stabilitystudies.

Proportion of Free (or Unconjugated) Polysaccharide

To measure the level of unconjugated polysaccharide, analystsmust separate the unconjugated polysaccharide from the
adsorbed and nonadsorbed conjugated polysaccharide and interferingsubstances. Ifunconjugated polysaccharide may be
adsorbed to adjuvant, prior desorption with, for example, phosphate buffer is required. Methods for separation and
measurement of conjugated and unconjugated polysaccharide are described above in Formulated and Adjuvanted Conjugate
Bulks. The level of unconjugated polysaccharide is a stability-indicating measurement because deconjugation isa potential
degradation mechanism and should be measured during stabilitystudies. However, assessing the level of unconjugated
polysaccharide and the stability of complex multivalent products is technically demanding, and alternativeapproaches to
assessingantigen integrity include molecularsize, O-acetyl content, or immunological measurement. Specific assays may
provide partial but overlapping informationand should be matched to the product. Freesaccharidedata obtained for individual
monovalent conjugates may also prove valuableand predictive.

pH, Osmolarity/Isotonicity, and Excipients

Ifthe vaccine isa liquid preparation, the pH and osmolarity/isotonicity of each final lot should be tested and shown to be
within the pre-approved specifications. Fora lyophilized preparation, the pH should be measured after reconstitution with the
appropriate diluent. Residual moisture in lyophilized products should be determined. See comments above regarding excipient
functionality.

Adjuvant Quantities (if Appropriate)

Ifan adjuvant has been added to the conjugate bulk, its content should be determined by an appropriate method. If
aluminum compounds (such as aluminum hydroxide or hydrated aluminum phosphate) are used as adjuvants, the amount of
aluminum should not exceed 1.25 mg per singlehuman dose or asotherwise required bythe governingagency (see also21 CFR
610.15).

Antimicrobial Preservative (if Appropriate)

During product development manufacturersshould consider the stability of the chosen preservative and possibleinteractions
between the vaccine components and the preservative, Ifa preservative has been added to the vaccine, the content of
preservativeshould be determined by an appropriate method (see AntimicrobialAgents-Content (341». The amount of
preservative in the vaccinedoseshould be shown neither to have any deleterious effecton the antigen nor to impairthe safety
of the product in humans. Ifpresent, the amount must be NLT the minimum amount shown to be effective and typically should
be NMT 120% of the amount stated on the label.

Moisture Content (Lyophilized Products)

Ifthe vaccine isfreeze-dried, the average moisture content should be determined by an appropriate method. Values should
be within limits established during the product's stabilitystudies. Typically, the average residual moisture content should be
NMT 2.5%, and no vial should be found to have a residual moisture content of 3% or greater.

Sterility

The sterility of each lot should be determined according to procedures described in (71) and 21 CFR 610.12.

Pyrogens and Endotoxins

Endotoxin (see (85» content or pyrogenic activity(see (151» should be within approved product speclftcatlons.

Diluent for Reconstitution of Lyophilized Vaccines

Manufacturers should generate data that show that adventitious microbial contamination does not growunder the,
reconstitution conditions (e.g., with diluents that will be used for reconstitution) or under specified storage conditions. A
preservativeisnot normally requiredfor single-dosevials when the product will be used soon after reconstitution,but multidose
vials do require preservatives. Testing in alignment with (51) is recommended to demonstrate acceptability, but testing may
not be required routinelyafter process control and consistency have been established.

.General Safety or Abnormal Toxicity

The general safetyor abnormal toxicityfor vaccinesshouIdbe established byappropriate evaluationand-should be consistent
with levels found to be acceptable in vaccine lots that were used in clinical trials. .
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(1235) VACCINES FOR HUMAN USE-GENERAL CONSIDERATIONS

INTRODUCTION

Vaccines have been used for centuries to immunize individuals against pathogenic organisms with the goal of preventing
the associated disease. Vaccines are biological products that contain antigens capable of inducing a specific and activeacquired
immune response in the body. Antigens present in vaccines are processed by specialized cells in the body's immune system,
resulting in the development of blood proteins known as antibodies (Le., humoral immunity) or specialized lymphocytes (l.e.,
cell-mediated immunity) or both. Therefore immune responses may be antibody mediated, cell mediated, or both. Thus,
antigens are critical for vaccinefunction and generally consistof a portion of the pathogenic organism, or an attenuated form
of the whole microorganism. In the case of DNA-based vaccines (currently under development), the vaccinewould contain
nucleotidesequences (genetic material) that encode microbial antigens.

Examples of types of licensed vaccines appear in Appendix 1. Acurrent listof vaccines licensed in the United States is posted
at www.fda.gov/cber/.

Vaccines can be ofvarious types, depending on their designand processes involved in their manufacture. Vaccines for human
use maycontain whole killed or attenuated organisms (e.g., bacteria or viruses) or contain antigens derivedfrom portions of a
pathogen, either by partitioning and purification or derived using recombinant technology (Table 7). Some polysaccharide
vaccines are conjugated to a carrierin order to enhance their immune response.

Table 1. Bacterial and Viral Vaccines

Live attenuated whole cellor vlrus­

Inactlvated/kllled"

Wholecellor virus­

Recombinant proteins"

Subunlts

Polysaccharides

Proteins

Modified toxins

a Live attenuated bacterialor viral vaccinesare weakened (attenuated) forms of a pathogen. Theycontain antigens that are similar to disease-causing microbes.
They may be derivedfrom the pathogen itself, or from a differentorganismthat contains antigens that cross-reactwith the virulentmicrobe (e.g., vaccinia and
variola). .
b Inactivatedbacterialand viral vaccines are produced by growingcellsof disease-causing bacteriaor viruses in cellsubstratesand subsequentlyinactivating them
to prevent replication in the recipient.
C Inactivated/killed whole-cell or virusvaccines consistof the entire microorganisms afterthey havebeen inactivated. Thesepreparationsmayor maynot be partially
or completelypurified.
d Recombinant protein viral and bacterialvaccinesare derivedfrom host cells that have been transformedwith expression vectorsthat carrygenes that encode
antigenic material from infectious agents. The expression cells are grown in bioreactorsto produce the recombinantantigenicmaterial.
e Subunitvaccines are extracts from inactivated/killed viruses or bacterla.Subunit-typevaccinesgenerallyundergo some degree of purification.

In addition to antigen(s), vaccines may contain several other components, such as adjuvants that enhance the immune
response to the vaccine antigen, preservatives to prevent bacterial or fungal contamination of multiple-dose vials, or other
excipients needed for pharmaceutical manufacturing or vaccinestabilization. Residual components from the manufacturing
process alsomay be present in vaccine preparations. Examples of these categories are listed in Table 2.

Table 2. Vaccine Components

Antigens

Wholeorganisms

Components/subunits

Recombinant proteins

Adjuvants

Aluminum salts

Antimicrobial preservatives

Thimerosal

2-Phenoxyethanol

Benzethonium chloride

Phenol

Stabilizers

Salts
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Aminoacids

Sugars

Proteins

Other

Manufacturingresiduals

Cell-derived residuals

Materials of animal origin

Antibiotic residuals

Inactivating chemicalagents

Other

Table 2. Vaccine Components (continued)

USP 43

Different vaccine antigens are often combined in one final formulation in order to elicitimmunity against multiple diseases
and to reduce the number of separate administrationsneeded to achieve immunity to the variousvaccine antigens.

Despitethe multipleformsvaccinesmaytake, several common features characterizethe manufacture and testing ofvaccines.
Thischapter focuses on commonalitiesthroughout the manufacturing process, from raw material qualifications to final release
tests.

Regulations and Standards

Vaccines are regulated by FDA as biological products. The general requirements are listed in national lawsand international
guidances. Forthe U.S., national requirements are codified in 21. CFR, the 200 and 600 sections, with additional
recommendations available in FDA Points to Consider and Guidance documents (www.fda.gov). International guidances are
available from the International Conferenceon Harmonization (ICH) (www.ich.org; see Appendix 2) and the World Health
Organization. New methodologies are continuallybeing developed and validated and will be included in USP as they become
available. Reference standards are available from USP and FDA.

OVERALL MANUFACTURING PLAN

When considering the overall plan for manufacturing a vaccine, manufacturers need to consider the following factors:
• Physical facilities;
• Raw materials and process aids;
• Actual manufacturing process, including

1. initial process (production of virus/bacteriaand recombinant materials);
2. downstream processes (purification or chemical modification, ifapplicable);

• Antigen modifications such as conjugation or toxoiding;
• Storage of process intermediates and final bulk;
• In-process and final product testing regimens and control schemes;
• Addition of adjuvants, ifapplicable;
• Formulation and filling;
• Container-closure system; and
• Stability program that supports the dating period of the product.
Qualitysystems are needed to support the following manufacturing process development: specifications for raw materials,

process intermediates, and final product; change control; and failure investigations and complaints. All of these elements are
important in the life cycleof the vaccine product.

The overall goal of a comprehensive manufacturing program is to consistently produce a vaccine that is safe and effective.
Concurrentlywith clinical development of the vaccine, the manufacturing process is refinedand the process and testing
methods are validated for consistency. This includessystemsto control changes to the processor inputs. Manufacturersshould
expect that changes will be required during the vaccine's manufacturing life cycle, and manufacturers necessarily will use data
from development and routine manufacturing to assessthe process as well as proposed changes. The manufacturers should
adopt systems that continuallyevaluate all aspects of manufacturing to identifyunanticipated changes in vaccine quality and
to assessthem as quickly as possible.

Manufacturing Facilities and Systems

Manufacturersshould have a general layoutof manufacturing facilities, includingdiagrams that show the following: flowof
raw materials and process inputs; movement of product, intermediates, waste streams, and personnel; and air flowsand .
pressurization levels. These diagrams assist in minimizing the risk of potential product contamination from varioussources:
Thesesources can includecross-contamination from other products, contamination from differentbatches of the same product,
and extraneous contamination from microorganisms and personnel. Evaluation of the flow diagrams can assistwith strategies
for development of engineering controls, personnel procedures, and monitoring systemsto enable compliance with Good
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Manufacturing Practices (GMPs). Analysis ofpotential risks mayalsoprovideinsightsabout what information shouldbe recorded
in batch documentation to facilitate consistent manufactureand also to facilitate failure investigations. Together, physical
facilities, procedures, personnel, training, and qualitysystems make up the GMP environment in which a vaccine will be
produced.

Manufacturing Process

The manufacturingprocess includesprocess inputssuch as rawmaterials and processingaidsand unitoperationscomprising
both the initial and downstream processing steps. A process flow map for the manufacturing process is useful and assists in
validation of the manufacturing process. This map shows all unit operations, the inputs to each operation, and the outputs to
subsequent manufacturingsteps. Analytical testing done at relevantsteps and the specifications requiredto proceed to the
next stage of processing may be added to the map. Aprocess map also supports a processing space to facilitate a rugged
process, i.e., one based on suitable characterization studiesto establish boundaries within which manufacturing can occur to
promote unchanged safetyand efficacy outcomes.

The processflow map should include all steps from making the seed/cell bank (described below) to formulation and filling
of the final product. The validation strategy should include the steps that require validation, along with identification of the
processspace, associatedcritical processparameters(CPP), and critical qualityattributes (CQA). The critical processparameters
are those that directly affectcore qualityattributes needed to successfully manufacture a batch of product. Somemanufacturers
identify other processing parameters that are important for processing but do not affect critical quality attributes.These
important but noncritical factors help identify the process development space, can contribute to the developmentof a rugged
process, or can be useful when the company assesses processing deviations. The concepts of qualityby designand exploration
of the processspace are relatively new to the biologics/vaccine industry but are becoming considerations for the overall
development-planning process.

Manufacturing Surveillance,

Manufacturing surveillance is the continual observation of how the process and the resulting product are performing. This
section is not exhaustive; rather, the points raised here outline the types of considerations recommended for a manufacturer
during development of a vaccine. Manufacturing surveillance includes the following:

• Periodic review of the performance of the manufacturing process;
• Analytical assays;
• Stability programs;
• Product complaints;
• Adverse event reports;
• Productfailure investigations;
• Atypical or deviationevents.
Takenas a whole, these activities allow a manufacturerto assess the state of the processand product and to evaluatewhich,

ifany, operations need to be modified. Thesesame systems also providea surveillance matrixto evaluatechanges. In any of
these programs it is alsovaluable to develop additional characterization assays that are not used for process intermediate or
product release purposes but may be used for further evaluation when additional information is needed or desired. These
additional assays for characterization are often based on different underlying analytical procedures to providedifferentwaysto
evaluate materials. '

Routine surveillance processes are increasingly implemented to attempt to detect changes in processes before any critical
qualityattributes are adversely affected. Not all vaccine processes can be characterized to the same extent or level (e.g., a live
virus vaccinevs. a recombinant protein vaccine), and statistical tools are often used to determine alert or action levels in ,
surveillance programs. Exceeding these levels requires the manufacturerto evaluate the situation but does not necessarily signal
product failure.

GMP manufacturingentailsfacility design, process development, qualitysystems,and manufacturingsurveillance. Together
these systems help the manufacturer to control the production of a vaccine. As noted, many types of vaccine are marketed,
and each has its unique features and therefore requires different plansfor each of the steps mentioned in this section.

SEED LOT SYSTEMS

Seed lots are the stocksof specific strainsof bacteria,viruses, or biotechnology-engineeredcells used to expressvaccine
an'tigens. All seed lotsshould be documented in terms of their isolation, derivation (or construction, in the case of recombinant
vector or engineered cells), and passage history. The purposeofa seed-lotsystem,which typically includes masterand working
stock seeds, and associated master and working cell banks, isto help ensure the consistencyof vaccinemanufacturing. The use
of master and working seed lots provides a method to limit the replication of the seed and to minimize the possibility ofgenetic
variation.

Amaster seed lot isa physically homogeneous preparationderivedfrom an original seed processedat one time and passaged
for a limited number of times. The master seed lot is characterized for its biological, biochemical and genetic characteristics,
and to ensure its purity, itsfreedom from adventitious agents, and its clinical ability to produce an effective vaccine. '

Cultures from the working seed lot should have the same characteristics as the master seed lot from which they are derived.
Forinfluenza vaccines, which may be reformulated with new virus antigens each year, certified seed lotscan be obtained from
national regulatoryagencies.
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Aworkingseed lot isderivedfrom the master seed within a limited number of passages.Theworking seed istested to ensure
its purity, freedom from adventitious agents, and biochemical properties. The workingseed is used for production of vaccine
without intervening passages.

Bacterial Vaccine Seed lot System

In the bacterialseed lot system, a master seed issubcultured to produce a workingseed one passage beyond the master
seed. An aliquot of the workingseed is then expanded to produce a vaccine lot. The strain(s) used for the master seed lots are
identified by historical records that include informationabout their origin. Information about the bacterialseed lot system
should include source, passage history, and raw materialsto which it was exposed, with specific emphasis on raw materialsof
ruminant origin. Seeds should be stored at an appropriate temperature in more than one location withina facility or at a distant
site in order to decrease catastrophic risk.

Identitytests may include inoculationonto suitable biochemicalmedia, Gram stains,genotype, and serological identification
with suitable specific antisera. Special tests may be added, for example, to show culture viability but also lackof virulence.'

Purity of the bacterial strains used for seed lots isverified by methods of suitable sensitivity to ensure that no adventitious
agents are present. These puritytests often are performed in the presence of the seed under conditionswhere growth isinhibited
by the presence or the absence of specific nutrients. Streaking can also be used to show that the cultured seed isa pure culture.

Viral Vaccine Seed lot System

The derivationand passage historyof viral seeds should be recorded in detail. Any manipulationof the viral phenotype (e.g.,
cold adaptation, development of temperature sensitivity, or attenuation of virulence) or intentionalgenetic manipulations (e.g.,
reassortment or recombination) should be documented.

These viral seeds are commonly differentiated into a master viral seed and working viral seeds or working viral stock. Viral
seeds should be stored at cryogenic temperatures to promote stabilityand in more than one locationwithin a facility or at a
distant site to decrease catastrophic risk. Manufacturers should assess the following characteristics of the viral seed stock:

• Growth characteristicson the intended production cell substrate,
• Tissue tropism;
• Genetic markers;
• Identity (for recombinant vectors);
• Viability during storage,
• Genetic stabilitythrough production;
• Attenuation properties;
• Purity;
• Absenceof adventitious agents. Ifattenuation or derivationisachieved by passage through differentspecies, the viral seed

should be assessedfor absence of adventitious agents common to those species.
The master viral seed should be extensively characterized to demonstrate the stability of genotype and phenotype for a

number of passages beyond the level used in production. Generally, during assessment of genetic stability, a master seed
undergoes a minimum of five passes beyondthe passage that will produce the final vaccine.

Tests should be performed for identity (e.g., sequencing the entire virusor a portion of it), adventitious agents, viral
phenotype, genetic stability, and, ifapplicable, agents that might be present in the seed as a resultof its passage history.Viral
phenotype can be assessedfurther for tissue tropism, attenuation properties, and temperature sensitivity. Not allof these tests
may be necessaryfor every viral seed strain.

In some cases the viral seeds may have a broad host range and therefore may require neutralization of the vaccine virus
before they are tested for adventitiousagent(s). Ifpossible, testing for adventitiousagents should be done without neutralization
in order to avoid an antiserum that may inadvertentlyneutralizean adventitious agent present in the seed. Sometimes it is not
possible to effectively neutralize a viral seed, and in such cases alternative strategies can be used. Forexample, the test can be
performed in a cellsubstrate that does not permit replication by the vaccinevirus. However, such a substitution of the substrate
cellmay compromise the test's sensitivity for detection of other adventitious agents. Therefore, the tests may be supplemented
with use of polymerase chain reaction (peR) assays.

Assessment of neurovirulencemay be appropriate ifthe virus is known to be neurotropic. Manufacturers should consult with
regulators about appropriate animal models, methods, and scoring systemsfor this assessmentbefore they initiatesuch studies.
Forviruses that are neurovirulent or may revert to neurovirulence (e.g., polioviruses), it may be necessaryto assess
neurovirulence beyond the master seed.

Ifthe master viral seed iswell characterized, the workingviral seed may not require extensivecharacterization. Forexample,
it may not be necessary to repeat testing for allthe relevantviruses from the derivation history.

Systems for Biotechnology-Engineered Vaccines

Fora vaccine produced via a biotechnology-engineered cell-expression system, a master seed lot or a master cell bank will
be established during product development. The seed lot or cell banks should be homogenous, which is often accomplished
by limiting dilutions. The seed lot or cell bank system should be characterized in a manner analogous to that used for the cell
substrate discussed in the next section, and additional tests can be used to demonstrate the genetic stabilityof the expression
system. .

www.webofpharma.com

https://nhathuocngocanh.com/



USP 43 General Information / (1235) 8295

FERMENTATION AND CELL CULTURE MEDIA

.A medium isthe material in which an organism isgrown and amplified in quantity to produce mass material for vaccine
production. Itscomposition isdiverse and depends on the cell types that the medium supports, rangingfrom well-defined
chemical media to chemically undefined media that contain natural components such as sera from animal origin (see Bovine
Serum (1024». Culture media should be suitablefor their intended purpose and should be free from adventitious agents and
known undesirable components such as toxins, allergens, and similar compounds. Ifundefined ingredients are necessary, the
amount should be kept below levels that are demonstrated to be safefor the final product.

Fermentation Media for Bacterial Growth

The nutrients consistof materials like proteins, sugars, inorganic trace elements, amino acids, and vitamins needed for
bacterial growth. The protein component may be as simpleas free casein (milk protein), or it can be as complex as extracts
from bacterial, plant, or animal sources.Any fermentation nutrientsof animal origin are sourced carefully and tested for
adventitiousagents. The compositionof a medium isoften customized to optimize product quality attributes. Medium
components that are known to cause allergic reactions should be avoided.

Media for Cell Culture for Viral Vaccines

The types and compositionof media used for isolation and all subsequent culture of components of viral vaccines need to
be recorded indetail.Chemically defined media without materials of animaloriginare preferred. Themedium should be tested
for sterility and suitability for the cells used in product production. Ifmaterials of animal originare used, they are assessedfor
freedom from adventitious agents. Ifhuman albumin is used in a U.S.-licensed vaccine, it must be licensed by FDA. The final
product should be withinspecified limits of residual mediumcomponents such asserum, antibiotics, selection agents or reagents
added for growth enhancement.

Media for Biotechnology-Engineered Cells

The requirementfor media usedfor the fermentation and propagation of biotechnology-engineered cells isthe same as that
noted above for bacterial fermentation and cell culture growth.

PROPAGATION AND HARVEST

The propagation and harvest phases follow the manufacturing processfrom the initiation of cell growth in the working cell
bank to the separation of the crude drug substance. In addition, in these manufacturing processsteps, raw materials, media,
and solutions should be qualified for their intended use. Batch numbers should be clearly assigned as needed, and the
relationship between component harvests and batches of individual drug substances should be recorded clearly.

Propagation and Harvest for Bacterial Vaccines

Propagationof bacteriafor bacterial vaccines ispeiformed under specified conditionsfor the inoculum preparation and the
fermentation phases. In-process monitoring and testing should be conducted for qualityassurance. All controlsand testing
performedafter production (e.g., purity,viability, antigen yield, and phenotypic identity)should be documented. Thefirststep
of drug-substance recovery is harvesting from the bioreactor. Avariety of equipment is available, and the processequipment
used depends on the nature of the process. Procedures should be established to ensure containment and prevention of
contamination during harvesting and to monitor bioburden (including acceptance criteria) or sterility. The storage conditions
and the stability time limitfor the harvest material should be described. Formost bacterialvaccines, an inactivation step is
necessary. Personnel involved in bacterial inactivation should consider the following: how cell culture purity isverified after
inactivation, whether culture purityshould be defined before inactivation, choice of the inactivation agent, and validation of
the procedure(s).

Propagation and Harvest for Viral Vaccines

The manufacturing of viral vaccines using eukaryotic cell culture includes a two-phase production process. The first is the
expansion of the cellcultures used as a substrate for viral replication. The second phase includes the initial virus infection and'
subsequent replication and virus production.

CELL SUBSTRATE GROWTH PHASE

The tell substrate expansion processfor viral production isthe phase designed to prepare the cells in a physiological state
appropriate to sustainvirus growth. Cell substrates often require complex animal-derived supplements such as serum. The
source and testing requirementsof bovineserum are subject to regulatory requirements (see Bovine Serum (1024».
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VIRUS PRODUCTION PHASE

USP43

Relatively few cell types have been used as substrates in U.S.-licensed viral vaccines, but these include primary cells (e.g.,
certain cells derived from monkey, chick, or mouse tissue), diploid cell lines (e.g., WI-38, MRC-5, or FRhL-2), and continuous,
cell lines (e.g., Vero). Vaccine manufacturers have optimized nutrient requirements, growth factors, and serum concentration
to support robust growth and strong virus productivity for these cell lines.

PURifiCATION

The objective of the purification steps is to remove as much aspossible of the impurities in the initial harvest and to maximize
the purity of the final vaccine product. Process residuals may consist of materials from the culture medium and/or cellular
components. Purification procedures should be optimized and validated. When applicable, viral clearance steps (viral removal
or inactivation) should be included and validated using relevant model viruses. Special considerations are observed depending
on the types of vaccines and production system used, as discussed below.

Bacterial Fermentation

Bacterial fermentations are typically highly productive and yield large amounts of biomass. For bacterial subunit products or
recombinant components expressed by bacteria, fermentation can produce very high concentrations of the desired active
ingredient. Manufacturers should initiate culture purity testing before further processing.

LIVE BACTERIAL VACCINES

Live bacterial vaccines such as Bacillus Calmette-Guerln (BCG) and Salmonel/a typhi Ty21a are relatively fragile as
pharmaceutical products and therefore tolerate only fairly gentle purification approaches. If osmotic and shear forces are
constrained, then the integrity of the bacteria usually can be maintained.

INACTIVATED BACTERIAL VACCINES

At present no inactivated whole-cell bacterial vaccines are licensed for use in the U.S.

PURIFIED BACTERIAL ANTIGENS

Purification of bacterial components (e.g., proteins, toxins, and polysaccharides) generally requires cell disruption. More
selective purification methods can be used to remove culture media and bacterial impurities and to achieve high purity of the
target bacterial component. '

Biotechnology-Engineered Cells

Of special concern in the purification of recombinant-derived vaccine components is the issue of residual host cell
components that could produce an adverse immunogenic response in patients. This response could be exacerbated by the
presence of vaccine adjuvants.

RECOMBINANT VIRUS-LIKE PARTICLES (VLP)

Formation of VLPs can coincidentally result in incorporation of host cell components (e.g., DNA) into the quaternary structure
of the molecular assembly, resulting in a class of impurities that has a tight association with the active pharmaceutical ingredien~:
Asa result, modern approaches to VLPproduction in some casesinclude a disassembly step that dissociates impurities from ~t1e
viral proteins'. This procedure is followed by a reassembly step that reforms the VLPs in the absence of the host components.
Liquid-phase extractions and chromatographic procedures can be used to provide high-purity components for use in vaccine
products with no substantial risk of carrying over significant residual host components.

Viral Vaccines Derived from Cell Culture

VIRALVACCINES DERIVED FROM CONTINUOUS CELL LINES

If a continuous cell line (e.g., Vero) is used for vaccine production, a validated filtration step is necessary to separatevirus
from intact cells. The quantity and sizeof any residual host cell DNA also should be determined (seegeneral information chapter
Nucleic Acid-Based Techniques-Approaches for Detecting Trace Nucleic Acids (Residual DNA Testing) (1130». Currently, 10 ng of
host cell DNA is permitted per dose of a parenterally administered vaccine, and regulatory agencies continue to consider on a
case-by-case basis the level of risk posed by host cell DNA for vaccines that are administered by other routes (e.g., nasal ororal).
Multiple purification methods to reduce the size and amount of residual host-cell DNA present in the vaccine are desirable and
include steps such as treatment with DNAse, diafiltration, ultrafiltration, and column chromatography.
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VIRAL VACCINES DERIVED FROM HUMAN DIPLOID CELL CULTURE

FDA has licensed several vaccines made using human diploid cells. The two most commonly used diploid cell lines are MRC­
5 and WI-38, both of which are derived from human embryonic cells and have the normal diploid number of human
chromosomes. They are widely used to manufacture vaccines because they have been shown to have no tumorigenic or
oncogenic potential and have been shown to be susceptible to a wide range of human viruses. However, unlike continuous cell
lines that can be passaged indefinitely, human diploid cell lines are capable of attaining only a certain number of population
doublings, after which they experience a rapid decline in their ability to proliferate. This issue is managed by freezing multiple
aliquots of master and working cell banks.

VIRAL VACCINES DERIVED FROM PRIMARY CELL CULTURE

Like diploid cells, primary cells normally are not tumorigenic or oncogenic. However, when primary cells are used to
manufacture live vaccines, the donor animals from which the primary cells are obtained are extensively tested for a variety of
pathogens before being used. For example, chicken flocks used to prepare chicken embryo kidney cells undergo extensive
serological testing for adventitious agents before the flock can be used to prepare the cells. Some of these tests are described
in the Code of Federal Regulations (CFR, seethe sections listed in Appendix 2) and the USP general information chapter Virology
Test Methods (1237).

Viral Vaccines Derived from Chicken Eggs

The embryonated chicken egg is a highly productive growth substrate for certain viruses, such asthose used to make vaccines
for yellow fever and several influenza vaccines. In the case of influenza vaccines, vaccine virus is harvested from egg allantoic
fluid. In the case of yellow fever vaccine, the vaccine virus is harvested from embryo tissues. Therefore, residual egg or embryo
components are special considerations in vaccine purification.

Egg-based vaccine production, like all biomass expansions, requires care and quality control of the virus seed lots and egg
substrates to avoid contamination with other organisms.

LIVE ATTENUATED VIRUS VACCINES

Viruses for live vaccines (e.g., yellow fever or live influenza) are produced using Specific Pathogen-Free (SPF) eggs. These
eggs are produced by chicken flocks that are regularly screened for avian pathogens (e.g., avian leukosis virus) and are
maintained using appropriate animal husbandry practices. To preserve the infectivity and antigenic integrity of the vaccine
viruses while removing egg-derived components, relatively simple, mild methods (e.g., zonal sucrose gradient centrifugation
and diafiltration) are used for vaccine virus concentration, purification, and buffer exchange.

INACTIVATED WHOLE VIRUS VACCINES

Viruses for inactivated vaccines can be produced using non-SPF eggs because of required chemical inactivation steps in the
manufacturing process. Becausethe vaccine virus needs to be retained intact while removing egg-derived components and
inactivating chemicals, relatively mild purification and concentration methods (e.g., zonal sucrose gradient centrifugation) are
used. If chemical agents are used in the process, they should be minimized in the final product to below prespecified levels.

SPLIT VIRUS AND PURIFIED SUBUNIT VACCINES

Viruses for split virus and purified subunit influenza vaccines are produced in non-SPFembryonated eggs. Inactivation and
purification of vaccine viruses are achieved by chemical treatment (e.g., formaldehyde or p-propiolactone) and zonal sucrose
gradient centrifugation, respectively. Split virus vaccines are prepared by disruption of vaccine virus particles using a detergent
(e.g., sodium deoxycholate) that preserves antigenic integrity.

INTERMEDIATES

)Intermediates are defined here as the unformulated active (immunogenic) drug substances that are processed before final
fo mulation and can be stored for long periods of time before further processing. These intermediates can be stored and should
be included in a formal stability program. Examples of intermediates include bulk polysaccharides, purified recombinant
proteins (concentrates), and conjugates.

Production of Intermediates

Intermediates are manufactured from starting materials by one or a combination of different processes(e.g., fermentation,
cultivation, isolation, or synthesis). Subsequent steps of the procedure involve preparation, characterization, and purification,
eventually resulting in the drug substance. Quality systemsdocuments are adopted for production and all applicable information
should be recorded in a controlled document (i.e., a batch record). When applicable, stability studies and release tests should
be performed before proceeding to the next steps (see below).
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Tests for Intermediates

USP 43

The quality attributes of the intermediate are commonly tested in conjunction with further processing.Characterization
beyond release testing should be considered. Characterization methods can use appropriatelyqualified procedures. Some tests
are routinely performed before the intermediates are converted to the final bulk, depending on individual vaccines.

Ifintermediates need to be stored and/or subsequently shipped to a different locationfor further processing, the stabilityof
these materials should be demonstrated. Stability tests can be a combination of both physicochemical analysis and biological
assays.

FINAL BULK

Final bulk is the bulk drug product that contains the drug substance(s), excipients, and other ingredients at desired
concentrations and is ready for filling into individual containers.

Production of Final Bulk

Appropriatelycontrolled amounts of all ingredients are blended to uniformity to produce the final bulk. The processing may
include one or more steps such as bufferexchange and addition of diluents, bulking agent, stabilizing excipients, adjuvants,
and preservatives. Final bulk may be prepared aseptically or processing may include a sterilization step.

Tests for Final Bulk

The quality attributes of the final bulkshould be tested. Appropriate testing should be performed with respect to identity,
purity, potency, sterility (see SterilityTests (71 »), and antimicrobial effectiveness (see AntimicrobialEffectiveness Testing (51»).
Tests demonstrating safety, if applicable, are performed. The list-includes, for example, tests for the absence of adventitious
agents, mycoplasma, and other microorganisms.

Testing is required for specific process-related and product-related impurities, depending on the vaccines being
manufactured. In addition, tests are required for the bulkingagent, stabilizing excipients, adjuvants, and/or preservatives, if
used. All the testing should be done according to respectivestandard operating procedures (SOPs), and all tests should have
specifications (or provisional specifications, where applicable).

Stability Test for Final Bulk

Iffinal bulks are stored and/or subsequentlyshipped to a different locationfor further processing, the stability of these
materialsshould be demonstrated. Stability tests can be a combination of both physicochemical analysis and biological assays.
Implementation of a stability program isrequiredfor formal stabilitystudies, and the studies should be executed according to a
protocol that contains detailed informationabout types oftests, includingspecifications, testing intervals, and data and analysis.

FINAL CONTAINER

Afinal container of vaccine contains the active inqredlentts) (i.e., antigen(s)) as well as additional components, such as
stabilizers, adjuvants, or antimicrobial preservatives. They also may include residual materialsfrom the manufacturing process.

Excipients and Other Additives

In addition to specific antigens, vaccinesoften include excipients and other additives that are intentionally added to the
vaccineby the manufacturerfor a specific purpose. Theseincludeadjuvants, antimicrobial preservatives, and stabilizers. Vaccines
also contain manufacturing residuals, which are trace amounts of variouscomponents used during manufacturing. Thus, the
combinations of these components comprise and define the complete vaccine product. Manufacturers must adhere to
regulations governing permissible limits of such components, as indicated in the product's license.

ADJUVANTS

Adjuvants are agents incorporated into vaccineformulations to enhance and increase the immune responses generated by
the vaccine antigens. Specifically, they can increasethe amount of antibody produced, direct the immune response (Th1 or
Th2), increase the duration of antibody presence (persistence), or produce a combination of these effects.

Aluminum compounds have long been the most widely used adjuvants worldwide.Two methods traditionally have been
used for combining aluminum adjuvant to antigen to form aluminum-adsorbed vaccines. The first involves the addition of the
antigen solution to preformed aluminum precipitate. The second involves the addition of an antigen to aluminum in solution
and the addition of a compound that will coprecipitate the aluminum salt and the antigen in situ. Solutions of aluminum
potassiumsulfate, knownas alum or aluminumchloride,have been used together with phosphate saltsas precipitatingagents. A
number of aluminum adjuvant formulations are used in vaccines.

Tests for aluminum are based on metal detection tests described in the general test chapter Aluminum(206). Regulations
limitthe amount of aluminum permitted in a dose of vaccine.The Code of Federal Regulations [21 CFR 610.15(a), Ingredients,
preservatives, dlluents, adjuvants] states that "the amount of aluminum in the recommended individual dose of a biological
product shall not exceed:
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1. 0.85 milligrams ifdetermined by assay;
2. 1.14 milligrams ifdetermined by calculationon the basisof the amount of aluminum compound added; or
3. 1.25 milligrams determined by assay provided that the data demonstrating that the amount of aluminum used issafe

and necessaryto produce the intended effect and are submitted to and approved by the Director, CBER [Center for
Biologics Evaluation and Research at FDA]."

The third criterion above aligns U.S. regulations with World Health Organization guidance for aluminum content in a single
human dose of a vaccine product.

Note that adjuvants are not licensed by themselves; they do not constitute a product. Rather, a vaccineconsistingof specific
antigen(s) and an adjuvant are licensed together as a drug product.

ANTIMICROBIAL PRESERVATIVES

In the case of multiple-dose containers, antimicrobial preservatives are added to inhibit the growth of microorganisms that
may be introduced from repeated puncture of multidose vials. With certain exceptions, a preservative is required to be present
in vaccines marketed in multidose containers [21 CFR 610.15(a)]. Exceptions include yellow-fever vaccine; measles, mumps,
and rubella (MMR); and dried vaccines when the accompanying diluent contains a preservative.

The microbial preservatives currently used in vaccinesare thimerosal, 2-phenoxyethanol, benzethonium chloride, and
phenol. Theseagents must pass the appropriate antimicrobial effectiveness test, as described inAntimicrobialEffectiveness Testing
(51). Antimicrobial test challenges should be conducted as part of the normal formal stabilityprogram, including at expiration
date. Various tests for preservatives can be found in Anttmicrooia! Agents-Content (341).

STABILIZERS

The primary purpose of stabilizers is to protect certain vaccinesfrom adverse conditions such as heat or to serve as a
cryopreservative during the lyophilization process, usually the freezing step. The particular materialschosen for this purpose
includesugars (e.g., sucrose or lactose), amino acids (e.g., glycineor glutamic acid [monosodium salt]), glycerol, and proteins
(e.g., human serum albumin [HSA] or gelatin). Materials should be customized to a specific vaccineformulation and selected
with patient safety in mind.

When a protein is chosen as a stabilizer, two main safety concerns arise. One stems from the source of the protein: animal
or human origin raises the possibility of the presence of an adventitiousagent. The second concern isthe possibility of an allergic
reaction in persons sensitized to that protein. This should be evaluated as part of the clinical program during vaccine
development. At present two proteins are used as stabilizers for vaccines: HSA and gelatin. FDA requiresthat any serum-derived
albumin used in manufacturing be U.S.-licensed HSA. FDA guidance further recommends that a statement indicatingthe source
and related risks appear in the "Warnings" section of the labelingfor HSA-containing products.

Gelatinor processed gelatin also is used as a vaccinestabilizer. The gelatin source may be either bovineor porcine. Although
the conditions of manufacturing gelatin are harsh (i.e., the product is subjected to extremes of heat and pH), there remainsa
concern with bovine sources about the presence of the transmissible spongiform encephalopathy (TSE) agent, because this
agent is known to resistsuch conditions. Therefore, ifgelatin added to a vaccine or used in manufacturing isfrom a bovine
source, the material should have the appropriate documentation certifying that it comes from a country or region that is in
compliance with TSE guidance for industry. . .

MANUFACTURING RESIDUALS

Vaccines may contain residualamounts of any of the materialsused in the manufacturing process.These materialsare termed
manufacturing residuals. As a general principle, it is not possibleto remove a particularsubstance completely, nor is it possible
to conclusively demonstrate that a particular substance has been completely removed. Therefore the goal is to reduce these
substances to an undetectable level, using a sensitiveand validated analytical methodology. Some products are tested for
pyrogenicsubstances as a manufacturing residual (see Pyrogen Test(151 »; and, ifthe product isfreeze-dried, it should be tested
for residual moisture (see Loss on Drying(731». Residual levels of manufacturing materials, including, ifapplicable, inactivating
agents, should be justified. The release specifications of these components are required as part of the approved license.

CELL-DERIVED RESIDUALS

Live attenuated bacterial vaccines are not usually subject to a high degree of postexpansion purification. But killed bacterial
component vaccines typically undergo significantpurification to reduce cell-derived residuals, Common cellularcomponents
to be reduced are proteins, nucleic acids, and polysaccharides. Assays for these components are routinelyconducted, if
appropriate, to ensure purity. Acommon residual in bacterialvaccinesmade from Gram-negative bacteria is lipopolysaccharide
(LPS), commonly knownas endotoxin. Endotoxin testing isperformed during the manufacturing processfor any Gram-negative
bacterialvaccine. In the case of Gram-positive bacterialvaccines, the endotoxin testing should be conducted to ensure that no
contaminants from Gram-negative bacterialgrowth are present. Also, there must be a releasespecification for this residual. Two
tests are currently used to detect LPS in biological products, the Limulus amebocyte lysate (LAL) test (see Bacterial Endotoxins
Test (85» and the rabbit pyrogen test (see Pyrogen Test (151». The Limulus lysatethat is used to test for bacterial endotoxin in
FDA-regulated products is itselfa U.S.-licensed product. The rabbit pyrogenicitytest requires the use of animals and is more
difficult to perform; therefore, it is not employed to the extent that the LAL test is used. . .

Viral vaccine manufacturing requires cellsubstrates to produce the viruses, which are then taken through purification
processes. Generally, killed viral vaccines are more highly purified than are live attenuated ones. Depending on the method
used to manufacture the vaccine, manufacturers work with FDA to develop prudent specifications for the final vaccine.
Animal-derived host cells have been used extensively invaccinemanufacturing, particularly viral vaccines. Forexample, influenza
and yellowfever vaccines are produced, respectively, in egg allantoicfluid and chicken embryos. Mumps, measles, and some
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rabiesvaccinesare produced in chickembryo cells. The labelsof these products must state that residual chicken proteins may
be present in the final vaccine,and the labelmay indicate how much ispresent. Further, the labelalso urges practitionercaution
when vaccinating a person with known hypersensitivity to eggs.

Two U.S.-licensed hepatitis Bvaccinesare based on recombinant DNA-derived proteins expressed in yeast cultures. In both
cases, the labelsnotifyhealth care professionals that yeast protein may be present in the vaccineand recommend that suitable
precautions should be exercised. In the case of live viral vaccines, considerations may be given to the reduction of cellular
residual materials (e.g., host DNA, proteins).

MATERIALS OF ANIMAL ORIGIN

Some raw materials and reagents, such as gelatin, calfserum (see Bovine Serum (1 024», or trypsinfor vaccine manufacturing
raiseconcerns regarding the potential presence of adventitious agents. Raw materials should be sourced from countries
acceptable to FDA. Additionally, manufacturersshould test these materialswhen possible to minimizethe risks ofcontamination
with adventitious agents. Reduction of serum components (e.g., BSA) should be considered in processing.

ANTIBIOTIC RESIDUALS

Some antibiotics (but not penicillin) can be used in minimal amounts in the manufacturing process for viral vaccines,
according to 21 CFR 610.15(c). Those that have been used include gentamicin, streptomycin, neomycin, and polymyxin B.
There is no requirement for tests of residual levels of these antibiotics in the final vaccine. However, according to 21 CFR
610.61(m), the calculated amount expected to remain as a residual in the final vaccine, based on the amount added and the
dilution factor in the manufacturing process, must be stated on the product label.

INACTIVATING CHEMICAL AGENTS

Several chemical agents have been used to inactivate bacteria and viruses or to detoxifytoxins in vaccine production
processes. Formaldehydeand p-propiolactoneare the most commonly used inactivating agents. Other lessoften used
inactivatingagents include glutaraldehyde and hydrogen peroxide. As a manufacturing residual, the inactivatingagent should
be removed from the final product as thoroughly as possible. The upper limitfor formaldehyde is generally 0.02%, equivalent
to 0.1 mg per 0.5-mLvaccine dose. The limitfor p-propiolactone should be below the limitof detection.

EVALUATING THE STABILITY OF VACCINES

The stabilityof vaccine products depends on the nature of a vaccine antigen, the product formulation, and the control of
vaccinestorage prior to use.

Vaccine products are evaluated with programs that include real-time long-term storage under prescribed conditions. The
use of extreme temperatures to potentiallyaccelerate degradation may help manufacturers understand the stabilityof the
product.

Vaccine products, like all pharmaceutical products, should be evaluated to define suitable conditions for storage (21 CFR
610.50 and 610.53). General principles of stabilitytesting for biological products are described in Quality of Biotechnological
Products: Stability Testing of Biotechnological/Biological Products (1 049). Typically these concerns are focused on the final vaccine
product, but evaluationsalso are needed for bulk intermediates to justify the conditions under which they are held. In both
cases manufacturers define in advance the conditions to which the product will be exposed (e.g., temperature, light, and
humidity) and the time range during which the product will be exposed to those conditions. Stability studies should evaluate
allstorage conditions to which the product or intermediate is likely to be exposed during production, handling, shipping, and
storage so that appropriate time limits can be placed on the exposure to those conditions.

The primary criteriafor defining the storage conditions for these intermediates and the final products are generallyfocused
on acceptable maintenance of potency; but, as discussed below, there often are other attributes that need to be considered.

Evaluation of the stabilityof vaccine products has three general purposes. First, the products are shown to maintain an
acceptable analytical profile throughout manufacture and use to preserve safetyand effectiveness. Second, stabilitystudies
acrossseveralproduct batches providean effective way to characterize the inherent properties of the product. This in turn leads
to the third use, demonstrating manufacturing consistency in the product.

Stability Protocols

The overall experimental plan for evaluating the stabilityprofileof a given set of product or intermediate batches typically
includesspecific definitionof the conditions under which the samples will be stored and why these conditions are relevant, the
length of time the samples will be stored at each condition, when samples will be tested during this time course, and the
analytical measurements at each time point. Additionally, these stabilityprotocols include itemization of the analytical
procedures to be used. Forstabilitystudies that occur early in product development, the studies may be conducted to confirm
the suitabilityof the product formulation and/or storage conditions. Laterin development, stabilitystudies are typically.
conducted to provide data supporting product dating period or intermediate hold time, to provide more elaborate product
characterization, and to evaluate manufacturing consistency. These latter studies define product end-expiry specifications that
allowdefinitionsof acceptable and unacceptable product. Unacceptable product isdefined as product that is no longer
acceptable for use in clinical studies or for commercial use (e.g., because of degradation or lossof potency). Stability.studies
should be conducted overa duration sufficient to determine the point of loss ofacceptable potency or other relevantparameters.
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Manufacturers should considerthe rigorof the analytical method(s) used to evaluate the stability of complex products and
improvetheir understanding of the parameters that are critical to immunogenicity (including stability-indicator parameters).
Selection of the stability-indicator parameters varies with each vaccine's unique characteristics.

The primaryparameter that reflects stability for most vaccines isthe potency assay(see Potency Tests in Lot Release Testing,
below).This assaycan take manyforms, depending on individual vaccines (e.g., an infectivity assay for a live virus vaccineor a
measure of the proportion of conjugated polysaccharide for a polysaccharide-protein conjugate vaccine). The potency assay
isgenerallythe key analytical result predictingwhether a vaccine remains suitablefor use and whether it will produce the
expected clinical response. Other analytical measurements can provide important supplemental data, particularly those that
have a clear link to the potency of the product. Examples includedegradation profile, dissociation of a carrierprotein from
conjugated vaccines, and dissociation of an adjuvant from an antigen complex.Additionally, other common assays typically
are performed as part of the stability study and may address physical or chemical changes in the product that mayor may not
affect its potency (e.g., general safety, degree of aggregation, pH, moisture, container, preservative, and enclosure).

Formal Evaluation of Stability Data and Product Expiry Dating

Vaccines must rernalnwlthln potency specifications at the expiration date, provided that the product was stored under the
normal conditions specified. Manufacturers should conduct stability studies to determine those storage conditions and that
dating period to demonstrate that the product remainswithin the potency specifications. Manufacturers should conduct
stability studieson a continuingbasis. Ifa majormanufacturing processchanges, additionalstability studiesshould be conducted
to verify that there isno adverse impact on the stability profile. Undercertain conditions such as processchanges, accelerated
stability studies could be conducted. An accelerated study involving temperatures both higher and lowerthan routine can
evaluate the impact of temperature excursions on products. Asimilar evaluation should be done for product intermediates to
establish how long a given intermediate can be held under defined conditions before it is processedfurther or discarded.

NOMENCLATURE

There are no uniform systemsfor naming new vaccines. 21 CFR 299 describesthe cooperation of the FDA and the U.S.
Adopted NamesCouncil (USAN) in namingdrugs, including vaccines. USAN isa privateorganizationsponsored bythe American
Medical Association, USP, and the American Pharmacists Association. Section 262 in Title 42 of the Public Health Service Act
requiresthat each package of the biological product be plainly markedwith the proper name (name designated in the license
21 CFR 600.3) of the biological product contained in the package.

LABELING

Vaccine product labeling is regulated in compliancewith 21 CFR 201 and 610. Requirements are set for container labeling
and package labeling.

Container Label

Provisions are made for the following labels:
• Full label;
• Partial label; and
• No label on the container itself when the containers cannot support a label that includes all required information and

should be placed in a package that does include all required information.
The labelshould be affixed to the container in a manner that allows visual inspection of the contents for the full length or

circumferenceof the container. If no package exists, the container bears all of the information requiredfor the package label.
The full container label normally contains the following:
• Proper name of the product;
• Name, address, and license number of the manufacturer;
• Lotnumber or other lot identification;
• Expiration date;
• Recommended individual dose, for multiple-dose containers;
• The phrase Rx only for prescription. biologicals; and
• Any applicablecautionarystatements.

Package Label

In addition to the information required on the container label, the package labelshould describe the following:
• Any preservative used and its concentration, or the words nopreservative if. no preservative is used and its absence isa

safetyfactor; .
• Number of containers, ifmore than one; or

www.webofpharma.com

https://nhathuocngocanh.com/



8302 (1235) / General Information USP 43

• Amount of product in the container, expressed as number of doses, volume, units of potency, weight, and equivalent
volume (for dried product to be reconstituted); or

• Acombination of the above to providean accurate description of the contents, as applicable;
• Recommended storage temperature;
• The words shake well, do not freeze, or the equivalent, as wellas other instructionswhen indicated by the character of the

product;
• Recommended individual dose, for multiple-dose containers;
• Recommended route of administration, or reference to such directions in an enclosed circular;
• Presence of known sensitizing substances;
• Type of antibiotics added during manufacture and the amount calculated to remain in the final product;
• Inactive ingredients, when they constitute a safetyfactor or are referenced to an enclosed circular;
• Adjuvant, if present;
• Source of the product, when this may be a factor in safe administration;
• Identity of each microorganism used in manufacture and, ifapplicable, the production medium and the method of

inactivation or reference to an enclosed circular;
• Minimum potency in terms of official standard of potency, or the words no U.S. standardofpotency.

Prescribing Information

Detailed informationabout a vaccineappears in its prescribing information, commonly called the package insert.
Increasingly, vaccinesare distributed with patient package insertswritten in lay language. Prescribing information (21 CFR
201.56 and 201.57) includes the following: '

• Highlights of prescribing information
• Product names, other required information
• Boxed warning
• Recent major changes

1. Indications and usage
2. Dosage and administration
3. Dosage forms and strengths
4. Contraindications
5. Warningsand precautions
6. Adverse reactions
7. Drug interactions
8. Use in specific populations (e.g., pregnancy, nursing mothers, pediatric, geriatric)
9. Drug abuse and dependence
10. Overdosage
11. Description
12. Clinical pharmacology
13. Nonclinical toxicology
14. Clinical studies
15. References
16. Howsupplied/storage and handling
17. Patient counseling information

LOT RELEASE TESTING

General Principles

Manufacturers perform all appropriate tests for the licensed specifications for the product, according to 21 CFR 610.1 and
610.2. Samples of each licensed lot and protocols containing the manufacturers' test results are submitted to FDA. AfterFDA
evaluates the protocol to ensure that the product specifications are met, and after satisfactory confirmatorytesting, FDA
approves the releaseof the lot ifalltests meet the standards of safety, purity, and potency establishedfor the particularvaccine
product. After approval isgranted, the manufacturer distributes and markets the product. '

Guidelines are available regarding alternatives to lot releaseand a surveillance system. All of these variations are subject to
the regulations in 21 CFR 610.2 that allow FDA to require that samples of any lot of licensed product (e.g., vaccine), together
with the protocols showing resultsof applicable tests, be sent to FDA.

Common Tests

The tests common to all lotsof allproducts includetests for potency, general safety,sterility, purity, identity,and constituent
materials. The manufacturer completes these tests for conformitywith standards applicableto each product. The resultsof all
tests are considered, except when a test has been invalidated as a result of causes unrelated to the product (21 CFR 610.1).
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POTENCY TESTS (VACCINE-SPECIFIC)

The basicdefinition and requirements for vaccine potency and potency assays are provided in 21 CFR 600.3 and 610.10. A
vaccinepotency assayshould indicatethe therapeutic activity of the drug product as indicated by appropriate laboratorytests
or by adequately developed and controlled clinical data. Potencymay be expressedin terms of unitsby reference to a standard.
Product potency tests varywith vaccineproduct types (e.g., viral, bacterial, live attenuated, inactivated, or polysaccharide).
As a result, potency assays for vaccines span a variety of approaches to the expression of potency. Invitro potency tests for live
virus may include plaque formation assays, endpoint dilution assays (e.g., the tissueculture infective dose [TCIDso], virus
neutralization assays, or quantitative polymerase chain reaction [PCR] assays). Quantitativecolonyformation assays are used
for live attenuated bacterial vaccines. Animal challengetests for immunogenicity assays of potency, such as those for diphtheria
and tetanus (U.S. Department of Health, Education, and Welfare, 1953; see Appendix 2), or rabies and anthrax show in vivo
response.Antigenicity assays use enzyme-linked immunosorbent assays (ELISA), e.g., with hepatitisAor rate nephelometryand
rocket immunoelectrophoresis (e.g., with pneumococcal polysaccharides). The potency tests for bacterial vaccines, such as the
meningococcal polysaccharides, pneumococcal polysaccharides, or Haemophilus b protein conjugate vaccines use chemical
and physical chemicalassays. In the case of pure polysaccharide vaccines, the concentration or quantity of the vaccine
component (polysaccharide) and itsquality(e.g., size) have been shown to be indicative of human immune response.

Assay precision and reproducibility varywith the differentmethodologies that are used in potency assays, rangingfrom the
high accuracyand precision ofchemical tests at one end of the spectrum to bioassays at the other end. Thegeneral test chapter
Design and Analysis ofBiological Assays (111) provides guidance for bioassays and appliesto vaccine potency assays. Other tests
should be validated as described in the general information chapter Validation of Compendial Procedures (1225).

RELEASE TESTS

Official release of vaccines by the vaccine regulatoryauthority may be based on either the bulkor the final container. It is
highlydesirableto performpotencytests on the final container. However, under certain circumstances this may not be practical
or even possible: thus, a case-by-case approach would be required.The choiceof whether to test the bulkor the final container
derives from a number ofconslderatlons, such as the quantity ofvaccineavailable for tests at the different manufacturing stages.
Forcertain vaccines, both bulkand final container receive official release. The potency test isgenerally requiredfor the final
container. If it is not feasible to performthe potency test on the final drug product, the test is performedon the bulkmaterial.

GENERAL SAFETY

Forbiological products that are intended for administration to humans, manufacturers performa general safetytest in order
to detect any extraneous toxiccontaminants. Procedures and exceptions are specified in 21 CFR 610.11.

STERILITY

Asterility test of each lot of each product isconducted according to proceduresdescribed in SterilityTests (71) and 21 CFR
610.12 for both bulkand final container material.

BACTERIAL ENDOTOXINS

Each lot offinal containersofa vaccine intended for use by injection istested for bacterial endotoxins,as indicatedin Bacterial
Endotoxins Test (85).

PURITY

Vaccines need to be free of extraneous material. Approved vaccine license applications indicateextraneous materials that
are unavoidable in the manufacturing process for a specific product. The application may indicatetest results and allowable
limits for such materials, accordingto proceduresdescribed in 21 CFR 610.13.

RESIDUAL MOISTURE

Each lot of dried product istested for residual moisture [see 21 CFR 610.13 (a), Loss on Drying(731), and FDA's Guideline for
the Determination of Residual Moisture in DriedBiological Products (see Appendix 2)].

PYROGENS

Each lotoffinal containersofa vaccine intended for use byinjection istested for pyrogenicsubstances,as indicatedinPyrogen
Test(151) and 21 CFR 610.13 (b).

IDENTITY

The contents of a final container of each filling of each lot are tested for identityafter labeling iscompleted. Identity is
established by physical or chemical characteristics of the vaccine, inspection by macroscopic or microscopic methods, specific
cultural tests, or in vivo or in vitro immunological tests. In large part, identity tests are performedto distinguish the subject
vaccinefrom other materials manufactured at the same site (21 CFR 610.14).
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Ingredients, preservatives, diluents, adjuvants, extraneous protein, cellculture-produced vaccines, and antibiotics are tested
according to 21 CFR 610.15.

Permissible Combinations

Formulations that combine several vaccinesmust be licensedas combinations (21 CFR 610.17). The potencyof each vaccine
in the combination is individually tested and must meet the specifications in the context of the final combined product; other
appropriate quality tests apply as well. Forvaccines that are physically combined in clinical locationsjust beforeadministration
to a patient, prescribing informationshould describe specific procedures to follow in those settings.

Quality

Ingeneral, qualitycontrol systemsfor vaccine manufacture are identicalto those routinelyemployed for production of other
pharmaceuticals. These include raw material testing and release, manufacturing, process-control documentation, and aseptic
processing. Manufacturersformally assign responsibility to designated stafffor maintaining the continued safety, purity, and
potency of the product and for ensuring compliance with applicable product and establishment standards, along with
compliance with current GMPs. Analysts use reference standards and validated methods to determine active ingredients,
residuals, and impurities. Manufacturers determine product safety in a varietyof waysthat may includethe use of experimental
animals,procedures to demonstrate product sterility, and tests to ensure product potency. The complexityof the qualitycontrol
systemsfor vaccines lies in the varietyof methods used to produce and control production. Lot releasetesting proceeds
according to 21 CFR 610.2 and involves evaluating lotsfor safety,purity, and potency before release.Manufacturers follow FDA
and applicable international standards for testing and validation.The basic considerationsfor validation are included in
Validation of Compendial Procedures (1225), in addition to guidance documents issued by FDA and the International Conference
on Harmonization (ICH) (see Appendix 2).

Alternative Tests

Modification of test methods or manufacturing processes as licensed may be permitted ifthe regulatoryauthority can be
assured that the modifications cause no reduction in safety, purity, potency, and effectiveness of the biological product. It may
be necessaryfor the manufacturer to file the proposed changes prior to implementation (21 CFR 601.12 and 21 CFR 610.9).

GLOSSARY
Acceptance criteria: The product specifications and acceptance or rejection criteria, with an associated sampling plan,

necessaryfor making a decision to accept or reject a lot or batch (or any other convenient subgroups of manufactured units).
Active ingredient: Anycomponent intended to furnish pharmacological activityor other direct effect in the diagnosis,

cure, mitigation, treatment, .or prevention of disease, or to affect the structure or any function of the body of man or other
animals. The term includesthose components that may undergo chemical change in the manufacture of the drug product and
may be present in the drug product in a modifiedform intended to furnish the specified activityor effect.

Adventitious agent: Amicroorganism (e.g., bacteria, fungi, mycoplasma, spiroplasma, mycobacteria, rickettsia, viruses,
protozoa, parasites, TSE agent) that is inadvertently introduced into the production of a biological product.

Batch: Aspecificquantity of a drug or other material intended to have uniformcharacter and quality, withinspecifiedlimits,
and produced according to a single manufacturing order during the same cycle of manufacture.

Biological product: Any virus, therapeutic serum, toxin, antitoxin, or analogous product applicable to the prevention,
treatment or cure of diseases or injuries of man.

Cell bank: Vials of cellsof uniform composition (not necessarily clonal) derived from a single tissue or cell, aliquoted into
appropriate storage containers, and stored under appropriate conditions.

Cell line: Cells that have been propagated in culture since establishment of a primaryculture and have survived through
crisis and senescence. Such surviving cells are immortal and will not senesce. Diploid cellstrains have been establishedfrom
primarycultures and expanded into cell banks, but have not passed through crisis and are not immortal.

Characterization: Determination of the properties of a substance.
Component: Anyingredient intended for use in the manufacture of a drug product, including those that may not appear

in such drug product.
Container (also final container): The immediate unit, bottle, vial, ampule, tube, or other receptaclecontaining the

product as distributed for sale, barter, or exchange.
Control: Having responsibility for maintaining the continued safety, purity,and potency of the product and for compliance

with applicable product and establishment standards, and for compliance with current good manufacturing practices.
Control cells: Cells that are split offfrom the production culture and maintained in parallel under the same conditions and

using the same reagents (e.g., culture medium) to perform quality control tests on cells that have not been exposed to the
vaccine virus(which may interfere with some tests).

Dating period: The period beyond which the product cannot be expected beyond reasonable doubt to yield its specific
results. .

Diploid: Having the expected number of chromosomes for a species (Le., two of each autosomal chromosome and two
sex chromosomes). .. .,

Drug product: Afinished dosage form (e.g., solution, suspension) that contains an active drug ingredient generally in
associationwith inactive ingredients.
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End-of-production cells: Cells harvested at the end of a production run or cells culturedfrom the master cell bank or
working cell bank to a passage level or populationdoubling level comparable to or beyond the highest level reached in
production.

End-of-production passage level: The maximal passage level achievedduring manufacturing at final vaccineharvest.
Cells may be evaluated at this level or beyond.

Endogenous virus: Avirus whose genome is present in an integrated form in a cell substrate by heredity. Endogenous
viral sequences mayor may not encode for an intact or infectious virus.

Expiration date: The calendar month and year, and where applicable, the day and hour, that the dating period ends.
Filling: Agroup of final containers identical in all respects, which have been filled with the same product from the same

bulk lot without any change that will affectthe integrityof the filling assembly.
Final bulk: The stage of vaccine production directly prior to filling of individual vials.
Free of and freedom from: For a substance to be consideredfree of a contaminant, an assay must demonstrate that a

defined quantity of the substance is negativefor that contaminant to a defined level of sensitivity. The level of assay sensitivity
isdefined by the choice of assay and can be determined experimentally usingstandardized reagents. Alternatively, a validated
processthat isknownto removea contaminant to a defined level may be used to demonstrate freedomfrom that contaminant.

Harvest: Collection of material at the end ofvaccinevirus propagation in cell culture,fromwhich vaccine will be prepared.
This material may be the culture supernatant, the cells themselves (often in disrupted form), or some combination thereof.

Inactive ingredient: Any component other than an active ingredient.
In-process material: Any material fabricated, compounded, blended, or derived by chemical reaction that is produced

for, and used in, the preparation of the drug product.
Intermediates: Unformulated active ingredients that are processed beforefinal formulation and can be stored for long

periods of time before further processing.
Label: Any written, printed, or graphic matter on the container or package or any such matter clearly visible through the

immediate carton, receptacle, or wrapper.
Latent virus: Avirus that is present in a cell, without evidence of active replication, but with the potential to reactivate, is

considered to be microbiologically latent.
Lot: Abatch, or a specific identified portion of a batch, having uniform character and qualitywithinspecified limits; or, in

the case of a drug product produced by continuous proc.ess, it is a specific identified amount produced in a unit of time or
quantity in a manner that assures its having uniform character and qualitywithinspecified limits.

Lot number, control number, or batch number: Any distinctive combination of letters, numbers, or symbols, or any
combination of them, from whichthe complete history of the manufacture, processing, packing, holding,and distribution of a
batch or lot of drug product or other material can be determined.

Manufacture: All steps in the propagation or manufacture and preparation of products. Includes, but is not limited to,
filling, testing, labeling, packaging,quality control, and storage by the manufacturer.

Manufacturer: Any legal person or entity engaged in the manufacture of a product subject to license under the Public
Health Service (PHS) Act. Manufacturer also includes any legal person or entity who isan applicantfor a license where the
applicant assumes responsibility for compliance with the applicable product and establishmentstandards.

Master cell bank: A bank of a cell substrate from which all subsequent cell banks used for vaccine production will be
derived. The master cell bank representsa characterized collection of cells derivedfrom a single tissue or cell.

Master virus seed: Aviral seed of a selectedvaccinevirus from which allfuture vaccineproduction will be derived, either
directly, or viaworking virus seeds.

Oncogenicity: The property of certain biological agents (e.g., viruses) or materials (e.g., nucleic acids) that are capable of
immortalizing cells and endowing them with the capacity to form tumors. Oncogenicity isdistinctfrom tumorigenicity.

Package: The immediatecarton, receptacle, or wrapper, including all labeling matter therein and thereon, andthe contents
of the one or more enclosed containers. If no package is used, the container shall be deemed to be the package.

Passage level: The number of times,sinceestablishmentfrom a primary cell culture, a culture has been split or reseeded.
Population doubling level: The number of times, sinceestablishmentfrom a primary cell culture, a culture has doubled

in number of cells.
Potency: The therapeutic activity of the drug product as indicated by appropriate laboratory tests or by adequately

developed and controlled clinical data. Potency may be expressed in terms of units by reference to a standard.
Primary cells: Cells placed into cultureimmediately after an embryo, tissue, or organ isremovedfrom an animalor human

and homogenized, minced, or otherwiseseparated into a suspensionof cells. Primary cells may be maintained in medium, but
are not passaged (split).

Process: A manufacturingstep that is performedon the product itself which may affect its safety, purity, or potency, in
contrast to such manufacturingsteps whichdo not affect intrinsically the safety, purity, or potency of the product.

Proper name: The name, designated in the license, to be used on each package of the product.
Purity: Relative freedom from extraneous matter in the finished product, whether or not harmful to the recipientor

deleterious to the product. Purity includes but is not limited to relative freedom from residual moistureor other volatile
substances and pyrogenic substances.

Qualification: Determination of the suitability of a material for manufacturing based on its characterization.
Safety: The relative freedom from harmful effect to persons affected, directly or indirectly, by a product when prudently

administered, taking into consideration the character of the product in relation to the condition of the recipientat the time.
Specification: The qualitystandard (i.e., tests, analytical procedures, acceptance criteria) provided in an approved

applicationto confirm the qualityof products, intermediates, raw materials, reagents, components, in-process materials,
container-closure systems, and other materials used in the production of a product.

Standards: Specifications and proceduresapplicable to an establishmentor to the manufacture or releaseof products,
which are prescribedin this subchapter or established in the biologics license application and designed to ensure the continued
safety, purity, and potency of such products.

Sterility: Freedomfrom viable contaminating microorganisms, as determined by tests prescribed by the FDA.
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Tumorigenic: A property of certain cell types to form tumors when inoculated into animals (generally a syngeneic, an
immunosuppressed allogeneic, or an immunosuppressed xenogeneic host). These tumors may be at the injection site or a
different site and may also metastasize to other sites.

Tumorigenicity: The process by which immortalized cells form tumors when inoculated into animals. Tumorigenicity is
distinct from oncogenicity.

Unacceptable product: Product that is no longer acceptable for use in clinical studies or for commercial use(e.g., because
of degradation or loss of potency). .

Validation: The performance characteristics of an analytical procedure, based on the demonstration that the procedure is
suitable for its intended purpose or use. Validation of a process is the determination of the extent to which a process meets the
requirements for the various performance characteristics and the demonstration that the process uniformly performs to defined
characteristics. Validation isgenerally performed in accordance with Validation of Compendial Procedures (1225) and the relevant
ICH guidelines.

Viral clearance: The combination of the physical removal of viral particles and the reduction of viral infectivity through
inactivation.

Virus seed or viral seed: A live viral preparation of uniform composition (not necessarilyclonal) derived from a single
culture process, aliquoted into appropriate storage containers, and stored under appropriate conditions.

Working cell bank: A cell bank derived by propagation of cells from the master cell bank under defined conditions and
used to initiate production cell cultures on a lot-by-lot basis. .

Working virus seed: A viral seed derived by propagation of virus from the master virus seed under defined conditions and
used to initiate production cell cultures lot-by-lot,

APPENDICES

Appendix 1: Types of Vaccines Currently licensed in the U.S. (examples)

• Bacterial, live attenuated (e.g., Salmonella typhl)
• Bacterial, polysaccharide (e.g., meningococcal, pneumococcal)
• Bacterial, polysaccharide-protein conjugate (e.g., meningococcal, pneumococcal)
• Bacterial, toxoid (e.g., diphtheria, tetanus)
• Bacterial, extracts (e.g., pertussis, anthrax)
• Viral, live attenuated (e.g., influenza, measles, mumps, rubella)
• Viral, whole inactivated (e.g., rabies)
• Viral, subunit (e.g., influenza, hepatitis B, human papillomavirus)

Appendix 2: Selected Regulatory Documents

• 21 CFR 201.
• 21 CFR 299.
• 21 CFR.600.
• 21 CFR 610.·
• Section 262 in Title 42 of the Public Health Service Act
• Center for Biologics Evaluation and Research (CBER), U.S. Food and Drug Administration (FDA). Guidance for Industry­

Revised Preventive Measures to Reduce the Possible Risk of Transmission of Creutzfeldt-Jakob Disease (CjD) and Variant
Creutzfeldt-]akob Disease (vCjD)by Blood and Blood Products (January 2002). http://www.fda.gov

• Center for Biologics Evaluation and Research (CBER), U.S. Food and Drug Administration (FDA). Guideline for the
Determination of Residual Moisture in DriedBiological Products (January 1990). http://www.fda.gov

• Center for Biologics Evaluation and Research (CBER), U.S. Food and Drug Administration (FDA). Guidance on Alternatives
to Lot Release for Licensed Biological Products. Federal Register 1993;58(137): 38771-38773. http://www.fda.gov

• Center for Biologics Evaluation and Research (CBER), U.S. Food and Drug Administration (FDA). Guidance ForIndustry­
Characterization and Qualification of CellSubstrates and Other Biological Starting Materials Used in the Production of Viral
Vaccines for the Prevention and Treatment of Infectious Diseases (September 2006). http://www.fda.gov _ .

• FDA periodically issues or updates Guidance for Industry and posts these documents at http://www.fda.gov/cber/
guidelines.htm

• Department of Health, Education, and Welfare (now the National Institutes of Health). Minimum Requirements for Immune
Serum Globulin(Human). 3rd rev. Bethesda, MD: Department of Health, Education, and Welfare, 1953.

• International Conference on Harmonization (ICH). Q2(R1). Validation of AnalyticalProcedures: Text and Methodologyat
http://www.ich.org
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AG~i~ ::;; Gibbsfree energy of mixing
t1Hrriix =enthalp}/ofm~xingt.lndicatesifth~nlixirigis, ~n.~ri(j9the~J1)k ore~~th¥rrl1fC:RrQC~~"s
f = 'temperaturein,degr . "Kelvin
A.:5mj~ =change fnentropy.~ rder)thktfresultsfrorrlmi>dng

"If the change in the Gibbsfree ene
reached,t1Gwill be equalto Zero.. The
:solvent) and the.creationof "dhesive-.i

ilHmix ::: enthalRyof mixing
U "= solute
V = solvent

This en'thalpy change isalsoequivalentto the workdo
~nd exchangif1g them. The enthalpy change isequal to t

'Yuv ='solUte~solvel1t interfacial surface tension
Au =interfaCial surface area
'Yi~ ';group-solventinterfadal surface tensionfor group i
Ai ::: surface area of group (

,,_ This equati6nalso shows how the to
Ai" and correspondin

F r idealsyste
,9 fo~ an idea

.which U11der diluteconditions can .besif!lpiifiedto:

nideal system unaerailutecondition~whena'~r)tstallinesolidJ~in;equilipriumWifh~a's,~tur~t~CJ?sQl~tidry:QfJb~s!m~
sQlu .

R
Xu th:e~solute ex'presseda,samplefraction
ACni = ~he fre~ energy ch~ngefr91:Dfl'leltll1g th~cry:s~amne_sQJlc!

hi '=,entropic effecton solvel1tof group iWit~ ~te~-'~;

rhis'model allows the tota'i solu
to the en!halpic,and~ntropic contr

Yalkowsky demonstrated (2,3) that aTelativelisimpleg~neral'solubility equati6n{~SE):ma'yp.e u'sefl t()~~mRiri¢~!IY,es~lrna!~
th~, intrinsic solubility of compounds,in water; ,

www.webofpharma.com

https://nhathuocngocanh.com/



USP 43 General Information / (1236) 8309

.'g point andconipounds
itioninthe GSEaccount5
).The G . n alsobe
h ,equati ,he pKa is

logS~=O.5~ ~tOl(MP~,.25}~,NgKow

56 ;;intrinsi~"solubili,t)'(oftheunioflized I11cil~cule)

MP =:melting point of tlie·crystaiii olid(in degrees'Celsius)
Kow = octanol-water pa~ition coe. .nt; thetern.peratureofthe'vvater,is25O,

The GSEindicates that the aqueoussoltibillty Will bereduc
withahighertendency to partition' . oilphase (octanol
forthe difference betWeen ,anidea .'. nand anaq!J~ous
used to predict thesolulJility of ionizab ompound~'by corri,b .
known (see Effect ofpH). .. . . ..' ,

Use ofqSE requires. the measure the mel~ing'p6int ",'nrl ... "rt

areseveral'computer.prograrns t t the estim
on structure (4) but thisis not t. Ifing pointS
solubilities have d on trai~in lecules to s
from the structu . . ..; molecul olvent-acce
ofthese computationalapproaches iso ..' niftedto molecues
are adequate for providing assistance' in prescreening synthetic cand
experimental solubility.

Factors that Affe.ctSollibility.a 9Iubility,Measur~ments

EFFECT OF pH

Thesolubilityof ionizable a~ids and basesis
environmen neutral e ot
amount of i . lute pres
pH'()f the so u 10 elative to t

the aqueous
'lityandthe
i1ity to the

pKa =-log(Ka)

Ka =acid dissociationconstant
[A-] = molarconcentration of the acid's conjugate base
[HA] =molar concentration of, the undissociated weak acid
Stot :: total solubility, of weak, acid
50 = intrinsic solubilityofunch'arged rneiety

pKa =-199(Ka)

Ka = base diss()~lation con~tant

[8] =molarconcentration ofthe base's conjugate base
[BH+] =molarconcentration of the dissociated base
5t~t =total solubility of weak base
50 =intrinSic s()lubility of ~ncharged moiety

olec I

hpH (seeFigure· .'
WI . u. er suppressthe sblubi

1).lftne salt isqissolved at high ,H,thesalt maysupersaturateth
solid form.pas lowersolubilityat thatpH (6).
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EFFECT OF SANbcOUNTER~16NS

Ionizable compounds can.alsoform· saltswith an oppositelychargedcounter-lo'o (6). ·Ina solution, in the presenceof the
charged counter-ion, the~solubilityproduct describes this equilibrium reactionas follows:

Forthe salt dissolution, AnBm(s) ~ nA+(aq) + m~(aq)
solubility product,:K [A+]n[B-]m

EFFECT OF CO-sDLVENTS
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Figure 2. Illustration of the log-linear model of Yalkowsky and co-workers (2
function of the co-solventfraction. When plotted on a linearscale, it isapparen

poor solventis added to>thebetter sol_

EFFECT OFSURFACTANTS

General Information / (1236) 831 1

rs to'be linearas a
xponentially as the

Surfact nts are amphiphiles, which are characterized by polar and
pre . ter interface and orientsits polar region
(air rfaceis~aturated with'adsorbed surfa
spn " surface and a nonpolarcore. This
conce CMC). Abovethe CrylC, the.numberof m'
increases. If. a pharmaceutical material isable to partitio
micelles increases (see Figure 3). The CMCfor su~adaq
strength, and pH.As an example, the CMC for sodium .
in pure water at 25°. The solubilization of a molecule by a surracan can
solubilization capacity, and the micelle-water partition coefficient. The mic. - .atepa I Ioncoe
concentration ih the micelle to the .drug concentration in water for a particularsurfactantconcentration

Figunf3.Sdlubility enhancement bysurfactants. Solubilizationrequ' ­
surfactant results inmonomers of surfactantdissQlvedin the solventa

~he solubility ,increases'linearly.The slope ofthislinear~ increase indica

re3,thesolubilityinthe presenceofsurfci
lubilized by the micelle

in the preseri¢e ,ofmi
, ediated transport,(S,6).
at is directly proporti<:)nal

~oli'\\Ali-h".··1 Me,·adqed
theCMC,

celles. "
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EFFECT OF COfytPlEXINGAGENTS

Complexing agents may form intermolecular complexeswith low-solubility materials and enhal1ce the solubility. Aqueous
solubility of nonpolar molecules in the presence of complexing agents is improved asthe nonpolar molecules and the nonpolar
region of the complexingagent are sequestered out of water. When this occurs, the aqueous solutioncan accommodate more
of the nonpolar molecules. Regardless of the ratio of ligand to solute in these complexes (e.g., 1:1,2:1,3:1, etc.), the solubility
enhancementis expected to increase as the concentration of the complexing agent increases (8). This isverysimilar to
solubilization by surfactants except there will not be a minimumconcentratronof the.complexingagent required. Complexes
with high stability constants may bind solutes strongly enough to enhance aqueous stability. Cyclodextrins are often used to
enhance solubility by forming complexes with drug substa·l!ces.

EFFECT 'OF SURFACE AREA (DISSOLUTION RATE)

The Noyes-Whitneyequation (as expressed by Nernst and Brunner)states:

. . aC DA(Cs-'C)
Rate='ar = h

C =concentration of the solute in the solvent at time, t
o = di .. he solute
A . lute particles
Cs f the solute
h = thickness of the diffusion layer

Inunstirred solutions, the diffusion layerthickness, h, may be large and is primarily affected by the diffusivity of the solute;
howev . ixing may significantly reduce. the diffusion layerthickness. Forsmall particles inwell-mixed solutions, the

fou to be proportional to the squareroot of e pal1:icle r~d 's equation indicates
urfacearea and will dissolve more qUickl er ea i1ibrium solubility
, Id be kept as high as possible (i.e., small Ie d t, ion layerthickness

9).
c~n be expressed as a function of the total mass,M:

, . ···6M
Forspherical particles, A=pd

p = density
d = particlediameter

The dissolution rate of a material will notaffect the equilibrium solubility, but w,i11 affecthow quickly this equilibriumis
achieved.

'" BC 6DM
.Rate =ar = pdh(Cs - C)

EFFECT OF SURFACE ENERGY

The 5urfaceenergy of the particle may affectthe solubility. According to the KelVin equation,smaller'particles have higher
solubility than larger particles due.to the effect of the surfaceenergy on the total Gibbsfree energy of the system.Typically,
this effect on solubility only becomes significant for particles smaller than 1 micron. The Kelvin equation quantifies this as:

s 4yVm
Ins = RTdo

S = apparent solubility
So ;=solubilityof an infinitely large particle
y = surf energy()f the 'solute
\1m == rno lume of the solute
R
T
d.

The sorubiliiydifference betweensmalle'rand I~rger particlesleadsto so-called.Ostwald rjpeningin, polydi
The small particles Ive and result inasolutionthat issupersaturated relative to·thesol~bility of the larg ,
leadsto recrystalHza on the surfaceofthe largerpartides. The largerpa'rticles grow insizeyvhile thesmaller 2.art~

resulting in an increase in the mean partide siZe of the suspension (10). . '
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Methods' fot petermin.atio~·ofE(lumfjrium·Solubllity

SATUMT/ON $HAKE~FLASKMEtHO[j

40 yearsag6 arid is ~till considered
(11...;]8). Theshake-flask method
sed to evaluateappare"nt solubility,'
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Theprecision ofthe reported equilibrium soh,.Jbilityshould reflectthe leyel ofagreemelltbetween the measurements rather
than the precision of the solubilityanalysis. Standard deviationsin the measuredsolubility (based on averaging 3 or more
independent samples)should bE; included.

METHODS FOR DETERMINATION .OF APPARENT SOLU·BILITY

Intrinsic Determination (Rotating Disk)

Themeasurement of intrinsic dissolution isdescribedmorefully inApparentintrinsic Dissolution:"-Dissolution TestingProcedures
for Rotating Disk and Stationary Disk (1087).This measurement technique mayalso be used to assess the solubility.

To apply this method to the measurementof solubility, the dissolution experiment must be continued to.the point that the
rate of dissolution is insignifiCant (e~g., less than 5%/24 h or less than 0.2%/h).

All the requirements discussed for the shakeflask method inAnalysis ofsolution and Reporting ofsolubflity resL(ltswill also
apply to measurements using the intrinsicdissolutio.n apparatus,

Potentiometric Titration

The potentiometric acid-base titrationfor solubility measurements is based on a characteris .
titration curve that iscaused by precipitation (21). Forthe titration, accurate volumes ofa st
to a solutioncontaining an' . ble substance and asalt, f xample,O.15 M .
incre ccuracyof the surements. Sparging(a t . e that invo
nitro, on, or heliumthrough a liquid) with argon prev carbon dio , 2)fr
the pHvalue.Aglasselectrode is used to monitorthe pHvaluecontinuously. The potentiom
plotting the pH value against'the consumedvolume of acid/base (21).

Turbidimetry

Turbidimetry involves the dissolution of a compound in.an organic solvent,for exampl
resulting solutionis added to a buffersolution in intervals a uate to characterize change
solutionare added after the firstdetection otturbidity by Ii sc ring.. Subsequentl
against the turbidity.Thesolubility isthen estimated by k-ex tion to the point
can be used to measure as many as 50-300 samplespay. l:.Ising sol",ents sue
increasein solubility of the drug substance for the short urationo he experiment,which.ea s 0 a
thermodynamic solubility, the formationof a supersaturated solution, and the undefined crystalline form 0
solid (unless it is removed fromthe suspension and characterized).

e

Physical.Assessment of Solubility

S.OLUBILlTY'MEASUREMENTS IN BIORELEVANT MEDIA (22~26)

Forcompounds with extremelyhigh solubility, as well as for biologics and other molecules that lackchr
not easyto quantitate in solution,a physical assessJ:Tlent of solubility may be usedto assessapparentsolubili
principle of measurement isthe lossof solid material to the solution phase. Equilibrium may be assessed by bo
of the weight lossas well as the stabilityof the change in the physical propertiesof the resultin solution(e. r
density, osmolality, etc.). Because the physical assessmentof solubility does not involve a s rs' .
it is recommended that some attempt be made to verify the stabilityand purityof the solu , .
should be carefully monitored and controlledduring the solubility measurement performed by this

The use of simple aqueous buffers to evaluatethe aqueous solubility of a drugsubstanceas a
under . ate the bioavailability (22,23). The media recipes presente.d here are exampl at
solubil simulated human,.canine,and bovine(ruminant)fluids to improved e ate

The temperature of the solubility medium.should be controlled at ±. during biorel. nt s
Biorelevant solubility measurementsshouldfollow the shake-flask method, including solubility
points to confirmthat equilibrium has been achieved. The saltform ofa drug added to.the solubili
affectthe composition of the medium (Le., ionicstrength~ pH, etc.). Therefore; the solubility of a.
same drug should not be assumed to be equivalentunless proven through independent meaSl.Jre.
differentcrystalline solids.

Human Fasted-State Simulated Gastric Fluid (FaSSGF) (24)

The pH is 1.6 at 3r. See Table 7for the media composition.
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;rati'~Fl
- ···C' ". (I()nc:~ntrAtiQJ1

Ingredient '(~M) , (gIL) .

I-M:lr¢(:hrori¢~cicl 11· (O'!;:;7""'·;;::I.LiiL, .14T(q pHri§)

So.cli~rn:(:hloticle ~~t4 ?iPQ

5i:lqillm ........; (L.os 0;047

LeCitnin Ojo'2 O.oJ5

l'~psll1
"

OJ

The pHis5 at37°. See Table 2 forthe media composition.

Table 2
Conc~n~ratiOri Con~~il~rati0 n

I1'19redient (111M) (gIL)

/-lyd[PCOloffC aCId (q.sCtq;pH!'s) (ql~2tq,p/-l5)

spC:!Il.lijjhYclrpxioe (q;s;"tq;'Pf\5) (q;sfttq;'PH'~)

$odiumCllloride 23r.() 1:3.85

Sodil.l'macetate 19;7.5 2>441

ACli!ticadd l·~ll;2 'J:l(j~~

MiIkjW09le lil 1:1.

Table 3
...

conc:~htrati()n
I"gredient (mM) (gIL)

tV!aIeicacid 19:12 g:.2JSI

Scdil.lm'hYdroxid.e $.4~~ 1:;392

Sodhimchloride (i8;'62 :,g(}l 0

Sodil.lmtatifochcIate 3.0 1';'766

Ledth111 0.2 ~;1'R5

'!"~~'f¥~
.., .." (;:onc:eIjJl'ati()11

1(1.91'e(fient ~v"(~M)"v' (gl~) .

Maleicacid 55;02 6:338

Spdh.l fuhydl'pxicle 8)7.65 3:226

SodIIIrnc:hloride 125:5 7:460

SQgi.umta",ro¢h6late 1'0 5~89

Ledthin 2eo lC65

clyc:eJ'ykmQl1ostearate Si,Q 1.79

Soaitimplea~e .0:& 0.24
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HumanSimufated~Colonic ~F~luid ·•.·.Proximal·Colon (SCo'F2) (25)

The pHis5.8~at 37°; See Table 5 for tHe lTiedia compositiol1~ .

TableS
Concentration Concentration

Ingredient (mM) (giL)

SI:)c1ilJro.FlYQJPxig~ ::-159 (q.s.topH§.8) -.5.4(q.~. to pH5.8)

~~etic: ~ac:I.Q;glaclal 170 10;2

Hum~a'nSimulatedColonic Fluid ~ . Distal Colon (SCoFl ) (25)

The pH is 7:0at37°. See Tao/e6f6r the media composition.

Table 6
Concentration

Ingredient (gIL) -

.l'otassiu!Ilchforide 0.2

Sodiurii'el1lorlde ~

PotassIUm·.·phosphate,tn:Onobasic 9~24

Sodiurri;pl10sphatejdibaslc 1.44

can~ne'Fasted-State Simulated Gastrk Fluid (FaSSGFc pH 1.2~2.5) (26)

ubstantially: Dueto interstud
~5. Tile pH ofthis fJuidis a ju ...

e achieved. The pH is 1 .5 at 37

Tablet

ecanine g"stric pHestim tes,solubiJity should be
9 the arno· ydrochlo acid so that pH values
ole7 for t ia com ion.

Concentration Concentration
IngrediEmt (mM) (mg/ml..)

Hydrochloric acid -3.6~82(q.s!t9 pH 1.2-2.5) -OJ 3-3 (q.s.to pH 1.2-2.5)

Sodil.lrn·cnloriCle 14..5 0.847

SodhJl"fI taurocholate 0.10 0.055

SodiumtaU'rodeoJ-<ycholate 0.10 0.054

I..ecithin 0:025 0.019

Lysolec;ithifl 0.025 0.012

~odiuJ"Q()leate 0.025 0.0076

CanineFasted..St~te SirnulatedGas~ric Fluid (FaSSGFc pH 2.·5-6.5) (26)

<:()ri~l?~ttion Concentration
Iflg~edlent (gIl..)

~aleicacid 21;68 2.516

Sodium l1ydroxide -1,4.5+-40 (q.s,to pH2.5';';6:.s) -0.58:::'1.6 (cp.- to pH2.5-'-6.5)

S6d.iufu<ihIOride 18.81 1.099

Sodlum.,taurocholatE! 0010 0.055

Sodii.lrtltalJrodeoxych()latE~ o:lb 0.054

Lecithin 0.02$ 0;019

Lysolecithin 0.025 0.012

the caninegastrlcpHestimates, solubility·should be
amount ()fsodiumhydr?xide so that pH values
for the media composition.

ue to interstudy \lariat
thisfluid isadjos
e pH is 2~5-6.5

Table 8

Canine gastric pH can vary substinltiaJl
evaluated overa range of 1.2-6. he.p
in the range of 2.5':"6~5 may be ieved.
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Tabte8 (continued)

of a heafthy
high:'forage4iets

Con~entratiOI1 Concentration
Ingredient (rnM) (gIL)

Sodiumdleate 0;075 0,0076

Carline' Fasted-State SirrIl1Iatedlnte,stinaj~Fluid (FaSSIF() (26)

the pH is7.5 at ~r~ SeeTable' 9 for tfiemediacompCisition;

Table. 9

Conceni:r~ti61l Concentration
Ingredient (mM) (l1)g/01I..)

sodium dihydrogenphosphate, monohydrate 28.6~ ~,953

Sodiumhydroxide 21.~6 0;866

Sodiumchloride 59.63, 3;485

Sodium taurocholate 5.0 2.8

S,odiymtaurodeoxycholate 5,0 2.7

Lecitl1in 1;25 0.96

LysoleCithin 1.25 0.62

Sodiumoleate 1;25 0.38

Bovine ShnulatedR("lrriirial,Jh.iid~i(;.2?~29)

Th
retic
resu

I
To I

hydrochlor . .testinalp
pylorus is about 3.0 and lncreas~s to about7.5 ,in the
simulated intestinal fluids defined .for human or canine , ove.

The temperature isset for 39°. [NOTE-The pH dfmedia should be,conflrr;11ed'at 39°,.]SeeTabJe 1Oforthe media composition.

Ingredient High-GrainDietSimulated Rumen High-ForageDiet Simulated Rumen

Tryptone :2,5g/1.. 2.$9/1.:

Sodiumbicarbonate 4;0g/I..(47;6mM) 8.75g,lL(1041T1M)

Potassium phosphate monobasicanhydrous 1,55g/I.:(11,4 mM) l.55 gilt (11.4 mM)

Sodiumphosphate dlbaslcanhydrous 1A25gll.:(lO;()mtVl) 1:425 g,lL:(lO.OmrYl)

Ammonium bicarbonate 1.0 gl,L(12.6,.pM) 1.Og/U(lZ~6ri;lM)

Magnesiumsulfateheptahyorate O;15g/L(o.6mM) O;lSgZIi:~O.6 mM)

Aceticacid 2:40 gil.: (40 rnrvt) 1)~2 gll.t(2411lM)

Propionicacid 2.59 giL (35 rntVl) -
Butyric acid 1.32 gilt (15'mM) -
Sodium,i:icetatetrihydrate - 6,269/L~46rnM)

Sodiumpropionate - 1Ai::fg/((15mtVl)

~odiuril butyrate - 1.10'g!Lt(l0'mM)

MiCromineralstocKsolutioii(see-'Table'll) 125.J.iL 125Mb

pH 5.5 6.6

Surfac:etension -50 dyneslcm2 -59dyoeslcm2

loniptrehgth O.!JqZ:n1()lll£ Q;240rl1oWl

Buffetcapa~ity 47:mmollllfpH 49inmol/l.1/pH
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Table 11

USP 43

Microminerai·StockSolutionCol1centration
Ingredient (g/100ml)

Water q.s.tol00mL

Calciumchl()ridedihJdrate 13,:2

Mal19<1nese chlaridelefrahydrate 10.0

Iron(III)chlorideHexahydrate 8.0

GLOSSARY
[NoTE-The foiling deflnltionsare providedto clarify. the useof these termsin .thecontext ofthischapter. Thesedefinitions

arenotintended upersede or contradict definitionsfound elsewherein the USP-NF.] . . .. .. .
Apparent sol ... lity: Theempirieallydetermined·solub· . ·fa solute ina solventsystemwhere insufficient time isallowed

for the systemto approachequilibriurn or where equilibriu not be verified. The apparentsolubility maybe either higher
or lowerthan the equilibrium solubility du~ to transient supersat rationor incompletedissolution qrid insufficient time to reach
equilibrium. . ... ... ... . . ..

Aqueous solubility: Solubility in a medium that is primarily comprised of water but mayalsocontain solubilization
enhancement fro -solvents, ~urfactants, complexingagents, pH,or other co-solutes. The term "aqueous solubility" isvery
gene be.confusedwith the water solubility; The aqueous solubility issignificantly affected by the compo~!tjon

of
..-~quillbrium processofapproaching the solubility limitat thermodYrlamic equilibrium (i.e., the solute
niformly mixed solution). The dissolution rate Will affect the,time requiredto reach equilibrium and

mayaffett the. t"solubility, but will not affect the final equilibrium solubility; .
Equilibrium solubility: Th~ ntration" , at thermod)'Oa i quilibrium, that a soluteqm dissolve into a saturated

sol' hen 'd is uilibriu· be defined as ientlyconverged when it no longer changes
sig

I
in
im pH:

rium

bilit)l in pure water are probfematicdue to poor control
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(1237) VIROLOGY TEST METHODS

INTRODUCTION

This chapter describesvirology test methods applicableto the developmentofbiological product drugs, such as recombinant
proteins, subunit vaccines, therapeutic monoclonal antibodies, and growth hormones. Several topics are excludedfrom the
scope of this chapter:

• Blood- and plasma-derived products as well as whole blood and plasma products used directly in transplantation or
infusion. However, the basic principles, strategies, and testing methods for ensuring virus-free products are applicable.

• Methodologies for the safety testing of live viral vaccines.
• Specific methods for viral clearancestudies, which are described in the USP general information chapter Viral Safety

Evaluation of Biotechnology Products Derived from Cell Lines of Human or AnimalOrigin(1050).
Viroloqy test methods have historically been employed in the clinical settings of diseasediagnosis, intervention, and

containment; but the development of biological (biologics and biotechnology-derived) products and therapies for human or
animal use has created the need for sensitive viral detection assays for use in the GMP production and testing of biological
products. This need is not limited to the production of viral vaccines, but alsoapplies to the development and manufactureof
recombinant proteins, cell and gene therapies, and other products.

Sensitive virology test methods for qualitycontrol of biological products are necessary for several reasons. The production
of biological products often requires a variety of raw materials and processing reagents of animal origin that have varying
potential for introducing viral contaminants. The production of biological products may allowthe replication of adventitious
agents during processing, and therefore these materials must be prescreened to avoid the opportunity for contamination of
the product. Another point to consider regarding screening these materials is that the product may not be compatible with
processing methods used to eliminateor inactivate these adventitiousagents. Because of the nature of the biological products,
the production process needs to includeappropriate testing regimens that monitor the possible introduction of adventitious
agents and/or viral agents into the systems used. Forthese reasons, sensitive viral detection methods are required not onlyfor
the release testing of biological drug products, but also during the intermediatestages of processing, processdevelopment,
and routinemanufacture.Importantstagesforconsiderationincludethe developmentofcell substratesand banks,rawmaterials
of animalorigin, process intermediates, and critical excipientswhen derived from animal tissues. This strategy should be
augmented with viral clearance and inactivation studies whenever possible.
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Forproducts intended to contain live viruses (e.g., infectious oncolytic viruses and live viral vector products used for gene
therapy), the cell-and animal-based infectivity methods discussed in this chapter may be useful onlyfollowing neutralization
of the specific viral entity contained in the product for any product that is intended to contain live viruses (e.g., infectious
oncolyticviruses and live viral vector products used for gene therapy). Alternatively, selectionof appropriate indicator cell lines
or animal models in which the specific viral entity is known not to replicate can be considered. It should also be expected that
assaysystems based on detection of viral particlesor viral components will indicate the presence of the viral entity itself in such
products, but may not indicate the viability of the virus. The remainder of the chapter isdivided into three sections discussing
assays for the three topics: (1) Detection of Viable Viruses, (2) Detection of ViralComponents, and (3) Detection ofAntibodies to
ViralAntigens. The chapter coversthe classic virology methods that are still routinely used, as well as modern molecularand
immunological approaches. The methods described in these sections may possessdifferentsensitivities to diverseviruses; they
are therefore intended to complement each other to provide a science-based foundation for the detection of adventitious
viruses. Multiplemethods may be used in complementary fashion to improve the pathogen safety margin ofa product.
Identification of viruses detected in cell-basedassays on the basis of cytopathic effects often depends on the use of molecular
and immunologicalanalyses; these analyses are therefore relevant both to viral detection and to subsequent viraUdentification.
The chapter provides an overview of the detection and analysis of the most important groups of viruses as well as the most
commonly used techniques. Testsspecific to individual vaccinesor biological products are excluded, becausethey are expected
to be included in monographs for such products.

Methods that are well establishedwith littlevariation in practice are described in more detail, whereas methods that are
more flexible are described in general terms, both in the performance of the tests and in considerationsfor acceptance. Relevant
regulatory references are given in the Appendix. Relevant USP general chapters should be consulted with regard to bioassay
design, data analysis, interpretation, and assayvalidation.

DETECTION OF VIABLE VIRUSES

Infectious virus particlescontaminating biologicsand biotechnology-derived products are of great safety concern; because
they have the potential for causing serious, possibly life-threatening, infections in the patients treated. This is particularly true
ifthe patients are immunocompromised. Although complete assurance of viral safetyfor finished biological products can never
be realized, a significantsafety margin can be established through viral detection methods applied to unprocessed bulkand
raw materialsbefore purification incombination with purification processesthat demonstrate the ability to inactivateor remove
potential viral contaminants present at levels too low to detect. (See ViralSafety Evaluation of Biotechnology Products Derived
from CellLines ofHumanor AnimalOrigin (1 050) for informationon viral clearance and inactivation methods.) Forcelland gene
therapy products that lackextensive purification steps, final products may be directly tested for the presence of relevant
contaminating viruses. This section describes two broad systems for the detection of infectious virus: cell culture-based
infectivity assaysand invivo infectivity assays. Thesesystems may possesscomplementary sensitivities for viruses, and as a result,
both methods may be used as limittests for cell bank and raw material characterization and for lot release testing of biologics
and biotechnology-derived products. Considerationsfor optimizing sample preparation for these tests are discussed, followed
by a description of the more commonly employed detection assays. Finally, to ensure the reliability of experimental results,
quality control issues in general and detection limitestimation in particularare discussed.

Sample Selection of and Preparation for Cell- and Animal-Based Virus Detection Assays

The requirements for selection, preparation, and,storage of test samples for viral detection methods (cell- and animal-based)
are dictated by the lability of the viruses being detected. The abilityof a virusto remain infectious in the absence of a host cell
is highlyvariable. Virus infectivity also may differ in sensitivity to repeated freezing and thawing cycles.

Sample preparation typically involves storage of test samples at low temperatures (ideally -600 or below) as soon as
practicable upon collection. When intended for use in a viral screening assay, aliquots of samples should be prepared to avoid
multiplefreezing and thawinq. Samples intended for viral infectivity assays are typically shipped with sufficient dry ice to last
several days more than the expected time required for transit. When received at the testing laboratory, the sample should be
examined to verify that it isstill frozen,and appropriate documentation should be completed. Forany storage or hold condition,
the impact of the condition on viral Viability should be empirically assessed and sufficient cold chain management ensured.

Typical sample types for viral detection assays are described below.

CELL LYSATES

Test samples derived from cell substrates (master and working cell banks, end-of-production cellsamples) are prepared in a
manner that allows sampling of both the cells (for cell-associated viruses) and the conditioned medium (forvirus shed into the
medium). To achieve this, a culture of the cells is sampled. Acell suspension of -107 cells per mL in conditioned medium is
prepared and frozen (ideally at -600 or below). Because this medium does not contain cryopreservative, the majorityof the
cells will lyseupon thawinq of the sample, releasingthe cell-associated virus. Low-speed centrifugationwill remove largercellular
debris and yield a supernatant that may be inoculated directlyonto detector cells in cell-basedviral infectivity assays. Asimilar
sample is prepared for in vivo viral adventitious agent testing. In this case, however, the test sample is thawed and injected
without clarification into the various animal systems via the variousdescribed routes.

BIOTECHNOLOGY BULK HARVEST (UNPROCESSED BULK HARVEST) SAMPLES

Routine lot testing of bulkharvestsamples ismandatory for most types of biologics (see ViralSafety Evaluation ofBiotechnology
Products Derived from CellLines ofHumanor Animal Origin (1 050»). The sampling must be done at the unprocessed bulk harvest
stage, because downstream purification processes may remove or inactivate any viruses that might contaminate the starting
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materials. The harvest sample from the bioreactor should be collected and stored without further manipulation, as soon as
practicable, at -600 or below. To prevent multiple freeze and thaw cycles, individual aliquots should be prepared for each
individual assayto be performed. Additional aliquots should be retained in case repeat testing is required. Depending on the
nature of the manufacturing process, the bulkharvest samples may contain varying quantities of the production substrate cells.
Because the bulk harvest does not contain cryopreservatives, the majorityof the cells present will lyse upon thawing of the
sample, releasing the cell-associated virus. Low-speed centrifugation to clarify the sample will result in a supernatant that may
be inoculated directlyonto detector cells in cell-basedviral infectivity assays. There may be instanceswhere the test sample is
cytotoxic to the detector cells of the cell-basedassaysand procedural modifications may be required to deal with this. Asimilar
sample is prepared for in vivo viral safety testing. In this case, however, the test sample is thawed and injected without
clarification into the various animal systems via the variousdescribed routes.

RAW MATERIALS OF ANIMAL ORIGIN

Ingredients of animal origin used in the manufacture of biological products for human or veterinary use must be tested for
species-specific viruses of concern as described in 9 CFR 113.53 (see also the USP general informationchapter Bovine Serum
(1024), being prepared for future publication). The raw materials may be stored under a varietyof conditions, as appropriate
to the raw material.Sample preparation and method of application to the test system depend on the nature of the sample. The
possibility that animal-derived raw materialsmay contain bacterialor fungal contaminants should be considered. Insome cases,
it may be necessaryto treat the samples with antibiotics or to filter the samples (0.22 or 0.45 micron pore size) prior to
inoculation in order to prevent bacterial or fungal outgrowth in the test system. Animal sera are typically received frozen and
are thawed and incorporated into the growth medium at an appropriate concentration (typically 15%, v/v) as a means of
exposing the detector cells. Powdered trypsin (not less than 5 grams, as per 9 CFR 113.53) is suspended in a suitable diluent,
such as phosphate-buffered saline, and isthen subjected to high-speed centrifugation to pellet any virions that may be present.
The concentrated pellet isresuspended in phosphate-buffered saline,and the resulting material isused to inoculate appropriate
detector cells. Medium additives, such as bovine thrombin, may be incorporated into the growth medium at a predetermined
multiple of the nominal concentration to be used in the manufacturing process.The resulting growth medium containing the
additives isthen used as a means of exposing the detector cells to the test material.The exact multipleto be used in such testing
may be limited by such factors as solubility in growth medium or cytotoxicityto the detector cells. These factors should be
assessed in advance of testing. The principleof using higher concentrations in the detection method than during processing
should be followed, within the bounds of indicator cell toxicity, as a means to increase sensitivity to detection.

WHOLE CEllS

Intact viablecells are used as the test sample in certain viral detection assays. Because the test cells may attach and proliferate
in the culture vessel along with the detector cells, assays using this type of sample are referred to as cocultivationassays. The
requirements for the specific assay may vary in relative proportions of detector and test cells, Viability of the test cells, or the
confluency of test cells at the time of collection.

Cell Culture-Based Viral Detection Methods

To ensure the absence of adventitious viral agents, cellculture-based viral detection assays are used for a varietyof purposes,
including but not limited to clinical diagnostic procedures; evaluation of raw materialsand cell substrates; assessments of the
viral identity, the purity, and the potency of virus seed stocks; and lot release testing of unprocessed bulk harvests during
biologicsproduction. Animportant distinction between cell-based assaysand direct detection assays (see the section Detection
ofViralComponents) isthat the former will detect only replicatingvirus, whereas the latter will detect viral antigens, viral genomic
material, and the like, which mayor may not be indicative of the presence of replicatingvirus. Similarly, detection of circulating
antibodies directed against viral antigens (discussed in the section Detection ofAntibodies to ViralAntigens), may be indicative
of either a current or a past infection of an animal and does not necessarily indicate that the animal is currently harboring an
infection.

Infectious viruses detected in cells or in cell-derived materialsfall into two broad categories, based on the expectations of
the analyst. Endogenous viruses are those normallydetected in the cellsas a result of the integration of the viral genomic
material into the host cell DNA. Exogenous viruses are those not normally present in the cells but found as a result of a viral
infection of the cells.

The underlying assumption for all cell-basedviral detection methods is the ability of viruses to replicate in an appropriate
host cell. Viruses lackthe cellular machinery required for producing their own genomic material and structural proteins, and
they must therefore enter and subordinate a host cellfor this purpose. Cell-based viral infectivity assays use indicator (detector)
tells that serve as host cells for viable virions present in test samples. .

Cell-based infectivity assays may be placed in three broad categories on the basisof types of viruses to be detected: (1)
retroviral assays, (2) virus-specific assays, and (3) viral screening assays. The types of endpoints used to detect the viruses may
differ by category. Although screening assays are typically not optimized for single viral entities, the virus-specific assays and
titration assays, as well as some of the retroviral assays, may be optimized to some extent for specific viruses. Accurate titration
of stock viruses that are used as positive controls or are used to determine the detection limitof an assay is critical.

The regulatory guidance underlying the variousviral safety tests depends on the nature of the samples to be evaluated, and
analysts are referredfor more detail to documentation relevant to their own regulatory environments. .
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General Requirements for Cell Culture-Based Assays

DETECTOR CELLS AND THE CONCEPT OF VIRAL HOST RANGE

USP 43

The range of viruses detectable using a cell-based infectivity assay depends on a number of factors, including the type of
host cell(s) used as the indicator (detector) culturesand the detection endpoints used in the assay. Viruses differin their abilities
to infect specific host cell types. Most viruses exhibit at least some degree of host cell tropism (l.e., ability to infect a specific
species or tissue type). Thisattribute is typically due to a requirement for interaction of a virion with a specific cell membrane
receptor during the process of infection of the host cell.Acell susceptible to infection and capable of production of progeny
by a given virus is referred to as permissive for that virus; cells not supporting viral proliferation are referred to as nonpetmissive,
or restricted, for that virus. As a consequence of the differences in host cell tropism, assays intended to screen for a wide range
of viruses must include multiple detector cell types. Forthe same reasons, design of a cell-based infectivity assayfor a specific
virus must include a detector cell known to be permissive for that virus.

VIRUS SUSCEPTIBILITY OF COMMON CELL LINES

Formost endpoint assays used to determine whether a host cell is infected with a virus, a monolayerculture is preferable
to a semiadherent or suspension culture. Forinstance, cytopathic effect and hemadsorption are visualized microscopically. Cells
that are not adherent have little morphology to evaluate, and hemadsorption cannot be properlyevaluated in a suspension
culture. Forthis reason, some regulatory documents pertaining to cell-based virus infectivity assays stipulate the use of
monolayer detector cultures.

Alistofcommonly employed indicatorcell lines and their application inviral screening assays isprovidedin Table 1.Regarding
the viral tropism of these cells, "Points to Consider in the Characterization of Cell Lines Used to Produce Biologicals" (1993)
and ICH's Q5A(R1) guidelines (for these references, see Appendix) require that human diploidcells such as MRC-5 and WI-38,
which are permissive for a range of viruses of human concern, and monolayer cultures of the same species as that of the cell
substrate used to produce the product are included in the viral screeninq test for biologics destined for use in humans. ,

Table 1. Indicator (Detector) Cell Lines Used for Adventitious Viral Screening Assays
Cell linea Origin Endpoint(s)b Target virus(es)

Cell lines with relatively broad viral tropism:

BHK-21 Syrian hamster CPE, HAd, HA Insect-borneviruses (arboviruses)

Vero African green monkey CPE, HAd, HA Viruses infectious to humans, primates

For processes involving humancell substrates:

HeLa Human CPE, HAd, HA Viruses infectious to humans

MRC-5 Human CPE, HAd, HA Viruses infectious to humans

For processes involving Chinese hamster cell substrates:

CHO-KI Chinese hamster CPE, HAd, HA Viruses infectious to Chinese hamsters

For processes involving mouse cell substrates:

MEF Mouse CPE, HAd, HA Viruses infectious to mouse cells

NIH/3T3 Mouse CPE, HAd, HA Viruses infectious to mouse cells

For processes involving bovine cell substrates or bovine rawmaterials..c

MDBl< Bovine CPE, HAd, HA Bovine viruses

BT Bovine ePE, HAd, HA Bovine viruses

EBTr Bovine CPE, HAd, HA Bovine viruses

a Examples of cell linesused for viralscreening assays are shown. MRC-5 and Vero, or cellswith similarhost ranges, are used in all assays. Depending on the cell
substrate used to manufacture a biologic,additional celllinesare also used in the screening assay. Inaddition, a bovinecellmight be included ifbovineserum was
used in the manufacturing process.
b CPE, cytopathic effect;HAd, hemadsorption; HA, hemagglutination(optional).
C Inclusion of a bovinecell in a virusscreen should not be construed as a replacement for or alternativeto a raw materials test. Raw materials testing isdriven in the
U.S. by 9 CFR 113.47 and 113.52, and cell linesused for this testing are described in Table 2.

A listof commonly employed indicator cell lines and their application in raw materialstesting assays is provided in Table 2.

Table 2. Indicator (Detector) Cell Lines Used in Raw Material testing
Cell linea AssayType Endpoint(s)b AnimalOrigin of Raw Material,

Vero Isolation/detection CPE, HAd, IFA All sources

BT Isolation/detection ePE, HAd, IFA Bovine; allsources (BVDV)C

EBTr
, Isolation/detection CPE, HAd, IFA Bovine; allsources(BVDV)C

MDBK Isolation/detection CPE, HAd, IFA Bovine; allsources (BVDV)C
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Table 2. Indicator (Detector) Cell Lines Used in Raw Material Testing (continued)
Cell line" AssayType Endpoint(s)b Animal Origin of Raw Material

PT-1 Isolation/detection CPE, HAd, IFA Porcine

PK-1 Isolation/detection CPE, HAd, IFA Porcine .

MDCK Isolation/detection CPE, HAd, IFA Canine

GT Isolation/detection (PE, HAd, IFA Caprine

aThe requirement (9 CFR 113.47 and 113.52) for evaluating raw materialsof animal origin is to use (1) Vero cells,(2) a bovinecellfor detecting BVDV, and (3) a
cell line of the same speciesof originas the raw materialfor detecting viruses of concern from that species. Examples are givenof some cell linesthat are used in
the industry.
bCPE, cytopathic effect; HAd, hemadsorption; IFA, immunofluorescentantibody staining.
C Asper 9 CFR 113.47, raw materials of any animaloriginare to be tested for bovineviral diarrheavirus(BVDV).

There may be very specific requirements for detector cells for certain viruses. For instance, assays intended to detect infectious
HIV use human peripheral blood lymphocytes and involve a p24 antigen capture enzyme immunoassay endpoint. A list of
commonly employed indicator cell lines and their application in the detection of specific viruses is provided in Table 3.

Table 3. Indicator (Detector) Cell Lines Used for Detection of Specific Virus(es)

Cell Line" AssayType Endpoint(s)b Target Virus

324K Isolation/detection CPE, HAd, IFA Murineminute virus

A9 Isolation/detection CPE, HAd, IFA Murineminute virus

BHK-21 Isolation/detection CPE, HAd Arbovlruses-

MRC·Sd Isolation/detection ePE Human cytomegalovirus

a Examples of celllinesused for optimizingthe detection ofspecificviruses or virustypes are shown. Inmanycases,the assaymethodologiesmust also be optimized
for detection of the target viruses.
b CPE, cytopathic effect; HAd, hemadsorption; IFA, immunofluorescentantibody staining.
C insect-berne virusesas a group are referredto as arboviruses. Thisterm has no taxonomic significance.
d Other human diploid cell linessuch as WI-38 are alsosuitable. Assay duration must be 28 days at a minimum.

GROWTH REQUIREMENTS FOR DETECTOR CELLS

Viral proliferation within a permissive host cell may be dependent on the rate of host cell proliferation. This is especially true
for viruses that display cell-cycle dependence for generation of viral progeny. For most detection assays, detector cultures are
seeded at a density intended to achieve a cell monolayer in exponential growth. This corresponds to a cell confluency of 50%
or less (optimal cell densities may depend on the assaytype and the detector cell to be used) at the time of inoculation of the
cultures with virus or test sample. For the same reasons, the assaydesign may include provision for detector cell subculture (the
collection of cells from the original culture and seeding of a predetermined fraction of these into a new flask). Alternatively, a
passage may be performed, consisting of collection of conditioned medium from the original culture and inoculation of this
material onto a secondary detector cell culture that is in log-phase growth. The frequency of subculture/passage required in an
assayis determined largely by the rate of growth of the detector cell. Incorporation of these steps into detection assaydesigns
helps to ensure that the conditions remain optimal for amplification of viral progeny within the host cells.

NEED FOR DETECTOR CELL IDENTIFICATION AND BANKING

Detector cells used for cell-based viral detection assays are a critical reagent for ensuring viral safety, viral potency, viral
identity, and viral clearance capacity in purification schemes. In many cases this testing is intended to support GMP processes;
therefore, the detector cell banks may need to be prepared and qualified in much the same manner as other critical reagents.
The details of the viral safety evaluation methods are described in ViralSafety Evaluation of Biotechnology Products Derived from
CellLines of Human or Animal Origin (1050). Regardless of specific compliance requirements, periodic identification and
qualification of the detector cell banks to be used subsequently for viral infectivity assays is good practice. The following should
be regarded as minimal quality control testing for such detector cell banks: sterility, mycoplasma and viral screening, and cell
identity by DNA fingerprinting, karyology, or isoenzyme analysis. In addition, specific assays for bovine and porcine viruses may
be required if bovine or porcine raw materials were used in preparation of the banks. Bovine Serum (1024) and relevant
serum-type specific ancillary materials monographs should be consulted when serum products are used in cell growth media.

Endpoints for Detection of Viral Infection

The various endpoints used to identify infection of a detector cell with a virus include the following:
• Visual observation of cytopathic effects
• Hemagglutination or hemadsorption of erythrocytes
• Immunofluorescent staining
• Cocultivation with other types of detector cells
• Quantitative polymerase chain reaction (qPCR) for direct detection of viral genomic sequences
• Electron microscopic analysis of viral pellets or fixed cells for visual observation of viral particles
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• Biochemical endpoints such as reverse transcriptase assays, which detect virus-specific enzymatic activity
These various endpoints are used in a complementary fashion, because a given virus may not cause a positive response in

each endpoint. For instance, some viruses can grow to high titers without producing visible cytopathic effectsand so must be
detected using other endpoints. Polymerase chain reaction (PCR) and electron microscopic analysis per se are not capable of
distinguishing viablefrom nonviableviruses. However, when used in conjunction with cellculture growth kinetics, these
approaches can be powerful orthogonal detection methods to demonstrate the increaseof viral replication and therefore viable
virus. The failureto observe viral particles in electron microscopic analysis of fixed cells should not be considered absolute proof
of the absence of infectious virus in the cells. In a general sense, the same is true for each of the detection endpoints discussed
above. Each endpoint has a detection limitbelow which a virus may be present but not detected.

VIRAL CYTOPATHIC EFFECTS

Visually observable manifestations ofthe infectionofsusceptiblehost cells with certain types ofviruses are collectively referred
to as viral cytopathic effects(CPE). Although CPE may be considered an indirect detection of viral infection, in the context of
specifichost cellsthey can havedistinctive morphologicalmanifestations. Thesemay includethe appearance of inclusion bodies,
abnormal cell morphology, changes in culture confluency, cell death and cell lysis, and others. The nature of the CPE observed
may depend on the host celland the infecting virus. In addition, for a virus that normally causes CPE, there may exist variants
that do not cause CPE. CPE can be differentiatedfrom cytotoxic effect by the tendency of the former to exhibit progression
irreversibly with time, whereas the latter may be reversible. In some cases structural proteins of viruses may cause cytotoxic
effects similar to the cytopathic effectsof the infectious virus. Differentiating the cytotoxic effect of such proteins from the
cytopathic effect of infectious virus may requireobservation of the culture over time to determine whether the effect progresses
or the cells appear to recover.Alternatively, cell-free passage of the original culture onto fresh detector cells can be used to
differentiatethese two apparently similar manifestations. The cytotoxicity associated with the structural proteins in the absence
of infectiousvirus would not be expected to pass to the secondary culture.

Giemsastaining may optimize the ability of the operators to visualize certain inclusion bodies (clusters of viral particles) that
are characteristicof viral cytopathic effect and is required by 9 CFR 113.53 in assays used to demonstrate that bovine, porcine,
equine, and ovine raw materials are free of species-specific viruses.

DETECTION OF HEMAGGLUTINATING VIRUSES

Acharacteristicof certain viruses (referred to as hemagglutinating viruses) is that one or more of their viral proteins cause
hemagglutination of one or more types of erythrocytes. Hemagglutination isan interaction between viral proteins or
hemagglutinins and erythrocytes, leading to adhesion of the erythrocytesto surfaces, cells, and each other. This property forms
the basis of two endpoint procedures that are employed in cell-based viral infectivity assays: hemadsorption and
hemagglutination.

Hemadsorption is performed by adding a suspension of one or more erythrocyte types directlyto the monolayer culture of
detector cells. Ifviral proteins of a hemagglutinating virus are expressed from infected cell membranes, the susceptible
erythrocytes will bind tightly to the cellmembranes. Noninfectedcells do not displaythis binding; therefore, the technique can
be used to visualize a focus of infected cells against a background of uninfected cells. Forthis reason, this particularendpoint
may displaygreater detection sensitivity than other assay endpoints, such as cytopathic effect or hemagglutination. In the
advanced stages of infection, binding of erythrocytes to cells, to each other, and to open plasticsurfaces in the culture vessel
may be observed.

The hemagglutination procedure is performed on the conditioned medium and is essentially an evaluationfor free virus or
viral hemagglutinins in solution. An aliquot of the conditioned medium from a detector culture iscombined, in a microwell
plate having v-bottomed wells, with one or more types of erythrocytes. After an appropriate amount of time the plates are
evaluated. Absenceof hemagglutination isreflectedby a well-defined pellet (button) of erythrocytessedimenting to the bottom
of the well. Incomparison, hemagglutination isreflectedby the absence ofa button, or bya button with irregular shape. Scoring
the latter represents an opportunity for operator subjectivity. Inaddition, this endpoint can be considered the least sensitive in
detection assays, because it isdependent on achieving a sufficient concentration of viral hemagglutinins in solution. Forthese
reasons, hemadsorption is typically viewed as the more useful and reliable of the techniques for detecting hemagglutinating
viruses.

The responses obtained in detection assays using hemadsorption and hemagglutination endpoints are highlydependent on
the virus being assayed, as well as on the types of erythrocytes used. Manyof the viruses of concern to the biotechnology
industry do not cause hemadsorption and hemagglutination, or their hemagglutinins react with red blood cell types not
commonly used in detection assays.

DETECTION BY IMMUNOFLUORESCENT ANTIBODY (IFA) STAINING

Certain cell-based viral detection assays are intended to detect specific viral entities and are requiredfor raw materials tests
derived from bovine-, porcine-, equine-, and ovine-derived materials (9 CFR 113-53). In order to achievethis, the assays must
be optimized with respect to host cellselection,study design, and sample preparation. Specificity of detection isalso conferred
through use of IFA staining techniques. Primary antisera or monoclonalantibodies directed against the viral antigens of interest
are used, either in direct staining applications or in conjunction with a fluorochrome-conjugated secondary antiserum. The
immunostained detector cell monolayersare then visualized with an epifluorescence microscope to reveal the presence of
reactive infected cells.
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Design of Cell-Based Viral Assays

VIRAL DETECTION ASSAYS

Detector cellculturesare seeded and allowedto incubate for the appropriate amount oftime. Viral samples may be inoculated
directly into the medium of the mitotic phase of cellculture, but more typically the medium is removed from the overnight
detector cellculture and isreplacedwith the test sample. Forthe latter method, the test sample must therefore be approximately
isotonic, and cytotoxic agents such as selection agents must be maintained within levels tolerable to the detector cell. Fortest
samples comprised of live cells, the sample must be subjected to freeze-thaw before inoculation in order to lyse the sample
cells. Ifthe cellsare not lysed, a cocultivation involving the detector and sample cells will result.The latter is part of the design
for cocultivationassays. Butfor most of the cell-basedinfectivity assayssuch a cocultivation isnot intended and could adversely
impact the sensitivity of the assay. The test sample is typically allowed to adsorb to the detector cell monolayersfor an
appropriate amount of time. It is then removed and replaced with the growth medium suitable for the detector cell.Once
inoculated, the detection assayinvolves incubation of the detector cellsfor a prescribed amount of time, with periodic refeeding
as necessary. Endpoint evaluationsas described above are performed according to the study design. Variations of the given
procedure may be used for exposing detector cells to raw materials. For raw materials, detector cell exposure may consist of
incorporation of the test materials into the growth medium used to maintain the detector cells throughout the assay.

VIRAL TITRATION ASSAYS

Viral titration assays are designed to generate quantitative informationabout the virus of interest.Theseassays do not quantify
absolute numbers of viral particles; rather, the resultsare expressed in terms of infectious units.Aninfectious unit isthe amount
of virus required to establish a productive infection, and severalcategories of titration assays are used. They vary on the basis
of the endpoint used to demonstrate infectionand include viral plaque titration or plaque-forming units (units: PFU per mL);
50% tissue culture infectious dose (units:TCIDsoper mL); and 50% fluorescent antibody infectious dose (units: FAIDsoper mL).
The amount of a hemagglutinating virus in a sample can also be expressed in terms of hemagglutinating titer (units: endpoint
dilution, i.e., the greatest dilution of the sample which still results in a positive hemagglutination, or HA, response).

Regardless of the endpoint used, a typical titration assay design consistsof a sequence of sample dilutions based on
0.5 10glo or 1 log,o increments. The variousdilutions of the sample are then applied to an appropriate number of replicate
permissive detector cell monolayers. After a suitable incubation time, the monolayers are scored directlyfor cytopathic effect
(TCIDsoassay), fixed and processedfor immunostaining and scored for reactive cells (FAIDsoassay), or overlaid with agarose
and processed for plaque generation PFU assay. TCIDsoand FAIDsotiters are typically calculated using publishedformulas, such
as Spearman-Karberand Reed-Muench. Assay controls for such quantitative assessments should routinely include a reference
sample of known potency.

Detection of Retroviruses

Retroviruses represent a specialcase for cell-basedviral detection assay because of the occurrence of retroviral infection in
the absence of responses to the typical endpoints discussed. In order to detect retroviruses, scientistscan employ a number of
differentendpoints. Alistofcommonlyemployed indicatorcell linesand associated endpoints, and their application in retrovirus
detection assays, is provided in Table 4.

Table 4. Indicator (Detector) Cell Lines Used in Retrovirus Infectivity Testing

Cell Line AssayType Endpoint(s)a Target Virus

SC-l/XC Isolation/direct detection Plaques(XC)i RT Ecotropic murine retrovirus

Balb/C Isolation/direct detection Plaques (XC)i RT B-Tropic murine retrovirus

NIH/3T3 Isolation/direct detection Plaques (XC)i RT N-Tropic murine retrovirus

Mink lung Isolation RTi minks-i- Xenotropic, amphotropic murine retrovirus

Mink S+l- Directdetection Foci Xenotropic, amphotropic murine retrovirus

Feline S+l- Directdetection Foci Xenotropic, amphotropic murine retrovirus, gibbon
ape leukemia virus (GAlV), and RD-114 feline retrovi-
rus

Mus dunn; Isolation, cocultivation RTi S+l- Murineretroviruses and retroviruses infectious to hu-
mans

QT6b Isolation, cocultivation RT Avian retroviruses

RD Isolation, cocultivation RTiS+l- Retroviruses infectious to humans

MRC-S Isolation, cocultivation RTiS+l- Retroviruses infectious to humans

WI-38 Isolation, cocultivation RTi S+L- Retroviruses infectious to humans

293 Isolatlon, cocultivation RTiS+l- Retroviruses infectious to humans

AS49 Isolation, cocultivation RTi S+l- Retroviruses infectious to humans

Raji Isolation, cocultivation RT Retroviruses infectious to humans
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Table 4. Indicator (Detector) Cell Lines Used in Retrovirus Infectivity Testing (continued)
Cell line AssayType Endpolntfs)" Target Virus

USP 43

Human PBMC Isolation, cocultivation RT, HIV p24 EIA HIV and other human retroviruses

aThe endpoint assaysinclude the following: RT, reversetranscriptase; PERT, product enhanced reversetranscriptase(includingalso product enhanced reverse
transcriptaseand real-timequantitative product enhanced reversetranscriptaseassays); and EIA, enzyme immunoassay.
bAquail cell;primaryfibroblastculturesof chickenor turkey originare alsosometimes used.

Retroviral infection is dependent on the presence of receptors on the host cell membranes. The presence of such receptors
confers host cell tropism. .

DESIGN FOR RETROVIRUS INFECTIVITY ASSAYS

Two types of infectivity assays are used, depending on the nature of the test material. Formaterialsother than intact cells,
the test material is inoculated onto one or more of a varietyof detector cells, and the latter are then passaged as required to
amplifyany virus present. Because of the nature of retroviral replication, cytopathic effectstypically do not occur during
infection, although there are some exceptions. Before the first subculture and at the end of the final passage, one or more
endpoint assaysare employed to detect the presence of a retrovirus. Fortest materials in the form of intact cells, detector cells
are seeded and subsequently inoculated with the test cells, resulting in a cocultivation. The cultures are passaged five or more
times. Before the first subculture and at the end of the final passage, one or more endpoint assays are employed to detect the
presence of a retrovirus.

ENDPOINT ASSAYS FOR RETROVIRUS DETECTION

Endpoint assays may be Classified as direct, which lead to distinct morphological changes in the detector cells; or indirect,
as measured by the detection of biochemical, molecular, or immunological markersfor infection.
XC-PlaqueAssay-The XC-plaque assaywasdeveloped as a direct means ofdetecting infectious murine retroviruses. Detection
of the retrovirus is accomplished by UV-irradiating the detector cells used to amplify the virus and overlaying the irradiated
detector cellswith a specific rat cell (XC). The presence of infectious murine retroviruses in the detector cells is reflected by the
formation of distinctive syncytia in the XC monolayer, which are easily visualized when the culturesare fixedand stained with a
suitable dye such as crystal violet. .

The NIB tropism of an ecotropic murine virus may be determined by inoculating Balb/cand NIH Swiss detector cells with
the isolate, performing one or two passages on each cell line, and comparing the XC-plaque titer post passage to that
determined for the initial isolate.
Mink and Feline S+L- FocusAssays-The S+L-focus endpoint was developed to facilitate direct detection of infectious murine
xenotropic and amphotropic viruses. The test sample may be inoculated directlyinto culturesof the S+L-cells, or, alternatively,
may be amplifiedfirst by inoculation into mink lung, human, or Mus dunni detector cells. Cell-free supernatants from the
detector cellcultures are used to inoculatethe S+L-cells. The latter are infectedwith a sarcomavirus that isreplication-defective,
requiring the presence of a helper leukemia virus to render it capable of causing transformation of the host cell. The presence
of infectious retrovirus virus in the detector cultures is reflected by the formation of characteristicfocal areas of cell
transformation in the S+L-cells caused by the rescued sarcoma virus.
Detection of Retroviral Reverse Transcriptase-Assays designed to measure reversetranscriptase (RT) activity are useful as
an indirect detection method, because the enzyme is indicative of the presence of all retroviruses, whether infectious or not.
The RT enzyme isencoded for in the retroviral genome and isused bythe virus to transcribegenetic informationinviral genomic
RNA into proviral DNA.

Radiolabeled NucleotideIncorporationAssay-The earliestmethods for measuring RT activity were based on the measurement
of 32p_ or 3H-labeled nucleotide incorporation into the complementary eDNA product, using an appropriate RNA template.
Incorporation of radiolabeled nucleotide at levels higher than a predetermined threshold is interpreted as evidence of the
presence of retroviral RT activity. The contributions of cellularDNA polymerasescan be ruledout through useofa dual template
assay (having both RNA and DNA templates) or inclusion of activated calf thymus DNA.

Product-Enhanced Reverse Transcriptase (PERT) or Quantitative PERT (Q-PERT)-Polymerase chain reaction amplification has
been used to increase the sensitivity of RT activitymeasurement. RT activity isdetected by PCR amplification of complementary
DNA, newlysynthesizedfrom an RNA template by reversetranscriptase.The assaymay be performed with a gel endpoint (PERT)
or as a quantitative assay (Q-PERT). This method has increasingly gained acceptance by regulatory agencies. For more details
on PCR-based techniques, seethe USP general information chapter NucleicAcid Based Techniques-Amplification (1127).

ELECTRON MICROSCOPY

Transmission electron microscopy(TEM) may be used to detect and enumerate viral particleswithin cells. Inaddition, the
technique allowsfor differentiation of types A, B, C, and D retroviruses based on morphologicalconsiderationsand can be used
to localize viral particleswithin the cell.As a technique for identification of viruses (including RNA and DNA viruses in general),
TEM of sectioned cells isextremely valuable. The cells, typically sampled during the log phase of growth, are pelleted by
low-speed centrifugation, and the cellpellet isfixedwith a suitablefixative. Thefixedcellpellet isembedded, sectioned, stained,
and observed with TEM. Size(diameter) ofthe particles, morphology, presence or absence of surfacefeatures such as envelopes
and spikes, and location within the cellcan be determined with this technique. Such information is important for the
identification of a virus. However, failure to observe viral particleswith this method does not conclusivelydemonstrate the lack
of viral contamination in the sample.

Biological fluids may also be evaluated by TEM, primarily to determine particle size and concentration. The cell-free
supernatant is subjected to ultracentrifugation to pellet any virus present. The resulting pellet isfixed with a suitablefixative. A
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predetermined number of grid spaces containing representative areas of thin sections of the pellet are evaluated for particles.
The enumeration results obtained may show a high degree of variability, and failureto observe particlesdoes not imply that
none were present in the sample. Molecular (quantitative PCR and quantitative PERT) endpoints have also been used as
alternative methods for estimation of viral particle load in samples.

ANTIGEN-CAPTURE ENZYME IMMUNOASSAY

Specific viral proteins (e.g., HIV p24 antigen or avian leucosis viral envelope proteins) may be detected as a means of
determining the presence of a retrovirus. Viral antigens are captured by specific antibodies coated onto microtiter plate wells
and are detected by the addition of a second labeled antibody and appropriate substrate.

Assays Designed to Detect Specific Viruses

Additional methodologies have been developed to allowdetection of specific viruses or groups of viruses. These types of
assays are often used for raw materialevaluation. Insome cases, these specific assays were developed because the target viruses
do not cause endpoint responses in the viral screening assays. In contrast to screening assays, specific virus assays are typically
optimized for detection of the target virus or viruses. Thisoptimization takes into account the lability of the virus, the host range,
the possibleendpoint responses elicited,and any special requirements of the target virus. The use of well-characterized viruses
as positivecontrols in such assays providesassurance that the methodologies are suitablefor the target virus or viruses. Spiking
of the test sample matrix with the positivecontrol virus enables the investigator to assess the potential for matrix interference
and to assessthe limitof detection for the method. Such considerations are not applicable to screening assays. Specific virus
testing for bovine-and porcine-derivedraw materialsisdiscussedbelow. Evaluation of caprine, ovine,equine, canine, and feline
raw materials isalso stipulated in 9 CFR section 113.47. Thissection should be consulted with respect to the viruses of concern,
and 9 CFR 113.52 should be consulted for methodology. Alistof commonly employed indicatorcell linesand their application
in raw materials testing assays is provided in Table 2. A listof commonly employed indicator cell linesand their application in
detection of specific viruses isalso provided (see Table 3).

DETECTION OF BOVINE VIRUS CONTAMINATION

Raw materialsof bovine origin includesuch commonly employed medium components asfetal bovineand calfserum, serum
albumin, collagen, thrombin, and trypsin. Each of these additivesrepresents a route of entry for adventitiousviral contaminants
into a cellculture or manufacturing process. Requirements for evaluation ofsuch materialsensure the absence of contaminating
viruses.

Forthe details on testing for bovine serum and its derivatives, see future general chapter Bovine Serum (1024).

DETECTION OF PORCINE VIRAL CONTAMINANTS

Raw materialsof porcine origin include trypsin as wellas other cell culture reagents. The specific porcine viruses of concern
in the United States are stipulated in 9 CFR 113.47 and include porcine parvovirus, porcine adenovirus, transmissible .
gastroenteritis virus, and porcine hemagglutinating encephalitisvirus. Inaddition, porcine raw materialsmust also be evaluated
for the presence of bovine viral diarrhea virus (BVDV), reovirus, and rabiesvirus. Porcinetissues intended for xenotransplantation
into humans also are routinely evaluated for the porcine endogenous retrovirus (PERV). The host cells typically used in the
detection of porcine viruses are porcine testicle or porcine kidney, a bovine cell, and Vero cells. The methodology described in
9 CFR 113.52 is analogous to that for evaluation of bovine raw materials and includes provision for multiple subcultures, for
Giemsa staining of fixed cells, for hemadsorption testing, and for use of specific immunostaining of fixed cells.

CELL-BASED DETECTION OF MURINE MINUTE VIRUS

Murine minute virus (MMV) is a mouse parvovirus that has been detected in biologics manufacturing involving Chinese
hamster cellsubstrates. Aswith other parvoviruses, MMV represents a specialcase in that the virus isdifficult to inactivate using
typical cleaning agents and iscapable of surviving for prolonged periods of time on surfaces. Cell-based assays for MMV involve
detector cell linesthat are especially susceptible to this virus, such as 324K(a human cell)and A9 (a murine cell). Optimization
for detection of a parvovirus also includes provision for detector cellsubcultures to remain in log-phase division for a significant
portion of the incubation period. Endpointsfor detection of MMV include one or more of the following: cytopathic effect,
hemagglutination of mouse and guinea pig erythrocytes, immunostaining, and polymerasechain reaction.

CELL-BASED DETECTION OF INSECT-BORNE VIRUSES

Insect-borne viruses include both viruses infectious onlyfor insect cells (e.g., baculovirus) and those transmitted to
mammalian cells via insect vectors (arboviruses). Detectionof the former may be accomplished usingan insect cellas a detector
cell. Suitablesubstrates might include cells of Spodoptera, Trichoplusia, Drosophila, mosquito, or other insect origin. Such cells
are typically cultured at lower temperatures (25° to 28°) relative to mammalian cells, and many of these cultures are suspension
or semiadherent at best. Endpoints may include cytopathic effect, electron microscopy, and PCR.

Of more relevance to patient safety is the detection of arboviruses (insect-borne viruses infectious to animals and humans).
This may be accomplished using a suitable mammalian detector cell.The Syrian hamster kidneycell (BHK-21) isa cell line that
has shown susceptibilityto a wide range of arboviruses. Thiscell linegrows in a monolayerculture, and the endpoints that may
be used include cytopathic effect, hemadsorption and hemagglutination, and PCR.
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CELL-BASED DETECTION OF HUMAN CYTOMEGALOVIRUS

USP 43

Human cytomegalovirus (CMV) isa slow-growing virus of specialconcern for biologics produced using human cellsubstrates.
It may be detected in cell-based assays using human diploid detector cellssuch as WI-38 or MRC-5, provided that sufficiently
long durations of incubation are employed (28 or more days). The endpoints includecytopathic effects and immunostaining
and/or PCR.

In Vivo Methods

Intact and susceptible animals may serveas potential host organisms for detecting viruses in test samples. In this case, viral
proliferation in the tissuesof the host animalmay be reflectedas adverse health effects (including death) that can be monitored
and recorded. Viral detection assays based on intact animals are intended to complement in vitro assays, because some viruses
that do not cause a response in the in vitro assays may be detectable in the animalsystems (and viceversa).Viral safetystudies
employing live animals must be performed in accordance with applicable regional guidelines for the ethical use of animals,
using laboratories that are accredited for the housing of the animals.

IN VIVO VIRAL SCREEN

The in vivoviral screen is used primarily for cell bank, viral seed stock, and viral vaccine testing and is considered to
complement the in vitro virus screening assay. Multiple animal species, as well as multiple injection routes, are employed to
provide a broad range of host tissuesand possible responses. Alistof commonly used host animals, routes of inoculation, and
target viruses are shown in Table 5.

Table 5. In Vivo Viral Screening Assays
Host Animal Route of Inoculation Target Virus

Intraperitoneal injection Arboviruses

Intracranial injection Coxsackie A and B

Suckling mouse
Peros injection Herpes simplex Type 1 and 2

Togaviruses

junin

Herpes B

Intraperitoneal injection Rhabdoviruses

Adult mouse Intracranial injection Togaviruses

Peros injection Lymphocytic choriomeningitis virus (LCMV)

Intraperitoneal injection Rhabdoviruses

Intracranial injection LCMV

Lassa

Guinea pig junin

Marburg

Ebola

Vaccinia viruses

Allantoic Arboviruses

Yolk sac Equine encephalomyelitis viruses

Chorio-allantoic membrane Herpes viruses

Influenza

Mumps

Newcastle disease
Embryonated hens' eggs

Parainfluenza Types 1 and 2

Rabies

Vaccinia

Variola

Lymphogranuloma venereum

Ornithosis
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Following injection of the test sample, each animal model is monitored for an appropriate period of time that allows for the
observation of clinical signs of viral infection. Any abnormality is investigated to determine the cause of the effect.

The suckling mice are observed for an appropriate period of time. Pooled homogenates from any surviving animals are then
passaged into additional littersof suckling mice. The latter are observed for an additional period of time.

The guinea pigs are observed for clinical signs of viral infection and for injection site lesions. Necropsy for gross tubercular
lesions is performed for certain types of test samples.

Allantoic fluids from eggs can be tested for hemagglutination of chicken, guinea pig, and human type-O erythrocytes.
Additional fluids are pooled for each treatment group (test articleand control), and these are passaged (inoculated) into a new
group of embryonated eggs. Following an appropriate incubation period (typically measured in days), the allantoicfluids are
again tested for hemagglutination of chicken, guinea pig, and human type-O erythrocytes. Following injection by the yolksac
route, the eggs are incubated for at least 9 days and are assessedfor viability. The yolksacs are then harvested and pooled for
each group (test article and control), and a 10% solution of the resulting material is inoculated by the same route into a new
group of embryonated eggs. The eggs are again incubated for an appropriate period of time (days)and are assessedfor viability.

IN VIVO ASSAYS INTENDED TO DETECT SPECIFIC VIRUSES

Some in vivoassays are designed to detect, if not specific viruses, at least specific sets of viruses. The antibody production
assays use the production of a humoral immune response in susceptible host animals inoculated with test samples. Viral
antibody-free animals of the variousspecies are injected with the test sample. At the end of an appropriate incubation period,
one or more of a varietyof endpoint assays may be performed to detect the generation of a humoral antibody response in the
animal sera. Production in the animal of antibodies directed against a specificvirus providesevidence of the presence of viral
antigen or infectious virus in the test sample. Thistype of assayis typically used to ensure that rodent cell banks and viral seed
stocks are free of adventitious viruses. Three antibody production assays, along with the route of injection and target viruses,
are summarized in Table 6.

Table 6, In Vivo Antibody Production Assays

Antibody Production Assay Route of Injection Target Virus
~~

Intranasal Ectromelia

Intraperitoneal Hantaan

Intracranial Mouse K

lactate dehydrogenase elevating virus

Mouseantibody production (MAP) assay lymphocytic choriomeningitis virus (lCMV)'

Murineminute virus

Mouseadenovirus

Mousecytomegalovirus

Mouseencephalomyelitis virus type II

Mousehepatitisvirus

Epizootic diarrhea of infant mice

Pneumoniavirus of mice

Mouseantibody production (MAP) assay Polyomavirus

Reovirus type 3

Sendai

Mousethymic virus

Intranasal lymphocytic choriomeningitis virus (LCMV)'

Intraperitoneal Polyomavirus

Hamsterantibody production (HAP) assay Intracranial Reovirus Type 3

Sendai

Simian virus5
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Table 6. In Vivo Antibody Production Assays (continued)

USP 43

Antibody Production Assay Route of Injection Target Virus

Intranasal Hantaan

Intraperitoneal Kilham rat virus

Intracranial Mouseencephalomyelitis virus type"

Ratantibody production (RAP) assay
Polyomavirus

Reovirus type 3

Sendai

Toolan's Hl virus

Ratcoronavirus/sialodacryoadenitis virus

* Agroup of test sample-injected mice is challenged with a known lethaldose of authentic LCMV. Ifthis group of mice does not die from the challenge dose, a
second group with twice the number of mice is used for a repeat challenge. Ifthere are survivors in this group, the test sample is considered positive for LCMV.

Considerations for Validation, Matrix Qualification, and Quality Control of Cell- and Animal-Based
Test Systems

Viral detection assays used to ensure the viral safety of human and animal therapeutics are expected to have undergone
validation.The approach to the validation depends on the nature of the assayand associated regulatory compliance level.

Anyassayshould be sufficiently developed that it can be performed with an appropriate set of predetermined system
suitability and acceptance criteria. These criteriausually includethe use of relevant negative and positive controls but may also
include requirements for linearity and meeting of a predetermined detection limit. The results constituting a positive or negative
response in the assayshould be established prior to execution ofthe validation. An assay used under GMP compliance is
expected to have been validated according to appropriate guidelines.

Anassayused to ensure the safetyof a commercially marketed biological product must be further characterizedfor suitability
in the presence of the specific product matrix.The matrixqualification study should address the potentialfor specific interference
with the viral detection endpoints used in the assay,and typically involves spiking ofone or more model viruses into the product
matrix at levels approaching the limitof detection to ensure the absence of interference.

Forquantitative detection assays, the detection limitshould be probed. This usually involves spikingof the model virus(es)
at decreasing amounts into medium or the product matrix.The lowest spiking level of the virus reliably detected is used as an
approximation of the actual limitof detection of the assay. Experimental error for these cellculture-based assays is usually
expected to be in the range of 0.5 to 1 10glo' The determination of a detection limit is lessmeaningfulfor limittests and viral
screening assays in general. Forthe latter, knowledgeofthe detection limitfor one virus does not implya similarlimitfor another
virus. Sincescreening assays are not optimized for a specific virus, the limitof detection for the assaycan varygreatlyfrom one
virus to another.

Animal-based viral detection systems are generally not subject to the requirements for validation, matrix qualification, use
of positivecontrols, and determination of detection limitthat regulatory agencies expect of cell-based and biochemical tests.
The use of animalsfor safetytesting issubject to the regional guidelinesfor the ethical use of animals, and the kindsof activities
listed above generally are not considered appropriate use of animals. However, negative control animals are included in these
assays, and retrospectivevalidation or gap analysis based on historic incidence of system suitability failures or positive findings
is sometimes possible.

DETECTION OF VIRAL COMPONENTS

Directdetection of viral components can provide a direct measurement of viral levels in a sample preparation. It has also
become primarily important for detection or identification of viruses in biological products or in the raw materialsused in their
manufacture. Systemscapable of identifying components unique to specific phases associatedwith viral latencyand replication
are now available. During interaction with their host cells, viruses may incorporate modified host moleculesduring the
production of new intact virus particles, or they may induce discernable changes in host cell makeup or function.

Most immunological methods and reagents currently available detect the constituents of intact virions. It is the relative
abundance of these proteins that makes them most amenable to the development of antibody-based reagents. Abundance
also makes them optimal targets for detection of the virus. Recently developed targeting and detection reagents are aimed at
minor viral components that may be found only during specific phases of replication. These allowa more detailed analysis of
the stage of viral infection. The basic methodology for the detection of viral antigens iswell established, but more recent
innovations in materialsand reagent development have broadened its application.

Developments in the targeting and detection of viral nucleicacid components have led to enzyme-based systemsfor the
amplification of nucleicacids in vitro and in situ (see Nucleic Acid-Based Techniques-Amplification (1127»). The potential
specificity of this detection method allows the examination of biological systems with a high degree of confidence for the
presence or absence of a specific targeted virus. Awide varietyof reagents, technology platforms, and methodologies are
available. The aim of this section is to elaborate on the most common practices and platformsused in the detection of viral
components.
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Sample Selection and Preparation for the Detection of Viral Components

Thissubsection addresses general considerationsfor various types of test samples and the most common assaytargets (viral
proteins and nucleic acids). The target proteins may have varying levels of posttranslational modification (e.g., glycosylation,
phosphorylation), and the target nucleic acids may be either RNA or DNA, single or double stranded. Therefore, it is important
to have a basic understanding of the physicochemical nature of the virus under study so that the sample handling procedures
support the detection of the target component. Fordetailed considerations regarding the extraction of nucleicacids, see the
USP general information chapter Nucleic Acid-Based Techniques-Extraction, Detection, and Sequencing (1126).

Types of Samples

CELLULAR

When viral components are associatedwith intact cells, samples must be generated either aswholecelllysatesoras subcellular
fractions. Maintainingthe temperature of the test samples at or near freezing (0° to 4°) during processingand limiting the time
that samples are held in an unfrozenstate will reduce the potential for lossof target antigens and nucleicacids due to cytosolic
enzymes (proteases, nucleases)present in the celllysates. Reagentsthat can inactivateor limitthe activity of such enzymes may
be used to prevent degradation of the target components, especially when exceptionallylabile samples must be handled at
room temperature. Centrifugation of intact cells allows for some additional manipulation of the sample matrix. The growth
medium can be discarded and the cells suspended in a bufferformulated to enhance the recovery and detection of the targeted
viral component. Collection and storage parameters should alsoaccount for the presence of cellular DNA. Thiscan increasethe
viscosity of the sample, rendering it difficult to pipet.

TISSUE CULTURE SUPERNATANT

Depending on the stage of the infectionand the type of virus involved, the conditioned medium may represent a preferred
test sample. An advantage is that the presence of cellulardebris can usually be reduced through use of a low-speed
centrifugation (clarification) step. The main disadvantage is the potentially low concentration of the analyte, and therefore
concentration of the sample may be required.

PROCESS INTERMEDIATE (UNPROCESSED BULK HARVEST)

In general, viral safety lot release testing isdone at the bulk harvest stage prior to any purification. This is true regardless of
whether the assaydetects infectious virus or viral components. The presence of host cell DNA may need to be assessed in the
case of biologicsmanufactured in animal cells.

Sample Stability and Matrix Effect

Samplestabilityisa keyelement in the successful detection ofviral components. Proteinstructure can be altered by numerous
environmental factors, including pH, ionicstrength, solvents, detergents, temperature, and free radicals. In addition, complex
biological matricesfrequently contain proteolyticenzymesthat can alter or destroy keyantigenicfeatures ofa protein or peptide.
Sample collection, storage, and handling must allow maintenance of the antigenic features targeted by reagent antibodies.

Conformationalchanges affectingthe opportunity for antigen detection are difficult to address. Depending on the reagents
required for detection, conformational changes may be required for antigen detection. Forexample, ifantibodies are produced
for an antigen detection system using native viral antigen, then unmasking and maintaining the conformation of the antigen
throughout the sample preparation is essential. Conversely, if peptide fragments are used to produce antibody, then a
denaturation step may be required to allowfor effective antigen detection.

Conditions associated with sample preparation must be investigated in a combinatorial fashion whereby one parameter or
component isvaried while allothers remain fixed. In this way, the formulation of lysis and processing buffers can be optimized
for pH, ionicstrength, and types of detergents and denaturants. The sample preparation steps must condition the targeted
antigen in order to obtain the form most readily recognized by the reagent antibody.

The stability of nucleicacids in test samples is largelyaffected by nuclease activities present in the sample and the degree of
protection provided by the intact structure of the virus particle. Encapsidated nucleicacids are particularly stable as long as the
integrity of the capsid is maintained. Viral capsids are vulnerable to proteolytic digestion. Virus particles stored at ambient
temperature as part of a complex biological matrixare especially susceptible to degradation by proteases. Storage at refrigerated
temperatures (2° to 8°) for short periods of time or at temperatures below freezing can be used to limitproteolytic activity.
When samples are stored at frozen temperatures, freeze-thaw cycles should be limited. Under conditions where an individual
sample must be accessed multiple times, preparation of aliquots is advisable.

SAMPLE COLLECTION

In a biotechnology setting, sample collection is dictated by sampling plans that are established to meet regulatory
requirements. Nucleic acid testing in association with an amplification step has the potential of detecting a virus at the earlier
stages of infection.The use of nucleicacid amplification methods reduces the dependence on timing and the amount of material
required, because the amplification process effectively boosts assay sensitivity by increasing the amount of target relative to
background.
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General aspects of nucleicacid sample preparation and stabilityare discussed in Nucleic Add-Based Techniques-Extraction,
Detection, and Sequencing (1126). The following section specifically addresses the unique aspects of viral sample selection and
preparation.

SAMPLE STORAGE

Conditions for sample storage should be consistent with maintaining the antigenic properties of targeted viral proteins and/
or preserving the nucleicacid content of the sample. The duration and temperature of storage isdictated also by cycle times
associated with testing.

IMMUNE COMPLEX DISRUPTION

The masking of antigen epitopes may occur when other proteins associate at or near the epitope targeted by reagent
antibodies. Forviral antigens this may occur when the antigen comprises the structural component of the virus. Such viral
antigens are likely to retain strong affinities for other viral proteins or the ability to exist in multimeric form under normal
conditions for detection. Another obstacle for epitope recognition is the naturally occurring immune complex when reagent
antibodies have been developed to detect native protein in a blood plasma matrix. Immune complexes consisting of viral
antigens and host antibodies are normal in such physiologic samples. The stronger the host immune response, the more likely
masking of antigen due to immune complex formation will occur. Methods aimed at the preparation of blood and plasma
samples for detection should address the presence of preexisting immune complexesand incorporate steps designed to disrupt
such complexes to improve the opportunity for viral antigen detection.

Detection of Viral Antigens

Viral capsid proteins are common targets for antigenic detection methods. Structural proteins that make up the framework
of the viral core are often some of the most abundant viral proteins produced during viral replication. In nonenveloped viruses,
the core structural proteins are likely to provide the dominant antigenic features. When the virus isenveloped, proteins
associated with the envelope often provide keyantigenic features. Thissection examines methods commonly used to detect
viral antigens and addresses considerationsaimed at optimizing formation of the appropriate immune complex.

ASSAYS USED FOR THE DETECTION OF VIRAL ANTIGENS

Immunologic methodologies used to detect viral antigens are based on the specificity and affinity of the antibody and viral
antigen interaction. Of the various platforms available, one commonly employed in viral safety testing is immunofluorescent
antibody staining. This lendssome degree of viral specificity to the cell-basedmethods described in the firstpart of this chapter.
Other techniques include enzyme-linked immunosorbent assay (ELISA), radioimmunoassay, and Western blotting. The
principlesand general methods for these assays will be described in the USP general informationchapters Immunological Test
Methods-GeneralConsiderations (11 02), Immunological Test Methods-Reagent Development (11 03), Immunological Test
Methods-ImmunoassayMethodologies (1104), and Immunological Test Methods-AssayDesign, Quality Control, and Data
Analysis (11OS), being prepared for future publication.The following sections will generallyaddress aspects specific to their use
in virology.
Immunofluorescence Assay-The immunofluorescenceassay(alsoreferredto as immunofluorescentantibody staining) isused
to detect viral proteins expressed in various cellularcompartments. Since the technique can detect viral antigens within single
cells, it confers a high degree of sensitivity and enables infection to be detected at a very earlystage. The technique is often
employed as a detection endpoint for cell-basedviral infectivity assays to provide additional sensitivity and specificity (see tests
for raw materials as described in 9 CFR 113.53). In addition, the technique isemployed for verifying the identity of viral stocks
and is useful as a means of identifying viruses detected in viral screening assays.
Enzyme-linked Immunosorbent Assay (ElISA)-ELISA is best suited for detection of soluble antibodies and antigens in a
variety of test samples. Sensitivity, quantification, robustness, ease of experimentation, and readily available inexpensive
reagents make it adaptable to a high throughput environment. Forviral antigen detection, a sandwich ELISA assayiscommonly
used. Aviral antigen specific antibody (preferablya monoclonal antibody with high affinity) is first immobilized onto a solid
phase. The test sample is then incubated for a predetermined period under appropriate conditions. After washing, a second
antibody that recognizes the viral antigen is incubated. The second antibody is linked to either an enzyme or a chrornornerlc
reagent that emits signalwith an appropriate substrate and can be recorded with an appropriate instrument. The assaycan be
performed in a qualitativeor a quantitative manner. Fora qualitative ELISA assay, sufficient replicatesof both positiveand
negative control samples are required in order to determine the appropriate cut-offvalue and the assayacceptance criteria. A
mean value of a test sample that isequal to or greater than the cut-offvalue isconsidered positive. Fora quantitative EUSA
assay, an additional standard curve with a positive referencestandard material of known quantity must be established. The
number of replicatesshould be adequate to determine the assay variation and linearity. The quantity of test sample can be
calculated against the standard curve.
Radioimmunoassay (RIA)-The radioimmunoassay isa versatilequantitative immunoassaythat can be used to detect
substances including viral antigens and antibodies. It even can be applied to nonprotein moleculesas long as an antibody that
specifically binds the test substance isavailable. Radioimmunoassays can be customized in differentformats to suit specific test
requirements. Manyof the considerationstaken into account with other immunological assays are applicable to the RIA. In
general, radioimmunoassays can be divided into two major categories: solution (homologous) and solid-phase '
radioimmunoassays. Both methods have been successfully used to detect and quantifya varietyofviral antigens or components
of viruses, such as hepatitis A, B, and C; human and murine retroviruses; adenovirus; avian C-type virus; rubella virus; and
respiratory syncytial virus.
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Western Blotting (lmrnunoblotlnqj-e-Western blotting, also known as immunoblotting, is used to identifyspecific antigens
in the presence of other, potentially cross-reactive antigens. In this case, the specificity required isobtained by combining the
antigen-antibody reaction with some form of separation (typically electrophoresis). Depending on the visualization methods
employed (includingdigital methods such as densitometry), this method can be quite sensitive and even semiquantitative. One
advantage of this approach is that in addition to detecting the antigen using an immunological approach, data on the
approximate mass of the target protein may be obtained. A potential caveat is that most test proteins are denatured during
this procedure and that antibody that depends on epitope conformation may not recognize the linearepitopes.

Detection of Viral Nucleic Acids

The detection of viral nucleicacids providesanother route for the determination of viral loadsand for establishingthe identity
of a contaminant. Nucleic acids, like protein antigens, are essentialcomponents of viruses, and detectable quantities are usually
indicative of viral presence. Detection assays can be designed and developed in some cases to parse viremia into phases,
especially when the differentiation of nucleicacidsalong functionalforms and configurationscan provideclear insight into viral
activity. Assays can be designed to determine whether viral DNA has been integrated into the host genome or still is
encapsidated. Early viremia may be detected as viral mRNA transcripts prior to the accumulation of detectable viral particles.
Nucleic acids may be the only detectable viral component of viruses that do not replicate well in tissue culture systems. Such
systems may fail to produce mature virus particles, but the detection of viral transcripts can provide insight into whether the
virushas the ability to infect the cell. Nucleic acid testing represents the most useful endpoint for the detection of certain viruses
failing to cause responses using typical endpoints.

SAMPLE PREPARATION: SPECIAL CONSIDERATIONS FOR NUCLEIC ACID TESTING

Thedegradation of nucleicacids insamplescan be limitedthrough proper handling and storage practicesand even enhanced
by closely linking sample collection and preparation steps. In addition to preparing nucleicacids for further processing,
denaturation isan important step toward stabilizing nucleicacids where storage temperatures extend above 0°.
Denaturation and Dissociation of Virions (Viral Lysis)-Chaotropic detergents and salts can be important agents for
disrupting and removing viral proteins that make up the viral capsid. Their addition can provide a useful first step when
concentration of virions is not necessaryor even possible. In sufficientquantity they rapidlydenature the entire contents of a
biological sample, essentially fixing nucleicacid content through the inactivationof nucleasesand other proteins that may affect
sample stability. Saturated solutions containing guanidium salts, such as guanidine hydrochlorideor guanidine isothiocyanate,
are commonly used for the dissociation of viral nucleicacids from protein components. These solutions may be used alone or
in combination with ionic detergents and other denaturants such as phenol. The main advantage of guanidinium salts is that
they are readily removed during the concentration of viral nucleicacids using ethanol or isopropanol. Urea may also be used
as a mild denaturing agent, although it does not perform as effectively as guanidine in its ability to disrupt virus particles.
Deproteinization-The removal of proteins during the processing of samples for the detection of viral nucleic acids is helpful
in ensuring the reproducibilityand robustness of assays, particularly those that relyon amplification to detect exceptionallylow
quantities of nucleic acids. Several strategies may be used to facilitate deproteinization of the sample; they are discussed in
Nucleic Acid-Based Techniques-Extraction, Detection, and Sequencing (1126).
Recovery of Viral Nucleic Acids-Separation and recovery of extracted viral nucleic acid are important steps in the testing of
nucleicacids. Nucleic acid yield and purity obtained at this step are critical determinants of assayrobustness. Poor nucleicacid
recovery and limited purification may inhibit amplification and detection reaction resulting in poor assaysensitivity. The
development of high-yield, high-purity recovery steps is an important goal in the optimization of nucleicacid detection
methods. Details on the general aspects of extraction and detection of nucleicacids are discussed in Nucleic Acid-Based
Techniques-Extraction, Detection, and Sequencing (1126). However, if no inhibitorycomponents are identified in the system,
direct testing on an aliquot of a sample may increasethe assaysensitivity.
Isolation of Viral DNA-Integrated viral genomes must be recovered and processed along with the genome of the host cell.
The viral genome isanalyzed within the context of the host genome, and therefore similarities between virusand host genomes
must be accounted for to ensure that assay results are specific for the virus and do not simply reflect the presence of.
cross-reacting host "genomesequences. Viral genomes that exist as episomal entities require similar consideration, but there
may be opportunities during sample preparation to limitthe amount of host nucleic acid present in the preparation.
Sedimentation gradients or silica-based separation chromatography can sometimes be used to enrich episomal nucleicacids
through size-related exclusion or partitioning of processed nucleicacids.

The recovery of encapsidated viral genomes may allowfor larger amounts of material, especially ifthe target virus has
accumulated in large quantities in the system being monitored. When the amount of material available for recovery is low or
the processingof large amounts of the material is impractical, the process of isolating and conditioning the virus particles, and
subsequently the encapsidated genome, must be compatible with the assaysystem that will be used. Portions of the viral
genome may need to be amplified, or the genome itself may be captured in an elaborate processthat allows detection through
the generation of an amplified signal. Astandard method for isolatingviral genomes may need to be modified appropriately
to ensure that materials used in the preparation do not interfere with steps conducted later in the process.

Viral genomes that consist of RNA are typically converted to a DNA intermediate that iseasierto handle and store. Methods
aimed at the isolation of viral genomes consistingof RNA, however, require similar considerations concerning the localization
of the genome: replicating RNA viral genomes may be recovered as part of a preparation of host total RNA or even mRNA if
the genome contains polyA sequences. RNA lends itself more effectively to hybridcapture methods during isolation, and hybrid
capture can be used to enrich RNA preparations specifically for RNA viral genomes. RNA genomes can be extracted from virus
particles in much the way that DNA viral genomes are extracted. RNA qenomes are converted to complementary (cDNA)
sequences using retroviral RT. Storage isof greater concern for naked viral RNAs. Storage of RNA usually requires temperatures
below -20°. '
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Detection of Viral Genome Versus Viral Transcripts

USP43

Viral genomes exist as either DNA or RNA, or sometimes both: in the case of retroviruses the integrated genome is DNA,
whereas the encapsidated form is RNA. The abilityto differentiate among the variousforms of viral nucleic acids can help to
elucidate the course of specific viral infections. Assays for nucleic acid activitycan differentiate readilybetween integrated and
encapsidated genomes when the form ofthe viral nucleicacid variesbetween states, as in the case of retroviruses. Incorporation
of specificnucleases into the assay methodology can be used to reduce or eliminate one form over the other. Ifviral genomes
are known to integrate at specific sites within the host genome, primers and probes can be developed around the integration
site and incorporate significantelements of both host and viral genomes. Some viral mRNAs contain splice sites, and the
differentiation of spliced nucleic acid sequences from unspliced sequences creates a unique mechanism for determining the
status of nucleic acid localization and infection.

CHARACTERIZATION OF DNA VIRAL GENOMES

Methods for the recoveryand preparation of viral genomes for characterization depend on the state of the viral genome. If
the genome has been incorporated into a cellularcompartment, the recoveryand preparation strategy must take into account
the cellularcomponents that make up the sample matrix. If the viral genome targeted for analysis is the encapsidated form,
the methods must focus on recoveryof the virus particle and must include additional steps aimed at extracting the nucleicacid
from the individual particles. Identification and characterization of viral genomes require specific complementary nucleic acid
probes and primers whose sequence will be dictated by available information about the sequence of the targeted viral nucleic
acids and the type of assaythat will be used. Determination of the sequence of the viral nucleicacid of interest usually provides
the most unambiguous means for characterization. However, a number of methods can be used as simple indicators for the
presence or absence of specificsequence-based characteristics. Forexample, melting curve profiles using short oligonucleotide
sequences can be used to establish whether a specificviral genotype is present.

IDENTIFICATION AND GENOTYPE ANALYSIS

Nucleicacid testing is often used to identify viral isolatesobtained from viral screening assays or to provide identity for viral
stocks. Methods used forthe identification ofviral genomes are not unique to other applications inthe field of molecularbiology.
Typically, an amplificationstep is required in order to achieve quantities for analysis. Amplified sequencing of the amplicons or
application of a standard hybridization technique may be employed for more detail as to the nature of the amplified signal. For
more details, refer to Nucleic Acid-Based Techniques-Amplification (1127).

HYBRIDIZATION TECHNIQUES

Avarietyof hybridizationtechniques are used to detect viral nucleic acid sequences, including Southern blot, Northern blot,
DNAse/RNase protection, insitu hybridization, microarray technology, and other techniques. The description of these methods,
which iswell beyond the scope of this chapter, can be found in Nucleic Acid-Based Techniques-Extraction, Detection, and
Sequencing (1126).

DETECTION OF ANTIBODIES TO VIRAL ANTIGENS

A variety of methods are available for detection and quantification of antibodies to viral agents, including neutralization,
complement fixation, and immunoassays based on enzyme- or fluorescently labeled reagents. Although many details of the
immunological methods mentioned above are beyond the scope of the chapter, this section addresses specificapplication
aspects of viral antibody detection, including preparation and storage of test samples, common assay methods and platforms
available, and specificexamples of how these assays may be used to measure antibodies to specific viral agents.

Viral Structure Relative to Antigenic Composition and Selection of Antibody Assay

Mammalian virusesvary considerablyin their nucleic acid content and thus the number of antigenic, virus-specific proteins
produced.

Many viral proteins or glycoproteins are highly antigenic and induce a potent humoral immune response during natural
infection, whether in humans or in animal models. In most cases, the immune system responds when the virusand its antigens
appear in the extracellularfluidor on the infected cellmembranes. The degree to which viral antigens are expressed isgoverned
by the intracellular replication and protein synthesis of viruses in host organ tissues and by the several possible types of virus­
host cell interaction. Antibodies produced as a result of natural viral infection are likely to represent the broadest response to
antigens in their native state.

When selecting, developing, or evaluatingan assay method for measurement of antibodies to viral proteins, the analyst must
take into account the source of the antibodies and the method by which they were obtained or prepared. Details will be
presented in Immunological Test Methods-Reagent Development (1103) and Immunological Test Methods-Immunoassay
Methodologies (1104). '

General Considerations Regarding Sample Preparation for Antibody Detection of Viral Antigens

Antibodiesare relatively stable, but care must be taken to ensure the integrityof the test antibodies during sample preparation
and storage. Serologic tests may be developed to measure antibodies to viral agents in unfractionated biological fluids. The
possibility for matrix interference with the antibody detection method should be considered.
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Ingeneral, biological test samples should be clarified by centrifugation or filtration, depending on their intended use. Serum
samples should not be hemolyzed, Iipemic, or icteric. In some cases the specimen should also be heat-treated to inactivate
endogenous complement and other components.

Test samples should be processed as soon as possible. When it is necessaryto store samples, most test samples should be
stored at -200 for short-term storage and below -800 for long-term storage. Forallsamples, the stability of the material needs
to be assessedexperimentally.Aliquots of appropriate volume should be prepared in accordance with test procedures to avoid
unnecessaryfreeze-thaw cycles.

Antibody Methods

This section discusses the primary methods for detecting antibodies directed against viral antigens. The assay methods often
include a varietyof alternative formats for the detection of antibody. Only the more commonly used formats for antibody
detection are discussed in this section. Some methods, includingfluorescent antibody assays and enzyme immunoassays, are
widelyapplicable to the detection of antibodies to many different viral agents; others are limitedto selected viruses having
certain properties (e.g., hemagglutinins).

IMMUNOFLUORESCENCE MICROSCOPY FOR ANTIBODY DETECTION

When fluorescein isothiocyanate (FITC) is chemically coupled to an antibody molecule, the resulting FIre-labeled antibody
can be used as a secondary antibody probe to detect the presence of a primary,virus-specific antibody bound to a virus-infected
cell on a microscope slide (indirect immunofluorescence).

The indirect immunofluorescence or indirect fluorescent antibody (IFA) assay isone of the most basic and useful methods
for detection of antibodies to viruses. The assaycan be used to detect both virus-specific IgG- and IgM-c1ass antibodies. When
the assayisused to detect IgM antibodies, it usually requiresthe physical removalor inactivation/bindingoflgG-ciassantibodies.
In the absence of this step, the presence of IgM-specific antibody may be masked by excess IgG-specific antibody competing
for primary binding sites on the substrate surface. IFA assays may be qualitative or quantitative.

The IFA for antibody to viral agents requires the use of virus-infected cellsexpressing viral antigens in cellularmembranes.
Viral stocks are prepared, titered, and used to infect permissive cells in tissue culture. The cells are harvested at appropriate
times, washed, and spotted onto multiwell microscope slidesat an appropriate density. Control slides are also prepared with
noninfected cells. The slidesare allowed to air-dryand then fixed in cold acetone. The fixed slidescan then be stored under
appropriate conditions for extended time periods. The stabilityof the viral antigens over time should be confirmed.

The test article to be examined for the presence of virus-specific antibodies can be applied to the slide, followed by an
appropriate secondary antibody conjugated with a fluorescent tag that can be visualized under a fluorescent microscope. IgG­
or IgM-specific antibodies can be distinguished by using the appropriately prepared secondary antibody.

Reading and correctly interpreting endpoints of IFA slidesfor antibody detection requiresan experienced analyst, particularly
when cellular location and fluorescent-staining patterns are critical for a specificvirus. Such interpretation requires the use of
appropriate controls and scoring or intensityoffluorescence.Thisishighlydependent on the qualityof reagents, the consistency
of the fluorescent microscopy and light source being used, and the experience of the analyst.

ENZYME IMMUNOASSAY FOR ANTIBODY DETECTION

The EIA and variationsof it are the most widelyused methods for the detection ofviral antibodies inserum and other biological
oroducts. The most commonly used EIA for antibody detection is referred to as a noncompetitive solid phase EIA for antibody
·~tection. The typical configuration of an EIA for antibody involves coating tubes or microwell plates with viral antigen(s), the

'Ition of test serum or product to the tubes or wells, the binding of specific antibody in serum or product to antigen, and
-tectlon of bound antibody by addition ofa second antibody with binding affinity to the primaryantibody, which islabeled

'for its detection.
'ayscan be specific to IgG- or IgM- class antibody or may detect total antibody. Assays for IgM may achieve improved

then performed as IgM-capture assays. These assays involve the use of plates or wells coated with anti-lgM antibody
. ~ total IgM in serum or product as a first step. Subsequently, viral antigen isadded; it binds to the plate only if
r->ecific IgM antibody has initially been captured, and it is detected by addition of a second labeled antibody specific to

..• antigen. The assay is most often performed as a qualitative measure of the presence of an antibody for a specific virus.
..ufficient replicatesof both positiveand negative control samples are required in order to determine the appropriate cut-off
value and the assay acceptance criteria.A mean value of a test sample equal to or greater than the cut-offvalue is considered
positive.

COMPLEMENT FIXATION TEST

Complement fixation has selectivevalue in allowingfor simultaneous assay of antibodies to a wide varietyof viral agents.
The procedure involves multiple variablesconsisting of two pairs of antigen-antibody reactions.The first reaction, between a
known virus antigen and a specific antibody in the test sample, takes place in the presence of a predetermined amount of
exogenous complement. The complement is removed by the antigen-antibody complex. The second antigen-antibody
reaction consistsof sheep red blood cells (SRBCs) and hemolysin (antibody against SRBC). When this indicator system isadded
to the reaction mixture, the sensitized SRBCs will lyse only in the presence of free complement. The extent of lysis of SRBCs is
inversely correlated with the amount of the antibody in the test article.

The experimental procedure involves the optimal titration of concentrations of hemolyticserum, complement, and viral
antigen, using chessboard format. Ifused as the test sample, human serum should be inactivated at 560 for 30 minutes to
inactivate the endogenous complement activity. A number of important controls must be run along with the test, and results
must be within limits before the test can be properly interpreted. These include the sensitivity of SRBCs to lysis and complement
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concentration used. The relative amount of virus-specific antibody present can be determined by testing serial dilutions of the
serum or product. The complement-fixing titeris the reciprocal of the highest dilution that prevents 50% hemolysis.

NEUTRALIZATION FOR ANTIBODY DETECTION

Neutralization for the measurement of antibodies to viral agents is still one of the most valuable assays available because of
its high specificity and its ability to detect neutralizing antibodies. Neutralization is defined asthe lossof viral infectivity through
the binding of specific antibodies to viral coat proteins (or envelope glycoproteins) on the surface of the infectious viral particle.
The assay may be used to measure the presence of antibodies to a known virus in a serum or product sample, or conversely to
identify an unknown virus by using a serum or product sample containing known antibodies.

Before performing a neutralization assay to measure the presence of antibodies in serum or product, a known virus must first
be grown and titrated in the test system in which the neutralization assaywill be performed. For viruses prepared in cell culture,
this usually involves inoculating susceptible cultures with relatively low multiplicity of infection (MOl; <1 PFU per cell) and
harvesting the infected cells when about 50% to 75% cytopathic effect (CPE) is demonstrated. The virus preparation is then
titrated by preparing serial multifold dilutions and inoculating replicate tubes or plate cultures with a fixed volume of the virus
preparation. The endpoint of the titration is the dilution of the virus that will infect 50% of the cell cultures inoculated. This
endpoint is said to contain one 50% tissue culture infective dose (TCIDso) in the volume used. If the test system involves animal
lethality, the endpoint is referred as one 50% lethal dose (LDso) . The amount of virus used in the neutralization assayto follow
is typically standardized to contain 100 TCiDso or LDso•

The test or host system used in neutralization assays is chosen on the basisof the specific virus to be tested and its ability to
replicate in the system. The commonly used host systems include cell culture, embryonated chicken eggs, and mice. Cell culture
is usually the preferred test system, because the viruses used in the neutralization assay usually readily replicate and produce
CPE. Susceptible host cells are grown in monolayers in dishes or multiwell plate cultures. After the virus/neutralizing serum
mixture is added, the cultures are overlaid with agar-containing medium to restrict spread of CPE and allow development of
viral plaques. The prevention of plaque development is indicative of the presence of neutralizing antibody. Alternatively,
neutralization can be performed in tube monolayer cultures or even in suspension tissue culture. Embryonated eggs may be
used when the virus to be used or tested does not produce plaques in tissue culture systems. The route of inoculation and the
endpoint depend on the virus.

Neutralization assays may be set up in various ways, depending on the specific virus of interest and the serum or product to
be tested for neutralizing activity. In general, a fixed amount of infectious virus ispreincubated with undiluted and serial dilutions
of serum or product to be tested for neutralizing activity and separately with preimmune serum or control product; this approach
is referred to asthe constant virus-varying serum method. Following preincubation, the mixtures are separately injected or added
to the test system. Reduction in infectivity between test and control serum or product is scored in various ways, depending on
the test system. The endpoint of the assay is generally defined as the highest dilution of the serum or product that neutralizes
one-half of the initial viral inoculum, as calculated by Reed-Muench or the Spearman-Karber method.

The titer of neutralizing antibody in the test serum or product is the reciprocal of the highest dilution that completely inhibits
CPE or other virus effect in the test system. This dilution is said to contain 1 neutralizing antibody unit per unit volume used in
the titration. When a serum or product known to contain neutralizing antibody is used in an assay to determine the identity of
an unknown virus, 20 neutralizing antibody units in a fixed volume are generally used in the assay. Positive and negative control
sera must give expected reactivity in the assay.

HEMAGGLUTINATION INHIBITION (HAl)

A number of enveloped viruses, including the influenza and parainfluenza viruses, acquire protein receptors capable of
binding RBCs (hemagglutinins) of various animal species on their surface as they bud through infected cell plasma membranes
during viral maturation. In addition, some nonenveloped viruses such as adenoviruses and certain enteroviruses have
hemagglutinin proteins in their outer capsid. This property allows for detection of a specific virus in a sample if a known specific
antibody to the virus is available. Alternatively, the presence of antibody specific to the virus can be detected and quantitated
by its ability to inhibit hemagglutination. This is the principle of the hemagglutination inhibition (HAl) test.

The HAl test for antibody is performed by making serial dilutions of the specimen to be tested and mixing the dilutions with a
fixed amount of the virus or specific viral hemagglutinin protein in a tube or microtitration plate format. Indicator RBCs from
the appropriate animal species are added, the suspension is mixed, and the tubes or plates are allowed to stand for a
predetermined period. If specific antibody is present, the virus will bind and the RBCs will not agglutinate; they will settle to
the bottom of the tube or plate and form an RBC "button". If specific antibody is absent, the RBCs will be agglutinated by the
virus and form a diffuse film. The titer of the serum or product is the reciprocal of the dilution that completely inhibits
agglutination.

HAl is very useful for subtyping influenza virus isolates. A number of factors contribute to the potential variability of the HAl
test. Certain serum samples and products may contain nonspecific inhibitors of RBC agglutinins, which may yield false-positive
results. A number of procedures have been developed to remove such inhibitors, including adsorption and heat inactivation
procedures. Specimens may also contain RBC agglutinins other than specific antibody, and these may contribute to
false-negative results. Appropriate preparation and titration of reagents, including RBCs and viral hemagglutinin stocks and
suspensions, is critical. In addition, controls for nonspecific agglutination or inhibitors of agglutination must be included in every
assay.

WESTERN BLOT (OR IMMUNOBLOT) ASSAY FOR ANTIBODY DETECTION

The immunoblot, or Western blot, assay is a technique for the simultaneous detection of antibodies to various protein
antigens of a given virus. The term recombinant immunoblot assay(RIBA) is applicable when the starting protein mixtures are
recombinant proteins obtained from prokaryotic or eukaryotic expression systems instead of crude or partially purified virus
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from infected cells. The method isoften used diagnostically as a supplementary or confirmatory test in situations where an
initial assayfor antibody lacks sufficient specificity or is known to be prone to false-positive results. This isespecially important
when the test is being used to diagnose an infection of clinical significance such as HIV or HCV infection.

A number of commercial immunoblot kits are available, particularly for viruses such as HIV and HCV; several have regulatory
approval for diagnostic use. Alternatively, viral antigen preparations may be produced in-house or purchased, along with other
reagents required for the assays. Careful control and/or sourcing of these reagents are critical to ensuring that compliance
requirements are maintained.

Forselected viral agents, there are generally accepted interpretivestandards for the analysis of reactivity or positive results
in an immunoblot assay. However, the presence of nonspecific bands may be due to antibody reactivity to cellular protein
antigens caused by autoimmune diseases and/or the use of crude virus-infected cell proteins as antigen in the assay.
Indeterminate reactions may also occur ifonly a limited number of specific antibody bands are observed.

Appropriate positive and negative control sera must be included in each assay and reactivity must be scored for both the
presence and the intensityof expected protein bands. .

ApPLICATION OF THE ANTIBODY DETECTION METHODS TO SPECIFIC VIRUSES

Human blood-borne pathogens that may be present in infectious form in human donated blood used directly in the
production of biological products are a concern because they may present a risk of transmission to others. Testing for
virus-specific antibodies in donated blood servesas a screening procedure for the elimination of suspect units. Alternatively, the
virusesmay represent important agents for which human vaccines have been or are being developed. Thusthe ability to detect
virus-specific antibodies in an immunized individual or animal model may be important for demonstrating the efficacy of the
vaccine. Currently, in the United States, a number of FDA-approved screening or definitive tests may be conducted on donated
units of blood for evidence of the presence of agents of infectious diseases, including hepatitis Band C viruses, human
immunodeficiencyvirus, and West Nilevirus. In addition, plasmasent for fractionation before production of plasma-derived
products is required to be tested for hepatitis Avirus (HAV) and human parvovirus B-19.

GLOSSARY
Acceptance Criteria: Anticipated results, which may be numerical limits, ranges, or other characterizationfor the tests

described. They establish the standards to which a drug substance or drug product should conform in order to be considered
acceptable for its intended use.

Adventitious Agent: Acquired accidental contaminant ina celllinesuch as viruses and toxins;the agent isoften infectious.
Amplicon: Asegment of DNA generated by the PCR processwhose sequence is defined by forward and reverse primers.
Antibody: An infection-fighting protein molecule that binds, neutralizes, and helps destroy foreign microorganismsor

toxins. Also known as immunoglobulins, antibodies are produced by the immune system in response to antigens.
Antigen: Any agent that induces the production of an antibody and reacts specifically with it.
Assay Validation: Aformal, archived demonstration of the analytical performance of an assaythat providesjustification

for use of the assayfor an intended purpose and a range of acceptable potency values.
Bioassay: Analytical method that uses living animals, cells, tissues, or organisms as test subjects.
Biologics: Productssuch as antitoxins, antivenins, blood, blood derivatives, immune serums, immunologicdiagnostic aids,

toxoids, vaccines, and related articles that are produced under license in accordance with the terms of the federal Public Health
Service Act(58 Stat. 682) approved July 1, 1944, as amended, have long been known as "biologics." However, inTable III, Part
F, of the Act,the term "biological products" isapplied to the group of licensedproducts as a whole. ForPharmacopeial purposes,
the term "biologics" refers to those products that must be licensed under the Actand comply with Foodand Drug Regulations
-Code of Federal Regulations, Title21 Parts 600-680, pertaining to federal control of these products (other than certain
diagnostic aids), as administered by the Center for Biologics Evaluation and Research or, in the case of the relevant diagnostic
aids, by the Center for Devices and Radiological Healthof the federal Food and Drug Administration. [Definition from Biologics
(1041),USP-NFvol. 30 (2007), p. 414.]

Biotechnology-Derived Product: Macromolecular article derived from biotechnology processessuch as recombinant
DNA (rDNA) technology, hybridoma technology, and the like. .

Bulk Harvest: See Unprocessed Bulk Harvest.
Capsid: The outer protein shell of a virus particle.
Cell Bank: Adefined population of cells, such as an immortalized cell line, grown by a defined process and cryopreserved

in a defined processand withina defined passage number range. The assumption isthat each vial from a cellbank iscomparable
and that when thawed and added to a manufacturing vessel (or an analytical assay), it will perform in a consistent way.

Chaotropic: A reagent that causes molecular structure to be disrupted; in particular, those formed by noncovalent forces
such as hydrogen bonding, van der Waals interactions, and the hydrophobic effect.

Complement: Agroup of proteins in the blood that work in concert with other immune system proteins and cells (such
as antibodies) in attaching foreign substances.

cDNA: Complementary DNA. Two strands of nucleic acid that can hybridize by specific base pairing between the
nucleotides.

Confluency: Refers to the point when 100% of the surfacearea of the vessel is covered in cells.
Cryopreservative: Reagent used to keep a cell alive in deep-frozen condition (usuallyin liquid nitrogen).
Cytopathic: Damaging to cells, causing them to exhibit signs of disease or cell death.
ELISA: Enzyme-linked immunosorbent assay. Abiochemical technique used to detect the presence of an antibody or an

antigen in a sample.
Endpoint Assay: An analytical method that measures the amount of accumulated product at the end of the assay.
Epitope: A molecular region on the surface of an antigen that is recognized by an antibody and can combine with the

specificantibody produced by such a response; also called a determinant or an antigenic determinant.
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Glycoprotein: Proteinthat contains sugar sidechainsadded as a posttranslationalprocess; the presence ofsugar sidechains
often affectsactivity, antigenicity, and in vivo stability.

Host Cell Tropism: The range of susceptible cells that a particular microorganism can infect.
ICH: The InternationalConference on Harmonization of Technical Requirements for Registration of Pharmaceuticals for

Human Use.
Limit of Detection (LOD): The lowest concentration of an analyte in a sample that can be detected, not quantitated. It

is a limit test that specifies whether or not an analyte isabove or below a certain value. It is expressed as a concentration at a
specifiedsignal-to-noise ratio, usually 2 or 3.

Mycoplasma: Parasitic microorganism that infects mammalian cells, possessing some characteristics of both bacteria and
viruses. Prokaryotic microorganisms belong to the family Mycoplasmataceae, with no cellwalls. They may grow attached or
close to cell surfaces in the cytoplasm and subtly change the properties of the cells.

Passage: An operational procedure used to feed cultured cells, usuallyby providingfresh medium and dilution of cellsin a
new culture vessel. The number of such operations is referred to as the passage number. It is not the same as cellgeneration
number, which is strictly related to celldoubling time.

qPCR: Quantitative polymerase chain reaction. Amodification of the polymerase chain reaction used to measure the
quantity of DNA, complementary DNA, or ribonucleic acid present in a sample. Like other forms of polymerase chain reaction,
the process is used to amplify DNA samples via the enzyme DNA polymerase.

Raw Materials: All components used to manufacture a drug substance or drug product; regulated by 21 CFR 211.
RT-PCR: Reverse transcriptase polymerasechain reaction. Avariation of the PCR technique in which cDNA is made from

RNA via reverse transcription. The cDNA is then amplified using standard PCR protocols.
Serotype: The kind of microorganismas characterized by testing for recognizable antigens on the surface of cells of the

microorganism.
Spiking: Adding a known amount of analyte from a laboratory standard acting as a tracer to check a method for recovery

or accuracy.
Syncytium: A multinucleated mass of cytoplasmthat is not separated into individual cells.
System Suitability: The checking of a system to ensure system performance before or during the analysis of unknowns.

Parameters such as plate count, tailingfactors, resolution, and reproducibility are determined and compared against the
specifications set for the method. These parameters are measured during the analysis of a system suitability sample, which is a
mixture of main components and expected by-products.

TCIDso: 50% tissue culture infective dose. The level of dilution of a virusat which halfof a seriesof laboratory wells contain
active, growing virus.

Unprocessed Bulk Harvest: The pooled harvests of cell culture fluids that constitute a homogeneous mixture for
manufacture into a unique lot of product.

APPENDIX

Relevant Regulatory References

1. CBER (Center for Biologics Evaluation and Research), U.S. Food and Drug Administration. Points to Consider in the
Characterizationof Cell Lines Used to Produce Biologicals. 1993.

2. CBER (Center for Biologics Evaluation and Research), U.S. Food and Drug Administration. Letterto manufacturers of
biological products. 2000.

3. 9 CFR 113.53.
4. 9 CFR 113.47.
5. 9 CFR 113.52.
6. 21 CFR 211.
7. 21 CFR 600.3.
8. Federal Food, Drug, and CosmeticAct (FD&C Act), sections 201 (g) and (h).
9. Guidance on Virus Validation Studies(CPMP/BWP/268/95 EMEA, Feb. 1996).
10. International Conference on Harmonization of Technical Requirementsfor Registration of Pharmaceuticals for Human

Use(ICH). Q5A(R1): Viral SafetyEvaluation of Biotechnology Products Derived from Cell Lines of Human or Animal
Origin. 1997.

11. Public Health Service Act, section 351 (i).
12. ViralSafetyEvaluation of Biotechnology Products Derived from CellLines of Humanor AnimalOrigin (1050).USP-NFvol. 30

(2007), pp. 491-500.

(1238) VACCINES FOR HUMAN USE-·BACTERIAL VACCINES

INTRODUCTION

Anoverviewof vaccinesfor human use is presented in Vaccines for Human Use-General Considerations (1235). Bacterial
vaccinescan be derivedfrom whole cells, either killed or attenuated in their abilityto cause disease, or from some component(s)
of the intact cell that are important for virulence or damage to the host. Another subset of bacterial vaccines, derived from
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toxins, is the toxoids. Bacterial vaccine products can be mixtures of components from differentspecies, from different strains
or different serotypes of the same species, or from different components from cells of the same species.

The simplest bacterial vaccinesconsist of the purified cell-surface capsular polysaccharides (CPS) from organisms such as
Salmonella enterica serovarTyphi, various meningococcal serogroups, or pneumococcal serotypes that cause meningitis, otitis
media, acute respiratory infections, and pneumonia. Although the typhoid vaccine consistsof a single polysaccharide, the
meningococcal vaccinescontain as many asfour serogroup-specificCPS, and the pneumococcalvaccinecontains 23 serotypes.

The immunologicalresponse to meningococcal and pneumococcal polysaccharides, and to the capsular polysaccharidefrom
Haemophilus influenzae type b (Hib), is improved by covalent attachment of the CPS or an oligosaccharidederived from it to a
suitable carrier protein. The immunological response to these glycoconjugate vaccines iselicited via immunologic pathways
differentfrom those induced by purified polysaccharides, creates a T-cell-dependent response, and establishes immunological
memory. The carrier proteins are typically bacterial toxoids or bacterial outer membrane protein vesicles but may also be from
other sources. Forthese products, anti-CPS antibodies appear to be sufficient to protect against disease, although the
glycoconjugate vaccines also may reduce carriageof the organisms in the nasopharynx. Due to the complexity of their
manufacturing processes, glycoconjugate vaccine products tend to contain fewer serotype or serogroup components than do
the related purified polysaccharidevaccines.

Many bacterial pathogens, includingthose that cause diphtheria and tetanus, produce toxins that kill tissue. Immunological
neutralization of these toxins is sufficient to prevent disease. These subunit vaccinesconsist of chemically detoxified toxins
(toxoids) purified from culture supernatant and are capable of eliciting neutralizing antibodies against the native toxin.Other
types of purified subunit and purification processes may be developed.

Although earlier pertussisvaccinesconsistedof myriad chemicallyinactivated whole-cell and toxin components, current
acellularproducts contain various combinations of specific purified proteins, sometimes toxoided (e.g., fimbriae and other
cell-surface protein components). Compared to older products, these vaccinesapparently produce protection by a different
mode of action but have a lower incidenceof adverse events. Acombination of diphtheria and tetanus toxoids and an acellular
pertussisvaccine form the core components of many polyvalent pediatric and adult combination vaccines. To these may also
be added an Hib glycoconjugate, hepatitis B, and/or inactivated poliovirus immunogens.

Live attenuated bacterialvaccinesare currentlylimitedto Bacillus Calmette-Guerln (BCG), which protects against tuberculosis
when administered through the skin, and the S. typhi Ty21 a construct, which isan oral vaccineagainst typhoid fever.

The immune response against these bacterial polysaccharideand protein antigens can be increased by inclusion of adjuvants.
The primaryadjuvant licensed in the United States is based on aluminum salts such as aluminum hydroxide and aluminum
phosphate, although development and characterization of new adjuvants is an active area of research.

RAW MATERIALS

Raw materialscan directlyaffect the identity, strength, purity, and quality of bacterial vaccines. Aconsistent manufacturing
process critically depends on use of consistent raw materials(e.g., during seed banking,fermentation, harvest, purification, and
formulation; see Vaccines for Human Use-General Considerations (1235». Raw materials for bacterial growth media typically
consist of both well-defined chemical entities (e.g., amino acids, carbohydrates, vitamins, minerals) and more complex
components (e.g., protein hydrolysates, yeast extracts, peptones). Manufacturersshould consider the source of each of these
raw materialsto ensure that they come from reliable vendors who adhere to cGMP qualitystandards and can assure a long-term
supply. Manufacturers should communicate with raw material vendors in order to avoid any changes in the sourcing or
manufacture of components and to avoidsupplyshortages. Without such communications, the consistencyof the fermentation
process and the supply of the vaccine can be adversely affected. Consistent raw materials are particularly critical for more
complex fermentation components such asyeast extract or peptones for which changes may be difficult to detect but are likely
to have a direct effect on fermentation.

Accuraterecordsof the composition and sourceof the culture medium used inseed bankingand routine fermentation should
be maintained and also document releasecriteria for raw materials or components. Manufacturers should determine ifany of
their raw materialsare derived from animal origin. Ifadditives from animal sources are added to the culture medium, they
should be certified to be free from contaminants and adventitious agents such as those that cause bovine spongiform
encephalopathy or transmissible spongiform encephalopathy. Vendors/manufacturers should provide information about the
identity and source of additives and should test for adventitious agents. Useof antibiotics should be minimal or should be
avoided to ensure that no unwanted antibiotics are included in the drug product, unless they are intentionally used in
manufacturing (e.g., as selectivemarkers).

As manufacturers scale up fermentation to pilotproduction (l.e., within tenfold offinal manufacturing scale), they alsoshould
ensure, to the extent possible, the availability of multiple sources for all raw materials. This will ensure that supply or business
instabilities at one vendor do not become the limiting factor in vaccine manufacture.

CELL BANKS

Source and History

The source of cells used in cell banks should be documented. The original isolateshould include, when possible, the age,
sex, and species of the donor; the donor's medical history; and, if available, culture history including methods used for the
isolation of the substrate bacteria. .

The source of cells from which the strain was derived is to be stated, and relevant referencesfrom the scientific literature
should be cited. The source should generate a sufficient amount of antigen(s) to meet the medical need. Informationobtained
directlyfrom the source laboratory is preferred.When this is not available, literature references can be used to provide bacterial
classification (i.e., genus, species, and strain designation) and specific phenotypic and/or genotypic trait. For
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microbial-expression systems such as E. coli or S. pneumoniae, the manufacturer should describe the method used to prepare
the DNA coding for the protein, including the cell and origin of the source nucleicacid. All propagations carried out with the
original isolate should be documented and should include, as applicable, the method used for subculture, any use of
animal-derived material, record of subcultivations, and storage conditions. Constituents of the culture medium must be
described, in particular, materials of human or animal origin such as serum, enzymes, hydrolysates, or other living cells.

Formicrobial-expression systems, the steps in the assembly of the expression construct must be described in detail. This
description should include the source and function of the component parts of the expression construct (e.g., origins of
replication,antibiotic resistancegenes, promoters, enhancers, and whether or not the protein issynthesized as a fusion protein).
Manufacturersshould provide restrictionendonuclease digestion maps that illustrate the sites used in preparing the expression
construct and sites used in identification of DNA fragments.

Acomplete nucleotide sequence analysis of the expression construct's coding region for the protein of interest should be
performed. The sequence analysis should be provided and should include a complete annotation designating all of the
important sequence features. The copy number and physical state of the expression construct should be determined.

Cell Bank Lineage and Genealogy

Aflowchart can be used to demonstrate the preparation of the cellbank lineagefrom the originalsource, through preliminary
cellbanks (or process development cellbanks,as applicable), to the Master Cell Bank (MCB) and production WorkingCellBanks
(WCB).

Manufacturersshould describe their strategy for providing a continued supply of cellsfrom their cell bank(s), including the
lot sizeand anticipated use rate of the cellbank(s)for production, the expected intervals between generation of new cellbank(s),
and the criteriafor qualificationof cell bank(s). Ifmultiple WCBs were used for clinical trials, process validation, or commercial
supplies, flow charts can help illustratethe common source (Le., MCB) from which the WCB were derived.

Once an MCB isproduced, a cellbanksystemshould be generated to prevent unwanted driftthat might ensue from repeated
subcultures or multiple generations. The system should ensure that an adequate supply of equivalent cellsexistsover the entire
life span of the product. Ordinarily, the cell bank system consists of two tiers: an MCB and a series of WCB derived from the
MCB. When additional tiers of WCBs are prepared, manufacturers should clearly identifythe generation that will be used
for WCB.

Cell Bank Manufacture

Generally, the MCB is made from a preliminary cell bank derived from the originalsource or directlyfrom an initial clone.
Manufacturersgenerally prepare cellsfor banking by expanding cultures in a progressively greater number of vessels or in larger
vessels until a pool of cells is obtained. If manufacturers use more than one vessel, they can ensure the uniform composition of
the contents by combining the cellsfrom all of the culture vessels.

Formicrobial-expression systems, a single host cell that contains the expression construct is propagated to generate the
MCB. Manufacturers should document the cell cloning history and method of transferring the expression construct into the
host cell. They also should completely describe methods and criteria used to amplify the expressionconstruct and to select the
cell clone for production.

The processfor WCB used in clinical trialsand for commercial supply should be similarto the MCB process. AWCB isderived
from one or more containers of the MCB and istypically used to directly provide cells for the manufacturing process. Additional
WCB are generated from the MCB as needed.

Preferably the MCB and WCB should be prepared in a similarmanner, but the MCB and WCB may differ in certain respects
(e.g., culture components and culture conditions). Similarly, the culture conditions used to prepare the MCB and WCB may
differfrom those used for the production process or between clinical trial materialsor commercial supply. The preparation
procedures for allcellculture processes must be described, and details of process changes must be documented. Comparability
of product quality must be demonstrated when process changes occur between WCBs.

Cell banks should be made under cGMP because they are expected to last for the lifetime of the product. The facility should
be operated to minimizethe chance of microbial contamination and have in place procedures to prevent cross-contamination
with other materials.Critical equipment used inthe preparation of cellbanksshould be qualified. Manufacturersshould establish
the cell bank in a suitably controlled environment to protect both the cell bank and personnel handling it. During the
establishment of the cell bank, no other living infectious material (e.g., viruses, cell lines, or cellstrains) can be handled
simultaneously in the same area.

Cell Bank Validation

The cell banking process should be considered a unit operation and should be validated. The process begins with the MCB
vial and the cell bank process validated for preparing WCB. The suitabilityof WCB for intended use should be further
demonstrated by the consistency and quality of successive product batches. Qualified banks should be used for process
validation of fermentation, drug substance, etc. Ifthis is not possible, then manufacturers should perform a small-scale
demonstration of the appropriateness ofthe cellbank. The basicprinciplesof processvalidationapply, including use ofvalidated
analytical methods and stability evaluation.

Manufacturers should describe the methods used to preserve cell banks, including the cryoprotectant and media used.
Storage containers (e.g., vials, ampules, and other appropriate vessels) and closuresystems should be described. Container­
closure systemsshould incorporate materialsand designs that withstand storage and retrieval without breakage or leakage and
are physically and chemicallycompatible with the stored material.
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A newly prepared cell bank (MCB or WCB) should be evaluated by a seriesof appropriate releaseand characterization tests
on an aliquot of the cell bank or on cultures derived from it, as appropriate. The amount of testing required for an MCB may
influence that required for subsequent WCBs, and the extent of testing both may influencethe testing needed for production
cell cultures. Manufacturers should evaluate all cell banks, including bacterial cultures or recombinant bacterial expression
systems,for identity, culture purity,and viability. Additionally, manufacturersshould evaluate the genetic stability and consistent
productivity of all cell lines.

To confirm identity, manufacturers should perform appropriate tests to determine that the banked cells are what they are
represented to be. Either phenotypic or genotypic characteristics can be used in identity testing to classify bacterial strains to
species level, and when applicable, supplementary serological tests can be performed. Formost microbial cells and transfected
cells, analysis of growth on selectivemedia is usually adequate to confirm host cell identity. Where a varietyof strains can be
used, biological characterization methods such as phage typing should be considered as supplementary tests. Expression of the
desired product isalso considered adequate to confirm the identity of the microbial expression system.

It must also be demonstrated that cell banks are biologically pure (i.e., free from adventitious microbial agents). Testingfor
adventitious agents should include tests for bacteria, fungi, mycoplasmas and viruses, as applicable.

Additionally, all cell banks should be tested to confirm the viability of the cells. Viable cell counts or growth tests should be
performed to demonstrate that the cell culture has sufficient viability and is suitable for its subsequent intended use.

Evaluation of genetic stabilityand persistence of productivity is a reflection of how many doublings the cells can tolerate
without compromising their genetic integrity (e.g., plasmid retention) and productivity(e.g., mass of product per cell). Such
testing is critical to ensure that the cell line performs reliably in the full course of the production processfrom the initial MCB
stage through the longest production intended. As part of this evaluation, manufacturers should document the number of
passages from the original source, the number of subcultivationsfrom the originalsource to the MCB, from the MCB to the
WCB, and from the WCB to the final bulk.The earliest and latest culture states (e.g., MCB and end production) should be
evaluated to ensure that the desired characteristics persist. Such a demonstration of cell linestability iscommonly performed
once for each product marketing application.

Characterization tests may be useful for demonstrating that the cell bank iscomposed of cells with the intended phenotypic/
genotypic characteristics.Suchtests can includecellularand colony morphology (Le., use ofselectiveand/or differential media),
biochemical profiles (enzymatic activityor substrate utilization), immunological identity, characteristicgrowth, and antibiotic
susceptibility.

Additionally, for recombinant bacterial expression cell lines(e.g., E. COIf) molecularcharacterizationtesting can include DNA
sequencing of the target gene sequence along with the flanking regions, expression construct retention, and plasmid copy
number. Analysis of the expression construct at the nucleicacid level should be performed with consideration that this verifies
only the coding sequence of a recombinant gene. Restriction endonuclease mapping or other suitable techniques should be
used to analyze the expression construct for insertionsor deletions and for-the number of integration sites. For
extrachromosomal expression systems, the percent of host cells that retain the expression construct should be determined
under selected and nonselected growth conditions. Forcellswith chromosomal copies of the expression construct, the
nucleotide sequence encoding the product could be verified by recloning and sequencing of chromosomal copies.

Much of this testing should be conducted on the MCB ifpossible, which will preclude the need to repeat much of the testing
on each WCB or production lot, although sometimes redundant testing (on both MCB and WCB) may be desirable.

Limited identity testing isgenerally performed on each WCB ifextensive identity testing was performed on the MCB. For
recombinant products, the identity of the WCB should be assessed by restrictionendonuclease mapping of the expression
construct for copy number and for insertionsor deletions. In addition, where appropriate, the WCB should be identified by
phenotypic characterization (e.g., auxotrophy, antibiotic resistance).

Foreach lot of WCB derived from the MCB, manufacturers should routinely test for contaminants that may have been
introduced from the culture medium during preparation. Purity tests like those performed on the MCB to test for adventitious
agents may be performed on the WCB.

Characteristicsof the recombinant protein product can also be applied (see below)as another means ofdefining the ultimate
output of the cell line.

·In the event that a new MCB is needed, the testing performed on a new MCB should be the same as that performed on the
original MCB unless justified. If a new MCB isto be generated by expression construct transfer into host cells followed by clonal
selection, then acceptance criteriafor both the new clone and the protein produced by the clone should be described and
justified.

Cell Bank Storage

Inboth MCB and WCB of the same product, similar containers (such as cryovials) are generallyused and are treated identically
during storage.

The location, identity, and detailed inventory of individual ampules of cellsshould be thoroughly documented with
procedures that allow the cell bank containers to be traced. Labeling should clearly indicate the biological name of the
components, unique container number, lot or batch number ifapplicable, and the type of bank (such as MCB or WCB). The
label must withstand storage and retrieval without lossof integrity or information.

Cell banks should be established, stored, and used in a way that minimizes the risk of contamination or cross-contamination
by other celltypes that may be present in storage. Once issued, banked materialscannot be returned to the controlled storage
area. Access to banked material must be controlled by a strict inventory-controlsystem with limited access by authorized
individuals only. . .

Bacterial ,cell banks should be stored in either the liquidor vapor phase of liquidnitrogen or in mechanical freezers (generally
:::;-60°) . Storage conditions (generally :::;-60°) may be acceptable when supported by data that demonstrate that a minimum
level of cellviability ismaintained and isadequate for production use. Storage temperature and other critical storage conditions
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should be maintained within validated limits. Temperatures must be continuously monitored and recorded, preferably on an
alarm system. Shipping containers used to transport cryopreserved cell banks to offsite storage facilities or manufacturing
facilities must be validated, and shipping qualification must be performed before use.

Because of more frequent usage of WCBs and to protect the MCB, the WCB should be stored separately from the MCB. Cell
banks may also be stored in two or more widelyseparate areas within the production facility, as wellas at a distant site in order
to avoid lossof the cellbank (e.g., caused by equipment malfunctionsor disaster at the site).When stored in different locations,
the cell banks must be stored under the same conditions.

As part of a disaster recoveryplan, the manufacturer should document the steps and timeline needed to restart production
of new cell banks and/or contingency plans for continued manufacturing production.

Storage Stability

MCB and WCB should be placed in a stability program. Evidence for banked cellstabilityunder defined storage conditions
usuallyis generated during production of clinical trial material or commercial material from the banked cells. Data from the
determination of cellviability when the preserved cellsare reconstituted for production of clinical trial supplies can verify that
the revived cellshave survived the preservation process. Data from the preparation of clinical materialsare used to demonstrate
that the revived cellscan be used to prepare the desired product.

Enough MCB material for the lifetime of the product should be put on stability(enough WCB should be put on stability to
support the lifetime of the WCB). Thiscan be a large volume because the product lifetime can be quite long (e.g., 50 years).
During the preparation of the MCB, the lot sizeshould be large enough to allowadequate inventory to support the lifetimeof
the stabilitystudy as well as production for the life of the product. Time points for such a long-term study might include 0, 6,
and 12 months, and then perhaps every 1 to 3 years thereafter. Typically, no expiration dating is used for cell banks because
stabilitystudies are used to confirm the suitability of the material. Greater reliance is placed on the successful (and typical)
culture of the cells themselves. The proposed monitoring should be documented in pre-approved protocols. The time points
can be reduced (e.g., increase the time between time points) ifdata indicate stability. In addition, time points can be added if
sufficientmaterial isavailable and the data suggest that more monitoring is needed. The stabilityplan depends on the use rate
in manufacturing. .

FERMENTATION

Production of the drug substance for a bacterial vaccine requires a fermentation process that is consistent and sufficiently
productive to support commercial production. The approach to achieving this has become fairly standardized and provides a
relatively high probability of success for early batch production to support a development program. It is still a significant
challenge to achieve sufficientproductivity to support commercial manufacture of a licensed product. Directly following any
fermentation process is the harvest process, which serves as a transition step between biomass expansion and downstream
process steps. For purposes of this chapter, harvest will be considered as an extension of the fermentation process.

Fermentation Starting Materials: Cell Inoculum

The cell inoculum for the fermentation process is the single most important component for establishing a reproducible
fermentation process. In early development before finalizing fermentation conditions, manufacturers typically must generate
an interim source of this inoculum, a Process Development Cell Bank (PDCB). The origin of the PDCB should be a clonal isolate
of the original transfected or isolated strain that demonstrates suitable growth properties and produces the antigen of interest
in sufficientquantity and quality for the intended purpose. The use of a clonal isolate ensures that the genetic starting point
for each batch is the same and that subtle variations in process conditions will not inadvertently allow one population versus
another to dominate the culture. That is, the PDCB is used for fermentation development to ensure that variations in the
fermentation conditions can be interpreted without the overlayof competition between populations of transfectants.

Initial development of the fermentation process, preferablywith the PDCB, typically precedes production of the MCB and
WCB. Bestpractice is to derive these cell banks from the same clonal isolate as the PDCB in order to reduce the need for a
second cycle of fermentation development when the WCB isdeployed. Substitution of a WCB for the PDCBat the final stages
of fermentation development is common practice, but care must be taken to constrain such experiments to optimization of
the fermentation process. More detail isfound in the cell banks section above.

Fermentation Hardware

The biomass production process typically begins with a small-volumeinoculum in an initial fermentation volume that is20­
to 100-fold larger than the initial inoculum volume. This initial passage is often followed by one or more intermediate
fermentations that expand the production volume by 20- to 100-fold at each step until the production fermentation volume
(typically 500-3000 L) is reached. Routine manufacture at these scales requires well-controlled fermentation conditions and
physical facilities that meet the economic and cGMP needs for a successful product.

Bacterial fermentations have traditionallybeen carried out in glass, glass-lined, or passivatedstainlesssteel fermenters that
comply with cGMPrequirements, particularly when using large fermenters (e.g., those with> 1000 Lworking volume) because
of containment issues with such large volumes of liquid.Traditional fermentation systems require hard-piped control systems
that meet the need for dean-in-place and steam-in-place capability.The bioburden and complexityof the facility are increased
if the fermentation operations must accommodate multiple product lines as well.

Smallerfermentation batches are increasingly performed in disposable bioreactors such as single-use bags with completely
disposable product contact surfaces, including sensors and probes. These systems are becoming readilyavailable, are less
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expensive, and are more flexible than fixed equipment and meet the needs of the competitive business and evolving cGMP
expectations and requirements. Anote ofcaution iswarranted, though, because this disposabletechnology can lead to changes
in the material of product contact surfaces. Such changes then require re-evaluation and sometimes revalidation of the
manufacturing process for late-stage development and commercial products. Thus the reduced cleaning burden may bring an
increase in the need for extractabilityand leachability studies.

Harvest Hardware

Harvestof the fermentation product can focuson recoveryofeither the wet cell massfrom whichthe product will be extracted
or the fermentation broth from which the product will be directlypurified. In the former case, centrifugal separation istypically
employed. Production-scalecentrifuges can be either closed operations with a fixed volume of input and manual recoveryof
the pellet or continuous-flowoperations that automaticallyeject and recover the clarified supernatant and/or the accumulated
pellet. Although centrifuges are efficient in harvesting a fermentation product, shear forces can have significanteffects on the
product stream (e.g., lysed cells, sheared molecules in solution). Alternatively, and particularly when the product is secreted
into the solution rather than retained in the cells, membrane filtration systems may be used to clarify the product stream for
subsequent purification. Tanqentlal-flow and depth filtration systemscan be effective means of recovering soluble product with
lessconcern about shear forces.

In all cases, monitoring the processingof the fermentation output and solids removalfrom the liquid matrix can be simple
but effective means to monitor process consistencyand comparability. Off-line tools such as high performance liquid
chromatography (HPLC), sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE), or Western blot analysescan
track product integrity issues such as aggregation or proteolysis.

Process Development

Aproductive, robust fermentation process isthe result of careful consideration of a broad collection of variables, considered
alone as well as in conjunction with product design and downstream processing. Fermentation process variables include
chemical inputs (e.g., carbon sources, minerals, vitamins, trace elements, antifoam, and gases), physical inputs (e.g.,
temperature, mixing, and pH), and biological processes (e.g., nutrient utilization rates, metabolite levels, and inductors
[quantity/type/addition duration]).

Product Requirements

Acritical consideration in process development is anticipating how much of the product will be needed. Too little product
caused by operating at too smalla scale imposes supply constraints and often postlicensure urgency to scale up the process.
In contrast, too much product results in excess inventory, expiring lots, infrequent manufacturing (itself a problem), and
generally poor economics. Aclear market evaluation is needed before one designs the manufacturing process or commits to a
process for scale-up or -down.

Process Design

Ifone has a reasonably defined production needand an initial estimate of product yield,one can extrapolate the scale of the
fermentation from the volume (yield), production frequency, and the expected productivity. Commercial fermentation of
bacterial cultures is routinely carried out in volumes as large as 3000 L, but larger volumes are also in use. Afew large lots per
year can be advantageous for a very robust process but may be limited by downstream process capabilities and/or the stability
of the fermentation product as a production intermediate. An additional consideration may be the difficulty in generating
enough lots to ensure that the fermentation process is indeed robust. Failure of a large lot carries important financial and
inventory risks.

Alarge number of lots can impose logistical problems ifturn-around time istoo tight or coordination of downstream events
becomes too complex. Logistics includesquality control testing, which depends on the number rather than the size of lots.
Production that involves a large number of smaller lots can also require blending of multiple intermediate lots in order to
produce a final drug product lot. This can cause challenges if product-related.problems occur and may entail root-cause
investigations. In general, appropriate fermentation sizing results in a process that has a turn-around time of lessthan a week,
that can be accommodated with one or a few purification runs, and that results in one to several fills of final product after each
purification'cycle.

Early Development Considerations

During early development of a biological product, the most important fermentation considerations are an appropriate,
well-defined MCB and a fermentation process that is reasonably productive, reproducible, and scalable. The latter is often
underestimated when one considers the physical, chemical, and biological control of the process as process volumes change
by orders of magnitude.

The mechanics of the fermentation processare an important consideration. Fermentationsare typically studied in shake flask
experiments or even rnicroscale reactorsthat can readily accommodate many experiments conducted in parallel. Although this
is attractive for initial identification of processconditions, the ultimate culture vessel should be a controlled fermenter where
growth conditions can be controlled and monitored in a more rigorous and complete manner. Manufacturersshould begin
work in small-scale fermenters as earlyas possible to ensure that robust, controlled experiments can be run to refinethe initial
fermentation conditions.
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Fermentation harvest processes also should be scalable.Although it is possibleto scalecentrifugation conditions, it is a
challenge to maintain equivalent centrifugalconditions, particularly in a flow-through mode. Filtration processes can usually
be scaled more predictablyprovidedthe membrane manufacturer isanticipating the needs ofthe processdevelopment scientist.

When manufacturersdefinea process,they should evaluateits robustness by purposefuldeviations such aschanges insources
of raw materials and time and temperature limits of unit operations. Such evaluations better define the rationalefor setting
process limits and for knowing which are most critical to the success of the manufacturing process.

Process Monitoring

On the basis of earlydevelopment process characterizationdata, manufacturers should be able to identifykeyanalytical
measures that, if applied to all lots, can either verify the correct progression of the process or serveas a sentinel to determine
whether a specific batch isshowing signs of deviating from the typical profile. In the absence of such data, an aberrant process
may go unnoticed or may not be detected until testing of a process intermediate shows either an out-of-trend or
out-of-specification result.

Fora fermentation process, many critical variables (e.g., optical density, pH, and specific nutrient levels) can be measured
online and in real time to potentiallyallowintervention to bring a given process back into normal range or at least to identify
the point in the process at which the deviation occurred. Such data can be valuable in identifying potential process
improvements. Conversely, in the absence of such data troubleshooting can be a challenging and protracted process.

Scale-up

Justas earlydevelopment requiresa focus on small-scale operations, scale-up becomes essential at some point to ensure that
sufficiently large lotscan be made to meet program needs. As these needs become increasingly complex, larger lotsare essential
to ensure that multipleexperiments and observations can be tied to the same lot of product, which in turn iscritical to
understanding critical process and product variables. Ifproper process engineering considerationswere taken into account at
the smallerproduction scale,scale-up can usually be done in increments of ten-fold in volumewith reasonableexpectation that
significantprocess performance or product changes will not be seen. Thisapproach may requireadjustments at an intermediate
scale ifthe initial fermentation was based on too small a volume or ifthe final production scale is very large. Again, process
monitoring data can be very helpful in evaluating the successof the scaled-up process.

Ifclinical development studies are performed at lessthan full manufacturing scale, as they usually are, manufacturers will be
obliged to relate the comparabilityof the process performance and the product characteristics at the differentscales. Analytical
data can be compelling, but in their absence or in the presence of differences, manufacturers must demonstrate that
scale-related differences are not clinically significant. However, the use of comparability protocolsfor scale changes will have
to be approved by the local regulatory authority. In order to avoidfixing something that is not broken, analystsmust take care
to isolate differences caused by fermentation scale-up from changes caused by harvest or purification scale-up. One way to
accomplish this is to compare process intermediates obtained, as possible, during the fermentation and harvest processes. As
an example, online monitoring of fermentation conditions such as pH or glucose level can be used to demonstrate similarity
during the time course of the fermentation. Similarly, measurements at the end of the fermentation process (e.g., final cell
density, cellviability) and intermediate measurements during harvest (e.g., turbidity of clarified broth, wet cell mass in the
pellet) provide useful informationfor evaluating the similarity or differences during scale-up.

PURIFICATION

Ageneral overview of purification for bacterial derived vaccines is presented in USP Vaccines for Human Use-General
Considerations (1235). In addition to a description of critical processing equipment, reagents, and processing steps,
manufacturers should provide the rationalefor the purification process chosen for component antigens recoveredfrom the
crude harvest. As with the other processes, analystsshould consider the source of all raw materials and ensure that they come
from reliable vendors who adhere to cGMP and can ensure a long-term supply. The cGMPs will apply to late-stage clinical
supplies and commercial materials. The removal of nonproduct-related impurities (e.g., processing reagents, endotoxin,
contaminating cell proteins or nucleicacids, and other residual contaminants) should be verified.

The drug substance can be one of several types of compounds: e.g., polysaccharides (wild type or modified), proteins (wild
type, mutant, toxoids, or recombinant), or products of conjugation of polysaccharides and proteins,or products of conjugation
of peptides and proteins.

To define and control purification processesfor drug substance and drug products, the manufacturershould establishtargets
for process parameters and tolerances for allcritical processsteps includingyields, activity, and purityto ensure efficacy, safety,
and consistency of the final product. Requirements for pooling, if applicable, should be established.The requirements and
conditions for storage of intermediates, bulks, and final containers must be established by an official stability program. The use,
reuse, regeneration, and cleaningofalldrug product/drug substance contact equipment (e.g., filters, chromatographic columns
and resins, tanks, and process lines) should be validated. In addition, extractable/leachable studies should be performed for all
product contact equipment (e.g., disposable bag systems, chromatographic column resins, and process lines).

Polysaccharide Purification

The purification steps for polysaccharides depend on the phenotype (e.g., gram negative or positive), polysaccharide
presentation (e.g., membrane bound or excreted within the supernatant), and the chemical nature of the polysaccharide itself
[e.g., idealized backbone linkages (glycosidic bond, phosphodiester bond), overall charge, types of charge groups, and types
of side group modifications (O-acetyl, uronicacid, sialic acid,N-acetyl, pyruvate,or O-methyl)]. Polysaccharide harvest methods
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determine clarification and downstream purification requirements. Clarification methods depend on whether it is necessaryto
perform cell lysis or only to separate cell-free broth from cellulardebris. Harvest techniques include centrifugation, depth
filtration, tangential-flowfiltration, microfiltration, sizingfiltration, or a combination of techniques. The culture may be
inactivated or residual contaminants removed by selective precipitation (e.g., protein denaturation) using heat or chemical
treatments (e.g., salts, detergents, enzymes, or phenol). This may require cold-storage settling before clarification.

Methods for postclarification polysaccharide precipitation are used both for isolation and purification. Fractional precipitation
methods are based on overall charge or cationic binding affinities of the polysaccharide (e.g., alcoholic precipitation,
ion-exchange chromatography). Agentssuch as cationic detergents, salts, and solventscan be used to differentially precipitate
charged species from uncharged molecules. Precipitation can be performed in stepwise fashion to remove residual impurities
from polysaccharideor by a seriesof precipitationsto achieve the desired purity. Polysaccharide may be contained in either the
precipitate or supernatant depending on the charge and nature of the polysaccharide. Precipitation isfollowed by isolation
steps such as centrifugation and/or filtration during which either the precipitate isdiscarded or resuspended in a secondary
precipitating agent until the polysaccharide is recovered. Extraction with solventssuch as phenol issometimes used to remove
impurities.

An alternative and additional approach to selectiveprecipitation methods is the use of chromatographic methods.
lon-exchange chromatography (e.g., DEAE Sepharose), hydrophobic-interaction chromatography (HIC), and gel-permeation
chromatography separately and incombination have been used successfully to purify polysaccharides. At neutral pHthe charge
on acidic polysaccharidescan be used on anion exchangers to separate acidic polysaccharides from impurities. Ion exchangers
can also be used to purifyneutral polysaccharides in flow-through mode, binding impurities while neutral polysaccharides flow
through the column. HIC can also be used to bind impuritieswhile the polysaccharide passes in the flow-through fraction. If
there are no base-labilegroups, the charge on neutral and acidic polysaccharides can be modified by addition of base to ionize
hydroxyls before chromatography. The basicconditions used control the level of N-acetylation, and the polysaccharides can
be re-acetylated as needed. Boratesalts can be used to enhance separation during ion-exchange chromatography. A
combination of precipitation, filtration, and chromatographic procedures can also be used.

Diafiltrations, ultrafiltrations, and intermediate drying steps can be used as needed to concentrate polysaccharides while
removing low molecular weight impurities or replacing processing salts and solvents.The precipitatesor column fractions can
be further purified usingsuitable methods (e.g., enzyme treatments, solventextractions,or column chromatography) to remove
impurities such as nucleic acids, proteins, and Iipopolysaccharides. A preliminary side group modification can also be included
in the purification process (e.g., de-O-acetylation, partial depyruvylation).

The final purificationstep can consist of bufferexchange and filtration followed by storage of purified liquid polysaccharide
(frozen) or additional final precipitation and washing of the precipitate with solvent before dryingfollowed by storage. Drying
can be performed via several types of processes (e.g., drying under vacuum or in desiccators or by lyophilization). Drying of
polysaccharidescan be performed in desiccators(at varioustemperatures) and can include several steps of grinding or fluffing
and return to the desiccators for further drying. Lyophilization of polysaccharides is possiblewith appropriate controls ifthe
process requires retention of bound water. Somepolysaccharides may requirea residual amount of moistureto maintain stability
over time. The polysaccharide is then stored under suitable conditions to avoid moisture uptake.

In-Process Controls

Manufacturers identifycritical process steps and perform appropriate tests to monitor the purification process. Among the
latter are filter integrity tests, Microbiological Examination of Nonsterile Products: Microbial Enumeration Tests (61), Bacterial
Endotoxins Test (85), and other suitable tests for residuesof reagents (e.g., residual reagents, solvents, enzymes, or cations) used
in purification. Polysaccharide sizecan be influencedthroughout the production processfromfermentation conditions to drying
conditions or by the action of mechanical stirrers, impellers, or filtration devices. If molecularsize is a critical quality attribute,
analystscan perform an in-process test for size(e.g., high performance size-exclusion chromatography coupled with multi-angle
laser light scattering [HPSEC-MALLS]) at the appropriate process steps to monitor and control polysaccharide size. In order to
demonstrate process performance and reliability, manufacturers should characterize inherent residual contaminants (e.g.,
protein, DNA, and endotoxins). When validation studies have demonstrated removal of residual reagents, testing of purified
polysaccharides can be omitted. Ifmaterial must be sterile, analysts can perform SterilityTests (71).

Protein Purification

The classes of bacterial protein vaccines include toxolds, nontoxoids (e.g., pertussis antigens), naturally occurring mutants
(e.g., CRM197) as carrier proteins, and engineered recombinant products.

TOXOIDS

Atthe end offermentation, toxin-containingculture medium should be separated aseptically from the bacterial mass as soon
as possibleor placed in a cold room untilseparation can be effected. The toxin content (Lf/mL) ischecked by flocculation assay
using the appropriate antitoxin standard to monitor production consistency (culture should contain NLT 40 Lf/mL). The toxin
is purifiedfirst to remove any components that could cause adverse reactions in humans. Atypical process includes depth
filtrationfollowed by 0.2-l.Im filtration to assistin removalof cellulardebris. Following preliminary purification, the toxin isthen
detoxified with formaldehyde or glutaraldehyde or any suitable chemical reagent by a method that avoids both destruction of
the immunogenic potency of the toxoid and reversion of the toxoid to toxin, particularly on exposure to heat. Some toxoids
require a single addition of formaldehyde, but others can require multiple additions. Alternatively the toxin could be detoxified
and then purified or partially purified bydepth filtration, detoxifiedby addition ofan appropriate aldehyde,filtered using 0.2-l.Im
filtration, and then pooled. The pooled toxoid solution isfurther purified by clarification with activated carbon, followed by
multiple ammonium sulfate precipitationsteps that further fractionate and concentrate the toxoid. Typical additional
purification steps include concentration, diafiltration, and/or chromatography. Purification before detoxification results in a
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purer product and can be advantageous ifthe toxoid is to be used as the protein component of a protein-carbohydrate
conjugate (because copurifying high molecularweight glycanswill be removed before detoxification).

During detoxification and purification, endotoxin testing according to Bacterial Endotoxins Test (85), and formaldehyde,
protein, and irreversibility testing are performed to control and ensure consistencyof the purification process. Ifmaterial must
be sterile, Sterility Tests (71) can be performed.

PROTEINS/RECOMBINANT PROTEINS

Proteins used to make vaccines can be recombinant (in their native state or engineered to modify certain amino acids), or.
they can be naturallyoccurring mutants that have no wild-typeactivity yet are capable of inducing the appropriate immune
response. Proteinsare harvestedfrom the fermenter and are extracted (e.g., by mechanical and chemicaldisruption) then
purified by suitable methods, typically consistingof filtration-concentration steps (e.g., ultrafiltration, tangential-flow filtration,
diafiltration, centrifugation, selective precipitation, and even direct capture using expanded-bed chromatography or big-bead
,technologies). The enriched protein solution can be further purified using appropriate filtration and chromatographic steps.
Forallequipment that contacts drug substances (e.g., chromatographic resins, membranes, disposablebag systems, or process
lines), manufacturers should assess extractables and leachables. Analysts should determine column resin life for all
chromatographic systems used in the purification (including number of uses, reconditioning requirements, and storage
conditions).

The type of chromatography used to purify proteins depends on the physical/chemical properties of the desired protein as
well as those of other molecularentities in the harvest culture. As an example, CRM197 can be purified using a multistep
chromatographic process: Production material isfirst diafiltered and then isseparated by ion-exchange chromatography
(DEAE-Sepharose) in order to purify the target protein from other molecularentities present in the purification stream. The peak
of interest iscollected, and ammonium sulfate isadded, followed by O.22-l..Im filtration to condition the material before loading
on the hydrophobic-interactionchromatography column (Phenyl Sepharose)for purification of the target protein based on its
surface hydrophobicity.Thepeakfraction isthen diluted with Waterfor Injection and isseparated onto a ceramichydroxyapatite
column to further purify the target protein based on its surface charge. The eluted peak is then bufferexchanged into the
storage buffer by ultrafiltration/diafiltration using cross-flow membrane filtration followed by O.22-l..Im filtration to yield the
sterile purified concentrate.

In-process control of protein purification includes monitoring specific protein content and critical process steps as well as
monitoring removal of unwanted fermentation and purification components. The pH is criticalfor ion-exchange .
chromatography, and therefore pH should be monitored. Forsteps designed to remove endotoxin, procedures in Bacterial
Endotoxins Test (85) are used to monitor column eluants. Bioburden is monitored according to Microbiological Examination of
NonsterileProducts: Microbial Enumeration Tests (61) after filtration and chromatography steps. If material must be sterile, the
sterilitytest in Sterility Tests (71) should be performed.

POLYSACCHARIDE-PROTEIN CONJUGATES

Polysaccharide preparation and activation polysaccharides used in conjugation reactions vary in sizefrom native high
molecular weight polysaccharide to oligosaccharides produced by controlled depolymerization. Some polysaccharides can also
be modified (e.g., de-O-acetylated, partially depyruvylated). Sizing/depolymerization of polysaccharides is performed in a
varietyof ways (e.g., acid/base catalysis, chemical oxidation/reduction, microfluidization, or mechanical treatment). Activation
of polysaccharidescan be performed byseveral differentmethods depending on the lability of particularepitopes under differing
depolymerization conditions or the type of conjugate desired (e.g., neoglycoconjugate or lattice-typeconjugate, use of a linker
molecule or direct conjugation, or reductive amination). Appropriately sized and/or activated polysaccharides are purified by
suitable methods that typically consist of various combinations of concentration and filtration (ultrafiltration/diafiltration) and
chromatographic methods (size-exclusion chromatography, HIC).

The in-process testing performed to monitor the depolymerization and activation process depends on the process used.
Typical control tests are pH monitoring and temperature monitoring of the sizingand activation reactions.The size of the
polysaccharideduring depolymerization can be followed by an appropriate chromatographic procedure (e.q., HPLC-SEC RI or
MALLS). Testing of depolymerized polysaccharide for select functional groups (e.g., O-acetyl, N-acetyl, or pyruvyl groups) may
be required and can be determined by nuclear magnetic resonance (see NuclearMagnetic Resonance Spectroscopy (761) ).
In-process testing of the activated polysaccharide depends on the activation process used. Forexample, if reductiveamination
is used to attach a linker to the depolymerized polysaccharide, the control testing would include measurement of reducing
activity(e.g., available reducing sugars), polysaccharide content (e.g., for determining the loading ratio in conjugation), and
total and free linkercontent (e.g., for determining the number of activesitesfor conjugation). Depending on the activation
and conjugation process used (Le., immediate conjugation after activation), consistency in degree of polysaccharide activation
may also be demonstrated as part of process validation or reflected by characteristics of the final conjugate bulk. The
concentration/filtration steps of the purification process are monitored for conductivity to ensure removal of salts.

CONJUGATION

The conjugation chemistryused determines the type of conjugate made (Le., neoglycoconjugate or lattice). The conjugate
is obtained by the covalent binding of activated polysaccharides to the carrier protein. Conjugates are purified by suitable
methods designed to remove residual reagents used for conjugation as well as to remove unreacted polysaccharide and protein.
The removal of residual reagents isconfirmed by suitable tests or by validation of the purification process. Suitable tests are
carried out to determine residues of reagents used during inactivation and purification. When validation studies have
demonstrated removal of residual reagents, the test on conjugate polysaccharides can be omitted.

Appropriate chromatographic procedures (HIC, SEC) and/or filtration (ultrafiltration/diafiltration, tangential-flow filtration)
are used to remove the unreacted polysaccharides, protein, residual chemicals, and salts that are used in conjugation or-that
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are by-products of conjugation. Bioburden testing (see Microbiological Examination ofNonsterile Products: Microbial
Enumeration Tests (61» is performed before sterile filtration.

INTERMEDIATES

An intermediate or process intermediate in vaccine manufacture is the reaction product of each step in the process except
the lastone, which forms the final product. Examples of intermediates are bulk-purified polysaccharides, proteins, and activated
polysaccharides that conjugate to protein.

Most vaccine production processes are stepwiseand take more than one elementary step to complete. An intermediate is
produced from raw materialsat one or more processsteps (e.g., bacterial growth, extraction and purification, and chemical
modification), eventually resulting in the drug substance. The identificationof the key intermediates, their production, and
sampling for analytical tests must be defined in controlled documents (e.g., batch records, analytical protocols).

Intermediatescan be stored for considerableperiodsoftime beforefurther processingand can be included ina formalstability
program (see Storage Stability, above). Stability studies in normal or accelerated conditions should be performed to define
maximal hold time for intermediates and when significant process changes are implemented.

From raw material to finished drug substance, testing throuqhout the process ensures ~ quality product. Testing of
intermediates is a keyquality control step to ensure their identity and purity. The quality attributes of the intermediate are
commonly tested in conjunction with further processing, and their release testing should be considered. Standard operating
procedures (SOPs) must be properly defined for the analytical control tests. Because of their critical role in the production
process, some key intermediates could be included in formal release testing, in addition to the intermediates identifiedfor
in-process testing.

Examples of tests for structural characterization of carbohydrate-based intermediates include the following:
• identity and O-acetylation level (nuclear magnetic resonance)
• molecular size and polydispersity (SEC-UV, SEC-Refractive Index, SEC-MALLS, SEC-Fluorescence)
• saccharide content [colorimetric assays, high-pH anion-exchanqe chromatography with pulsed amperometric detection

(HPAEC-PAO), -Fluorescence]
• specific rotation, see Optical Rotation (781)
• saccharide content, O-acetyl content (colorimetric assays)
• counterion content, e.g., Na+ and Ca2+ (inductively coupled plasma-mass spectroscopy, atomic absorption).
Examples of tests for the purity of carbohydrate-based intermediates based on estimates of the product- and process-related

impurities include the following:
• endotoxin content (Bacterial Endotoxins Test (85»
• proteins, nucleic acids, proteins, cetavlon (colorimetric assays)
• water content (Karl Fischer titration; see WaterDetermination (921»
• volatile substances (thermogravimetry)
• organic solvents, e.g. ethanol, phenol, acetone, OMSO, or ethyl acetate (gas chromatography-flame ionization

detection; see Residual Solvents (467»
• bioburden (total viable aerobic count of microbial contamination; see Microbiological Examination ofNonsterile Products:

Microbial Enumeration Tests (61»
Examples of tests for structural characterization and purity estimation of protein-based intermediates include the following:
• identity and molecular size (SOS-PAGE, Western Blot, SEC-UV, SEC-Fluorescence, SEC-MALLS, reverse phase

chromatography)
• endotoxin content (see Bacterial Endotoxins Test (85»)
• residual nucleic acids [colorimetric assay; see Nucleic Acid-Based Techniques-Approaches for Detecting Trace Nucleic Acids

(Residual DNA Testing) (1130)]
• bioburden (total viable aerobic count of microbial contamination; see Microbiological Examination ofNonsterile Products:

MicrobialEnumeration Tests (61»)
• other proteins as impurities (SOS-Page, Western Blot, SEC-UV, SEC-Fluorescence, reversed-phasechromatography)
Thetests previously reported for protein-based intermediates are also applicable when the protein-based product isdefined

as the drug substance. In addition to the examples reported above, many other methodologies can be applied for the identity
and purity evaluation.

Stability tests for intermediates can includephysicochemical methods (see section on Intermediates, above), formally included
within an analytical panel for the stability study. In addition, biological and immunochemical tests [e.g., enzyme-linked
lmrnunosorbent assay (ELISA)] can be included. Bioburden and endotoxin testing may not be required at each level (each
intermediate, drug substance) provided testing is performed at sufficient steps in the overall production process. Bioburden is
typically performed prior to sterilefiltration viain-process testing. Ifintermediates must be stored and/or subsequently shipped
to a different location forfurther processing, the stability of these materials must be demonstrated.

DRUG SUBSTANCE

The drug substance is the final bulk that contains the antigen at the desired concentration and is ready for the addition of
other ingredients (e.g., diluents, bulking agents, stabilizing excipients, adjuvants, or preservatives) to produce the finished
dosage formulation.
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The drug substance is the final product of the antigen manufacture process, before the formulation of the final vaccine
dosage. The final bulk may be prepared asepticallyor may include a sterilization step. Samplingfor analyticaltests for release
and stability studies (see Storage Stability, above) must be defined in controlled documents (e.g., batch records, analytical
protocols).

Drugsubstances can be stored for a considerable period of time beforefurther processing, but ifit isstored the drug substance
must be included in a formal stability program (see Storage Stability, above). Stability studies in normal or accelerated conditions
should be performed to define maximal hold times. Astability program is required for formal stabilitystudies, and the studies
must be executed according to a protocolthat contains detailed information about types of tests, specifications, testing intervals,
and time points.

Testing of the drug substance must be performed to ensure its identity and purity. All the testing must be done according
to established SOPs, and all tests must have specifications (or provisional specifications, where applicable).

Examples of tests for structural characterization of carbohydrate-based products include the following:
• identity and O-acetylation level [nuclear magnetic resonance (NMR)]
• total and free saccharide content [HPAEC-PAD, capillary electrophoresis (CE), or colorimetricassays]
• total and free protein content (colorimetricassay, SEC with UV, RI, or fluorescence detection, CE)
• O-acetyl content (colorimetric assays)
• molecular size (SEC-UV, -RI, -Fluorescence, or -MALLS)
Examples of tests for the purityofcarbohydrate-based drug substances based on estimating the product- and process-related

impurities include the following:
• endotoxin content (Bacterial Endotoxins Test (85)
• process-related residuals not shown to be removed by process validation (e.g., cyanide, iodate, bromide, ammonium

sulfate, or organic solvents)
• Bioburden (total viable aerobic count of microbial contamination; see Microbiological Examination of Nonsterile Products:

Microbial Enumeration Tests (61)
In addition to the examples reported above, many other rnethodoloqles can be applied for identity and purity evaluation.

Forinstance, specificimpuritiesthat must be measured are determined by negotiations between manufacturers and the national
drug regulatory agency during the licensure process. Bioburden and endotoxin testing may not be required at each level (each
intermediate, drug substance) provided testing is performed at sufficientsteps in the overall production process. Bioburden is
typically performed prior to sterilefiltration via in-process testing.

All the results must be reported in a controlled document. Stabilitytests can include both physicochemical methods (see
stability information, above) and biological/immunochemicaltests (e.g. ELISA and SBA; see Quality of Biotechnological Products:
Stability Testing of Biotechnological/Biological Products (1049).

DRUG PRODUCT AND LOT RELEASE

General principlesare described in Vaccines for Human Use-General Considerations (1235), which outlines the lot release
procedure in accordance with 21 CFR 610.1 and 21 CFR 610.2. For products that will be used in the United States, samples
and protocols containing all appropriate tests must be submitted to FDA for reviewand/or testing. IfFDA determines that the
lot meets the standards of safety, purity, and potency required for the particularvaccine, the lot is approved for release,
distribution, and marketing.

Tests required for each lot-release protocol include potency, general safety, sterility, purity, identity, and constituent
materials. Potency and potency-related tests are different for each bacterial vaccine. The inclusion of these tests makes each
bacterial vaccine lot-release protocol unique.

The contents of a final container of each filling of each lot are tested for identity after labeling is completed. Identity is
established either by physical or chemical characteristics of the vaccine, inspection by macroscopic or microscopic methods,
specificcultural tests, or in vivo or in vitro'immunological tests. In large part, identity testing is performed to distinguish the
vaccine from other materials that are manufactured at the same site (21 CFR 610.14). The same tests that establish identity
may also be appropriate for defining the quantity of immunogen present in the final vial. This is especially important for
carbohydrate-based vaccines that are dosed by mass and for which physicochemical measures of antigen quality are used.

Immunochemical methods, which include immunoprecipitation methods and immunoelectrophoretic methods, have been
useful. Immunoprecipitation methods, flocculationand precipitation, can be carriedout insolution or in a gel matrixand involve
mixing the antigen with an appropriate antibody, leading to the formation of flocculating or precipitating aggregates that can
be detected visually or by light scattering (light scattering or nephelometry). The ratio of reactants must be varied to optimize
the detected response. In solution this can be achieved by titrating one reactant with the other, and increased sensitivity can
be obtained by using antigen- or antibody-coated particles (e.g., latex) as reactants. In gel systems, a gradient iscreated as one
or more of the reactants diffuse, creating a visible line where precipitationoccurs. Immunoelectrophoresis (IE) is a qualitative
technique that combines two methods: gel electrophoresis followed by immunodiffusion. Crossed IE is a modification of the IE
method that issuitable both for qualitativeand quantitative analysis. Visualization and characterization of immunoprecipitation
linescan be performed byselectiveor nonselectivestains,fluorescence, enzyme or isotope labeling,or other relevanttechniques.
Selective staining methods are usually performed for characterization of nonprotein substances in the precipitates. Intranslucent
gels, such as agar or agarose, the precipitation line becomes clearlyvisible in the gel provided that the concentration of each
of the reactants is appropriate.

Where multiple active components are present as a result of copurification (e.g., certain acellularpertussis vaccines), the
manufacturer must demonstrate that the composition of the product is consistent between batches, unless this has been
validate~ during the development of the manufacturing process. ' .
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Forcertain vaccines, notably those that use purified polysaccharide immunogens, identity and immunogen quantity can be
demonstrated using one or more chemical and physicochemical approaches such as colorimetric determinations of different
groups of sugar residues expected to be present, chromatography, or high-field nuclear magnetic resonance spectroscopy.

A number of classical colorimetric assaysfor quantification of various classesof sugar have been used to define the .
composition of polysaccharides used as vaccines, including the orcinol assayfor ribose, phosphorus, sialic acid, uronic acids,
and aminosugars. In general, these approaches have been superseded by chromatographic methods, including gas
chromatography and HPAEC, which is widely used to determine Hib PRP glycoconjugate immunogens in monovalent or
combination vaccines and in meningococcal conjugate immunogens. .

Immunochemical methods that have been used to quantify polysaccharide antigens include (a) rocket
immuno-electrophoresis and (b) rate nephelometry. Electroimmunoassay, also called rocket immuno-electrophoresis, is a
quantitative method to determine antigens that differ in charge from the antibodies. Electrophoresis of the antigen to be
determined iscarriedout in a gel that contains a lower concentration of the corresponding antibody. Nephelometry methods
have been used to quantify antigen in pneumococcal conjugate vaccines.

The consistency of the molecular size and molecular size distribution of polysaccharide-and carbohydrate-containing
conjugate vaccines can be determined by gel-permeation chromatography on appropriate resinscalibrated with suitable
molecular weight markersor coupled to laser light-scattering equipment that indicates absolute molecularweight ifa valuefor
the refractive index increment (dn/dc) is known. Measurement of the molecular size of formulated conjugates may not be
feasible for multivalent glycoconjugate vaccines. Integrity of the conjugate may be demonstrated by alternative,
product-specific methods. Another alternative to demonstrate integrity of the glycoconjugates in the final product is
measurement of molecular size as part of the stabilitystudies at monovalent conjugate bulk prior to formulation of the
multivalent vaccine.

Unless the contrary has been validated, manufacturers should demonstrate that reversion to toxicity has not occurred (and
will not occur over the shelf life) for a product derived from or containing a toxoid material. This may require the use of a cell
line or an in vivo test, although enzymatic approaches are being validated.

Anantigenic purity test isan assaythat assesses the quantity of antigen and isused for diphtheria and tetanus toxoid vaccines.
The antigen content is determined by a flocculation assay.

The manufacturer should prove a high and consistent level of 'immunogen adsorption to any solid-phase adjuvant (such as
aluminum phosphate or aluminum hydroxide) that is consistent with the release specification.

Forcertain vaccines such as the anthrax vaccine and toxoid vaccines, the manufacturer is required to demonstrate that the
vaccine is protective against disease or death in animal models challenged with a predefined dose of the target pathogen. This
generally requiresdefinitionof the animal model, route of administration, vaccinedilutions required, a means to observe effects,
and a referencevaccine against which effectsare compared. The data should be analyzed appropriately (see Analysis of Biological
Assays (1034»).

Stability-indicating assaysare those used to determine the stability of the product. Of primary importance is the potency
assay, although glycan degradation may be important in glycoconjugate vaccines.

Other Vaccine Components and Vaccine Properties

Aluminum compounds are the primary adjuvants used in vaccines in the United States. General chapter Vaccines for Human
Use-General Considerations (1235) provides provisions of the 21 CFR 610.15 governing the use of aluminum and amounts
allowed. The adjuvants widely used in bacterial vaccines include aluminum potassium sulfate (alum), aluminum phosphate,
aluminum hydroxide, and combinations of these compounds. Bacterial vaccinesformulated with such adjuvants are referred
to as adsorbed vaccines, and this term may be included in the official name of the vaccine. Other adjuvant systems may be
evaluated. Aluminum is quantitated using colorimetric, titrimetric, emission or atomic absorption spectroscopy, or inductively
coupled plasma-mass spectrometry.

For regulations regarding residual manufacturing reagents, see the FDA's 1999 Guidance for Industry: Contentand Format of
Chemistry, Manufacturing, and Controls Information and Establishment Description Information for a Vaccine or Related Product.
Manufacturing reagents such as formaldehyde and glutaraldehyde sometimes are used in inactivation, the toxoid-making
processes, or elsewhere during manufacture and may be present in residualamounts in the final product. Limits offormaldehyde
and other residuals must be minimized in accordance with the approved product license.

Common preservatives used in bacterialvaccinesinclude thimerosal, phenol, 2-phenoxyethanol, and benzalkoniumchloride:
Vaccines for Human Use-General Considerations (1235) and 21 CFR 610.15 provide additional information about the
minimizationof thimerosal content and the production of thimerosal-freevaccines. Limits and content specifications are set for
each bacterial vaccine in the product license.

Each lot of final containers of a vaccine intended for use by injection istested for bacterial endotoxins as indicated in Bacterial
Endotoxins Test (85).

Each lot of final containers of a vaccine intended for use by injection may be tested for pyrogenic substances as indicated in
Pyrogen Test(151) and 21 CFR 610.14.

Each lot of dried product shall be tested for residual moisture (see Loss on Drying (731) and FDA Guidelinefor the
Determination of Residual Moisture in Dried Biological Products. January 1990). Residual moisture should be determined for
lyophilized vaccines. . .'

Ageneral safetytest isperformed on biological products intended for administration to humans with the purpose of detecting
extraneous toxic contaminants. Procedures and exceptions are specifled in 21 CFR 610..,1.

Excipient identity and quantity, preservatives, diluents, adjuvants, extraneous protein; and cell culture-produced vaccines
and antibiotics are tested according to 21 CFR 610.15 and/or appropriate guidance documents.

"Free" or unconjugated saccharide in qlycoconjuqatevacclnes isconsidered undesirable and issubject to limitspecifications.
Asan alternative to controlling free or unconjugated saccharide, integrity of the conjugates in the final product may be
demonstrated via an appropriate method, said method depending on the properties of the final product (composition,
adsorption, etc). Atest method that measures the increase in the amount of free saccharide is a stability-indicating method.
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The methods adopted depend on separation of saccharide from conjugate and application of the methods above to quantify
the unconjugated saccharide. Separation methods used include membrane separation (such as dialysis), use of hydrophobic
media to specifically trap the conjugate, solventextraction, and selective immunochemicalprecipitationof the conjugate using
anticarrier antibodies.

The sterility of each lot of each product isconducted according to procedures described in Sterility Tests (71) and 21 CFR
610.12 for both bulkand final container material.

Information Insert (Label)

Vaccine product labeling is regulated in compliance with 21 CFR 201 and 610. Requirements are set both for container
labeling and package labeling.

OTHER REQUIREMENTS

Retentionsamples are held by the manufacturer for at least six months after the expiration date. Enough material of each
lot of each product is held for examination and testing for safety and potency (see 21 CFR 600.13).

Records are maintained concurrently with each step in the manufacture and distribution of product such that at any time
successive steps of manufacture and distribution may be traced (see 21 CFR 600.12).

Forstorage conditions, see 21 CFR 610.50 and 53.
Forshelf life/expiry date, see 21 CFR 610.50 and 53.

(1240) VIRUS TESTING OF HUMAN PLASMA FOR FURTHER
MANUFACTURE

SCOPE

The scope of this chapter is limited to the virus testing performed on human plasma for the further manufacture of
pharmaceuticals, which are referred to as plasma-derived products (see Virology Test Methods (1237) for virus testing of other
therapeutic products). These types of plasma include either source plasma collected by apheresisor recovered plasma obtained
from whole blood collectionor as a byproduct in the production of blood components. In all cases, the source material is
obtained through voluntary donations. The following topics are specifically excluded from the scope of this chapter:

• Virus testing of nonhuman blood or plasma;for example, fetal bovineserum (see Bovine Serum (1024) for more information
on testing this material), which may be used in the production of biological or recombinant therapeutics

• Virus testing of human-derived whole blood, blood components used for transfusion, and materials in tissue and organ
banks

• Testingfor nonviral organisms; for example, bacteria, fungi, and parasites (some of these topics are discussed in Sterility
Tests (71», or the causativeagent of transmissible spongiform encephalopathy.

Thischapter introduces the virus testing that is performed on plasma used for the production of therapeutic proteins. Topics
that are addressed include:

1. The rationale for implementing tests for viruses
2. The types of testing applied to plasma donations destined for further manufacture
3. The current regulatory environment for such virus testing
The chapter also includesan Appendix that contains pertinent regulatory guidances and supporting references.

INTRODUCTION

Human-plasma-derived products are used to treat coagulation disorders, primary immune deficiency, and congenital
emphysema as wellas other diseases(see Human Plasma (1180». Because these products are manufactured from pooled human
plasma donations, the presence of blood-borne viral pathogens from individual plasma donations can potentiallycontaminate
the resultingfinal products manufactured from a large pool of donations and thus transmit the virus to many recipients.
Sufficient measures must be taken to ensure that these products are as safe as possible. In order to minimize the risk of
transmission of viruses by these products, manufacturers use several strategies, which include:

• Selection and management of the donors (see also (1180»
• Selection and management of donations or units (see also (1180»
• Testingfor infectious viral pathogens in plasma in the form of samples of individual or pooled donations and fractionation

pools (defined for the purposes of this document as the first homogenous pool or early production intermediate suitable
for testing and representative of the material to be used for product manufacturing) .

• Donor-screening methods, whichalso include a look-back procedure for the quarantine and destruction of unused,
previously donated units from an infected donor (see also (1180»

• Incorporation of validated virus inactivation and removal steps (pathogen-reduction steps) into the manufacturing
processes (see also (1180»
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• Monitoring and investigating adverse events in recipients of final products, both hemovigilance and pharmacovigilance
(see also (1180»)

• Adherence to Good Manufacturing Practices at all levels of the production process as a strategy to reduce risk of virus
transmission (see GAO-HEHS-98-205, 21 CFR Part 606, and WHO Technical ReportSeries 941 cited in the Appendix).

Plasma used for further manufacture can be either source plasma or recovered plasma. In the UnitedStates, licensedhuman
plasma products are derived mainlyfrom source plasma. Becauseplasmaforfurther manufacture isobtained by pooling a large
number of donations, there isa risk of viral contamination of the pool, thus resulting in a much higher potential risk of virus
transmissionto multiple recipientsthan isthe case for blood for transfusion.The manufacturing process,which isused to purify
and concentrate the desired protein, is not capable of completely removing the viral load, and therefore validated
virus-reductionsteps capable of effectively reducing transfusion-transmissible viruses in the starting material are included in the
manufacturing process.Adetailed discussion of virus inactivation and removal procedures for pathogen reduction can be found
in the 2004 WHO Technical ReportSeries 924 cited in the Appendix. -

Approaches for screening plasma for further manufacture can be categorized into two groups: donor-screening and
in-process testing methods. The donor-screening method takes into account not only the plasma-derived end product but also
the plasma donor. This category of testing typically isrequired for blood-transmissible viruses such as human immunodeficiency
virus (HIV), hepatitis C virus (HCV), and hepatitis Bvirus (HBV). Virus transmission is a major public safety concern, because
infections with these highly pathogenic viruses typically progress to chronicity. During donor screening the objectivesof the
test laboratory or manufacturer are not only to identifypositive units for destruction before production pooling but also to
identify and notify infected donors. Donorswho test positivefor HCVor HIV are permanently deferred from donating both
blood and plasma. Althoughfewer than 5% of HBV-infected adults develop persistent asymptomatic infection (l.e., a carrier
state), HBV-positive donors are deferred permanently. Collection of source plasmafrom donors who are convalescing from HBV
issometimes permitted for further manufacturing into plasma-derivedproducts such as Hepatitis BImmune Globulin (Human)
[21 CFR 610.41(3)].

In contrast to viruses that are associated with donor screening, viruses such as hepatitis Avirus (HAV)and parvovirus B19
(B19V) usually cause self-limiting infections in immunocompetent individuals, and thus manufacturers use in-process nucleic
acid amplification technology (NAT) testing that results in only the removal of plasma units with high levels of virus before
pooling for production. In these cases, there is no donor-management procedure and hence no requirement to inform the
donor of the result. This approach focuses primarily on the product, not the donor, because some recipients of these products
are susceptible to an infection that may occur ifthe pathogens were present in the plasma-derived product. Donor and
donation-management procedures are well developed in the blood and plasma industry, and more details on these specific
topics can be found in (1180). Other permanent or temporary donor-deferral criteria are in place to avoid donations from
potentially infected donors based on the epidemiological surveillance of a country or region or donor population for
transfusion-transmissible infections relevant to the safety of blood components.

Viruses that greatly affect public health, such as HIV, HBV, and HCV, are detected by serological assays that measure either a
viral antigen, such as hepatitis Bsurfaceantigen (HBsAg), or an antibody, such as anti-HCV or anti-HIV-1 /2 antibodies, in infected
donors and associated donations. These immunoassays for detecting viral markers in plasma donations must be sensitiveand
able to detect a viral infection as early as possiblefollowing infection in order to identifyand exclude potentiallyinfectious
donations.

There is a finite time period, known as the window period, between the infection of a donor and the time at which the test
method can detect the antibody response to the virus, the viral antigens, or the viral nucleicacid. This window period varies
from disease to disease as well as from person to person. The window period can be effectively "shortened" by changing from a
test based on detecting antibodies to one based on detecting the virus directly, namely the viral antigen or, especially, the viral
nucleic acid (see Figure 7), thereby interdicting donations that contain transfusion-transmissible viruses. Testsfor detecting the
viral nucleic acids (Le., NAT tests) were introduced in the 1990s. NAT tests are sensitive and can considerably shorten the
window period (see Figure 7). Ina laterdevelopment after B19V transmission incidents involving plasma-derived products, NAT
tests were initiated to interdict high-titer donations, thereby decreasing the B19Vvirus load in manufacturing pools.
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RATIONALE FOR VIRUS TESTING OF PLASMA FOR FURTHER MANUFACTURE

Historically, virological test methods have been used for detecting viral antigen or antibodies in clinical settings for disease
diagnosis, intervention, and containment. Subsequently, these methods were adapted to screen blood and plasma donations
with high sensitivity and specificity for transfusion-transmissible viruses. Inorder to develop a new virus screening test, scientists
must know the biochemical properties of a new emerging pathogen (e.g., the nucleic acid sequence) for the development of
an NAT test or the protein (e.g., antigen) for immunological tests. When implementing such a test for a given pathogen, the
public health implicationsof positivetest results and the potential for early intervention and treatment of the disease have to
be considered. In addition, the availability of plasma for further manufacture and the effects of the virus on the safety of the
finished product should be taken into consideration.

The emergence of a viral pathogen in the donor population could result in a considerable virus load in the plasma donations
and in the resulting fractionation pools. Forviruses such as HBV, HeV, HIV-l, and HIV-2 that can cause chronic diseases with
potential public health effects, all donations positivefor one or more of these viruses, irrespective of the virus titer, must be
removed, and the donor must be informed. Some viruses such as B19V are prevalent in the population (as many as 1 in 5000
individuals may be infected during an epidemic period) and can be present at high virus titers in infected individuals. Thus, the
removal of all B19V-positive donations could lead to a shortage of plasma. Instead, in-process NAT testing is done to interdict
high-titer donations and thereby limitthe B19V load in the manufacturing pool. The rationale for such screening is that B19V
causes a self-limiting infection in most immunocompetent individuals. Following recovery, such individuals have neutralizing
antibodies to B19V. Seroconversion occurs early in life, because B19V infection is common in childhood, and approximately
50% of 15-year-old adolescents have B19V antibodies. Infection of susceptible individuals continues throughout adult life, and
B19V seroprevalence increaseswith age. The B19V neutralizing antibodies present in a plasma pool and the validated virus
reduction steps included in the manufacturing process ensure that the inclusion of such donations does not compromise either
the safety of the plasma-derived products or the availability of plasma for further manufacture.

In some instances it may not be necessaryor feasible to test for a blood-borne virus. Forexample, testing of plasma for
cell-associated viruses such as Human T LymphotropicVirus (HTLV) types I and II, which present with no or with only limited
virus load in plasma (but with aconsiderable virus load in whole blood donations) is not required. Similarly, testing for West
NileVirus (WNV), a member of the Flaviviridae family, is unnecessary because the virus load is low during the asymptomatic
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window period, the prevalence in the donor population is low (resulting in a lowvirus load in a plasma pool for fractionation),
and WNV can be effectively inactivated by the manufacturing process as demonstrated by validation studies using relevant
Flaviviridae model viruses. Therefore, WNV NAT testing for plasma (source and recovered)for further manufacture is not
required. However, in the United States, the Foodand Drug Administration (FDA) recommends WNV NAT testing for blood
and blood components for transfusion because of the epidemiological situation and the risk of WNV transmission by blood
components (see the FDA Guidance for Industrycited in the Appendix).

Other pathogenic viruses such as influenza viruses and severe acute respiratorysyndrome coronavirus (SARS-CoV) are
associated with clinical diseaseafter a short incubation period and have a low or no virus load during the asymptomatic window
period. No transmission by blood transfusionor plasma-derived products has been reported for these viruses. Furthermore, the
manufacturing process for plasma-derived products has been shown to effectively inactivate influenza viruses. Therefore, NAT
testing of plasma is not required for these viruses.

Fora virus with a high prevalence in the donor population but without known clinical implications, no screening program,
neither NAT nor serology, isrequired because the majorityof donors would no longer be eligible to donate, thereby threatening
the supply of blood and plasma and of plasma-derived products. Viruses that rail in this category are Torque Teno Virus (TTV),
which is present in greater than 80% of the general population, and GB virus C (GBV-C, previously known as hepatitis G
virus, HGV).

Newlyemerging pathogens such as hepatitis Evirus (HEV) can potentially enter the blood and plasma donor population,
resulting in viral infections in recipients of blood and plasma-derived products. Monitoring the emergence of such agents is a
continuous effort that involves academia, public organizations that monitor health and develop earlywarning systems,
regulatory agencies, and industry. Currently, several epidemiological surveillance systems are in place and include
hemovigilanceor biovigilance to address the potential risk of emerging pathogens to the recipientsof blood and plasma-derived
products. This risk can be mitigated by appropriate measures, such as donor deferral because of geographic risk and risk
behaviors, the testing of donations ifappropriate, and the inclusion of virus-reduction steps for a wide range of enveloped and
nonenveloped viruses during the manufacturing process.

APPROACHES TO TESTING

Virological screening assays are designed to detect antibodies, antigens, or nucleic acid sequences of the infectious virus via
serologicaland NAT testing. Sensitive virological test methods are a prerequisite for the quality control of fractionation pools
in order to interdict and discard infected donations before manufacturers process these donations into pools to produce
plasma-derived products.

All assays used to screen blood or plasma donations should be designed fortheir intended use and should meet the
performance requirements specified by the Clinical and Laboratory Standards Institute (CLSI) guidelinesfor qualitative and
quantitative tests. Assays also should comply with guidance from regulators, such as the EuropeanCommon technical
specifications for in vitro diagnostic assays (see Appendix). Associated calibrators or control materialsmust be traceable to
reference materialof a higher order or to referencemeasurement procedures. The Appendix includes FDA guidance documents
pertaining to the manufacture and clinical evaluationof these assays and the use of controls. U.S. and EU requirements or
recommendations for tests for screening plasmafor further manufacture are described in the Regulatory Environment section.

Serological (Immunological) Assays

Serological assays detect antibodies, antigen, or a combination of both. Antibody-detection assays usually are performed by
incubating an immobilized virus antigen (virus lysate or, more common currently, virus proteins produced by recombinant
protein technology) with a plasma sample. Ifantibodies specific to the viral protein are present in the sample, they bind to the
target antigen. The virus-specific, bound antibody is in turn incubated with a labeledsecondary antibody that isspecific for the
virus-specific, bound antibody. The label yields asignal that then isdetected. Alternatively, for the measurement of a viral
antigen present in a sample, immobilized antibodies specific for the viral antigen first are incubated with a plasma sample, a
labeled antibody (often a monoclonal antibody) against the virus protein is added, and the mixture is incubated. For more
details about these assays, see Immunological Test Methods-Enzyme-LinkedImmunosorbent Assay (ELISA) (1103).

Nucleic Acid Amplification Technology Tests

NAT isa collective term for the variousmethods that are used to amplifyand detect the specific genomic sequences in various
sample types. These methods include polymerasechain reaction (PCR), transcription-mediated amplification (TMA), and
branched DNA (bDNA) and are detailed in Nucleic Acid-Based Techniques-General(1125), Nucleic Acid-Based Techniques­
Extraction, Detection, and Sequencing (1126), and Nucleic Acid-Based Techniques-Amplification (1127). NAT tests typically use
gene-specificoligonucleotides (e.g., primers, probes), enzymatic amplification reagents (e.g., buffers, nucleotides, enzymes,
cofactors), and a method that allows the detection of the resulting amplification products. Currently, NAT tests for HBV, HCV,
HIV, B19V, and, in some cases, HAV, are used to screen plasmafor further manufacture.

For high-throughput testing, which is desired for the testing of plasma donations used for further manufacture, NAT offers
distinct advantages over serological testing. First, because of the high sensitivity of these methods, samplesof plasmadonations
can be combined into pools (minipools) that allowsimultaneous testing of multiplesamples, in contrast to serological assays
that are performed on individual samples. Althoughthe operational logistics used in donation minipool testing are more
complicated than those involved in testing individual donations, the minipool approach generallyallows an improved
turnaround time for the releaseof negative samples compared to the traditional nonpooling method. A reactive minipool is
deconstructed to identifyany positive donationes). However, because of the dilution of virus in any given donation, minipool
testing has an inherently decreased sensitivity compared to individual donation testing.
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Table 7 summarizes the potential viral load, which could be avoided by NAT testing, in a fractionation pool caused by the
inclusionof a single serological-window-period donation for the five major transfusion-transmittedviruses.

Table 1

Potential Viral load in Fractionation Pool Caused by Contamination with
One Window-Period Donation

Virus (Approximate Values)"

HBV 8 xlOs IU

HCV 8 xl010 IU

HIV-l 8 xl091U

HAV 8 xl 09 IU

B19V 8 xl0141U

aAssumingone plasma donation is approximately 800 mL. Referencessupporting these values are found in the Appendix.

REGULATORY ENVIRONMENT

Regulatory agencies have the goal of ensuring that plasma-derived products are safe with respect to risk from blood-borne
pathogens. In addition to regulating the final products, regulators also oversee the assays used to test for infectiousagents and
set policies about how those tests will be used. Although regulatory agencies in the UnitedStates and Europeshare the common
goal of safety, they use different legal structures and strategies. In general, the hierarchyof regulatory documents is similar.
Both start with laws that set the definitive requirements for donor selection and plasma screening.

In the United States, the primary lawsthat regulate plasma-derived products and the assays that test their safety are the
Public Health Service (PHS) Actand the Federal Food, Drug, and Cosmetic (FD&C) Act. The PHS Act addresses biologicsand
communicable disease controls, and the FD&C Act addresses drugs and medical devices. Donor-screening tests are licensed
under the PHS Act rather than being cleared or approved under the medical device provisions of the FD&C Act.Testing
requirements for communicable disease agents, including viral pathogens such as HBV, HeV, and HIV, are required under
21 CFR, including not only test requirements (21 CFR 610.40) but also donor deferral (21 CFR 610.41) and look-back
requirements (21 CFR 610.46 through 610.48). Ifa plasma or blood donation is reactive in one of the screening tests, especially
in the donor-screening tests for HBV, HCV, or HIV, supplementary or confirmation tests should be conducted to clarify whether
the donor is infected [21 CFR 61O(b)]. The donor must be informed (21 CFR 630.6) and should be excluded from donating
blood or plasma (temporarily or permanently according to 21 CFR 630.6), and manufacturers should initiate a look-back
procedure (21 CFR 610.40-48). ForHIV and HCV, the procedure includes not only the quarantine and destruction of unused,
previously donated units from an infected donor, but also the further testing of the donor and notification of the recipients of
the blood and blood components (21 CFR 610.47-48). The look-back period can be as long as 1 year (21 CFR 610.46-48).

The responsibility for legislation of the European Union (EU) is shared between the EU and the European Member States.
The European Commission (EC) is responsiblefor the regulation of the common European market and thus is responsible for
medicinal products for human use, whereas the Member States are responsible for health care, which includes the supply of
hospitalswith blood components such as plasma and cellularcomponents for transfusion. Because the EC is responsiblefor the
regulation of medicinal products derivedfrom human blood or plasma, it is, as a consequence, alsoresponsiblefor the regulation
of plasma for further manufacture. The lawsof the EU are found in regulations and directives from the EC and in the binding
monographs of the European Pharmacopoeia (Ph. Eur.).

Additional tests and specifications for plasma for further manufacture have been developed as part of the Plasma Product
Therapeutics Association (PPTA) Voluntary Standards Program. The PPTA QualityStandard for Excellence, Assurance, and
leadership (QSEAl) includes additional routine testing of blood and plasma donations or plasma pools for HCV RNA, HIV RNA,
HBV DNA, HAV RNA, and B19V DNA. Companies certified by PPTA under the QSEAl program have implemented this testing.

Testing of Plasma for Further Manufacture

In the United States, all virus tests intended for donor screening, such as HBV, HCV, and HIV, are regulated as biologicsand
are subject to clinical validation and licensure by FDA's Center for Biologics Evaluation and Research (CBER). Clinical specificity
must be evaluated and demonstrated with healthy donors and follow-up testing when applicable, and clinical sensitivity should
be evaluated and demonstrated with high-risk donors and follow-up testing. Use of reference panels (from FDA or a designated
source) is needed for release of each lot of kits intended for market distribution. In-process tests such as NAT testing for HAV
or B19V do not require clinical trials to demonstrate assayeffectiveness. However, the manufacturersof plasma-derivedproducts
should perform preclinical validation and should submit data for review and approval by CBER as analytical procedures for
plasma-derived products. .

In the European Union, donation screening tests are regulated as medical devices. Specifically, Directive 98/79/EC outlines
requirements for the approval of tests or test kits, which require the CE mark before marketing and use for testing. The CE mark
confirms that the test or the test kit meets specified quality criteria. Screening tests for manufacturing pools must be validated
by the end user following specific guidelines. As in the United States, in-process tests are not licensed, and the end user is .
responsible for validating the test.

In Europe, in addition to virus screening of plasma pools by the manufacturers of plasma-derived products, screening for
defined viruses is part of the official batch-release procedure. The EC and the Councilof Europeagreed in May 1994 to create a
network of Official MedicinesControl laboratories (OMCls). The OMCls perform tests on each batch of plasma-derived
medicinal product, including virus testing of the fractionation pool used to produce the batch. All required tests are performed
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and documented in the European Batch Release Certificate that is accepted by each Member State as the basisfor placing the
product on the market. Inorder to comply with the sensitivity limits set for NAT testing, minipools of varioussizes (6-512
donations) are tested bythe manufacturer or by the blood donation centers where the collection and testing of blood or plasma
is performed. Only donations that meet the requirements are used for pooling.

Serological Tests

FDA REQUIREMENTS OR RECOMMENDATIONS

An individual donation of source plasma or recovered plasma derived from whole blood must be tested for HBsAg, anti-HIV­
1, anti-HIV-2, and anti-HCV, but not for anti-HBc, anti-HTLV-I, and anti-:HTLV-II by FDA-licensed serological tests intended for
donor screening (Table2). A reactive donation must be further tested by a supplemental (l.e., additional, more specific) test
that has been approved for such use. Even with the implementation of corresponding NAT tests, serological testing of each
donation still must be performed.

Currently, FDA recommends using licenseddonor-screening kits that are capable of detecting anti-HBsAg, the antibody
capable of neutralizing HBV, at 0.5 ng/mL or less. Whole blood sometimes istested for anti-HBc, but because anti-HBsAg often
occurs with anti-HBc, plasma for further manufacture is not required to be tested for anti-HBc. Therefore, although recovered
plasma is derived from whole-blood donations that might have been tested for anti-HBc, it can be shipped for further
manufacturing regardlessof the test results.

FDA first recommended standardized anti-HIV-1 donor-screen tests in 1989 in a draft Points to Considerdocument that
described test kitmanufacture and the preclinical and clinical studies needed for licensure, and this recommendation 'generally
can be applied to other serological tests. Sincethe availability in 1991-1992 of licensed serological kits for simultaneous
detection of antibodies to HIV-1 and HIV-2, FDA further recommends the use of either a licensedcombined test or two separate
licensed tests for donor screening. '

FDA licensedan anti-HCV test containing multiplerecombinant antigens in 1992, and a subsequent guidance recommended
that alldonations for blood and blood components intended for transfusionand source plasmaintended forfurther manufacture
be screened by an FDA-licensed test for anti-HCV.

EU REQUIREMENTS

Requirementsfor collectionof blood and plasma,for selectionof donors, and for testing of donations in Europewere released
in 2003. Directives 2002/98/EC and 2003/63/EC contain donor-selectioncriteriaand testing requirementsfor blood and plasma
independent of itsuse. The requirements of the directives are standards for plasmaforfurther manufacture but can be extended
by a Member State for the regulation of blood components. Anoverview is provided in the Reports of the EuropeanCommittee
(Partial Agreement) on Blood Transfusion (CD-P-TS). The report indicates that in addition to the serological standard tests that
are obligatory for the testing of plasma for fractionation (summarized in Table 2), testing for HIV antigen, anti-HBc antibodies,
HCV antigen, anti-HTLV-I, and anti-IiTLV-1I antibodies is required in some Member States, and testing for antibodies against
cytomegalovirus is performed in certain cases. However, these additional rules are applicable only ifblood components for
transfusion (erythrocytes, platelets, or plasma) are produced.

The test regime required for donations used for production of plasma derivatives are summarized in the Ph. fur. monograph
Human Plasma for Fractionation (0853). Only licensed tests or test kits can be used for donor screening. Licensed tests have a
CE mark, which confirms that the quality of the test meets predefined criteria (e.g., an HBV screening test mustdetect HBsAg
in a concentration of 0.5 ng/mL or less). The most important quality attributes, namelyspecificity and sensitivity, are tested in
clinical trials using donor samples (minimum of 5000 samples) and clinical samples (minimum of 200 samples). Sensitivity of
the tests must be demonstrated with positive samples (minimum of 400 samples) and with seroconverslon panels (minimum
of 20 panels).

HBsAg tests and antibody tests against HIV Types 1 and 2 also are used for the testing of fractionation pools. The plasma
manufacturer should demonstrate that the test isqualified for this use and meets the requirements laiddown in the appropriate
guidelines of the European Medicines Agency.

The current test regime isdiscussed regularly among EU Member Statesand may be subject to change if necessary because
of the epidemiological situation. Ifchanges in the requirements are made, the Ph. fur. monograph Human Plasma for
Fractionation (0853) and the product-specific monographs will be adopted accordingly(e.g., a change in the monograph
Human Plasma (Pooled and Treated for Virus Inactivation) (7646) is proposed; it requirestesting for HEV by NAT).

NATTests

As described previously, only licensedserological tests that use antibody- or antigen-detection technology are required to
screen plasma insingle-donation format. However, NAT testing generallycan detect evidenceof viralinfection at an earlystage,
and FDA licensed NAT tests for HIV-1 and HCV in2001 for source plasma donors and in 2002 for whole-blood collections.Thus
NAT tests are used to screen plasma donations, generally in a minipoolformat, using pool sizesthat depend on theanalytical
sensitivity of the NAT test and, in some cases (HCV and B19V), the fractionation pool. Ingeneral, plasmadonations are screened
in a minipoolformat in which the pool sizedepends on the analytical sensitivity of the NAT test. The sizeof the minipool used
for source plasma donations generally ismuch larger than that for blood donation testing (as large as 512 compared with 96 for
blood donations). The turnaround time required for retesting a reactive pool in order to identifythe reactivedonation is less
critical for plasma compared with that for blood for transfusion because some blood components such as platelets have a short
shelf life. '
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FDA REQUIREMENTS OR RECOMMENDATIONS

To adequately and appropriately reduce the risk of transmissions of HIV-l, HCV, and HBV, FDA-licensed NAT tests are required
for donor screening. A list of FDA-licensed,donor-screening NAT tests and serological tests is updated asneeded and is available
on the FDA website.

FDA's initial guidance for HIV NAT in 1999 recommended standards for the manufacture and clinical evaluation of tests to
detect nucleic acid sequences of HIV-l and HIV-2 for licensure. This guidance provided some of the major regulatory and
scientific quldance for NAT assays not only for HIV but also for other transfusion-transmitted viruses. Since then FDA has revised
the requirements for the analytical sensitivity of HIV-l and HCVNAT tests as 100 IU/mL for HIV-l RNA and HCV RNA when
tested in a minipool or as10,000 IU/mL HIV-l RNA or 5000 IU/mL HCVRNAwhen, tested in an individual donation. FDA's 2004
guidance on NAT screening of HIV-l and HCV in donor whole blood, blood components, and source plasma and a further
guidance in 2010 contain recommendations about testing, product disposition, and donor deferral and reentry. The latter
supersedesearlier recommendations for reentry of donor deferral and reentry because of serological testing results for anti-HIV­
1 and anti-HCV.

The source plasma industry hasvoluntarily implemented HBV NAT testing in minipool format. SeveralFDA-licensed HBV NAT
tests for donor screening are available. In 2012 FDA finalized a guidance recommending the use of HBV NAT on pooled and
individual samples from donors of whole blood and blood components for transfusion or for further manufacture, including
recovered plasma and source plasma. The guidance recommends an NAT test sensitivity of 100 IU/mL for testing individual
donations of whole blood and blood components intended for transfusion. Because of the virus-reduction step(s) used during
the manufacturing of plasma-derived products and the presence of neutralizing anti-HBsAg in the manufacturing pools, FDA
recommends a NAT test sensitivity of 500 IU/mL for individual donations when manufacturers test minipools of plasma for
further manufacture. The quidance alsocontains recommendations about product testing and disposition, donor management,
methods of donor requalification, and product labeling. The guidance also supersedesthe relevant recommendations based
on HBsAg and anti-HBc serological testing results.

In 2009 FDA issued a final quidance for B19V NAT testing following a postmarket surveillance study report of a B19V
transmission incident associated with solvent and detergent-treated (S/D-treated) pooled plasma. The guidance recommends
the use of B19VNAT as an in-process test for plasma for further manufacturing to ensure that the level of B19VDNA in
fractionation pools does not exceed 104 IU/mL. The guidance document recommends that the primers and probes selected
for a B19V NAT test should detect all known genotypes of the virus. The WHO International B19 Genotype Panel containing
three genotypes is available for validation purposes. Currently, in-process HAV NAT testing is widely implemented by
fractionators who use source plasma asstarting plasma, but FDA has not issued a relevant guidance document. Becausethe
in-process B19V NAT test is used to limit the virus load in the plasma pool, these tests must be capable of B19V DNA quantitation
(unlike the NAT tests for HBV, HCV, HIV, and HAV, which are qualitative NAT tests).

EUROPEAN REQUIREMENTS

NAT tests used for donor screening are subject to licensing and receive the CE mark if a test meets the predefined test
specifications. NAT tests for plasma pool samples must be validated according to the Ph. fur. general test Nucleic Acid
Amplification Techniques (20627). Currently, plasma for manufacture (plasma pools for fractionation) must be tested for HCV
RNA by a NAT test, but there are no requirements for NAT testing for HBV DNA and HIV RNA although most plasma
manufacturers voluntarily test for all three viruses.The guideline requires that a test should be able to detect all HCVgenotypes.
However, in view of the difficulty of obtaining rare HCV genotypes, it is sufficient that at least the most prevalent genotypes (in
Europe, genotypes 1 and 3) are detected at a suitable level. Plasma should be negative when screened with a test that can
detect a sample containing 100 IU/mL of HCV RNA (calibrated against the WHO HCV International Standard).

Testing for B19VDNA generally is not required but must be performed for products that are seen asa higher risk for patients
if this virus is present (e.g., anti-D immunoglobulin products and plasma that is pooled and inactivated by SiD treatment). In
addition, the latter product also must be tested and found nonreactive for HAV RNA, and in the future it also should be
nonreactive for HEVRNA. Unlike testing for HCV and HAV where the fractionation pool should be nonreactive for these viruses,
for B19Vtesting the virus load in the fractionation pool and pooled SID-treated plasma should not exceed 10 IU/IJL B19V DNA.
The requirements are detailed in the product-specific Ph. fur. monographs. In order to avoid a reactive pool, which would have
to be discarded, NAT testing also is performed on single donations or preferentially on minipools comprising 16-512 donations.
Although the requirement for B19V and HAV NAT testing is applicable only to plasma used for the manufacture of pooled S/
D-treated plasma and anti-D immunoglobulin products, most plasma manufacturers voluntarily test plasma destined for
manufacture of all plasma-derived products to reduce the virus load in the fractionation pools.

The current FDA and EU requirements for testing plasma for further manufacture are summarized in Table 2 and Table 3.

Table 2. FDA and EU Serology Testing Requirements for Plasma for Further Manufacture
Screening Test FDA EU

Serological Testing of Individual Plasma Donations
(Recovered and Source)

HBsAg Required Required

Anti-HBc Not required Not required

Anti-HIV-l /Anti-HIV-2 Required Required

Anti·HTLV-I/1l Not required Not required

Anti-HeV Required Required

Serological Testing of the Fractionation Pool
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Table 2. FDAand EU Serology Testing Requirements for Plasma for Further Manufacture (continued)

Screening Test FDA EU

HBsAg Not required but widely implemented by plasma fractionators Required

Anti-HIV Not required but widely implemented by plasma fractionators Required

Table 3. FDAand EU NATTesting Requirements for Plasma for Further Manufacture
Screening Test FDA EU

NAT Testing of Plasma Donations in Minipool Format

Required, using tests with a sensitivity of 10,000 IU/mL for the indi-
HIV-l RNA vidual donation Not required but widely implemented by plasma fractionators

Required, using tests with a sensitivity of 5000 IU/mL for the indi- Not required but recommended in order to avoid unnecessary loss
HCV RNA vidual donation of a fractionation pool (see below)

WNVRNA Not required Not required

Required, using tests with a sensitivity of 500 IU/mL for the individ-
HBV DNA ual donation Not required but widely implemented by plasma fractionators

Required for specific products (anti-D immunoglobulin and pooled
SID-treated plasma); a manufacturing pool limit of B19V DNA
:510 IU/IJL is required. This limit is voluntarily implemented by most

B19V DNA Required with a manufacturing pool limit of:5104 IU/mL B19V DNA plasma fractionators for all products.

Required only for SID-treated plasma; not required for other prod-
HAVRNA Not required but widely implemented by plasma fractionators ucts but widely implemented by most plasmafractionators

Testing not yet required; testing requirements will be introduced
HEV Currently not required for a specific product only (pooled SID-treatedplasma).

NAT Testing of the Fractionation Pool

HIV-l RNA Not required but widely implemented by plasma fractionators Not required but widely implemented by plasma fractionators

Required; the fractionation pool must be nonreactive using a test
HCV RNA Not required but widely implemented by plasma fractionators that detects 100 IU/mL of HCV RNA.

WNVRNA Not required Not required

Not required but widely implemented by
HBV DNA Not required but widely implemented by fractionators fractionators

Required for specific products (anti-D immunoglobulin and pooled
SID-treated plasma); a limit of B19V DNA 510 IU/IJLfor fractiona-

Required; a limit of:5104 IU/mL B19V DNA for fractionation pools is tion pools is required. This limit isvoluntarily implemented by most
B19V DNA required. plasma fractionators for all products.

Required only for a specific product (pooled SiD·treated plasma);
the fractionation pool must be nonreactive using a test that detects

HAV RNA Not required but widely implemented by plasma fractionators 1001U/mL.

Testing not yet required; testing requirements will be introduced
for a specific product only (pooled S/D·treated plasma). After the
requirement is implemented, the plasma pool must be nonreactive

HEV Not required using a test that can detect 2.5 log10 IU/mL of HEVRNA".

aThe new monograph will be implemented soon. Seethe draft Ph. fur. monograph Human Plasma (Pooled and Treated for Virus Inactivation(1640)). http://
pharmeuropa.edqm.eu/TextsForComment/NetisUtilslsrvrutiLgetdoc.aspx/2L30qDZGmCLmnDZGsHlveT6qOI11646E.pdf. Accessed 20 February 2013.

CONCLUSIONS

All the measures discussed in this chapter, along with virus-reduction steps included during the manufacturing process,
ensure the safety of plasma-derived products. However, testing of plasmafor further manufacture isonlyone of the steps taken
to ensure the safetyof the final plasma-derivedproducts. Bothmanufacturers and regulatorsface continuing challenges because
of the emergence of new blood-borne viruses, mutants, and variants of existing viruses not detected by current
serological/NAT technology. Thedevelopment of newscreening tests and regulatory guidance documents depends on whether
the emerging virus is a risk to the safety of plasma-derived products.

APPENDIX

Regulatory Guidances

• GAO-HEHS-98-205: GeneralAccounting Office, Blood Plasma Safety: Plasmaproduct risks are low ifgood manufacturing
practices are followed.

• 21 CFR 606: Current good manufacturing practice for blood and blood components.
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• WHO. Technical report, series941, 2007: Recommendations for the production, control and regulation of human plasma
for fractionation.

• FDA. Guidance for industry: use of nucleic acid tests on pooled and individual samples from donors of whole blood and
blood components, including source plasma, to reduce the risk of transmission of hepatitis B virus. http://www.fda.gov/
downloads/BiologicsBloodVaccines/GuidanceComplianceRegulatorylnformation/Guidances/Blood/UCM327895.pdf.
Accessed 21 February 2013.

• FDA. Guidance for industry: use of nucleic acid tests to reduce the risk of transmission of West Nile Virus from donors of
whole blood and blood components intended for transfusion.

• 21 CFR 610.40-610.48, Part 630 or Part 640.
• WHO. Technical report, series924, annex 4: guidelines on viral inactivation and removal procedures intended to assure

the viral safety of human blood plasma products. http://www.who.int/bloodproducts/publications/
WHO_TRS_924_A4.pdf. Accessed 20 February 2013.

• EMEA/CHMP/BWP/706271 /201 O. Guideline on plasma-derived medicinal products. http://www.ema.europa.eu/docs/
en_GB/document-'ibrary/Scientific_guideline/2011 /07/WC5001 09627.pdf. Accessed 25 February 2013.

• FDA. Guidance for industry: nucleic acid testing (NAT) for human immunodeficiency virus type 1 (HIV-1) and hepatitis C
virus (HCV): testing, product disposition, and donor deferral and reentry. http://www.fda.gov/downloads/
BiologicsBloodVaccines/GuidanceComplianceRegulatorylnformation/Guidances/Blood/ucm21 0270.pdf. Accessed 21
February 2013.

• PPTA. Quality standards for excellence, assurance, and leadership (QSEAL). http://www.pptaglobal.org/safety-quality/
standards/qseal. Accessed 21 February 201 3.

• Council of Europe. Directive 98/79/EC of the European Parliament and of the Council of 27 October 1998 on in vitro
diagnostic medical devices. Official 07 December 1998. Strasbourg, France: EMEA; 1998:1-37. -

• Council of Europe. Directive 98/79/EC, Annex" List A in combination with Article 9(2), (3). Strasbourg, France: EMEA;
1998.

• Council of Europe. Commission Decision of 7 May 2002 on common technical specifications for in vitro-diagnostic medical
devices (2002/364/EC); Official journal L131 of 16/05/2002, p. 17-30. http://eur-lex.europa.eu/LexUriServ/
LexUriServ.do?uri=Oj:L:2002:131 :0017:0030:EN:PDF. Accessed 25 February 2013.

• EDQM. General European OMCL network. https://www.edqm.eu/en/General-european-OMCL-network-46.html.
Accessed 20 April 2016.

• EDQM. Heads of Medicines Agencies (HMA) Working Group on Product Testing. Principles for mutual recognition of
control results. http://www.edqm .eu/medias/fichiers/NEW_Principles_for_MutuaLRecognition_oCControl r.pdf.
Accessed 21 February 201 3.

• EDQM. Official Control Authority Batch Release (OCABR) for human biologicals: vaccines, blood, and plasma derivatives.
https://www.edqm.eu/en/Human-OCABR-Guidelines-1530.html. Accessed 20 April 2016.

• FDA. Guidance for industry: adequate and appropriate donor screening tests for hepatitis B; hepatitis B surface antigen
(HBsAg) assays used to test donors of whole blood and blood components, including source plasmaand source leukocytes.
http://www.fda.gov/BiologicsBloodVaccines/GuidanceComplianceRegulatorylnformation/Guidances/Blood/
ucm072543.htm. Accessed 21 February 2013.

• FDA. Recommendations concerning testinq for antibody to hepatitis B core antigen (Anti-HBc). http://www.fda.gov/
downloads/BiologicsBloodVaccines/GuidanceComplianceRegulatorylnformation/
OtherRecommendationsforManufacaturers/MemorandumtoBloodEstablishments/ucm062847.pdf. Accessed 21
February 2013. .

• FDA. Draft of points to consider in the manufacture and clinical evaluation of in vitro tests to detect antibodies to the
human immunodeficiency virus type 1. http://www.fda.gov/downloads/BiologicsBloodVaccines/
GuidanceComplianceRegulatorylnformation/Guidances/Blood/ucm080958.pdf. Accessed 21 February 2013.

• FDA. Revised recommendations for reducing the risk of human immunodeficiency virus transmission by blood and blood
products. http://www.fda.gov/downloads/biologicsbloodvaccines/guidancecomplianceregulatoryinformation/
guidances/blood/ucm446580.pdf. Accessed 27 December 2016.

• FDA. Revised recommendations for testing whole blood, blood components, source plasma, and source leukocytes for
antibody to hepatitis C virus encoded antigen (anti-HCV). http://www.fda.gov/downloads/BiologicsBloodVaccines/
GuidanceComplianceRegulatorylnformation/Other RecommendationsforManufacturers/
MemorandumtoBloodEstablishments/ucm062832.pdf. Accessed 21 February 201 3.

• Directive 2002/98/EC of the European Parliament and of the Council of 27 january 2003 setting standards of quality and
safety for the collection, testing, processing, storage and distribution of human blood and blood components and
amending Directive 2001 /83/EC. 0JEU. 2003;L33:30-40. http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=Oj:L:
2003:033:0030:0040:EN:PDF. Accessed 25 February 2013.

• Commission Directive 2004/33/EC of 22 March 2004 implementing Directive 2002/98/EC of the European Parliament
and of the Council as regards certain technical requirement for blood and blood components. OjEU. 2004;L91 :25-39.
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=Oj:L:2004:091 :0025:0039:EN:PDF. Accessed 25 February 2013.

• EDQM, Council of Europe. The collection, testing, and use of blood and blood components in Europe. http://
www.edqm.eu/medias/fichiers/The_Collection_Testing_and_Use_of_Blood_and_Blood_3.pdf. Accessed 21 February
2013.

• EMEA/CHMP/BWP/298390/2005. Guideline on validation of immunoassay for the detection of hepatitis B virus surface
antigen (HBsAg) in plasma pools. http://www.ema.europa.eu/docs/en_GB/document-'ibrary/Scientific_guideline/
2009/09/WC500003704.pdf. Accessed 25 February 2013.
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(1241) WATER-SOLID INTERACTIONS IN PHARMACEUTICAL SYSTEMS

INTRODUCTION

Thisgeneral chapter is harmonized with the corresponding texts of the European Pharmacopoeia and/or the japanese
Pharmacopoeia. These pharmacopeias have undertaken not to make any unilateral change to this harmonized chapter. Portions
of the present general chapter text that are national USP text, and therefore not part of the harmonized text, are marked with
symbols (+.) to specifythis fact.

Pharmaceuticalsolids as raw materialsor as constituents of dosage forms most often come in contact with water during
processing and storage. Thismay occur (a) during crystallization, lyophilization, wet granulation, or spray drying; and (b)
because of exposure upon handling and storage to an atmosphere containing water vapor or exposure to other materials in a
dosage form that contain water capable of distributing it to other ingredients. Some properties known to be altered by the
association of solids with water include rates of chemical degradation in the "solid-state", crystal growth and dissolution,
dispersibility and wetting, powder flow, lubricity, powder compactibility, compact hardness, and microbial contamination.

Although precautions can be taken when water is perceived to be a problem, i.e., eliminatingall moisture, reducing contact
with the atmosphere, or controlling the relative humidity of the atmosphere, such precautions generallyadd expense to the
process with no guarantee that during the life of the product further problems associated with moisture will be avoided. It is
also important to recognize that there are many situations where a certain level of water in a solid is required for proper
performance, e.g., powder compaction. It is essentialfor both reasons, therefore, that as much as possibleis known about the
effects of moisture on solids before strategies are developed for their handling, storage, and use.

Some of the more critical pieces of required information concerning water-solid interactions are:
• total amount of water present;
• the extent to which adsorption and absorption occur;
• whether or not hydrates form;
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• specific surfacearea of the solid,as well as such properties as degree of crystallinity, degree of porosity, and glasstransition
and melting temperature;

• site of water interaction, the extent of binding, and the degree of molecular mobility;
• effectsof temperature and relative humidity;
• essentially irreversible hydration;
• kinetics of moisture uptake;
• variousfactors that might influencethe rate at which water vapor can be taken up by a solid;
• for water-solublesolidscapable of being dissolved by the sorbed water, under which conditionsdissolution will take place.

PHYSICAL STATES OF SORBED WATER

Water can physically interact with solids in different ways. It can interact at the surface (adsorption) or it can penetrate the
bulksolid structure (absorption). When both adsorption and absorption occur, the term sorption isoften used. Adsorption is
particularly critical in affecting the properties of solidswhen the specific surface area is large. Large valuesof specific surface
area are seen with solids having very small particles, as well as with solids having a high degree of intraparticle porosity.
Absorption is characterized by an association of water per gram of solid that is much greater than that which can form a
monomolecular layeron the available surface, and an amount that isgenerally independent of the specific surface area.

Most crystalline solidswill not absorb water into their bulkstructures because of the close packingand high degree of order
of the crystal lattice. Indeed, it has been shown that the degree ofabsorption into solidsexhibitingpartialcrystallinity and partial
amorphous structure isoften inversely proportional to thedegree of crystallinity. With some crystalline solids, however, crystal
hydrates may form. These hydrates may exhibit a stoichiometric relationship, in terms of water molecules bound per solid
molecule, or they may be non-stoichiometric. Upon dehydration, crystal hydrates may either retain their original crystal
structure, lose their crystallinity and become amorphous, or transform into a new anhydrous or less-hydrated crystal form.

Amorphous or partially amorphous solids are capable of taking up significant amounts of water because there is sufficient
moleculardisorder in the solidto permit penetration, swelling, or dissolution. Such behavior isobserved with most amorphous
polymersand with small-molecular-mass solids rendered amorphous during preparation, e.g., by lyophilization, or after milling.
The introduction of defects into highlycrystalline solid'. will also produce this behavior.The greater the chemical affinity of
water for the solid, the greater the total amount that can be absorbed. When water isabsorbed by amorphous solids, the bulk
properties of the solid can be significantly altered. It iswell established, for example, that amorphous solids, depending on the
temperature, can exist in at least one of two states: "glassy"or "fluid";the temperature at which one state transforms into the
other is the glass transition temperature, TG'

Water absorbed into the bulk solidstructure, by virtue of its effect on the free volume of the solid, can act as an efficient
plasticizer and reduce the value of TG• Because the rheological properties of "fluid" and "glassy" states are quite different, l.e.,
the "fluid" state exhibits much lessviscosity as the temperature rises above the glass transition point, it is not surprising that a
number of important bulk properties dependent on the rheology of the solid are affected by moisture content. Because
amorphous solidsare metastable relative to the crystalline form ofthe material, with small-molecular-mass materials, it ispossible
for absorbed moisture to initiatereversion of the solidto the crystalline form, particularly ifthe solidistransformed by the sorbed
water to a "fluid" state. This is the basis of "cake collapse" often observed during the lyophilization process.Anadditional
phenomenon noted specifically with water-solublesolids is their tendency to deliquesce, i.e., to dissolve in their own sorbed
water, at relative humidities, RH1, in excessof the relative humidityof a saturated solution of the solid, RHo. Deliquescence arises
because of the high water solubility of the solid and the significant effect it has on the colligative properties ofwater. It is a
dynamic process that continues to occur as long as RH, isgreater than RHo.

The keyto understanding the effectswater can have on the properties of solids, and viceversa, restswith an understanding
of the location of the water molecule and its physical state. More specifically, water associated with solidscan exist in a state
that is directly bound to the solid, as well as in a state of mobility approaching that of bulkwater. This difference in mobility
has been observed through such measurements as heat of sorption, freezing point, nuclear magnetic resonance, dielectric
properties, and diffusion.

Such changes in mobility have been interpreted as arising because of changes in the thermodynamic state of water as more
and more water is sorbed. Thus, water bound directly to a solid is often thought as unavailable to affectthe properties of the
solid, whereas larger amounts of sorbed water may become more clustered and form water more like that exhibiting solvent
properties. In the case of crystal hydrates, the combination of intermolecularforces (hydrogen bonding) and crystal packing
can produce verystrong water-solid interactions. Recognizing that the presence of water in an amorphous solidcan affect the
glass transition temperature and hence the physical state of the solid, at low levels of water, most polar amorphous solids are
in a highlyviscous glassystate because of their high valuesofTG' Hence,water is"frozen" into the solidstructure and is rendered
immobile bythe high viscosity, e.g., 1013 Pa. s. As the amount ofwater sorbed increasesand TG decreases,approaching ambient
temperatures, the glassystate approaches that of a "fluid" state and water mobility along with the mobility of the solid itself
increasessignificantly. At high RH, the degree of water plasticization of the solidcan be sufficiently high so that water and the
solid can now achieve significantamounts of mobility. In general, therefore, this picture of the nature of sorbed water helps to
explain the rather significanteffect moisture can have on a number of bulk properties of solids such as chemical reactivityand
mechanical deformation. It suggests strongly that methods of evaluating chemical and physical stability of solids and solid .
dosage forms take into account the effectswater can have on the solid when it is sorbed, particularly when it enters the solid
structure and acts as a plasticizer. '

Rates of Water Uptake,

The rate and extent to which solidsexposed to the atmosphere might either sorb or desorb water vapor can be a critical
factor in the handling of solids. Even the simpleact of weighing out samples of solidon an analytical balance and the exposure,
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therefore, of a thin layer of powder to the atmosphere for a few minutes can lead to significant error in, for example, the
estimation of loss on drying values. It is well established that water-soluble solids exposed to relative humidities above that
exhibited by a saturated solution of that solid will spontaneously dissolve via deliquescence and continue to dissolve over a long
time period. The rate of water uptake in general depends on a number of parameters not found to be critical in equilibrium
measurements because rates of sorption are primarily mass-transfer controlled with some contributions from heat-transfer
mechanisms. Thus, factors such asvapor diffusion coefficients in air and in the solid, convective airflow, and the surface area
and geometry of the solid bed and surrounding environment, can play an important role. Indeed, the method used to make
measurements can often be the rate-determining factor because of these environmental and geometric factors.

DETERMINATION OF SORPTION-DESORPTION ISOTHERMS

Principle

The tendency to take up water vapor is best assessed by measuring sorption or desorption asa function of relative humidity,
at constant temperature, and under conditions where sorption or desorption is essentially occurring independently of time, i.e.,
equilibrium. Relative humidity, RH, is defined by the following equation:

RH=(Pc x 100)/Po

Pc= pressure of water vapor in the system
Po = saturation pressure of water vapor under the same conditions

The ratio Pc/Po is referred to as the relative pressure. Sorption or water uptake is best assessed starting with dried samples
and subjecting them to a known relative humidity. Desorption is studied by beginning with a system already containing sorbed
water and reducing the relative humidity. As the name indicates, the sorption-desorption isotherm isvalid only for the reference
temperature, hence a special isotherm exists for each temperature. Ordinarily, at equilibrium, moisture content at a particular
relative humidity must be the same, whether determined from sorption or desorption measurements. However, it is common
to see sorption-desorption hysteresis.

Methods

Samples may be stored in chambers at various relative humidities. The mass gained or lost for each sample is then measured.
The major advantage of this method is convenience, while the major disadvantages are the slow rate of reaching constant mass,
particularly at high relative humidities, and the error introduced in opening and closing the chamber for weighing. Dynamic
gravimetric water sorption systems allow the on-line weighing of a sample in a controlled system to assess the interaction of
the material with moisture at various programmable levels of relative humidity at a constant temperature. The major benefit
of a controlled system is that isothermal conditions can be more reliably established and that the dynamic response of the
sample to changing conditions can be monitored (see Figure 7).

A B

G. Vapour humidifier

H. Flow control module

D. Humidity regulated module

E. Reference

A. Humidity controller

B. Temperature controlled
chamber

C. Balance module F. Sample I. Dry gas

Figure 1. Example of an apparatus for the determination of the water sorption (other designs are possible).
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Data points for the determination of the sorption isotherm (e.g., from 0% to approximately 95% RH, noncondensing) are only
taken after a sufficiently constant signal indicates that the sample has reached equilibrium at a given levelof humidity. Insome
cases (e.g., deliquescence), the maximum time may be restricted although the equilibrium level is not reached. The apparatus
must adequately control the temperature to ensure a good baselinestability as well as accurate control of the relative humidity
generation. The required relative humiditiescan be generated, e.g., by accuratelymixingdry and saturated vapor gas with flow
controllers. The electrostatic behavior of the powder must also be considered. The verification of the temperature and the
relative humidity (controlledwith, for example, a certified hygrometer, certified salt solutions, or deliquescence points of
certified salts over an adequate range) must be consistent with the instrument specification. The balance must provide a
sufficientmass resolution and long-term stability.

It is also possibleto measure amounts of water uptake not detectable gravimetrically using volumetric techniques. In the
case of adsorption, to improvesensitivity, the specific surface area of the sample can be increased by reducing particle sizeor
by using larger samples to increasethe total area. It is important, however, that such comminution of the soliddoes not alter
the surface structure of the solid or render it more amorphous or otherwise lessordered in crystallinity. Forabsorption, where
water uptake is independent of specific surfacearea, only increasingsample sizewill help. Increasing sample size,however, will
increase the time to establish some type of equilibrium.To establish accurate values, it is important to get desolvation of the
sample as thoroughly as possible. Highertemperatures and lower pressures(vacuum) facilitate this process; however, care must
be taken to note any adverse effects this might have on the solidsuch as dehydration, chemical degradation, or sublimation.
Using higher temperatures to induce desorption, as in a thermogravimetric apparatus, likewise must be carefully carried out
because of these possible pitfalls.

Report and Interpretation of the Data

Sorption data are usually reported as a graph of the apparent mass change in percent of the mass of the dry sample as a
function of relative humidityor time. Sorption isotherms are reported both in tabular form and as a graph. The measurement
method must be traceable with the data.

Adsorption-desorption hysteresis can be interpreted, for example, in terms of the porosityof the sample, its state of
agglomeration (capillary condensation), the formation of hydrates, polymorphic change, or liquefying of the sample. Certain
types of systems, particularly those with rnicroporous solids and amorphous solids, are capable of sorbing large amounts of
water vapor. Here, the amount of water associated with the solid as relative humidity is decreased, isgreater than the amount
that originally sorbed as the relative humiditywas increased. Formicroporous solids, vapor adsorption-desorption hysteresis is
an equilibrium phenomenon associatedwith the processof capillary condensation. Thistakes place because of the high degree
of irregularcurvature of the microporesand the fact that they "fill" (adsorption) and "empty" (desorption) under different
equilibrium conditions. Fornonporous solids capable of absorbing water, hysteresis occurs because of a change in the degree
of vapor-solid interaction due to a change in the equilibrium state of the solid,e.g., conformation of polymerchains,or because
the time scale for structural equilibrium is longer than the time scale for water desorption. In measuring sorption-desorption
isotherms, it istherefore important to establishthat something close to an equilibrium state has been reached. Particularly with
hydrophilic polymersat high relative humidities, the establishment of water sorption or desorption values independent of time
is quite difficult, because one is usually dealing with a polymer plasticized into its "fluid" state, where the solid is undergoing
significantchange.

In the case of crystal hydrate formation, the plot of water uptake versus pressure or relative humidity will in these cases
exhibit a sharp increasein uptake at a particularpressure and the amount of water taken up will usually exhibit a stoichiometric
mole:mole ratio of water to solid. Insome cases, however, crystal hydrates will not appear to undergo a phase change or the
anhydrous form will appear amorphous. Consequently, water sorption or desorption may appear more like that seen with
adsorption processes. X-ray crystallographic analysis and thermal analysis are particularly useful for the study of such systems.

Forsituations where water vapor adsorption occurs predominantly, it isvery helpful to measure the specific surface area of
the solid by an independent method and to express adsorption as mass of water sorbed per unit area of solidsurface.This can
be very useful in assessing the possible importance of water sorption in affecting solid properties. Forexample, 0.5% m/m
uptake of water could hardly cover the bare surface of 100 m2/g, while for 1.0 m2/g this amounts to 100 times more surface
coverage. In the case of pharmaceutical solidsthat have a specific surface area in the range of 0.01 m2/g to 10 m2/g, what
appears to be lowwater content could represent a significantamount ofwater for the available surface.Because the "dry surface
area" is not a factor in absorption, sorption of water with amorphous or partially amorphous solids can be expressed on the
basis of unit mass corrected for crystallinity, when the crystal form does not sorb significantamounts of water relative to the
amorphous regions.

DETERMINATION OF THE WATER ACTIVITY

Principle

Water activity, Aw, is the ratio of vapor pressure of water in the product (P) to saturation pressure of water vapor (Po) at the
same temperature. It is numerically equal to 1/100 of the relative humidity (RH) generated by the product in a closed system.
RH can be calculatedfrom direct measurements of partialvapor pressure or dew point, or from indirectmeasurement by sensors
whose physical or electriccharacteristics are altered by the RH to which they are exposed. Ignoring activity coefficients, the
relationship between Aw and equilibrium relative humidity (ERH) are represented by the followinq equations:

Aw=P/Po

ERH(%) = Aw x J 00
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Thewater activityisdetermined by placingthe sample in a smallairtight cup insidewhich the equilibrium between the water
in the solidand the headspace can be established.The volume ofthe headspace must be smallin relationto the sample volume
in order not to change the sorption state of the sample during the test. The equilibration as a thermodynamic process takes
time but may be accelerated by forced circulation within the cell.The acquired water activityvalue isonly valid for the
simultaneouslydetermined temperature. This requires a precise temperature-measuring device as part of the equipment. .
Furthermore, the probe must be thermallyinsulatedto guarantee a constant temperature during the test. The sensor measuring
the humidity of the headspace air above the sample is a key component. Theoretically, all types of hygrometers can be used,
but for analytical purposes miniaturization and robustness are a precondition. The Aw measurement may be conducted using
the dew point/chilled mirror method.' Apolished, chilled mirror is used as a condensing surface.The cooling system is
electronically linked to a photoelectric cell intowhich light is reflectedfrom the condensing mirror. Anairstream, in equilibrium
with the test sample, is directed at the mirrorwhich cools until condensation occurs on the mirror. The temperature at which
this condensation begins is the dew point from which the ERH is determined. Commercially available instruments using the
dew point/chilled mirror method or other technologies need to be evaluated for suitability, validated,and calibrated when used
to make water activitydeterminations.

These instruments are typically calibrated over an adequate range, for example, using some saturated salt solutions at 25°
such as those listed in Table 7.

Table 1. Standard Saturated Salt Solutions

Saturated Salt ERH
Solutions at 25° (%) Aw

Potassium sulfate(K2S04) 97.3 0.973

Barium chloride (BaCI2) 90.2 0.902

Sodiumchloride(NaCl) 75.3 0.753

Magnesiumnitrate (Mg(N03)2) 52.9 0.529

Magnesiumchloride(MgCI2) 32.8 0.328

lithium chloride(LiCI2) 11.2 0.112

(1251) WEIGHING ON AN ANALYTICAL BALANCE

INTRODUCTION

Weighing isa frequent step in analytical procedures, and the balance is an essential piece of laboratory equipment. The
general informationdescribed here appliesdirectlyto electronic balances used inanalytical procedures. Althoughmany portions
of the chapter are applicable to all balances, some are applicable only to analytical balances. Thischapter should not be
considered all-inclusive, and other sourcesof information(e.g., the US National Instituteof Scienceand Technologyand balance
manufacturers) may be useful and applicablewhen analysts performa weighing operation or implement a weighing procedure.
The information given in this chapter isapplicablenot only to balances used for materialsthat must be accuratelyweighed (see
Balances (41» but also to balances used in all analytical procedures.

QUALIFICATION

Users should consult AnalyticalInstrument Qualification (1058), standard operating procedures, and recommendations from
manufacturers when they devise qualification plans.

Installation

The balance's performance depends on the conditions of the facility where it is installed.Analysts should consult information
provided by the manufacturer before they install a balance.

SUPPORT SURFACE.

The balance should be installed on a solid, level, nonmagnetic surface that minimizes the transmission of vibration (e.g., a
floor-mounted, granite weigh bench). If a metallic support surface is used, the surfaceshould be grounded in order to prevent
the buildup of static electricity.

, AOAC International OfficialMethod 978.18.
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Ifpossible, the balance should be located in a room that istemperature and humiditycontrolled. The locationshould have a
clean, consistent electrical power supply.The location should be free of drafts and should not be near ovens, furnaces, air
conditioner ducts, or coolingfansfrom equipment or computers. The balance should be positioned awayfrom outside windows
so that direct sunlight does not strikethe balance.The balance should not be installed near sourcesofelectromagnetic radiation
such as radio-frequency generators, electricmotors, or hand-held communication devices (includingcordless telephones,
cellulartelephones, and walkie-talkies). The balance should not be located near magnetic fields induced by laboratory
instrumentation or other equipment. .

The performance of the balance should be assessedfollowing installation and before use in order to demonstrate adequate
performance. In some situations, it may not be possible to position the balance in an optimum environment. Examples of
potential facility issues include the following:

1. Air currents sometimes are present in the laboratory.
2. Temperatures in the laboratoryvaryexcessively (check the manufacturer's literature about temperature sensitivity).
3. Humidity iseither verylowor veryhigh. Either condition may increasethe rate at which the sampleweight varies because

of pickup or lossof water. Low humidity increasesthe buildup of static electricity.
4. Adjacent operations are causing vibration.
5. Corrosive materials are used nearby or are routinely weighed.
6. The balance is located within a fume hood because it is used to weigh corrosive or hazardous materials.
7. The balance is adjacent to equipment that produces a magnetic field (e.g., a magnetic stirrer).
8. Direct sunlight strikes the balance.
Insituations when the balance is located near equipment or systemsthat induce vibration,drafts, electromagnetic radiation,

magnetic fields, or changes in temperature or humidity, the assessment should be conducted with those systemsoperating in
order to duplicate a worst-casescenario.

Operational Qualification

Anoperational qualification should be performed either by the user or by a qualified third-party vendor after the equipment
has been installed. '

Asa minimum, the power should be turned on and the balance should be allowed to equilibrate according to the
manufacturer's instructions(1-24 h, depending on the type of balance) before use. Depending on the balance, analystsshould
include the following procedures in the operational qualification:

1. Mechanical mobilityof all moveable parts
2. Control of stable indication
3. Manually triggered or automatic adjustment by means of built-in weights
4. Operation of ancillary equipment
5. Tare function
6. Initial calibration
Several types of electronic analytical balances use built-in weights for manuallytriggered or automatic adjustment. This

adjustment usually is applied to reduce the drift of the balance over time and to compensate for drifts caused by variations in
the ambient temperature.

Calibrationnormallyisperformedas part of the operational qualification, but it alsocan be performed periodically thereafter.
Calibration should be performed at the locationwhere the balance is used in normal operation.

Performance Qualification

Table 1 provides a listof the most important balance properties that should be assessed during performance qualification.
Depending on the risk of the applicationand the required weighing process tolerance, some of these tests may be omitted.
Testsalso can be omitted ifthere isevidencethat the property inquestion hasonlyminimal effecton the weighing performance.
Anyprocedures used should be consistent with in-house standard operating procedures, applicablefor the specific balance,
and adequately justified. Performance qualification should be performed periodically as described in standard operating .
procedures, and the frequency of each of the individual tests can vary depending on the criticality of the property.

The weights that are used to performthe tests should be stored and handled in a manner that minimizes contamination.
Before executing the tests, the technician should place the weights in the vicinity of the balance for an appropriate time to
reach sufficientthermal equlllbrlurn. If possible, tests should be carried out with a single test weight in order to minimize
.handling errors, but multipletest weights are permitted.

The tests should be recorded in such a manner that the data can be used to easily track balance performance and to assist
in laboratory investigationsas needed. Meaningful acceptance criteriacan be set depending on the requiredweighing tolerance,
i.e., the maximum alloweddeviation permitted by specifications, regulations, etc., of a quantity to be weighed from its target
value. Procedures should be in place to address test results that are outside acceptable ranges and to provide assurance that
balance cleanliness and environment have not affected the result.Also, a procedure should be in place for removing a balance
from operation when observed results fall outside acceptable ranges.
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Table 1. Suggested Performance Tests and Acceptance Criteria
Property Definition Examples Acceptance Criteria

Change in the displayed valuedividedby the
NMT 0.05% deviationfrom 1 (the sensitivity
of a correctlyadjusted balance),where (41)

load on the balance,which causesthis Thetest load at or sufflclently closeto the ca- isapplicable. Forother uses, respective tol-
Sensitivity change. pacityof the balance. erance requirement dividedby 2.

Ability of a balance to follow the linearrela-
tionship between a load and the indicated
weighingvalue.Nonlinearity usually isex- NMT 0.05% deviationwhere (41) is applica-
pressed as the largestmagnitude of any lin- From3 to 6 points over the range of the bal- ble. Forother uses, respective tolerance re-

Unearity earitydeviation within the test interval. ance. quirement divided by 2.

Deviation in the measurement valuecaused
by eccentricloading-in other words, the Performed in the center of gravityand the
asymmetrical placement of the center of four quadrants (for rectangularplatter
gravityof the load relative to the load re- shapes) or at analogous locations for other
ceiver. Eccentricity usually is expressedas platter shapes. Test load usually should be
the largestmagnitude of any of the devia- 30% ofthe capacityof the balanceor higher NMT 0.05% deviationwhere (41) isapplica-
tions between an off-centerreadingand the (referto the manufacturer's manualfor any ble. Forother uses, respective tolerance reo

Eccentricity center reading for a given test load. possible upper limit). quirement dividedby 2.

Ability of a weighing instrument to display
identical measurementvaluesfor repeated
weighingsof the same objects under the
same conditions, e.g., the same measure-
ment procedure,same operator, same
measuringsystem,same operating condi-
tions, and same locationovera short period
of time. Repeatability usually isexpressed as 10 replicateweighings(using a test weight Requirement from (41)where applicable. For
the standard deviationof multiple weigh- that isa few percent of the nominalcapacity other uses,user specified requirementswill

Repeatability ings. of the balance). apply.

Sensitivity, linearity, and eccentricityallaccount for systematicdeviations; Le., they limitthe accuracy of the balance (based
on the definition of accuracy in Validation of Compendial Procedures (1225) and ICH Q2). In the InternationalVocabulary of
Metrology (VIM) and documents of the International Organization for Standardization, this concept is referred to as trueness.
Because deviations are largelyindependent from each other, it is not likely that all deviations occur simultaneouslyand have
the same algebraic sign. Therefore the arithmetic addition of all individual deviations to assess the balance accuracy would
constitute a rather conservative approach. Aquadratic addition of the individual deviations isa more realistic approach. By
allocating50% of the weighing tolerance budgetto the acceptance criteriaofthe individual properties,e.g., sensitivity, linearity,
and eccentricity, analysts ensure adherence to the required weighing tolerance. Therefore, the acceptance criteriafor the
individual properties that account for the systematicdeviations are set to weighing tolerance divided by 2. These properties­
or a subset of them-also can be taken to fulfill the accuracy requirement described in (41). In this case the acceptance criteria
thus allowa maximum deviation of 0.05% for sensitivity, linearity, and eccentricity. Repeatability preferablyistested with a test
weight of a few percent of the balance capacity. At the lower end of its measurement range, the performance oflaboratory
balances is limited by the finite repeatability, and limitations induced by systematic deviations normally can be neglected.
Therefore, the whole weighing tolerance budget can be allocated to the acceptance criterion of the repeatabilitytest.

Forthe sensitivity and linearity tests as described above, the analyst should use certifiedweights with an appropriate weight
class(e.g., according to InternationalOrganizationof Legal MetrologyR111 or American Society for Testingand Materials E617,
available from www.oiml.org and www.astm.org, respectively). [NOTE-If a differential method is used for the linearity test,
certifiedweights may not be required.]

Depending on the acceptance criterion, it may be sufficient to consider only the nominal weight value of the test weights.
Ifthe nominalvalueof the test weight isconsidered, analystsshould ensure that the maximum permissible error does not exceed
one-third of the acceptance criterion. Alternatively, ifthe certified value of the test weight isconsidered, its calibration
uncertainty should not exceed one-third of the acceptance criterion. Ifmore than one weight is used to perform the test, the
calibration uncertainties of the weights must be summed and the sum should not exceed one-third of the acceptance criterion.
For tests such as eccentricityor repeatability, the use of certified weights isoptional, but analystsmust ensure that the mass of
the weight does not change during the test.

The tests described above alsocan be included informal periodiccalibration in order to fulfill applicablecGMP requirements.

Balance Checks

Abalance check using an external weight helpsensure that the balance meets weighing tolerance requirements. The balance
check is performed at appropriate intervals based on applicable standard operating procedures. The frequency of the balance
check depends on the risk of the applicationand the requiredweighing tolerance. Checkswith external weights can be replaced
partially using automatic or manually triggered adjustment by means of built-inweights. When analysts perform the balance
check with an external weight, the same acceptance criteria may apply as described in the sensitivity test above.

Minimum Weight

The minimum net sample weight, in short, minimum weight, m mim of an analytical balance can be expressed by the
equation.,
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m min = k x s/required weighing tolerance

where k isthe coverage factor (usually 2 or larger)and 5 isthe standard deviation(ina massunit, e.g., in mg) of NLT 10 replicate
measurements of a test weight. Ifthe standard deviation obtained is lessthan 0.41d, where d isthe scale interval, the standard
deviation is replaced by 0.41d. The lower limitof 0.41d for the standard deviation results from the rounding error of the digital
indication of a weighing instrument. The rounding error that isallocated to a single reading is calculatedas 0.29d. Note that a
weighing always consists of two readings, one before and one after placing/removing the sample on/from the pan, with the
difference between the two indicationsbeing the net sample weight. The two individual rounding errors are usually added
quadratically, leading to 0.41d. Taring the instrument after placing the tare container on the pan 'does not affect the rounding
error as the zero indication is also rounded. The minimum weight describes the lower limitof the balance below which the
required weighing tolerance is not adhered to. The equation above takes into account that the performance of analytical
balances at the lower end of the measurement range is limited by the finite repeatability.

Formaterials that must be accuratelyweighed, (41) stipulates that repeatability issatisfactory if two times the standard
deviation of the weighed value, divided by the desired smallest net weight (smallest net weight that the users plan to use on
that balance), does not exceed 0.10%. Forthis criterion the equation above simplifies to:

m min = 2000 X 5

Ifthe standard deviation obtained isless than 0.41d, where d isthe scale interval, the standard deviation isreplaced by 0.41d.
Ifnot subject to the requirements of(41), the minimumweight value mayvarydepending on the requiredweighing tolerance

and the specific use of the balance.
Tofacilitate handling, the test weight that isused for the repeatabilitytest does not need to be at the minimum weight value

but can be larger because the standard deviation of repeatability is only a weak function of the test weight value.
In order to satisfythe required weighing tolerance, when samples are weighed the amount of sample mass (i.e., the net

weight) must be equal to or larger than the minimum weight. The minimum weight applies to the sample weight, not to the
tare or gross weight.

Factors that can influence repeatability while the balance is in use include:
1. The performance of the balance and thus the minimum weight can varyover time because of changing environmental

conditions.
2. Different operators may weigh differently on the balance-i.e., the minimum weight determined by differentoperators

may be different.
3. The standard deviation of a finite number of replicate weighings isonly an estimation of the true standard deviation,

which is unknown.
4. The determination of the minimum weight with a test weight may not be completely representative for the weighing

application.
5. The tare vessel also may influence minimum weight because of the interaction of the environment with the surface of

the tare vessel. '
Forthese reasons, when possible, weighingsshould be made at largervaluesthan the minimumweight, i.e., the desiredsmallest
net weight that the users plan to use on that balance should be larger than the minimum weight.

OPERATION OF THE ANALYTICAL BALANCE

Select the appropriate balance for the quantity and performance needed. General chapter (41) provides requirements for
balances used for materialsthat must be accuratelyweighed. The balance usershould checkthe balanceenvironment (vibration,
air currents, and cleanliness) and status of calibration before use.

Receivers

Toensure suitable performance in measuringthe weight of a specimen,analysts should considerselectionof a proper receiver
for the material.

GENERAL CHARACTERISTICS

All receivers must be clean, dry, and inert.The total weight of the receiverplusthe specimen must not exceed the maximum
capacity of the balance. With a properly maintained and adjusted laboratory balance, weighing uncertainty for smallsamples,
i.e., net weights with a mass not exceeding typically a few percent of the capacity of the balance, essentially isdetermined by
the repeatability. However, repeatabilitydepends on the size and surface area of the weighed object. Forthis reason large or
heavy receivers introduce a deviation from the conditions under which the repeatability was determined without considering
the receivers. Therefore, either receivers of a low mass and small surface should be used (especially in cases when specimens of
low weight are being measured) or the repeatability test should be performed with the receiver placed on the weighing pan
as a preload. Receivers should be constructed from nonmagnetic materials in order to prevent magnetic interference with
electronic balance components. Receivers should be used at ambient temperature in order to prevent the formation of air
currents within the weighing chamber.
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Receivers for weighing solid materials include weighing paper, weighing dishes, weighing funnels, or enclosed vessels,
including bottles, vials, and flasks. Hygroscopic papers are not recommended forweighing because they may have a detrimental
effect on the observed results.

Weighing dishes typically are constructed from a polymer or from aluminum. Antistatic weighing dishes are available for
measuring materials that retain static electricity. Weighing funnels typically are constructed from glassor from a polymer. The
design of this type of receiver combines attributes of a weighing dish and a transfer funnel, which can simplify the analytical
transfer of a weighed powder to a narrow-necked vessel such as a volumetricflask. Forsolid samples that are volatile or
deliquescent, analystsmust weigh the material into an enclosed vessel. Where practical, analystsshould use an enclosed vessel
with a smallopening inorder to reduce sample weight lossfrom volatilization or weight gainfrom the adsorption and absorption
of atmospheric water.

LIQUID SAMPLES

Receivers for liquidsamples typically are inert, enclosed vessels. For liquidsamples that are volatile or deliquescent, analysts
should use an enclosed vessel with a small opening, and the enclosure should be replaced rapidlyfollowing material transfer.
Special precautions should be taken to be certain that the receiverand the enclosure are constructed from a material that is
compatible with the liquid sample. The receiverand enclosure must have a seal that issufficient to prevent leaks from a liquid
that is of low viscosity or has low surface tension or a low boiling point.

Types of Weighing

WEIGHING FOR QUANTITATIVE ANALYSIS

The initial step for many quantitative analyses is to accurately weigh a specifiedamount of a sample. General Notices,
6.50.20 Solutions stipulates that solutions for quantitative measures must be prepared using accuratelyweighed analytes: i.e.,
analysts must use a balance that meets the criteria in (41). Errors introduced during the weighing of a sample can affect the
accuracy of all subsequent analytical measurements.

ADDITION WEIGHING

Addition weighings typically are used for solidsamples or liquid samples for which volatility is not an issue.The receiveris
placed on the balance. After the balance displaystabilizes, the analyst should tare the balance; add the desired amount of
material to the receiver; allow the balance displayto stabilize; record the weight; and quantitativelytransfer the material to an
appropriate vessel or, if it cannot be guaranteed that the entire amount has been transferred, weigh the receiveragain and
note the weight difference.

DISPENSE WEIGHING

Dispenseweighing typically is used for weighing emulsions or viscous liquids such as ointments. In these situations it is not
practical to weigh the material into a typical receiver. Accordingly, the analyst should tare the balance; place the sample on the
balance in a suitable container (e.g., a bottle, tube, transfer pipet, or syringe) that has been wiped clean on the outside; record
the weight after the balance displaystabilizes; transfer the desired amount of sample to an appropriate receiving vessel, such
as a volumetric flask; and place the pipet or syringe back onto the balance. The difference in the two weighings isequal to the
weight of the transferred specimen.

GRAVIMETRIC DOSING

Gravimetric dosing typically is used for sample and standard preparations or capsule filling. Forsuch weighing the analyst
places the volumetric flask, vial, or capsule shell on the balance; tares the balance after the balance display stabilizes; adds the
solid or liquid components into the receiverby means of dosing units; and records the respectiveweights.

Problem Samples

ELECTRICALLY CHARGED SAMPLES AND RECEIVERS

Dry, finelydivided powders may be charged with static electricitythat can make the powder either attracted to or repelled
by the receiveror the balance, causing inaccurate weight measurements and specimen lossduring transfer. Adrift in the balance
readings should alert the operator to the possibility that the materialhas a static charge. Commercially available balanceswith a
built-in antistatic device can be used to remedy the problem. Such devices may use piezoelectric components or a verysmall
amount of a radioactiveelement (typically polonium) to generate a stream of ions that dissipate the static charge when passed
over the powder being weighed. Antistatic weigh boats, antistatic guns, and antistatic screens also are commercially available.
The static charge depends also on the relative humidity of the laboratory, which in turn depends on atmospheric conditions.
Under certain conditions, static charge iscaused by the type of clothing worn by the operator and this charge can cause large
errors in the weighing. Borosilicate glasswareand plastic receivers have a well-known propensity for picking up static charge,
especially ~t low relative humidity. The gloves used to protect the operator also may increase the potential for a static charge
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problem. Placing the container in a metal holder may help to shield the static charge, and antistaticglovesalso can help to
alleviate the problem.

VOLATILE SAMPLES

When weighing a liquid that has a low boiling point, analysts must receivethe specimen in a vessel with a gas-tight enclosure
of smalldiameter. The analyst then tares the vessel and enclosure, adds the desired amount of sample, and replaces the
enclosure. After the balance display stabilizes, the analyst records the specimen weight.

WARM OR COOL SAMPLES

Samples that are warm or cool should be equilibrated in the laboratory, or the weight readings may be erroneous. With
regard to warm samples, the apparent weight is smallerthan the true weight because of heat convection. Forexample, a flask
that iswarmer than ambient air warms up this air, which then flows upward along the flask and reduces the apparent weight
of the contents by viscous friction.

HYGROSCOPIC SAMPLES

Hygroscopic materials readily absorb moisture from the atmosphere and steadily gain weight if leftexposed. Therefore,
hygroscopic samples must be either weighed promptly or placed in a vessel with a gas-tight enclosure. Fora gas-tight vessel,
analystsshould tare the vessel and enclosure, add the desired amount of sample, and replace the enclosure. After the balance
displaystabilizes, the analyst can record the specimen weight.

ASEPTIC OR BIOHAZARDOUS SAMPLES

The weighing of sterileor biohazardous samples should take place within the confines of a clean bench, biosafety cabinet,
isolator, or similarcontainment device.Air flowwithin the hood,potentiallycan cause balance instability, so after a balance has
been installed under a hood, analystsshould perform a rigorous qualification study with suitable weight artifacts (see (41) in
order to determine the acceptabilityof the balance performance in this environment.

WEIGHING CORROSIVE MATERIALS

Many chemicals, such as salts, are corrosive, and materials of this nature should not be spilled on the balance pan or inside
the balance housing. Extra care isessential when materialsof this nature are weighed. Analysts should consider the use of sealed
containers such as weighing bottles or syringes. In the event of a spill, requalification of balance may be necessary, depending
on the nature of the spill.

Safety Considerations When Weighing

During a weighing, the analyst may be exposed to high concentrations of a pure substance. The analyst must carefully
consider this possibility at all times and should be familiar with the precautions described in the substance's Material Safety
Data Sheet before weighing it. Hazardous materialsshould be handled in an enclosure that has appropriate air filtration. Many
toxic-and possibly allergenic-substances present as liquids or finely divided particles. When weighing these substances,
analystsshould use a mask that covers the nose and mouth to prevent any inhalation of the substance, and they should use
glovesto prevent any contact with the skin. [NOTE-The useofglovesisgood practicefor handling anychemical. Ifit isnecessary
to handle the container being weighed, the analystshould wear gloves not onlyfor self-protection but also to prevent moisture
and oilsfrom being deposited on the weighed container.]

(1265) WRITIEN PRESCRIPTION DRUG INFORMATION-GUIDELINES

The purpose of these guidelines-comprising format, content, and accessibility of prescriptiondrug leaflets-is to help ensure
that leaflets are useful. In this context, "useful" means that recipients receive, understand, and are motivated to apply written
information about their medicines to achieve maximum benefit and minimizeharm. Dispensers, prescribers, health care
providerswho counsel patients about their medicines, and the patients themselvesare intended to be the primary beneficiaries
for these guidelines.

CRITERIA (FROM THE KEYSTONE ACTION PLAN' )

Written prescription medicine informationshould be based on the following criteria:
1. Scientifically accurate,
2. Unbiased in content and tone,

1 InDecember 1996, the "Action Plan-tor the Provision of Useful Prescription MedicineInformation" was presented to the Secretaryof Healthand Human
Services. The plan, commonly known as the "Keystone Plan,"described certain criteriafor written prescription medicineinformation. These criteriaare
described in detail in the action plan, which can be found at www.fda.gov/cder/offices/ods/keystone.pdf.
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3. Sufficiently specific and comprehensive,
4. Presented in an understandable and legible format that is readily comprehensible to consumers,
5. Timely and up-to-date, and
6. Useful.

FORMAT GUIDELINES

1. Group all information from the same category, using brief, clear titles and bullets or subheadings as needed. Avoid
symbols and subheadings not directly connected to the information they mark.

2. Be consistent in the placement and labeling of categories of information in all leaflets.
3. Provide information at the sixth-grade reading level or below, if possible (never above eighth-grade level). Do not exclude

information to achieve a lower reading level.
4. Use simple, common, accurate terms (for example, use "noise in the ears", not "tinnitus").
5. Use direct language that avoids words with opposite meanings (for example, use "decrease blood pressure", not "increase

low blood pressure effect").
6. Provide reasons for instructions (for example, "take with food to avoid upset stomach").
7. Emphasize the most important information. Clearly distinguish warnings from instructions or from other text that may

be misinterpreted as warnings. .
8. Accompany each pictogram, if used, with corresponding text placed close to the pictogram. Use the simplest pictograms

possible. For pictograms intended to prompt patients to ask questions or inform health care providers, add text such as
"Tell Doctor" or "Ask Pharmacist".

9. Make text readable by using 12-point or larger type, both uppercase and lowercase letters, an easy-to-read font (for
example, a serif font), and adequate space between lines and paragraphs. To call attention to important information,
use a larger, boldface type.

10. Evaluate format by performing tests of readability, comprehension, memory, problem solving, and behavioral efficacy
and intention, using representative samples of the target population.

CONTENT GUIDELINES

1. Provide enough detail to facilitate correct use, achieve maximum benefit, and minimize harm, including a statement that
identifies activities (such as driving or sunbathing) that the patient should avoid.

2. Write text that is unbiased in content and tone and scientifically accurate. The uses described should be consistent with
FDA-approved labeling or otherwise permitted by FDA, or should appear in federally recognized drug compendia.
Distinguish unlabeled from labeled use.

3. For drugs sold under a brand name, provide both brand and generic names, and include a pronunciation guide for each.
4. Describe the drug and its dosage form. Include indications and contraindications, specific directions for use, what to do

if a dose is missed, and what to do in the event of an overdose or poisoning.
5. Do not use abbreviations.
6. Indicate the intended type of benefit (for example, "cure", "prevention", "to help relieve symptoms"). Indicate how­

and how soon-the patient should recognize the benefit and what to do if none is observed.
7. Give a balanced evaluation of risksand benefits.
8. Listside effects, in order of severity, such as "serious", "most common", and other similar type groupings. It may not be

appropriate to provide sufficient detail for the patient to be able to monitor serious or common side effects. Provide
guidance to consult the doctor or pharmacist, and indicate that not all the side effects are listed.

9. Listsufficiently specific and comprehensive information that includes the provision of all important risk information.
Patients should be advised to be sure to inform the provider about all the medicines they are taking.

10. Indicate the potential for therapeutic duplication if the drug is available under multiple names or over-the-counter, or if
the active ingredient is contained in other products.

11 . If known, include a statement concerning the safety of use in the presence of other conditions and during pregnancy or
breast-feeding. Direct affected patients to discuss their condition with health care providers. If the safety of use during
pregnancy or breast-feeding has not been established, say so.

12. State whether safety and efficacy have been established in pediatric, geriatric, and other special populations. Patients
should be encouraged to discuss with their health care provider any recommendations for dosage adjustment.

13. Illustrate information with diagrams when appropriate. Label the diagram components (for example, device parts) if they
are not obvious. The words on the label should be prominently placed thereon with such conspicuousness and in such
terms as to render them likely to be read and understood by the ordinary individual under customary conditions of
purchase and use.

14. Include the following:
A. A statement that the product is to be used only by the person for whom it was prescribed,
B. Storage information, '.
C. A completeness disclaimer advising the patient to discuss this issue with the health care provider,
D. The publisher of the leaflet and the date the leaflet was developed or revised,
E. Sources of in-depth information and answers to questions, and
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F. Other relevant general statements.
15. The patient should be advised about risks of developing dependence on, or tolerance to, the medication.

ACCESSIBILITY GUIDELINES

USP 43

1. Write text that is relevant to the intended use of the drug.
2. Design the leaflets to be easy to recognize, consistent in format, and easy to store and retrieve.
3. Supplement the leaflets with oral counseling of patients, including children, the elderly, and caregivers.
4. Include a statement asking the patient to reread the leaflet.
5. Distribute the leaflets with all prescription medicines to consumers (namely, persons independently responsible for any

aspect of medicine use or for giving medicines to others).
6. Produce leaflets in Spanish, English, or other languages; and establishcriteriafor producing them in other languages and

for specialpopulations (forexample, children,visually handicapped) [NoTE-Ideally, prescription drug informationleaflets
would be customizedfor the patient's condition and for other relevant information(forexample, gender, age, or physical
limitations), and would be available in the patient's primary language. Currently, such customization is neither feasible
nor practical, but it remainsa goaL]

(1285) PREPARATION OF BIOLOGICAL SPECIMENS FOR HISTOLOGIC
AND IMMUNOHISTOCHEMICAL ANALYSIS

INTRODUCTION

Histology and immunohistochemistry (IHC) are commonly used to visualize the cellular and biochemical constituents of
tissues.Whether the attributes to be probed are detected based on chemical reactivities (histochemistry) or are detected using
antibodies (IHC) or lectinswith knownspecificities, the preparation of the specimen for staining isa critical phase of the analysis.
Preparation typically involves (1) tissuefixation, (2) mounting the tissue in an embedding medium to permit sectioning that is
sufficiently thin for the tissue to be viewed microscopically, and then (3) removal of any embedding medium before
histochemical or IHC evaluation.

The purpose of this chapter is to identify factors that should be controlled to optimize the consistencyof tissue staining
results. The following sections address tissuefixation used to prevent degradation and to prepare the tissue for sectioning and
staining. Sincethese methods are often usedto characterizetissue-basedtherapeutic products and the adequacy oftheir process
methods, USP sometimes includesvisual tools to support those product monographs. USP AuthenticVisual References (AVRs)
are often histology images that have been prepared as described in this chapter and are used as referencestandards associated
with product monographs. The purpose of histologic analysis isto generate visual images that can be used either for illustration
or as a visual reference. When used as AVRs, the image set should include representative images of both failed and passing
samples at different magnifications. AVRs can be used to better clarify specifications and acceptance criteria related to, for
example, cell content, collagen structure, or integrity.

BASIC PRINCIPLES

The sample tissue must be properlyand adequately treated or fixed to limitchanges to the extracellular matrix elements or
to specific constituents such as cells or proteins.Tissue fixation typically employs a chemicalthat can rapidly permeate the tissue
to effectively cross-link proteinsand limitdegradation caused by either chemicalor enzymaticaction. Standard fixation methods
typically use 10% neutral buffered histological-grade formalin and are adequate for most, if not all, histochemical analyses.
Formalin fixation provides material suitablefor IHC analysis provided that proper attention is paid to postfixation treatments
(collectively known as antigen retrieval). Once tissue is properlyfixed, it can be embedded.

The tissue isembedded in a medium that issufficiently stiffto maintainsample geometry and the desired orientation for
sectioning but issoftenough to be easily and rapidly cut through without distortion.Themost common medium used isparaffin, .
although' it is not suitable for nondecalcified hard tissues and other stiffmaterials (e.g., hard polymers or metals). Because
paraffin isnot water soluble, tissuegenerallyispassed through a graded seriesof increasingconcentrations of ethanol and finally
into xylene (or a suitable substitute) in which the paraffin wax issoluble. Sufficient time isallowedfor the paraffin to permeate
the tissue, and then the blockissectioned to the desired thickness. Hardtissuescommonly are embedded in hard plastics such
as poly(methyl methacrylate).

Aftersectioning, the samples are floated on warm water with or without gelatin so they can be transferred to microscope
slides. Ifthe sections are to be used for IHC, it is recommended that gelatin not be used in the water because it can contribute
significantly to background staining. Positively charged slidesalso are recommended to aid in sample retention throughout the
IHC processing regime. The sections are allowed to dry in air, in a slidewarmer, or in an oven at no more than 50°. Because
most histochemicaland IHC procedures are carried out under aqueous conditions, the paraffin withinthe mounted' tissue
sections must be removed. Thisisaccomplished by reversing the xyleneand alcohol rinses until the samples are rinsed in water
immediately before staining. .

The mounted sections are now ready for histochemical staining. Ifan immunological staining method isto be.used, in most
cases an antlqen retrieval step will be necessary to break the protein cross-links formed by formalin fixation. Many procedures
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are available to accomplish this, and although heat treatment in acid vapor appears to be effective in recoveringthe reactivity
of most targets in tissues, the ultimate choice may depend on the characteristics of the target to be evaluated.

TO CONSIDER

Fixation

The most common fixatives are aldehydes, alcohols, and oxidizingagents. Each has advantages and disadvantages
depending on the particular purpose (see Table 1).

Table 1. Attributes of Common Tissue Fixatives
Fixative Name Mechanism Advantages Disadvantages Notes

Buffered versionispreferredto
counteract oxidationofform-
aldehyde to formic acid, Unbufferedprecipitates can

Formaldehyde(e.g., 10% neu- Minimal alteration of protein structure which tends to cause a brown form, and will be acidic (pH
tral buffered formalin) Cross-links protein and antigenicity;good penetration artifact. 3-4.6).

Usewith 2-3 IJmthick sec-
tlons, Opens structures such
as blood vessels to improve
access to all tissue surfaces

Deformsa-helixstructure of and to prevent opposing sur-
Glutaraldehyde (e.g., Morphologysuitable for electron micro- protein, so not good for IHC; facesfrom bonding to each
0.25%-4%) Cross-links protein scopy slow penetration other

Can cause tissuehardness and
Alcohols (e.g., methanol or Bestapplied to cytologicsmears; good brittleness, making section-
ethanol) Denature proteins penetration . ing difficult

Oxidizing agents Fixation of cytoplasm without precipita-
Permanganates, dichromates, that cross-link pro- tion; fixationof lipids, especiallyphos- Causes substantial denatura-
or osmium tetroxide teins pholipids tion; uncommon

Oxidizing agents
that cross-link pro- Good retention of nuclear structure with Explosion hazard; causes cell

Picrates teins limited tissue hardening shrinkage

Tissue that is not appropriately fixed will not embed and section well,and subsequently will not stain well.Adequate fixation
time is of primary importance in quality assurance. Fixatives usually are delivered at a 15:1 to 20:1 ratio of fixative volume to
tissue mass. Alternatively, multiple changes of fixative can be used with agitation. It is important to expose tissues to fixatives
for a sufficienttime, makingsure that the sample does not dry before or during this process. Even small tissue piecesmay require
12-24 h of exposure time. Tissue handling also is important because areas that are physically gripped may not be fixed as
rapidlyas areas that are not gripped.

Typical concentrations for some fixatives are shown in Table 1. Note that iffixation concentrations are too high or iffixation
time is too long, structural artifacts can form. The fixation temperature can be increased somewhat but not to the extent that
will cause protein denaturation. .

Buffers also are important for high-qualityfixation. ApH range of 6-8 usually is best because it will most likely maintain the
native tissue structure. Buffering must be sufficient to overcome acidification caused by hypoxiaand to prevent blackdeposits
of formalin-heme.

Tissue Processing

DEHYDRATION
Once the tissue is properlyfixed, it is readyfor dehydration and the embedding process.The most common dehydrants are

alcohols, but sometimes acetone isused because it rapidlyfixes the tissue (although it isa firehazard).Tissues may be physically
damaged if they are insufficiently dehydrated, often because of water contamination of ethanol wash solutions. After
dehydration, the tissue isplaced ina clearingagent beforeembedding. Some common clearingagents are the following: xylene,
toluene, chloroform, methyl salicylate, Iimonene(a volatile oilfound in citrus peels), or some commercial xylenesubstitutes.'

EMBEDDING
Depending on the tissue type and subsequent staining protocol, there are severalembedding and mounting-media options.

Paraffin is most commonly used to embed tissues. Itsdensity is similarto that of most tissues, which facilitates sectioning, and
multiple paraffin types with different melting points and hardness can be evaluated if tissue sections do not cut smoothly. If
very thin sections are needed or if harder tissues (e.g., bone) will be embedded, plastics are good options (e.g., methacrylate,
glycol methacrylate, araldite resin, or epon). Once the mounting medium isselected, the specimen should be carefully aligned
and oriented in the medium relative to the desired cutting plane. Tissues that are properlyfixed and embedded, ifstored
appropriately, can stay in this form indefinitely before staining.

Tissues can be embedded manuallyor with automated systems. Some embedding systems have a chamber for keeping
molds and samples hot and readyfor embedding. They also may have a separate chamber to melt paraffin, an attached
dispenser for pouring paraffin into embedding molds, and a separate cold plate to cool the recently embedded tissues. Both

, Forexample, Clear Rite, Pro ParClearant.
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manual and automated station methods are essentially the same and are wellaccepted as tissue embedding methods. The only
difference is that the latter are semi-automated so that the system is operational within an hour or less (Le., paraffin is melted,
heating chambers are vvarmed, and th~ cold plate iscooled). tvlanual methods are sOmewhatslower. Regardless of the system
used, the integrity of the histological section must not be compromised.

SECTIONING
When tissue blocksare ready for staining, sections are cut with a sharp knife or disposable blades. Paraffin-embedded tissue

sections typicallyare 4-8 IJm thick, but plastic-embedded tissues usually are 2 IJm thick. The tissuesections are placed on slides
and can be stored in this state. The slidesare cleared again (to dissolve the paraffin) and are rehydrated before staining or IHe.
In allcases analysts should be aware of the importance of each step in order to avoid producing artifacts(e.g., fixation-related
shrinkage or nicks, folds, or tears in the tissue sections caused by improper microtome work or a knife that is too dull). Once
the staining procedure iscomplete, analystsshould apply sufficient mounting medium over the tissuesections in order to avoid
entrapment of air bubbles when a cover slip is applied.

Example Protocol

The following is an example of a fixation, paraffin-embedding, and processing method that is commonly used before
hematoxylin and eosin (H&E) staining to study the effectiveness of tissue decellularization processes.

Fixation solution: 0.1 M sodium phosphate, pH 7, containing 10% formalin
Paraffin: Melt paraffin at 60° for 3 h before analysis. [NoTE-For proper infiltration and success in later steps, it is best to

keep the Paraffinfresh (free of clearing agent) with frequent changes of paraffin (at least two changes). The temperature of the
Paraffin must be NMT 2°-4° above its melting point; otherwise, the tissues exposed to overheated Paraffinwill overharden.]

Paraffin solution 1: Paraffin and xylene (1:3) or a xylene substitute-
Paraffin solution 2: Paraffin and xylene (1:1) or a xylene substitute
Paraffin solution 3: Paraffinand xylene (3:1) or a xylene substitute
Fixation and dehydration, clearing, and paraffin infiltration of the tissue (DCI): Placeeach tissue

sample (NMT1 ern") in Fixation solution for a minimum of 6-8 h. The volume of Fixation solution should be NLT 15-20 times
the volume of the tissue sample. [NoTE-When processing bone samples, thoroughly fix before decalcification and DCI. In this
case, after fixation, rinse the sample with Purified Water, and place in a rapid decalcifier solution' for the recommended time.
Afterdecalcification, rinse the bone samples with Purified Water again, and place them back in the Fixation solution.] Placeeach
tissue sample in an embedding cassette, and label the cassette with a pencil or histology pen. Place cassettes in the following
series of solutions for 30 min each: 2 changes of 70% ethanol, 2 changes of 95% ethanol, and 3 changes of 100% ethanol.
[NoTE-An optional approach isto transfer cassettes directlyfrom 100% ethanol to 100% xylenefor 3 changes. Placecassettes
in Paraffin heated to 2°-4° above its melting point for 1-3 changes for NLT 90 min and NMT 180 min. Exposure to prolonged
heat causes shrinkage and hardening of tissues. Avoid overnight treatment.] Next, place cassettes in the following series of,
solutions for 60 min each at 60°: Paraffin solution 1, Paraffin solution2, and Paraffin solution 3.

Tissue embedding: [NOTE-This example is a manual method, but an automated embedding method can be
substituted.] Move the container with the cassettes described above from the incubator into a 60° water bath to prevent the
infiltratedparaffinfrom solidifying during the embedding procedure. [NoTE-Foreasier releaselaterfrom the embedding molds,
molds can be sprayed with a diluted mold-rel.ease concentrate.] Placea small amount of Paraffin into a room-temperature base
mold. Using forceps, remove a tissue-containingcassette from the liquid Paraffin, and positionthe tissuesection with the desired
orientation in the mold before the Paraffin solidifies. [NOTE-If it is not positioned properly, the tissue sample can be placed
back into the tissue cassette containing the liquid Paraffin and then a new mold can be prepared and tissue positioning can
be attempted again.] Once the tissue is in place, place the labeled portion of the tissue cassette onto the base mold, and add
Paraffinto a level just below the lipof the cassette. Place the cassette mold assemblyonto a frozen cold plate. When the Paraffin
begins to solidify on top, transfer the assemblyto an ice bath until the entire blockissolidified (about 20 min). Once the Paraffin
issolidified, carefullyseparate the base mold from embedded tissuewithout usingexcessive force. Storeblocksat 4° until needed
for sectioning. Blocks can be sectioned immediately, but it is advisable to wait at least 24 h for best results.

Sectioning paraffin-embedded tissue: Using an appropriate marker, label glass slides with a tissue-sample
identifier. Select an embedded tissue block, and trim any excess wax remaining around the edges of the block. Fill a flotation
bath with Purified Water, with or without gelatin (histology samples only), and warm to 36°-46°. Carefully place a new
microtome blade into the blade holder. Ensure that the blade is locked into place. Ifavailable, select the manual or motorized
mode of the microtome. Placethe tissue blockin the microtome cassette holder, and adjust its orientation using the adjusting
screws until the block is correctly positioned vertically and horizontally in relation to the blade. Select the trim setting.
[NOTE-The trim cut usuallyisset to 15-16 IJm, but this can be increased ifa large amount of trimming is necessary, or can be
decreased ifonly a small amount of tissue ispresent in the block. In addition, blockscan be refrigeratedor placed on ice before
sectioning to keep them cool and firm.] Advancethe blockforward to the desired position. Once the block is positioned, start
trimming or "facing" the block.Afterthe tissueisvisible in the sections, set an appropriate sectioning depth and begin collecting
tissue sections. [NOTE-Routine H&E sections should be cut at approximately 6 IJm, but the section thickness can be adjusted
between 4 and 8 IJm as necessary if there is difficulty obtaining good-quality sections.] Using forceps, transfer the sections to
the tissueflotation bath. Gently place the ribbon of sections onto the water surfacewhilegently pullingto eliminateany wrinkles
from the ribbon. [NOTE-If the water in the flotation bath becomes too hot, the tissue sections will fragment. Ifthis occurs,
decrease the heat setting on the bath, and allowthe water to cool before proceeding.] Next, separate one or two adjacent,
intact, full sections from the ribbon with a sharp dissecting probe or forceps. Using a glassslide placed at approximately a 45°
angle beneath the section, liftthe sections onto the slide. Gently tap off the excess water, and allowthe sample to dry. As

2 Forexample, CitriSolv, Clear Rite 3, Pro Par Clearant, or equivalent.
3 Forexample, Decalcifying Solution, Richard-Allen.
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needed, repeat the sectioning processfor additionalsamples. After allslides have been prepared and before staining, allowthe
slides to air-dryfor NLT 15 min or until no water droplets are visible. Remove the wax blocks from the microtome, and store
appropriately.

Deparaffinization and rehydration of histological slides: Before staining, place slideswith mounted tissue
specimens in either Coplin jars, reagent buckets, or staining racks. Placeslides in the following solutionsfor at least 3 min each:
3 changes of xylene (or a xylenesubstitute), then 100% ethanol, then 95% ethanol, then 70% ethanol, then 2 changes of
Purified Water. Proceed with the desired staining procedure. [NOTE-Slides can be left in the water for several hours but then
must be stained.]

METHOD DEVELOPMENT AND VALIDATION: POINTS TO CONSIDER

Histologkal methods sometimes are used to demonstrate that cellswithin a tissue sample are still viable (e.g., when
evaluating a cryopreservation method's performance). In other circumstances, the method is used to evaluate the absence of
viable cells following a decellularization process. Each case presents specificvalidation challenges.

H&E staining provides a useful tool for determining whether significantquantities of cells are still viable after preservation.
During method validation, immunohistological stains can be used to ensure that specific cell types are still present in the
preserved samples. Testing samplesfor allexpected cell types during the validation phase providessupport for the lessspecific
H&E staining (that will stain allcells and not just specific cell types) during routine monitoring.

When validating any histological method, analysts should demonstrate that different observers can detect the same quality
(or quantity) of an object, tissue type, cell body, nucleus, etc., and that the characterization by different observers can be
replicated in several specimens following the same process. Samplesfor evaluation may consist of multiple types of cells,
extracellular matrix proteins, and glycosaminoglycans, or other components. Some of these components may be resistant to
decellularization processes or may be difficult to stain. During assessment of method reproducibility, analysts should evaluate
multiple samples throughout the sample to ensure that they are representative of the types of materialsexpected to be found
in the matrix. In addition, because inadequate decellularization procedures may not remove all cells throughout the material,
it is important to take samplesfrom multiplelocationsin the tissueso that remaining cells are not underestimated. Intra-operator
reproducibilityalso should be a part of the assessment because the relatively weaker signal from fewer positively stained cells
may make visualization more challengingfor some technicians. The method validationshould use samples that underwent
worst-case decellularization processingconditions as determined by statisticalmodeling to ensure that residual cells can still be
identified and quantified in these marginal samples. Finally, the yalidation of the method should include control samples to
confirm the suitability of the staining system (see Hematoxylin and Eosin StainingofSectioned Tissue for Microscopic Examination
(1285.1».

The histological assessment of decellularized tissue-based matrix products isone tool to characterize the matrix but cannot
be the sole indicator of product quality. On the one hand, processing may generate decellularized matrix products that have
no detectable cellsbut may not possessother critical quality attributes. On the other hand, tissue matrix products undergoing
other decellularization processesmay result in products with greatly reduced cellular content (although some cells may remain)
that retain the necessary performance characteristics for that therapeutic purpose.

Sample Selection for the Analysis of a Decellularization Process

Samples cannot always be taken from a random location within the product. Forexample, it is not practical to pull a sample
from the center of a sheet of decellularized pericardiumwithout creating a defect that would makethe end product undesirable.
Ifroutine sampling plans requiresampling from the edges or waste portion of a given matrix,analysts should conduct an initial
validationstudy that confirmsthat such a sample is representative of the whole. This is important because the geometry of the
matrix may affect the exposure of the matrix to the decellularization processing solutions. Forexample, if the tissue matrix is
tubular, e.g., a nerve segment, and a sample is taken from the end for histological assessment, then this sample will have
different exposure to solutions than a sample taken from the center of the nerve segment. Thus, the sampling may not
represent a worst-case assessment, and the suitability of the sample should be determined by means of a validationstudy.

CONCLUSIONS

This chapter outlines common steps to prepare tissue or organ specimens for light microscopic analysis following either
staining or treatment with structure-specific probes. Each of these steps can produce specimen artifactsthat either interfere
with the observation or actually introduce structures that were not present in the originalsample (e.g., certain well-known
chemical artifacts).Therefore, proper attention and consistent execution of each step are critical factors in generating sections
that reflectthe character of the tissue and that stain in a reproducible manner.
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(1285.1) HEMATOXYLIN AND EOSIN STAINING OF SECTIONED TISSUE
FOR MICROSCOPIC EXAMINATION

INTRODUCTION

Histologic methods involve the preparation of organs, tissues, or cellsfor microscopic analysis of constituent elements that
have been exposed to particularchemistriesor immunochemical staining procedures. Histologic methods have many goals,
and are often used to evaluate native and processed therapeutic tissue-based products. Forexample, these methods can be
used to establish the integrity of the tissue with regard to cellularcontent and extracellular constituents. Nuclearstaining
intensity and nuclear shape may be altered iftissue recoveryor handling iscompromised. Furthermore, extracellularstructural
and accessorycomponents such as collagen, elastin, and glycosaminoglycans can be specifically stained so their presence and
location can be determined.

Histologic methods are particularly useful for detecting trends in content (e.g., cell numbers and amounts of tissue
constituents). Therefore, they have been valuable in the development and verification of tissue-processing methods intended
to reduce or eliminate cellular content (decellularization detected by reduced nuclear staining, for example with hematoxylin)
while maintainingextracellularmatrixstructure and components (e.g., retention of glycosaminoglycans or other carbohydrates
assessed by persistence in Alcian blue staining).

Tissue histologic analysis typically begins with a routine staining procedure using hematoxylin and eosin (H&E) to detect
cellularchromatin and cytoplasm and extracellular structures (e.g., collagen and muscle). Hematoxylin acts as a basicdye. Ina
metal complex it binds to acidicstructures such as cellular nucleicacids (DNA or RNA), producing the blue-purple stain typically
noted as nuclear staining. Additionally, in calcified tissues it forms a blue or purple precipitate. Eosin acts as an acid dye and
stains basic materials red (muscle) to pink (collagen). Eosin staining is responsiblefor the detection of the cytoplasm and
intracellular and extracellularproteins, but it does not allow identification of specific intracellular structures or proteins. H&E
does not stain fat itself, but fatty areas can be identified by the staining of the stroma, yielding an outline of adipocytes.

H&E staining is often used to demonstrate the reduction of nucleifollowing tissue decellularization processes, but H&E
staining also providesstructural information. H&E staining reveals that Type Icollagenfibrils have a particulararrangement and
wave pattern depending on the tissue observed and the orientation of the specimen. Altered collagen fibril patterns, e.g.,
smearing and loss of fibrils, may suggest disruption of the native structure of the tissue. Decellularization methods, which can
alter the structural integrity of tissue, may reduce the staining intensity of collagen. Alternatively, the staining intensity can be
artificially increased if residual charged processingchemicals remain in the tissues. H&E staining can help identifynoncollagen
protein structures. Forexample, elastin fibers are not specifically stained by this method, but thick elastinfibers such as the
internal elastic lamina of arteries are easily detected by their profound waviness and subintimal location shown by staining. A
mineralized matrix (e.g., in bone) can be seen as dark red to purple (depending on the hematoxylin choice) granular staining
within fields of structural protein fibers. .

H&E staining isa starting point for more detailed histologic analysis. Differential staining of collagen (typically colored blue)
is achieved with Masson Trichromestain, and Verhoeff's Van Gieson and Movat Pentachrome stains highlight elastin (black).
The other majorcomponents of connective tissuesare the glycosaminoglycans, and these can be detected and to some extent
differentiated with variouscationic dyes such. as Alcian blue inMovat's Pentachrome stain, for example.

More detailed compositional analysis of tissuesand observations of the effectsof decellularization methods require
structure-specific probes. At the level of light microscopy, this specificity is provided by immunohistochemical staining using
antibodiesto targeted structural proteins and extracellular matrixconstituents or by using labeled lectinprobes to detect certain
sugar structures. The latter are of particular utility for evaluating the removal of important xeno-antigenic epitopes.

The purpose of this chapter is to identifythe factors that should be controlled to optimize the consistencyof the resultsof
tissue staining with H&E. In addition, the chapter provides a common H&E staining procedure.

BASIC PRINCIPLES

. Hematoxylin is oxidized to hematein, which complexes with a metal cation, binds to negatively charged groups, and stains
basophilicsubstances such as nucleicacids. The most common cation for this application isaluminum (III), but iron (III) and
tungsten also are important. Hematoxylin also stains calciumdeposits. The most common metal used in hematoxylin staining
is aluminum, and the resultingstain produces a blue color. Thisaluminum salt form of hematoxylin requires a pH >~ to form
an insoluble blue aluminum hematein complex. The high pH isobtained in a bluing step using a weak alkali solution such as
ammonium water. Because anionic materials often are used to process tissue (e.g., anionic detergents), these materialsshould
be removed from the tissue first, or nonspecific hematoxylin staining may be seen.

Eosin isan acidicanalinedye with affinity for cationicamino acidssuch as arginine and lysine in proteins. Cytoplasm, muscle,
connective tissue, colloid, red blood cells, and decalcified bone matrix all stain pink to pink/orange/red with eosin. Eosin
methods usesolutionscontaining variousproportions ofwater, ethanol, and acetic acid. The uptake ofeosin in cells ispromoted
by higher eosin concentration, a higher proportion of water than ethanol, and the inclusion of acetic acid.

PROCEDURES-POINTS TO CONSIDER

It is important to control the consistencyand quality of the stain reagents and process. Each new lot of stains should be
qualified with known control specimens to ensure consistent staining processes. Solutioncolor should be monitored, and if
colorless solutions become colored they should be discarded (especially the alcoholsand xylene). Stainingsolutions can age,

www.webofpharma.com

https://nhathuocngocanh.com/



USP 43 General Information / (1285.1) 8375

and their staining effectiveness changes over time. Thusanalystsshould establishor assigna shelflife to critical staining reagents.
Some reagents form precipitates or undergo overt color changes over time. Best practices indicate that such solutions should
be replaced. Labeled expiration dates of commercialstains should be followed closely. Ifreagents are mixed in the laboratory,
analystsshould monitor their performance over time using control specimens to assessstaining intenSity and differehWm6h.
Expiration dates should be added for each laboratory reagent. Bestpractices require that to the extent possiblesamples to be
compared should be stained at the same time. Tofacilitatecomparison, stainingshould be monitored and corrected ifnecessary.
Regressive staining can be performed ifoverstaining with hematoxylin occurs. In this case, excess stain is removed with acid
(e.g., 0.5% HCI in 70% ethanol) in a step calleddifferentiation. Excessive hematoxylinstaining can blockeosin staining. Ideally,
progressivestaining, or real-timemonitoring of the staining process to the desired intensity, should occur.

Aswith any tissue-staining method, H&E staining intensity may be affected by steps taken before the staining procedure,
the chemicals used, and the conduct of the staining itself. Section thickness can affect the overall specimen depth and can
influencethe apparent stain. Inadequate removal of paraffin wax can prevent interaction of the aqueous solutionsof the staining
steps with the tissue.The colorcan be too strong ifcertain hematoxylin reagents are not diluted before use, ifthe stain isapplied
for too long, ifthe differentiation step is too short, or ifthe acid is too dilute. Weakstaining can be the result of exhausted
hematoxylin, short staining time, overdifferentiation, or low pH during the bluing step.

SYSTEM SUITABILITY

Control tissue should be used during each run to ensure that all the reagents are working appropriately and the processing
regime does not adverselyaffectstaining. Untreatedfresh tissue makesa good positivecontrol, because there are no processing
reagents that could affect the staining process.Anappropriate negative control isan unstained sample from a previous lot that
met all the product quality criteriaof the H&E analysis. Controls are important because processing methodologies such as
decellularization or cross-linking may positively or negativelyaffect the abilityof the reagents to stain the tissue as expected
and can contribute to lot-to-lotvariability in staining intensity.

QUANTITATION

A physical count of positively stained cells in a given area (cells/rnrn-) is preferable to simplycomparing a sample to a
previously submitted visual reference, particularly for products that undergo a decellularization process that yieldsa greatly
reduced (yet nonzero) number of positively stained cells. Many,though not all,samples of tissuesthat have undergone a process
of cellularremoval still have identifiable cellulardebris after processing. It isdifficult to compare these nonzero samples to a
visual reference, so a standardized count per area is a better comparison of process effectiveness.

Software-based automated cell-counting systems that are available on many microscopysystems must be validated to
confirmthat the software appropriately counts cells and sample area. When the tissuehas not been decellularized, there should
be a high value of positivesignals,and the system should be able to accurately differentiatethat tissuefrom other samples with
low cell counts. Validation is important when analystsattempt to quantify the number of cells in a given area on irregularly
shaped samples because the algorithm used to estimate areas may have limitations when applied to these types of samples.
Samplearea should be measured accuratelywhen there isa lowcellcount, because a large error in the denominator can cause a
significanterror in the reported cell density.

EXAMPLE PROTOCOL

Acommon H&E method is described below. Analysts can follow this example after preparing and deparaffinizing tissue
sample slides as described in Preparation of Biological Specimens for Histologic and Immunohistochemical Analysis (1285). This
protocol is commonly used to study the effectiveness of tissue decellularization.

Bluing reagent: 3 mLof 28% ammonium hydroxide in 1 Lof Purified Water
Staining method: After deparaffinizing tissue-containing slides, place the slides in a hematoxylin solution1 for 1.5-

3 min. [NOTE-Staining times can vary depending on hematoxylin brands (and type) and the tissues being stained, so
optimization of staining time is required in this step. Forthis reason, laboratories should track the reagent sources to ensure
consistency.] Rinse slides under running tap water for 0.5-3 min. Ifnecessary, perform a differentiation step to remove excess
stain so the desired element or structure is left stained by placing the slide in a clarifying solution- for 30-60 s followed by
rinsing in tap water for 30-60 s. Next, place slides in Bluing reagentfor 1-2 min. Dipslides12 times in Purified Water. Rinse
thoroughly in tap water for 0.5-2 min to remove the Bluing reagent. [NOTE-Insufficient rinsingaffects subsequent staining
because of a change in pH.] Next, place the slides in the following solutions for the specifiedtimes: 95% ethanol for 30 s to
1 min [NOTE-The time will varydepending on eosin type and components.] then place the slides in eosin solution! for 45 s to
3 min, 70% ethanol Tor 3 min, 95% ethanol for 3 min, and finally 100% ethanol for 3 min. [NOTE-Alcohol washing must be
closelymonitored to avoid excessive removal of eosin stain. Excessive removal of eosin from the extracellular matrix can be
seen as pale pink staining.] Place slides in three changes of fresh xylene or xylene substitute for 1-3 min each. Place a couple
drops of mounting medium on the slide, and apply the cover slip.

Expected results: Nuclei should be stained blue. Cartilage and calcium deposits should stain variousshades of blue.
Cytoplasm and other tissue constituents stain variousshades of pink. Erythrocytes and eosinophilic granules stain bright pink
to red.

1 Richard Allan Scientific #7231 or suitableequivalent.
2 Clarifier 2 from Richard Allan Scientific or suitable equivalent.
3 Richard Allan Scientific #7111 or suitable equivalent.
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CONCLUSIONS

It is critically important to test and verify staining conditions for each new tissue being studied. Staining intensity may be
altered by tissue treatment before processing. A notable example is the treatment of tissues to decellularize or antigenically
modify them, because these procedures may affect tissue components and may alter the staining of the remaining constituents.

Add.the follo·wing:

A(1430) ANALYTICAL METHObOLOGIE~BASEDbN SCA
PHENOMENA-GENERAL

1. OVERVIEW: GENERAL CHAPTERS BASED ON SCATTERING PHENOMENA
2. INTRODUCTION
3.• THEORY (GENERAL PRINCiPLES OFSCATTERING)

1. OVERVIEW: GENERAL CHAPTERS BASED ON SCAITERING PHENOMENA

This chapter provides a general overview of the scientific principles and analytical rocedures used in scattering techniques
and their applications. Figure 7 shows a taxonomy (tree diagram) of.the techniques t recovered in this chapter. The first
branch classifies the techniques according to the wavelength of the incident el~ctroma ie; (EM)radiation: visible Iigh~ (700-:
400 nm), X-rays (0.33-0.06 nm), 'as well as neutrons (2.5-0.15 nm). The next branch classifies techniquesinto those base~ on
the measured intensities (Le., scattering), where the radiation exiting the sample is measureq at an angle relative to the incident
beam, or.transmission, where this angle isequalto zero. Scattering techniques can be further classified based on how the exiting
radiation is.quantified, in either a time-averaged (static) or time-dependent (dynamic) mode..Final c ring
techniques are often coupled with separation techniques, such as chromatography or field flowJract io . uded
as well.

.Twoof the most important paralTH~tersofthe EMradiation-matteririteractionare
radiation (A; = 'Ao/mo, where Ao is the w,!velength in vacuo and mo is the refractive ind
particle,often expressed as a .. lent spheri ius (r). A' nsionless
differen tering regimes. , the s<;:att considere being in t
the s(named afterL leigh, who oped the t ry in 1871) r

inth. e.regimeand theMie scattering theory applies (named after Gustav Mie, who deveo
u» 1,.geomet~ic optics apply. These theories .are further addressed in the respective chapters
lists all chapters whose fundamental physical principles are addressed in this overarching chap
elastic light scattering in heterogeneous systems and its applications in the pharmaceutical industry.

Tablel.·List of (1430.X) General Chapters Family
Chapter Number Chapter Title Measured Property PrilTWY Purpose

(1430)
Analytical Methodologies. Based onScat-
tering Phenomena-General Overarching chapter General overview; N/A

Analytical Methodologies Based onScat-
tedngPhenomena-Light Diffraction Diffracted light intensity at multiple Particlesize distributions in the ap~

Measurements of Particle Size angles proximate range of 0.01-3000 ~m

Analytical Me.thodologies Based onScat-
tering Phenomena-Static Light Scat» Scattered light intensity as a function Molecular weight, size, shape; molec-
tering of detector's angle ular interactions

Direct rooingof
deri .
mol
proxim
2500nmforS
forSANS. Also prope re .
sated phrases (e:g:, porosity nd,crys,
tallinity)can .bedetermined:

Average hydrodynamic diameter and
polydispersity Index .

Stability' of suspe:nslonsarid emulsions

Fluctuations of the scattereq light in­
tensity

Doppler shift of scattered light fre~

quency

Analytical Methodologies Based onScat~

tering Phenomena-Dynamic Light
Scattering

Analytical Methodologies Based onScat­
tering Phenomena-Electrophoretic
Light Scattering (Determination ofZeta
Potential)

Analyti~al Methodologies Based on Scat~

teriny Phenomena.,-Small-Angle X-Ray
Scattering andSmall-Angle Neutron Scattered intensity of a beam of X-rays
Scattering or neutrons

(1430.1)

(1430.2)

(1430.3)

(1430.4)

(1430.5)
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Table 1. List of <1430~X)'GeneralChapters Family (continued)

Chapter ~urriber Chapter Title Measured PropertY Primary Purpose

An,alytica/Metftodolo9Iesllqsed'enScat-
Light$cattel"edfr~in,'indiYidual parti- Quahtitationofpartidesin'liquids and

(1430.6)"
tering Phe,nomena~PaitideCounting
viaLight Scattering des passing through alight beam gasesfrom 0.1:-2'fJm

Suspended partidesirlliquid or gas

AnalytlcalMethod.ologieS BaseCioh'Scat~

samples; nephelometry for lower ag-
gregate sizes andanalyte concentra-

(143<5i7>~
tedn9I'henomer'-a~NephelO'metry . Directorindirec~ measurenientof the tions; turbidimetry for higher aggre-
ani:JTuibii:Jimetry scattered light intensities gate 'siiesandanalyte concentrations

a ThisGtlapter will be pubiished In a.future Pharmacopeia! Forum (/,,') ,issue.

. ,.Becaus~ these methodsare based on the same underlying phYsics, the gen'etal principles are given only once in. this
overarching chapter. The 'relationships between these methods are shown.in Figure 1.

Figure 1. Taxonerny of Scatterihgmetnods.
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2. INTRODUCTION
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__\f\Ih_ell_~f1_EMW(jye s_trik~s/inter~cts with a sm~1I objec:t (apar:tid~oLa_mQlecule) and_thereby changes its:diiection; the"
pnenomenon is called scattering, If the scattered EM radiation has exactly the same energy (wavelength) as the incident one,:
it is called elastic scattering. When the energy (wavelength) ofthe scattered EM radiation is different from that ofthe incident
EMradiation, the scattering process istermed "inelastic". Inelastic scattering isexploited, as an example, by Raman spectroscopy
(refer to Raman Spectroscopy (1120». Scattered radiation may be detected and measureoeitherdirectly: as afunction ofthe
angle between the incident beam direction and the detector, or indirectly: when the actual measurement isthatofthe _
tra[lsmitted light. The latter is the case for both turbidity and light obscuration methods (seethe following chapters on turbidity
and light obscuration: Nephelometry, Turbidimetry, and Visual Comparison (855), Subvisible Particulate Matter,in Therapeutic. _
Protein Injections (787), Particulate Matter in Injections (788), and Methods for the Determination of Particulate Matter in Inje~tions

and OphthalmicSolutions (1788». Both methodologies exploit time averagedsignals.
In static light scattering (SLS), the inevitable short-term temporal fluctuations in scattering intensity due to Brbwn otic;n

are averaged over a range of times from tens to hundreds of milliseconds.'SLStherefore measures.the "time,average, ntensity
of scattered light frbm particles in a (suitably prepared) sample. Depending on the specifictechnique, SLS provides information
about molecular weight, particle size, particle shape, and molecular interactions (see AnalyticalMethodologies Based onScattering
Phenomena:-Static LightScattering (1430.1). Light scattered in the near-forward direction 'by particles isanalogous to diffraction
of light through an aperture. This is exploited by (laser) diffraction techniques, which are optimized to afford the derivation _
of a full size distribution, with moderate to high resolution, rather than a single characteristic size as in low-angle light scattering
(LALS)/multi-angle light scattering (MALS). , " " ..

Small-angle X-ray scattering (SAXS) and small-angle neutronscattering (SANS) are also static techniques in th
use ofti ragedsigrials. Thesedifferfrom LALS (and MALS) in that they are basedon scatterin - ays (SAXS
(SANS) n visible light. Like SLS, these techniques also measure size,shape, and interac t on muc
length sca es, ypically ranging from around 1 nm to several hundred nanometers. Very/ultra smal-an Ie (VSA
USAXS/USANS) and Wide-angle (WAXS/WANS) analogues extend these length scalesto the micrometer and su
regimes, respectively. These applications are discussed in AnalyticalMethodologiesBased onScattering Phenomen mall-Angle
X-RayScatteri(Jg and Small-Angle Neutron Scattering (1430.5).
. Dynamic light scattering (DLS), which is addressed in Particle Size Analysis byDynamic Light Scattering(430)l and Analytkal
Methodologies Based on Scattering Phenomena-Dynamic Light Scattering (1430.3), differs frbm SLS in that DLS measures the
fluctuation of the scattered Iightintensityover veryshort time intervals (e.g., approximately 200,400 ns).

Electrophoretic light scattering (deterrriimltion of zeta potentia!), which is addressed in more detail in DetermfnationofZeta
Potentialby Electrophoretic Light Scattering (432)1 and AnalyticalMethodologies Based on Scattering Phenomena-Electrophoretic
Light Scattering (Determination of Zeta Potential) (1430.4), measures the Doppler shift of the frequency of scattered light asthe
result ofparticle movements from the cumulative effect of electrophoresis and electrbosmosis.

3. THEORY (GENERAL PRINCIPLES Of SCATTERING)

Light/EM scattering is the result of a complex interaction between incident light/EM waves and matter. An EM wave that is
redirected, i.e. changes direction; when itencounters obstacles such as a'molecule or molecular aggregates, or particles, is said
to have been scattered~Asthe EM radiation, such as light or X-rays, interacts with adiscrete particle, the electron orbits within
the particle's constituent atoms or molecules are perturbed periodically with the same frequency (va)as the electric field of the
incident wave. The oscillation or perturbation of the electron cloud results in a periodic separation of charge within the molecule,
which is called an induced dipole moment. The oscillating induced dipole moment manifests itself asa source ofJM radiation
(see Figure 2). Neutrons, on the other hand, are always scattered by a very ~hort-rangenuclear interaction with the nuclei in
the,atoms.

Figure 2~ Scattering of an incident EM wave. by an induced dipole moment.

The (time averaged) intensity (I) of the light beam as it interacts with matter along its path (i.e., when the incidemt lighfis
detected at an angle of zero) decreases exponentially with the thickness, x, of the layer of material asfollowsh'1 Equation 1:

1Thischapter will appear in a futurePharmacopeial Forum (PF) issue.
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Ii: 10e-:To.
X
• '(1)

vyhe~e'tist~e tur~c:jity!lj~,ctx' .'th.e,._9~~~~£~_t~~t.!~~JI1~i~~!ltJJ9h!!,:~vel~ thrR.Ugh,~b~_s~rnpl~_.
This, equation is the basisJoridiille '(ldflephelometfY. (see (8?5». ." .'. .. '. ." . ..., , "" ,
InSlS, the theoretical description oftne .tjQns~jp ben.yeer,~he (time:averaged) intel1;siti~s of,inciden~ ~~ndsc~ttered ljght~

although :quit~ complex,9riginat~sfrom~tne, oUowing'sirnple're.latioOship(Equation2).2

Th~scattering coefficient,O"scai,anq wittHtthe intensityqf:thescatte~edlight depend on factoi-sdetermined bythe interaction
ofthe incident lightwith the.material/partides itselfas,well asthosestemming fromthe equipment used for generating and
detecting the signal (e.g.; r,the distarlce of~he,.detectorfrorno~he.'sarnPle;/o,~heintensity of theinddent light; and, @, the
angle of observation).

On the other hand; 'when studying thefl,':ictuations in scattered' intensity(DlS)j the way to:extractusefuVquantitative
information isby calculatin'g th,'e,sb~'calle~" ~utocorrel~tiOIi fundi0r"l'" denoted92('t}base~ on the measured in~ensities (~quation

3):

g2;theo~(~Y='(~A~l)~ ,,f 1 : '.' (3)

where in this case, T denotesacorrelationtime (not tobe corifusedwiththe T in Equation 1 above), and the use of the index;
i, accountsfordifferent particle types (~.g.~diffe[e(lt sizes) p're.sen~. A.comguterprograrnJs usedto fiodthe p~rametersAi'Hi
(= A" 8

"
A2,82, ... ) that produce the b.estagr~ernenfbetweenthe measured.and theoretical autocorrelationfunction.

Depending on the methodology, the equations above are transformed to:obtain a measurethat relates the measured
intensities, I and10, respectively, and the autocorrelciti()o funCtion 92(T) to the material itself, independent of equipment
characteristics. These are further discussed in 'the specific chapters inthe U5P-NFdedicated to the,corresponding techniques
(see Table 1).• (USP1.0ec-2019)

Ad~ the f9llowing: " " ~,- - '''''''':'_~ ,,_, ".' _,:" '"",~ _,,:, '," '".' ,', , '",'i ' , ' •. '.' ,,' ,'_, '. '_ ,_-

A(1430.1)ANALYrICA , ,,'ETHOD,O[OGIESBASEDON'-'SCAfTERIN'G
, '·-p;HEN6M:ENA:'S'TAtIC:'.lI~HtSCATfERING

l~'INJRODOCTION

agnetic(EM) wave]sfrike or interact with a smallobject (a particle
, 'ttering (LS).

,t ralJluctuationsin scattering intensitydue to Brownian motion
d' " s to several tentl1sof a second. SLS measures the time average
pa.r~dsC:Hnple; t~e detector signal is, therefore, time independentor

1. INTRQDUCTION
2.THEOf{y
3.,APPLICATIONS

3.1.LOW-Angle lighfScatter.ing,DeteriTIination of Molecular,Weight
3:2 Multi-Angle lignt Scattering
3.3'Combination of lighfScatteringwithSize-Fractionation Techniques

4. INSTRUMENTATION '
5. lOW-ANGLE LIGHT S~ATTERING,YERSUSMUlTI,.ANGl~ LIGHT SCATTERING
6. PRACTICAL CONSIDERATiONs
7.'ADDITIONAl SOUR<:;ES OF INFOiUy1ATf9N
REFERENCES

The phenomena observed when photo
or a molecule) and thereby,changedirett

Instatic light scattering (SLS), theinevit
are averaged over a range 9f timescalesfr, ,e
intensity of scattered light from particles in asuit
"static".

In SlSi the scattered,lightisdeiededand:.mea ,as a function of the angle between,the detector and the incident beam
direction. lightscatteringqm' be either ata singl. Ixed angle, as in 10\N-angle light scattering (LAlS) or right~angle light
scatterin.g (RALS); arover a range of angles", as in rnlJlti-ai'lglelig~t scattering (MAlS)~

SLS provides informationaboyt molecularweight~ particlesize,particle shape, and molecular interactions. " '
This chapter provides gu,idance and procedures f()rLALS a~d MALS~ Thes~ SLS methodologies are based on the Rayleigh

approximation of classical Miescatteringtneo,iy.Jnthesescattering methods, the pa~icles are assumedto be present insolution

2 Hahn DW. Light Scattering Theory. University of-Florida; 2009; http://plaza.ufLedu/dwhahn/Rayleigh%20and%20Mie%20light%20Scattering.pdf.
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(or gas) andfreetomove;thus, the particles are inherently in an uliorderedstate.O'therscattering pheriornenasuc:nasrefleetion,
refraction, and diffraction require the scattering particles to be highly orderedandareoutofthescope Qfthis text;

2. THEORY

SlS techniques are based on measurement(s) of the scattered light intensity (Is) itself, as opposed toindired measuremehts
(e.g., inferring the scattered intensity from the attenuation of transmitted light).. .. ' . . . .

In order to obtain a measure that relates the material itself to the scattering' intensity, indepel)dent of equipment
characteristics, one defines the Rayleigh ratio, R(®), for the sample under investigatio'n (Equation]):'

15(0)r
2

R(B) = 1 V (0) ,o 5,

R(®) is defined as the 'scattered intensity per unit solid angle, scattering volume (Vs), 'and incident intensity (10) that is in
excess of that scattered by solvent alone, and r is the distance of the scattering volume from the detector.

Figure 1 shows that the scattering of light on the particle changes the wave vector from kine/dent to-";ksea~te,. Forsufficientlysmall
particles, only the direction, but not the wavelength, changes as a result .ofthe collision. Hence, the length oUhe wave veCtor:
-7

k, remains unchanged.

Figure 1. Scattering of light at an angle ®.

.' ally at the
vesinside

V,'vV~

~

kincident

LA f\ A

Asthe EM wave interacts with the electron orbits of the constituent molecules, the orbits are p
same frequency as the electric field of the EM wave. The oscillations of bound andfree charges In t
and outside of the particle.

Although Maxwell's equations for an EM light wave interacting with a sphere completelydescrlbetheseinteractions,)r9per
boundary conditions for electric and magnetic fields are needed to find the exact solutions for these equations; along with the
values of the quantities of interest. Moreover, such solUtions are difficult to find:

One ofthe rare exact solutions for the scattering of a plane wave by a uniform sphere is obt
scattering (1). Mie, theory has no size limitations; it converges to the limit of geometric optic~
therefore, may be used to describe most spherical particle' scattering 'systems. However, diffrcLi
fOfthe wave equations have led.to the development ofapproximate. methods. ofsolving the scatt p .' f
these approximations, known as Rayleigh scattering theory, describes light scattering by particles that are so. pared to
the wavelength of the light (2, 3). Due to the complexity of the Miescattering solution~ the Rayleigh scattering t eory isgenerally
preferred, if applicable.
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\Alhen' the scattering particles are much smallerthan the wavelength ofthe light (approximatelyl!20 ofthewavelengthor
less), 'they are ~onsidered to be at the Rayleigh scattering regime.The EM fieldaCting on, the partide in the Rayleigh scattering
re.gil1"!ei,seff~~ti\l~IYborJlogenoLJs,- Ibis i~ a.veryjrnPQ[tant.apprm<imCltlonJQJ.bi.ome.dicaLQptics~ecau5emany'oLthe structures
from which cell organellesare built (e.g., the tubules of the endoplasmic r~ticulum, cisternaeof the Golgi apparatus) fall into
this category.

Therefore, the time for penetration of the electric field is much shorter than the pefiodofoscillation of the EM wave.The
particlebehaves like a dipoleand therefore radiates(scatters)light isotropically, I.e., at an equal intensity in all directionsrelative
to the directionof the incident light. With larger particles and/or shorter wavelengths; the scattered light begins to exhibit
additional interferenceeffects from other atoms within the molecule.
'In addition, the scattered light has the samewavelength as the,incoming light, a process referred to as elastic scattering,
Moreover, the intensityof the scattered light is independent of the particlesize.,

Atthe Rayleigh limit, the Rayleigh ratio istransformed to Equation 2:

(2)

Thevariables are defined asfollows:

3.1 Low-Angle Light Scattering Determination of Molecular Weight

Depending on the experimental conditions, it is possible to further simplify Equation 2, thereby making itamenable to
practical applications. In particular, at small scattering angles, e ---40, p(e)-+' 1. Th~refore, atsmaJl angles, scattering is
independent of e. This observation forms the basis of LALS. Note that measurements at e = o are impractical because the
incident (laser) light would.interferewiththe measurement.

3.i J MEASUREMENTS ATLOW CONCENTRATION

R(0)
K*

P(0)

c
A
Ao
n,'no
dnldc

= Rayleigh ratio
41l'2n2

== optical contrast parameter =[4;r2n~(dn/dc)2]/(A'bNA) and K* =K x (dn/dc)2 where K isaconstant,'K= '. 4 0
AoNA

[NOTE-K* =1= 0 onlywheri n =1= no, I.e., dn/de =1= O. Modern instruments relyon laserlight, and the incident light is
polarized. Forunpolarized light; the constant factor 4 is replaced with2.]

=form factor =l.~ (16n;2/3..V)(r~) sin2(S/2) captures the decrease in scattered'
between individual scatt~ring centers within a large molecule: At a smal

=second virial coefficient; describesinteractions between molecules. In an . -: em. u 10

are no inte~actions between molecules) and the intensity of scattered light'will increase linea . th th~
concentration. Because interactionsbetween molecules become rarer at lowerconcentrations(e),'at the limitc-:-+
o it is reasonable to assume that A2 =O.

~ weight-average molecularweightof theanalyte/solute
=radiusof gyration, the equivalentspherical particle radius:At the Rayleigh limit, r9 « Ao, forexample in the case

of visible light in which ,10 > 400 nm, then (9 < 15-20 nm.This is true for folded proteinswith Mw< 5 x 107;

= analyte concentration
== relative scattering wavelength: A=Aaln
=incident wavelength
=real refractive indices of the particle, and solvent [refractive index (RI) inthe absence of absorption]
=the differential. RI(concentration) increment, I.e., the change of n withthe analyte concentration, needs to be

known in advance. It should be determined separately, either from literaturedata or experimentally. It has a
constant valuefor many proteins in water-based buffers and for polysaccharides:

• Proteins =0.18-0.20mL/g
• Polysaccharides =0.14-0.15 mL/g

Forglycosylated proteins, dn/ de may not be the same for all glycoforms.
=Avogadro constant

3. '. APPLICATIONS

Further/at the limitof lowconcentrations, the term A2 x e,approaches O. Equation 2 then simplifiestoEquation3,asshowl1
~~ , . , , .

(3)
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A prerequisite prior to applying the above equation.is an accurate dete(minatiollof the value of dn/dc, which is dependent
on both the solvent and the sample/analyte. The value of dnldecan be determined experimentally by measuring the RI of the
samf>I~lfl~~kn9W[lsolY~ntatyariousc9Ilc~fltIa!i()ns.The sl()pe otthe regressIoll line~()tn.\;~rsuse is~ then~njcl~~ .' ~

For example, fora protein or complex that contains no carbohydrate, dn/dcis constant (often ~ 0.185 mL/g) and nearly
independent of the amino acid composition of the protein. However, it is advised to measure the actual dn/dcfor each material
in order to obtain an accurate result.

3.1.2 MEASUREMENTS AT MULTIPLE CONCENTRATiONS

When data are available at several concentrations, the~econdvirial coefficient~ A2, may qe determined (see Equation 2).
To determine the molecular weight, Mw, from measurements at different concentrations and at low angles [at which' peE»~

~ 1], use Equation 2:

K* Xc. 1 .. ;
R(B) ="iT + 2Aix e (s)

w

Byextrapolating the function K:(~)C to zero concentrations, the linear regression yieldsMw as weil as A2 :

Intercept=1/MwSlope =2 x A2

However, the molecular weight obtained by this approach is very sensitive to the molecular polydispersity of the sample as
well as interference by impurities.

3.1;3 COMBINATION WITH OTHER DETECTION TECHNIQUES

Determination of Mw by LALS stipulate~ that dn/de is known. To this end, the RI increment, dn/de, has to be measured for
several different concentrations to generate a plot ofdn/deversus e, the y-intercept of which is dn/de. Alternatively;,when dn/
de is constant, the slope of the regression line ofnversus cis dn/de. Determination of dn/de is facilitated by the coupling of
LALS with an RI detector, and Equation4 is used for the RI signal, as shown below;

RR/(8) =KR/cMw(dn/dc)

Combining Equation 3 andEquation4 leads to Equation'S, 'as shown below;

(4)

. Mw=K'(LS)/(RI) (5)

where K' =KR/[KLS(dn/dc)] is the instrument calibration constant. The molecular weight Mw is then derived fromthe ratio of
the LSversus the RIsignal. This assumes thatdn/de is constant. .

When dn/de is no longer constant, for example in the case of carbohydrate-containing proteins, an additional detector is
needed. For samples detectable by UV, a wavelength is chosen at which e for the carbohydrate butnot the protein part is =O.
Then the e in Equation 6 below.is effectively that of the protein:

VV= KuvCs (6)

3.2 Multi-Angle Light Scattering

The value of the specific refractive increment, dn/dc, can then be assumed tobe proportional to (RI)A/(VI/). The outputs of
the three detectors, designated LS, R{t and Vv, respectively, are related to.the molar mass ota sample according to Equation
7, as shown below:

(7)

(8)

2
M -~ x (LS)(UV)

w - KLSKUV e(Rf)2

e is a material but not an' equipment constant and' usually must be determined separately.

In MALS, measurements are made at multiple angles (at least three); To obtain the values of the three unknowns on the
right-hand side of Equation 2 (Mw, A2, and the mean square radius,r~), measurements ofR(8)at threedifferent angles are

needed in order to obtain three independent expressions of Equation 2. The number of angles at which measurements are
made (I.e., the quantity of data collected) determines the precision (reproducibility) as well asthe accuracy,of the measurement.

Bymeasuring the angular dependence of the signal, it is possible to.calculate the molecular size (rg) from the initial slope (at
small angles) of the angular dependence in Equation 8, as shown below: .

d 16 2n2r2y 77:, 0 9

dx = 3A.~Mw
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yVhere no i~ theRI ofthe.solvent, r9 is the root mean square.rqdius (radius of gyration, molecularsize), Ivo,is thevacuurn
W·- elengtl1of thelaser,cmd Mw is the molecularweight. . " '. '. .•

.' ,'.. ddition,' ~easLiringthe signal over multiple angles provides informati()no~the three~dlm$nslonal shape ofthe analyte,
eit~erl)yusjngnon:.nhear regressionarialysifor grapnicaJlybyuSing Zimm~plots (4).

3.3 Combination of light Scattering with Size;.Fractionation-Techniqu~es

A,more robust approach to mol.ecular weight determination is based on ,pre-fractionat.ion of poly-dispers~ proteinnlixtLlres
oranalytes into'"slices" of uniforrru:nolecular weight. The coupling of fractionation and detection techniques affords more
information than, either method can provide on its own. '. .

Size-fr . nation techniques include size exclusion chromatography (SEC), field-flow fraCtionatioii (FFF)techniques, and
er se ion modes. By applying light scattering in combination with another concentration detector such as Rlor UV, a
ecomp ete description ofthe molecular weight distribution can be realized. . . _ .

Figure 2 shows an example of this for a sample of Dextran with a known .molecularweight of approximately 40.kDa. The
diagonal line shows the molecularweight across the SEC curve, and the entire distribution can be used to calculate molecular
weight moments; the most obvious one isMp, which is the molecularweight at the peak ofthe distribution. In addition, three
other parameters can be calculated.:

1. Number-average molar mass:

2. Weight-average molar mass:

3. Z-average molar mass:

3 2M ~ :EnjMj _ :EcjMj

Z- :En M2 - :Ec.M.
j j I I

The valu,e of n; is the number of moleculeswith molar mass M;, arid c;is, the weight concentration of molecules with molar
mass M1 (as determined by the RI detector).

,In the case of 40 kDa Dextran, the measured 'parameters are shown in Table 1; along with acalculation of the polydispersity
(Ip = Mw/Mn) ·

Table 1. Measured Molar Mass Parameters for 40 kDa DeXtran

Parameter Value

Mn 29,420

Mp 34,650

Mw 40,760

Mi 55,960

Ip(=Mw/Mn) 1.385

Figure 2. Molecular, weight distribution for 40 kDa Dextran.

4. INSTRUMENTATION

Moderr~ light scattering spectrometers use laser light becau?e of the following advantages thatlasersoffer over conventional
light $ources:
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• Reliability,
• Beam,collimation
• Single wavelength (scatteringdependsonthe wavelength of the sc:atteredJight)
• EqLilpmenfdurabilitYaridcompactness
figure 3 sh<;>wsa tYpical setup for the measurementof SL? Amonochromatic light source (Le;,'alightsource elllittingllght

ofonly one wavelength;u5uallya laser) shineslight on the sample.The intensityor the powerbfthe s.cattered Iightis beiflg
measured at a kn,own scattering angle 8 by a detector.

Figure 3. Atypical :setupof a static light-scattering instrument.

Historically, the measurementsat differentangleswere made.usinga scanning photometer (single detector, Variable angle).
More recently, photometers containing a fixed arrayof 3-18 detectors have come into use.

5. LOW-ANGLE LIGHT SCATTERING VERSUS MULTI-ANGLE LIGHT SCATTERING

A majoradvantage of LALS isthe exact measurement of high molecularweights (>10 million g/mol) without the
principle-related errors that oftenoccur.with extrapolations,which are,necessary for measurementsat higher angles (but not
with the use of many angles).

The major drawbacksof LALS when'compared to MALS areas follows:
• Higher noise: Low anglesare always noisier than high angles.Although using in~line filter(s) removes the scatteringeffects

of debris from the low-angle data, it also removes much of the signaL Further, the·measurementpredsion is roughly
proportional to the square root of the numberof dete'ctors.

• Less information.: Multi-angle data are needed to solvethe Rayleigh equations;
• Incabilityto obtain information on molecularsh'ape (see3.2 Multi-Angle LightScattering).
LALS techriiqLie~ and systemls may be pr' red for their simplicity and have beerioptimized to deal withtheirlnherently

lower'informationcontent (e.g., Iinearizati trategies of multi-concentration data such asZimm plots): tow-angles' ms
will be much.cheaper <thd less dependent than the more complex equipmentand (proprietary) fitting alg.orithmsu
mu!ti-angle systems.Finally, with the use of additional coupled simple detector systems'such as RI and UV, the det ion
of mQlecular vyeight using LALS isa feasiple, robust option. . '. ". .

Acombination of the simplicity qfLALS withthe improvedsignal-to-noise ratioof higherscatteringangles,offer
detectors, isachievedwhen performing measurementsat 8= 90°, the angle with the highestsignal-ta-noise ratio
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'{high molecular,weight, there '1/
gh rT10lecular w~jght prQteil')s, .
,additjonaltheore~itaJassump

osignificari
htscatter
hat are di

e,ofthe scatteringwith thistdnfigLiration;
,rectedwith a viscosity "cf~tector, ,which '

,u Il1eapplic~ti()ns.

TaJjle 2. MostConunoricGoverriing'Equations
lovvConcentration MultipleConcentrati,ons

Low-angle light scattering(LALS)

M(Jlti~angh~ Iight'scattering(MALS)

K*c i'
R~e) ,=- Mw

Output: Mw,only

iondiroma
eirinteracti

7. ADDITIONAL SOURCES:OF INFORMATION

ory: Unlversifiof Florida; 2009.: http:!fplaza.,L1fl.edu!dwhahn/Rayleigh~20aQd%2()Mie

.. Ligh~ scatteringrrieasuren,ents:or:l'liquidsatsi1JaU an.g1es. JPolym Sci (1971;9(9}:695;

!ring: ~lhr[ef Jntro~iJdion. University ofcopenhagen; 201'6:http://WWVv~ribLdJ(/~ogendallp'ers()n~1/

ase/ljghfscattering detection inthe fieldof DiochemlstrY: review ofrecent progress:

Add!tiolialcolj~iderations:

• f

•

•

•

•

1. Mie C; Contri6utions to the' o·ptT.cs.of turbidm~di.a, .p.articularly of collord~lI'metals'oluti6n.sIAnn P1Jys; J 908;25.(3):3!(~
44~.

2. Stru#)W\On'tne'scatterihg'ofllghtby smarlparttcles; Phi/os Mag.'1871 ;41(275):447:.454,.
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3. Strutt.JW. On the 'electromagnetic theory of ,light. Phi/os Mag.1§8.1;12(73):8.1-10J.~

4. Wyatt PJ. Lightscattering and the absolute characterization' ofmacromolecules.AriaIChirn~Cta.1993;172(1):T-
40.~ '(USPl ~Det-2019) . , ..

Add the following:

~<1430.2)ANALYTICAL 'fV1ETHODqLO'
PHENOMENA-LIGHTOIFFRAcTIO'N

PARTI ZE

1. INTRODUCTION
2. THEORY
3. INSTRUMENTATION
4. APPLICATIONS
5. METHOD DEVELOPMENT
6. METHOD VALIDATION STRATEGY
7. DATA INTERPRETATION AND REPORTING

1.'INTRODUCTION

Lightscattering measurements may be used for the determination of particlesizedistributionsb
particleshas an angular dependence on the sizeofthe particles.lnprinciple,this applicatiqn
as the low-angle light scattering (LALS) and multi-angl,e light s ing (MALS) techni ,
measurement method lies' he higher '.
measurements allow r t erivatio
characteristic size. iali
Additional details eth

,Lightscattered by particles in
application makes use of the
to as laser diffraction due.to th

The range of application, sp
only used technique for particlesize a

a ommon. Measurements can be pertor
applicable to sizes ranging from about 0.01
through which light can be transmitted

The discussion in this chapter will foe
Thisstill coversa wide range of materials,m
materials, raw materials, in-process formula '" ,
crystalline, amorphous, single-or multi-phase, arid combinati,

2. THEORY

The complete description of lightscattering byspheres isgiven oytne Miethea
equation for tlie interaction of light w' n optically homogeneou '
p . es, but alsofor light passingthr , the particles, Le;, ref

e theory that does not account for tion. ,The assum
al relativeto the matri~ and the ab vityare high,.so

c1es are large relativeto the wav~lengthof th . . ent light
ral miCrometers for visible lightsources.:Thou Fraunho

itcan produceknown artifactsand error ,it can still
often negligible for larger particles. A hi descriptio
13320:2009~Particle sizeanalysis-Laser thods;

Some limitations in Mietheory a at mon
and that they are opticallyhomoge , s', tions
materials.Anadditional complicationisth.atmost measureme!1
particles may present a range of aspects to the incident light axisdu
particles.Consequences of these deviationsfrom theoryare disCl;lS

RI includes both realand complexcomponents. The realcompon
(Becke line technique) or from the RI of solutionsof known concen , . . " ' ,. ", ' " '

In the Becke line technique, particlesare immersed in oilsof knovynRI and observed with transmitted light. As the focus is
moved above the plane of the particle, a bright ring may be observed moving into the region'of higher RI,Le., either into or
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awayfromthe particle boundary. Using differentoils, the particle RI may be determined weI/ wlthinfhe~eee:tedaccuracy:Using
polarized light, the RI of the individual crystal/ine axes may also be determined. Inthat case, an,averagedvallJemay be useq
inthe Miemodel.

-rn·thesofLitio-n-method, an Abbe refraCtometer is used tOllleasure the RI. or a solution' for which{h' ncentra'tion of the
mqterialis known.'Extrapolating the solution RI, from a seriesof knownconcentratior)s of the,materia that of the pure .
Substanceyields a good approximation. This may require knowledge of the true densityof the ·al., -, . .' .

The imaginary component of the RI is the absorptivity valuefor the wavelength oflightusedi light diffraction
nieasurement. Formost non-colored materials, this willbe very low. This value is not typically measur d.

Forboth components, the values should be considered as initial approximations.Although the Mi
especially dependent on the chosen values, it cansometimes yield unrealistic results. Th,e sensitivity 0
smallchanges in the assumed values should be assessed. This requires onlythe recalculation of anexis
differentRI values. Final RI and absorbancevalues should be chosen to avoid being too near,an ar~ao.

resldtingsize distributions should always be evaluated to assure'that they realistically represent the sample:

3. 'INSTRUMENTATION

Instrumentationconsists of light source(s), a measurement region, optics to collectthe scattered,arid unst
multi-:element detector(s), and necessary hardware and softwarefor the computations. Often more than 0
be used. Light sourcesare usually lasers, though not always. Sources of differentwavelengthsare mainly u
size range, especially to better handle samples in the submicron region.

The measurement region iswhere the sample is measured. Depending on the specific applicat
well-defined position relativeto the detector and optics, and comprises windowsthat physical/yeo n.
Associated sample dispersion equipment isalso part of the instrument. (An exception would befor ins ruments
designed for sprays or on-line use.)

The detectors must provideadequate spatial resolution needed to best define the diffraction, pattern.To best resolve the
variations indiffraction patterns in the applicablesizerange, most elements are withina relatively lowforyvard angle.Additional
detectors at wider angles are often incorporated to extend the range to smallersizes. Depending on the' ment design,
different lens.esmay be used for specific size ranges. This is not common with the reverse Fourier config

Furtherdescriptions and illustrations of common instrumentationconfigurations are shown in (429) a 0 '13320.

4. APPLICATIONS

5. METHOD DEVELOPMENT

In principle, the light diffraction technique may be applied to any particulate systemthat allows for sufficient transmlssiqn
of light: solid in liquid, liqUid in liquid, gas in liquid, solid in gas, and liquid in gas. However, it Is most commonly applied to
solidsdispersed in either liquids or gas (air), and to spraysof liquids or solidsin air.

Forsolidpowders, dispersion.in either liquid or gas both offeradvantages and disadvantages. Dispersion in liquid
allows better controlofthe degree ofdispersion of the material, whichisimportant for understandingthe desired .
of the powder. It also offers the advantage of.being able to sample the dispersion'sparticles from the.instrumeri
outflowfor observation by microscopy. Microscopy permits observation of the particles in the same state they
light diffraction measurement. Obtaining particles from a dry dispersion as they exist in the dispersion would
impossible.

Disadvantages of liquid dispersion includepossible changes in the material characteristics due to dissolutionorflocculation.
Selection of the dispersant systemi including use of surfactants, is critical to developing a suitable method.

The advantages of dry or air dispersion of solid powders include the absence of solubility concernsand mlnim
preparation. Asignificant disadvantage isdecreased control of particle dispersion. Though a range. of dis .
applied by controlling the shearingair pressure, there istypically a reduced ability to separate deagglo '. rticle
fracture processes. The occurrence of artltacts appearing as largerparticles has also been observed, POSSI y due to rna erial
flaking from the surfaces of the dispersion unit. Larger sample sizes may also be needed.

Drydispersion also requires adequate filtration and containment of the vacuum exhaust. Highly potentor toxiC materials
may not be suitedfor this analysis. ,~

The use of dry dispersion is most appropriate for materials used in a similarly dispersedstate, for example, the analysis 'oJ
liquidor powder sprays from drug products and devices.

The fundamental step in starting the development of a method is to definethe desired state ofdispersio
Almost all powder sampleswill exhibit some degree of agglomeration.Attractions due todispersion orvan
electrostatics, or physical attachment, etc., are present in any sample.The strength of the attachments variesWI
depends on the particles' size, composition, and prior processing.

The terms agglomerate and aggregate will not be defined here. Within the scope of pharmaceutic
an essentially continuous range of particleassociation strengths. J\gglomeratesor associations can ~

veryweak and easily disrupted with minimal agitation, to those that are, verystrong.and physically bo
terms agglomerate and aggregate are sometimes used interchangeably, 'depending on the process use '.,

Itis critical that the intended use of the particlesize information be Linderstood to determine the.approp
dispersion. Forexample, measurement of primary, i.e., fully deagglomerated particles may be more informative
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understanding the particle formation process or inherent dissolution behavior of a powder.Altern~tively, including
agglomerates in the measured distribution may be more useful for understanding issues ofcontentuniformity and powder
flow.Ag()()d.tJnd~rstClnding.ofthe lntendeduse.ct. the materia/and expectedforces encountered during Jurther processing
willh~lp to determine the appropriate dispersion. Optical microscopy is an importanttool to<.:haracterize the. sample dispersion.

Atypical dispersion study (assuming a solid in liquid dispersion) would first consist.ofanalyzing a suspension creilted with
minimal dispersion energy,. e.g., by stirring or vortexing. Subsequent analyses of the suspension are performed afterappli~ation

of increasing dispersion ~nergy, e.g., with added sonication times. If this is notpossiblewith<.lsingle preparation,multiple
preparations may be used. At each stage, thestabilityofthe sample should be examined;e.g.,with a stirring study. Comparing
the resulting .distributions with consideration ofthe sample behavior and supporting rnicroscopyreveals the suitability of the
dispersion conditions.

Fordry·dispersions,.·analyses using different shear air pressures and feed rates are done. This is oftenreferred to Clsanair
pressure titration study.

Once the intended state of dispersion is determined, method development will focus on how to bestachieve and maintaill
that state reproducibly and reliably. For powders, dispersion either in air or a liquid is. necessary. For liquids, the dispersant must
support the dispersion of the particles to the desired extent, with no dissolution or other physical changeor.re-:agglomeration.
Though dissolution is not an issue for air or gas dispersion, achieving the proper degree of dispersion may be.agr~ater issue.

The amount of incident. light scattered or absorbed by the sample, expressed interms ofobscuration, transmittance,or,
optical concentration range of the sample, is related to the sample concentration and serves asa convenient proxyfor relative
concentration. It is expected that this will affect the measured size, though a range of values where the sensitivity of the results
is low should be possible. This Is generally a function of the overall instrument design and not material-specific.The lowest
concentration must be sufficient to minimize the effects of noise, and the upper limit isneededto minimiz~the effects of
multiple scattering. Suitable ranges may be recommended by the instrument manufacturer. Restrietingthe range may improve
reproducibility.

6. METHOD VALIDATION STRATEGY

Chapter (429) provides gUidance to demonstratethe required accuracy and Precision forthe instrument and methodspf
the laser light diffraction technique.

The International Council for Harmonisation (ICH) guidelines on method validatioridonotfully account forcharacterizatioh
methods such as particle size analysis. However,the fundamentalconcernsabout method precisionandrobustness stiH apply.

As described in Validation of Compendial Procedures (1225), precision· ~hould be addressed. by assessing repeatability and
intermediate precision. Additional assessments of reproducibility could include multipleinstrumentsandlaboratorylo<:ation.

The robustness assessment should addressthe sensitivity of the method to other likelysources of variation. and should
establish a range of acceptable conditions. Factors to consider will depend on the type of dispersion. For Iiquid·dispersions,in
addition to the classic stability considerations, this should include an assessment of thestabilityofthe dispersioninthe
instrument over potential analysis times. Sample concentration, as indicated by obscuration, is an important factor, as it is most
likelyto have some effect. Other typical factors could include stability of the predispersion, recirculation or stir rate, dispersion
energy, equilibration or stir time before initiating the measurement, and measurement time. Fordrydispersion,. measurement
time, sample amoun t,'air pressure, and feed rate to achieve target obscuration may be most important. These factors may be
examined using an experimental design. For example, two or more factors could be evaluatedbyusing high andlowvalues at
about the nominal value and·determil1ing the main effects.

Overall, the greatest sources of variations in the light diffraction technique are the sample properties, the sample preparation,
and sampling. These far exceed any variations in the measurement process.

Given the fundamental aspects of the measurement process and the techniqLle-dependent definition,of size, the assessment
of the accuracy is not simple. Comparison to an orthogonal technique is not always possible, especially given' the differerit
effects the particle shapes may have. Asubjective assessment using optical or el<;!ctronmicroscopyis recommended to compare
the range of particle sizes observed with the reported light diffraction results.

7. DATA INTERPRETATION AND REPORTING

The ease of acquiring particle size distribution information by light diffraction belies potential pitfalls in i.tsinterpretation.
Other than for perfect spheres, the concept of accuracy in describing the size of a single particle,much less acollection of varied
particles, is elusive. The chosen optical model, particle shapes, and optical properties Of the sample all influence the results of
the measurement.

Cakulationsare based not on the sizing of any single particle buttather on the average diffraction pattern from the ensemble
of particles passing through the measurement region over time. During this time, theparticlescan present multiple orientations;

The calculated size distribution is also not directly calculated from the diffraction pattern. Rather itis.the result ofcomparing
the cumulative. theoretical patterns of individual size fractions, calculated using the chosen optical model,to the measured
diffraction pattern. The relative proportions of the individual size are varied until the resulting calculated pattern best matches
the measured one.

Thus the size distrihutionofa sample is best described as the site distributionofspheres with defined opticafpropertiesthat
produces.a diffraction pattern eqyivalent to that of the, sample..lnterpreting themeasuredsizedistributionintermso.fspecific
physical dimensions, e.g., length or width, is amistake. Doing so has important implicationsfortheinterpretat;on of the
reported, size distribution, especially when considering the effects of particle shape on the results. ... ..'

In some cases, the distribution of the modeled spheres may be restricted toacertain definedshape,e.g.,'a normal,
log-normal, or Rosin-Rammler distribution. This was more common during the early stages of the instrument development,
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~hen 'c()mputational abilities were more limited. Thisapproach is notcommonly used today, thoughthe option maybe
available hi the instrument software.

B us ofbow the results are derived, the particlesize distribution from light diffraction measurerh' consi
art" tative-fr,rcticm-ofVofUijl-e{or fTiass,-assqrfjrn~nfunifOYin deiisitYFtnaffslesslflarqneaefjne- c

distributionisthe basis for, deriving the most commonly used statisti<:;s., These includepercentilesizes such a ',' " ' '"" the
sizes for.which 50% and 90%, respectively, of the sample volume are less than); aswell as sizequantilessUcnas,Q10(the
fraction lessthan J0 pm). Theseare derivedeasily by interpolationJrom the cumulative.distributioh. FQfother statistics, such
as va~ious mean sizes, central values of the individual size bins must be assumed.

In plotting particlesizedistributions,if.represented as a scatter plot, it should be 'realized that it is more properly:conside.red
asa histogram,with the relative height of each band representing the volumefraction 'within the size'band, i. between ,the
upper and lowerlimit. Unless the bin's are ,evenly distributed on the size'scale, the distribution densityfunctio . e is
whatshould actually be plotted. The distribution density isthe volumefradion divided by the widthof the siz, , , ,lIows
forthe properly proportioned representationof a distribution when the size bands are of.different widths. It will also permit
measurements from differentsources,with differ~nt numbers of bins to be overlaid on the same p!ot. One caution isthat tnis
quantity will change ifthe scale basis of the sizeaxis is changed, e.g., from linearto logarithmic.

Furtherdescriptions of particle sizedistribution statistics can be found in ISO 9276-1 ;1998-Representdtion,ofresults ofparf.icle
size,analysis---:Part 1: Graphical representation through ISO 9276-6:2008-Representation ofresults ofparticle sizeanalys;s-:"'Part
6: Descriptive andquantitative representation of particle shapeand morphology. A (USP1-0ec-'.2019)

Add the following:'.

'A(1430.4) AN~LYTIc:AL METHODOLOGIES BASED ON_Sc:AIT~~INq
PHENOMENA~ELECTROPHORETIC LIGHT SCATTERING

(DETERMINATION OF-ZETA POTENTIAL)

1. INTRODUCTION
2. THEORY
3. INSTRUMENTATION
4: APPLICATIONS
5. DATA ANALYSIS

5.1 Calculation of Electrophoretic Mobility
5.2 Calculation of Zeta Potential .

6. DATA INTERPRETATION
7. ADDITIONAL SOURCES OF INFORMATION

1. INTRODUCTION

Zetapotential is a parameter that is primarily used to characterizethe stability of suspensionsand emulsionsdt can ob~
used to study surface morphologyand adsorption on particles and other surfaces in contact with a IiquicL Zeta potell is
indirectlydetermined by the appropriate theoretical models from experimentallydetermined parameters, such a's
electrophoretic mobility. Electrophoretic lightscattering (ELS) isthe most general and common wayto determine zetapcitential
of colloidal systems.

2. THEORY

Asuspension of particles that has a given electrokinetic charge is placed ina cell that lias a pair of electrodes placed apart
at aknown distance. A potential of known strength is generated between the electrodes and, by electrophore~ls, results in the
particles migrating toward the electrodeof opposite charge. To detect and quantifythis migration, particles are illuminated.
by a laserand the Doppler shifts of the scattered light from particles arerecorded. The difference betw~enthe frequencies of
the incident light and the scattered light is used to determine the velocity and direction oUhe particle migration.The particle
veloCity is then used to calculatethe electrophoretic mobilityby taking into account the s~rength of~he electrii:field: Then,
taking into account the vlscosltyand permittivity of the base liquid, the electrophoretic mobility is used to calculatethe zeta
'potential.
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3.·JNSTRUMENTATION

USP 43

..ELSJ;eta.potentiafJnsfrurneritS.areUght,.scatterlng.instrumentsfhathave-either.a-referencebearTt.QptiCs.4Ug~nt-(most
common)ora cross~beamoptics alignment (less common). Anexample of atypical small;angle, Iight~scatterlng,zeta potential
instrument (from ISO J3099,,:2:20121 ) is ~hown in Figure 1.

Figure 1. An example of a small-angle light scattering zeta potential instrument with reference beam optic arrangement.

Key

1. ()ptical modulator 6. Beam splitter
2. Attenl.lator 7..Reference beam
3. Laser 8. Scattered orreferencelight
4. Sample cell with electrodes 9. Processor
5. Beam stop 10. Photoelectric detector

rhecross~beam optical alignment instruments differ from the reference beam instruments inthe fact'that the laser beam IS
split into two beams of equal intensity that cross symmetrically (at a fixed angle between them) enter the sample cell frqm the
same side.

Atypical zeta potential measurement instrument is comprised of the following components:
I. A sample cell to contain the test suspension between two electrodes so thatan electric field 'can'beapplied.
2. A sUItable laserto illuminate theparticl~s Within the sample.
3. Asuitable,detectorto capfure the scattered light and the frequency shifts in the scattered light when the electric field is

applied.
4. A softwa~e and computer system to process the collected scattering data and compute the mobility and zeta potential

using appropriate models and algorith.ms.
The primary experimental technique used to determine zeta potential of tolloidal systems is ELS.lnthis technique,a

suspension is pl,acedbetween two electrodes and an electric field isgenerated causing the ions and charged partide,s to migrate
toward the oppositely charged electrode. When a laser is focused on the sample, this migration causes a Doppler shIft In the
frequency of the light s ttered by the solution~ An intensity or spectrum analysis of the shift in frequency Is used to determine
the electrophoretic mo . of the partldes. Electroosmosis, the migration of the liquid along the sides of the cell flowing In
the opposite direction, r. .' t~e particle ,migration, may affect the electrophoretic mobility measurement. A mechanism ,to
correct for electroosmosis is often used during the measurement.

In·cases where the Doppler shift is 'Very small, the frequency analysis may not have enough resolution to determine the
change. In such cases, phase analysis light scattering-basedsystems (PALS) can be used to perform the phaseanalysis of th~
shift. Atypical schematic example ofaPALS~based instrumentisshown in Figure 2.

Figure 2. An·example of PALS-based arrangement set-up ofa zeta' potential instrument.

l©ISQ.Thlsmaterial is reproduced from ISO 13099-'2:2012 with permission of the AmeriCan NationalStandards Institute(ANSI)onbehalfof the
International Organizationfor Standa.rdization. The complete standard can be purchased from ANSI at webstore.ansLorg. All rights reserved.
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~=dielectricpermittivlty 6fthe m . m(orbas(liq!Jia)
T\O =viscosity ofJhe m~diurn (or b~ > !,lid)
1< =redprocalof the Debyedouble~~ayerthickriess
(X .:;; sphere radius
f(1<.f!.) = qmonotpllic function varying from 1(1\.0.) '=1 ~. aSI<:a.~ 0, !o f(l<:a.) = 3/2, as 1\:0. .~'~

1, typical for'large particlesin aqueous. suspensions, 1(1<:,0.) =.3lZ.irrtbe ab()veformula,/~ leadi'rig to' the
equation (Equation 4)~', '. r- .. " ". . ... >... '...... _.' '.., _. ,'_ . _." _

.1, typical for small pal"ticles ifl organic liquids, /(1(0.) = lin tbe aboveformula,leading.to the HUckel equation

, Fornon-conductivesphere~/zeta pot
relationship with electrophoreticmobili
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(4)

(5)

Thus, depending on the nature of the particles and suspending medium, zeta potential, (~) is calculated froin the
electrophoretic mobility (1-1) utilizing either the Smoluchowski equation (Equation 4) or the HUckel equation (Eqwjtion;S)~ .

The Smoluchowski equation is used when large solute particles(thehydrodyna:mic radius' targe compared to thethickness
of the electrical double layer) are probed, whereas the HUckel equation is preferred'whe all solute particles (the
hydrodynamic radius is small compared to the thickness of the electii cal double layer) ar obed.

6. DATA INTERPRETATION

Zeta potential, expressed in imitsof millivolts(niV),' is primarily used to Ctlara¢terizethephyskalstapility 'ofasLJspen .
emulsion. An unstable suspension may result in flocculation and sedimentation, an'pan uns ..', ,col
result in phase separation. In general, GjS the absolute value of zeta potential decreases inm ens,i
become less stable and vice versa. The stabilityevaluation must be performf;d in conjunctio vanttechniques.
Although the relative stability change ofthe suspension may be indicated by'chan es in the va h ta' te . I, the~e
is nk between zeta potential and absolute stability. Moreover, multipl inaf rent r p .ration~
m necessary to make generalnclusions regarding the stability,"ff spen

A ugh zeta potential is comm Iy usedto quantitatively chafact ,t . i1ityo
be the sole indicator of stability. Typically,zeta potential data are coupleq with other quan
techniques to monitor and characterize suspension stability, such as monitoring appearance or.turbidity over time.

Zeta potential is also relative to the composition of the suspension. Typically"there is no distinct value ofzeta potential that
can be used asa threshold of stability.

Itis 'important to note that zeta potential. is a characteristic ofasuspension; 'and not justofthe particles: Thisindudesthe
'particles and the surrounding liquid 'enVironment with any ions or chemicals present in equilibrium. Ifcare is not taken,
performing multiple dilutions may alter this environment and change the zeta potential. It is also important to note that since
the mea ment relies on the migration of particles in an electric field, performing repeat measurements (NMT 3-5 depending
on the s Ie) on the same aliquot may cause a shift in the zeta potential. If significantchange is observed, an orthogonal
method may be used to verify the integrity of the sample. Also note that a change of the zeta potential ,of a suspensiQn may
also change the observed hydrodynamic particle diameter by dynamic ,light scattering.

7. ADDITIONAL SOURCES,0-= INfORMATION

• International Organization for Standardization. 150 13099-2:2012: Conoidal systems~MethQds f6r:?:etapotential
determination-Part 2: Optical method~.

• Xu R. Electrophoretic light scattering-zeta potential measurement. In: Xu R,ed; Particle Characterization: LightScattering
Methods. New York, NY: KluwerAcademic Publishers: 2002:289-343.• (USP1-Dec-2019)

Add the following: .' ,', ,

A(1430.5) ANALYTICAL METHODOLOGIES BASED-RING'
PHENOMENA-', SMALL ANGLE X-RAY SCAnERI'NG ANDSMALLANGlE

NEUTR,ON SCAUERING

1 ~ INTRODUCTION
1.1. Applications

2. TYPES OF SAS
3. BASIC THEORY
4. CONTRAST MATCHING
5. INSTRUMENTATION
6. EXPERIMENTAL CONSIDERATIONS

6.1 Incident Flux
6.2 Resolution
6.3 Instrument CalibratiOn
6.4 Sample QU~I,ity

! 6.5SampleConcentration
6.6 Sample Containers
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6.( Backgrounds
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6.12 Sample Deuteration

7.DATA PROCESSING
7;1 Data Reduction
7.2 Data Analysis

8. ADDITioNAL SOURCES OF INFORMATION
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1;. INTRODUCTION

Genera/Information / (1430.5) 8393

Small-angleX-ray scattering (SAXS) and small-angleneutron scattering (SANS)make up a sub~familyof'small.:~ngle scattering
(SAS) diffraction techniques suitable for probing the size, shape, ordering, and interactions of moleculesand molecular
assemblies on length scales that are typically from around 1 nanometer (nm) to afew hundred nm. Thissize range overlaps
with the lower range probed usingthe laser light diffractiontechnique (see AnalyticalMethodologies Based on Scattering
Phenoinena-"-Light DiffractionMeasurements of Particle Size (.1430.2»).

Becausethese length scales are'much larger than .inter-atomic distances, in crystallogra
low-resolutiondiffraction. Nonetheless,.it is an extremely useful and versatile technique ea ble 0

information complementary to cryogenic transmission electron microscopy (cryo-TEM), hig, -reso
resonance (NMR), and analytical ultracentrifugation.

SAS differs from dynamic light scattering (DLS; see AnalyticalMethodologies Based on Scattering Phenomena~Dynamic:Light
Scattering (1430.3» in that it is a direct probe of size and shape.

1~ l' Applications

SAS is routinely performed on solids, Iiquids~ and dispersionsamples (both aqueous and nonaqueous). SO,metypesof SAS
have been used to study foams.

In terms of pharmaceutical applications,.SAS has been usedJo study topical.creams, intravenousemulsions,hydrbgels"
polymer-drug ~onjugates, proteins, enzymes, and antibodies (1-5). Some types of SAS are particularly wellsuited to studying
the physical chemistry underlying formulation pr.oblems.

SAS can be used in variousapplications to evaluate the size, shape, and ordering of molecules. Forexa
informationon the size and dispersityof droplets, macromolecules, micelles, Iiposomes, nanoparti,c1es,
po'res(including in mixtures of these and other multi-phasesystems). With regard to shape, SAS can
shape of micelles and nanoparticlesi the tertiary structure of proteins, enzymes, and antibodies (usin .
.modeling); and the conformational distribution'of adsorbed layers. Finally, examples of the use of SAS to , s molecularorder
include determining the core-shellstructure of micelles and stericallystabilized nanoparticles, the bilayerstructur~ in.liposomes,
and the liquid crystallinestructure (e.g., lattice parameters, space groups).

2. TYPES .Of SAS

.SAS is a specialized, butnonetheless highly useful and versatile, technique. Although a detaUeddiscussion of SAS Is "ond
the scope of this chapter, the intention of this chapter is to raise awareness and then direct th~ reader to authoritative es
for further information. .

'SAS is most commonly performed using light [small':angle light scattering (SALS)], X-rays' (SAXS),.or n utr
the wavelength of these different radiation sources, and theway that the radiation interacts with the a sf
determines what type of information isobtained in a paiticular SAS experiment. Importantly, data.fro, J~f
SAScan be analyzed using common formulae and software packages. Table 1 summarizes some ofthe keyas
different types of SAS.

Table 1. Key Aspects of Different Types of Small-Angle Scattering

SALS Lab-SAXS Syncnrotron-SAXS· sANsa

Radiation scattered by Electrons Electrons Electrons NuClei

Radiation.velocity.(m/s) 3x 108 3 xl08 3)(108 r02:.:.:103

Accessibility Laboratory Laboratory Synchrotron source Neutronsource

Reli'ltive brilli~tnce Medium Medium High Low

Wa:yeh~ngt~s (nm) 400-:-700 0.07":0.23 0.06-0~33 O~1.!F2.5

lel1gthscales'probed (nrn) 250...;25,000 :::;1..,.350 0.1-2500 O.Z":100b+
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Table 1. Key Aspects of Different Types of Small~AngleScattering(continued)

USP 43

SALS Lilb-SAXS Synchrotron-SAxsa SANS.~

Impaetofdust contamination Significant Negligible Negligible Negligible

Effect of hydrogen (H)/deute-
dum (D)substitution None None None large

Radiation/heatdamage Negligible Possible Ver'yHkely Negligible

Absoluteintensitycalibration Possible Possible Possible Routine

Samplevolumes.(mL) 0.05-5 0.OO7...Q.l 0.0001...Q;5 0.1-5.5

Study optically opaque sam-
ples No Yes Yes Yes

Polyimide (Kapton),. polycar- Polyimide (Kapton),· polycar- Silicon, silica/quartz, aluml-
bonate, beryllium,silka/ bonate;'beryllh,Jm, silical nurn, titanium,vanadium,

Typical container materials Glass, quartz . quartz, silicon nitride quartz, silicon nitride copper silicon nitride

a Access to nationaland international largefacilities isusually obtained through competitivepeer review, but experimental tiinefor successful proposals isthen free,
providedthat the resultsare placedinthe publicdomain.Wherethis route ofaccessisunsuitable,Jorexample,forcommercial customerswho requireconfidentiality
or a guarantee of experimentaltime, a range of paid industrial access mechanisms will typically be available. .

3. BASIC THEORY

Whena beam of:radiation isdirected at a'sample,a fraction of the.beam will be transmitted, a fraction Will be abs()rbed (and
in some experiments may then be re-radiated), and the remainderwill be-diffr~ctedthrough a range ofangles;e. Ina typical
SAS experiment, 0.01 0 < e < 10°; thisvalue of e isdifferentfrom that in wide-ang,le ~ntl c1assicalctystallographic diffraction
experiments,where e > 10°. On some instruments, it may be possibleto record the small- and wide-angle data concurrently.

Radiation scattered through the same angle but originatingfrom differentpoints in the sample may then.superimpose
con~tructivelyordestructively at the detector to construct a "scatteringpattern". Thisreflec~ spatialfluctuations inthe refractive
index(RI) (SALS), electrondensity(SAXS), or scattering length density(SANS) ofthe sample,which inturn arisefromdifferences
in the size, shape, and orderof the constituent molecules.

The length scale, d, of the spatialfluctuations that maybe accessed in a SAS experiment isdetermined by Bragg's Law:

A.
d =2sin(O)

where A; is the wavelength. Experimentally, it is more typical to express thisin terms of (the modulusof) a quantity called
the "scattering vector", q:

from which it follows that:

d =21Cn
. q

where k; and ks are the incident and scattered wave vectors and n isthe Rlof the-medium;Conveniently, for:neutrons arid
for X-rays, 'n may be assumedto be unity.Notethatq isan inverse length scale.Thegeometry'ofa SAS experiment isillustrated
in Figure 1.

photon
neutron
~ -----+++II8-i""!=F'
f....

detector (b)

Fig'ure 1. (a)Tne geofJ"letry of anSASexperiment, wherekj and' ks are the incidentandscatteredwavevectors andq.isthe
resultant scatteringvector. (b) Schematicrepresentation ofdiffraction from atoms in a sample;

Thenumber of ph6tons!neutronsofa givenwavelength, katteredthrough aparticularangle,that arrive at a detector pixel
in a unit tjme,N('A.,q),· may be expressed.as:
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N('A.,q) =No('A.)!1D.l")('A.)T,('A.)V~/(q)

'wh'er 0 is'the incident fluxof.photons!neutrons, !1D..is tnesolid angleelemenfdefined byth~ size an~:f dfstance' ofthe
detect . thesanfp1e~Tf1sthe"detector 'effitienty~~·r;.is·tl1elransmissi6notthe-sanyple~tce·.~·F.::-caoso-rbaffi:e)~V~ls~lhe
volum sample illuminated by the beam, and I(q) is the scatteringfunction. Note that the first threeterms are
instru .' , - pecific,whereas the' last three terms are sample-dependent. The scatteringfunction, the quantity determIned in
an. SASexperiment, isgiven by:

I(q) = <l>V(!1p)2P(q)S(q) +'8

wliere<l> isthe volumefraetionof the scattering obj~cts irl ,the sample (e.g., the volu'me'fractiori of nahopartides i~ a
. . e volume c>f one scattering object;!1p =(Pobject~ Pmotrix) is the'ccmtrastof the sample(discossedbelow);the

escribes,howthe scattering ismodulated by the size, shape; and dispersity of the scatteril1gobje.ctS; the
Seq) de$cribes how the scattering ismodulated by interactions; and B isa residual. backgroundsignalnormally
dependent.P(q) has a value be.tween 0 and 1; As<l> ~ 0, soS(q)~ 1:

solution:

where cis t
experime
in the sa
backgrou
other indi .

<l>V= eM
N 32

A

e mass concentration of the solute, M is itsformula weight, and ois its bulkdensity. TheQbjectiveof an'SAS
.. lor Seq). Howthisis achievedisdiscussec;Hater. Howe component

ute to the overall scattering from the sample. So in ad 0 obvioos
container; container + solvent), it isoften useful to ma u te the various

.4. CONTRAST MATCHING

ussioninthe precedingsection,it isapparent that ifthe co tra$tterm iszero, there will beno SAS.This condition
trastmatching" and ispotentially extremely useful beca permitsthe simplificationof the scattering from'

s .and the study of.individual components.
hattwo or more components have the same RI. Th

ss ina bowlof water; the glass can seem to disappear be . the g
xperi . s, however; RI matchingof the components ina sample isoften difficu
and DLS instruments, howeVer, use index-matching baths around the samplecell to

cell.
quiresthattwo or morecomponents have the same electrori density

Ie i influenced by the atomic number of. the elements·itcontains,.contra
such as acationic'surfactan~ to an aqueous medium is notpQsslble unless an addi
de . of the medium. However, this courseofaction maychange the pristine charaCteri

nvir nt.
t matching is more useful in SANS. Here, contrast matching isachieved iftwo or more compohents have the same
length density, p:

where b,is the (bound) "coherent neutron scattering length" of nucleus i, and theother variables areas defined·previously.
The summation only needs to be performedover the empirical formula for a component.

Sc . . g length density caltula tan be foundonlineor'as tools in some SASimalysis programs.
.-.. .....ull,ILlendium of neutron scatte lengths isavailable online (6).
Anexample of a'calculation'for po ethyleneoxide),-[CH2-CH2-O]n':":

C2H40, M = 44 g/mol,o = 1.127 g/cm3, b in em
I ". • I, -. 23" " . . .....:..

pi:. 1.127 x 6~:3 x 10 'x'{(2x ~.646x10-13) .(4x -3.73~x10~n)+5.8~3 x 10~131

. p ::: 0.64 x 1010cm~2 or 0.64 x 10-6A-2 ' .

. ahtly;becausethey dependontheneutron-nucleus inter~ction,scat~ering lengths are'isotope-dependent Thesame
perdeuterated poly(ethylene oxide), for example,would yield p =6.46. x'10-10·cm-2;
a coincidencethat this valueappears to be 10 times the hydrogenousvalue~]

Tii ~for-:Hexchange offers significant opportunitiesfor exploitin~ contrast matching iosoft-matt~r SANSexperirn~nts:
I" Ta isiS some)lIustrative scattering.Iength· densities~ These may sometimesbe fouridexpressed intheequ;valent but
non~SI Linitsof1 0~6 A-2.
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Table 2. Neutron Scattering length Densities of PharrnaceuticallyRelevant·Molecules
Moleci.Jle p(101Ocm-2) Moiecure p(1010cm'-2) Molecule p(10f~cnl"'~

..... .... I·· ............... ... ....

His--soaillln<;!oaecyl s~l-
H2q "-0.56 fate(SDS) 0.33 Lipids 0,1±J):4

020 6.37 D2S-'-SDS 5.83 Proteins 2:2;.;~.q

!-fa-toluene 0.94 H60:...Triton x100 0.57 Carbohydrates 2.1,

pH~ltiene
H3t:...(Jod~cyldimethyla.

5.66 mine.oxide(DDAO) .,..0.20 DNfti ~to

Pei"fl\iorQaecalin 4:21 H39:..deoxycholate Na 0.66 RNA 4.5

Severalusefulchai'actei'istics of scattering length densities are evident in the table~ First, they ca
in principle, zero. Second, different classes of biological molecules span a wide range of scattering
u . possibleto find a solvent, or preferablya mixtureof solvents, that will contrast m~tch any so

- t l11atched in a mixture of 34J % HiD: 65.9%D20 by volume, and a perfluorodecalin~j'

n. '. utrons.if the oilwas dispersed in a mixture of31.1 % H20: 68.9% D20 by volume. It is.e. si .. 0 make
an H20:, 20 mixture that does not scatter (Le., ~p =0). Figure 2 shows how contrast matching could be used in a SANS
study. . .

Figure2..Schematic illustration of how contrast matching might be used.in a hypothetic
containingpolymer!surfactant and drug particles.The scatteringfrom allfour figureswould be
differ only in overall iritensity~.but the form of the scattering from these would differfrom the forms 0

figures) which highlight different components of the sample.

lating scattering length densities,'it is important to use as accurate a value as possibl
.es determining 8 can be problematic for deuterated compounds. In such i

el . elysimplemoleculesi;s 0D =.8H x 1.1. Also, it is important to remember t
t g hydroxyl groups, carboxylicacid groups, and even some amine grou

ons deLiterons when exposed.to D20 . Thismeans that the scattering length
b teins are an obvious example. Some scattering length density calCulator.s i
parame er to compensate for this pH dependence.

5. INSTRUMENTATION

The components of a SA$ system'(see Figure 3) are common across the different forms qf the.technlqu~.

Figure3. Schematic representation of a generic SAS iost(ument

Key

11;'Soul'ce 4. Sample
2. Optics 5. Detector
3. Slits
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SAlS and SAXSare perfor~ed usingmonochronia~ic radiation" Which:is colltmatedwi~h$lits or pinholeftoethe<:fesiredoprofil~
regardingsize(diameteror widtr/height} and shape (Iineorp9int)~Theyvavelength of moqochromaticradiation ·sdetermined.
" 'choice ofsource(replacing one tYPe of anodem,aterial witrarlOther»but may,als .. . rs,:

0~-tfri~rl:ne5yncnrotronmono~nromatoCSANS "aCreacloYneulrQ-n-sourcesT5=als -,
w" ngth adjustmE!nt performed by a rotating device called a velocityselector~
altering, the dynamicrange in q of the ,instrument reqUires changingJhe,sample..t
beamdirection;or off-axis) in order to~hange the range of scattering angles subt

H wever, SANS can alsobe performedat pulsedneutron sources(based 9(l p .
ed react.ors).Atthesesoces~ a"polychromatic"f'white") "mot.

OF)·ofthescattered' trons'to the dete srecor '"e
,', . ength: The dynamic rang ,q ()f these TOF-S NS instru, smu.", ader

(oynterpartsbecause everywavelengththat reachesa pixelon the detector correspondsto adi
'pixelon the detector still.represents,asingle scattering angle.'Moreover,. the intrinsic waveleng~ .. ,'_~'_._

q-resolution, of TOF-SANS Is much better than tha~ offixed-wavelength SANS.
." The scatteringfrom a sample actually oCcurs over 41tspace, butbecause -an sAs instrument~ is'line
interceptsa conicsection of the total scattering. Because,mosfsoft matter sampleshave some (jegree
(referred to as "polycrystallinity" by crystallographers), the detector records multipleringsofvarylngint
ciiscrete spots (refleCtions) (see Figure 4).

Figure 4. Two representations of,lhe SAS (inthis case, SANS) fro ,r .tant
micelles: The sample has gelled to form a lyotropic liquid crystalli,' ,', exhibiting lame a , ' . a of

diffraction are visible as ringsor peaks).The lamellae have then alignedvertically (giving rise to an anisotropic pa ern along
the equatorialdirectionon the detector) as a resultofthe shear field imposed when the sample was injectedintothe sample

, cuvette.

The scattered radiation will usually be detected by solid.,.state charge-coupled
detectors (SAXS/SANS), orscintillator detectors(SANS). Oftenthese will be highly
whO are extremely useful for resolving anisotropic scatterin from oriented sam
I ryapplications ma}' have1 thousand (foro'ne-dimen aldetectors) to more

s), and for large-facility instruments. Consequ y, the data volumes 9
. tes):

cesssmaller a~ngles;cmd becauseth
nd sev.eral tens of metersfr

lie in principle
'.. .: . ,in pta ..th. ..: rate . edetectorde as the,

measurementsbeco . impracticallyslow.o circumvent t is I itationan
6r.ultra~small-angle scattering (USAXS1USANSj measurements;:al ti .
o ticsor slit-collimated Bonse-Hart "double-crystal" geometries. i

the ·same realrnaccessible by opticaLmicroscopy. The type a
tiOns for data processing.Very'recently, a newform ofSANS

ecession of polarized neutr • This technique, spin-echo
~ngth scales.bLit measures space rather than in a.' Itsad

aunt rates and ismuth less s . ptibleto multiple sca 'ng from the.. pie:
techl1iquesis beyond the scope of this chapter, but the reader should be aware of'the
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Perlofffling~a stlcees5fuiSAS experllJlefltdependson~fTlafly-filetor-s;'iflCltldin9J)utnoHimit~cH9:tfie~roH()win~~te~;ff~I'U)ed
in subs~ctions 6.7 -6:.72 (7-9), ~ ~

6.J. Inddellt Flux

Incidentflux is the number of photons/ne.utrons per unit areaper second Cleliveredto:
brilliance.of the source (see Table 1) andthe wavelengthselection/collimation, employedfo .'
mea5urements, or measurementson veryweakly sciltteringsaniples, wmf~r!2better onhigher7

fu'nction:of the
ifletic or dynar,nk

ents~

6.2 Resolution

There are two types of resolution of relevanceto artSAS experiment:
1. Size resolution ofthe instrumen,t
2. q-res6lutiori of the measurement

6:2.1 .SIZE RESOLUTION

The maximum, dmax, and minimum, dmint length scalesofthe structu~etobe probedneedt9Ii~il15id~the.rneasur~mc:!ntlJrTlits
ofthe instrument, i.e.: " ,~ " ,,',' ~ -,~. ~ .

1f'
qmin < d.', .

max

and

This principle is illustrated in Figure 5.

reforeit gc,vernsthe level.~f fine

6.2.2 q-RESOLUTION

Figure 5. Calculatedscatferingfor three dispersions of perfectl spheriCal Flo
same matrix, differing,only in, the parti . s; R.A 'g i
The curvesare displac~d vertically to ai y. Onlyt. e e
windowofthis simulated instrument, ass own by the Iimitin .. of
fringesat intermediate Q. Also note the q-4 dependence of the high-qscatterin "

the particlesurfaces. Down t[iangles, R= 5 nm;.up triangles, R= 5() n ~

~ The q-resolution isthe precision with. whichadjacent q-points' can be,distinguished
detail, in the measured scattering data that ca e resolved (forexamp peaksi'

, -resolution is primarily determined e wavelength resolu!i inst
arisl rom the selected instrumentcollim .and then by a range' SS

Laser light sources and X~ray sources hav best wavelength teso
light sources depend on theuse of a bandpass literfor,which A'A/'A ma}',be- '.' "
intrinsic property of a laser, in the case ofX-rays, ·it isdetermined by the monoc roma, or Inuse. . e Wavelength resolution of
fixed-~velength SANS instruments depends on the specification of the neutron velocity selettClf employed.Typically, this
resolution will be between 8% and 20%. However, in rOF-SANS the wavelengthresolution isdetermined by the precision with
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which the neutron TOF (typically a few thousand microseconds) can be measured, and thus !:J.lIP.. values of approximately5%
would not be uncommon. In most instances, better wavelengthresolution can always be traded forreduced fluxand viceversa.

The geometric resolution is ess~nti~lIygov~-"!ed~~}' ~he~~e~'!.1siz:eat tb~_~'!rTlpl~;Cl~rnGllleLs~~Js!>~t~~~b{i~~r~li~~Q~~lS
ancfSAXSlnstruments ·withsubmillimeter beam footprints fare much better than SANS instruments, in this regard~ where a
relatively small beam maystill be 6-8 mm in diameter.This difference isfurther compounded by the fact that because neutrc)ns
cannot be easily focused, reducing the beam footprint al,so decreases the flux on the sample.

6.3 Instrument Calibration

SAS instruments require two separate calibrations, but with an astute choice of calibration sample it might be possible to
perform both calibrations in one measurement:

1. Calibration of the q-scale
2. Calibration of the intensityscale
Aninstrument technicianor, at largefacilities, the assignedexperiment local contact, will normally performthese calibrations.

Howevcer, ifone's plan isto use several differentSAS instruments it isadvisable to acquire and measureone's own calibrantsto
ensure-confidence in the local calibrations and ensure that allof one's data are on self.:·consistentscales.

6.3.1' q-CAlI~RATION

, It ispossible to omit the q-calibration on a fixed-geometry SAS. instrumentwhere the sa
known.'Inallother instances, it isnecessary to measure a sample'with a characteris
can be unambiguously verified ,byother means [e:g., TEM, atomic force microscopy et ,_
in,strumel1t has an energy-responsivedetector, and'an accuratedetermination ofscatt ngleis
edge can be used to verify q. Twocommonly used q-calibrants for SAXS/SANS are silver behenate (AgB
rat tail collagen (RTC);

-2 -1.5. -1 -0.5, 0 0.5
q [nm-1] q [nm

Figure 6. Two representationsof the SA$ (in this case,SAXS) from the same sample of polycrystalline sHver behemlte.

6.3.2" NTENSITY CALI BRATION

Intensity calibration relies on the fact that for some types of material( I(q = 0) can be related, to molecularpat:ametersthat
can becakulated with reliability or determined using other techniques, for example, the molecular weight of~ polymer, the
surfacearea-to-volume ratio of a porous solid,or the second virial coefficient or isothermal com .. . . .
However, becausean SAS instrument does not physically collectdata at q = 0, an extrapolatio .
pos~ible, with the necessary precision, ifthe scatteringfunctionfor the chosencali t has a
intensitycalibrants includewater (SAXS; 70); Lupolen (SAXS), blends of hydroge d and per. eu
(SANS; 71 i 78), porous solids (SAXS/SANS; 18), glassy (vitreous) carbon (SAXS/SANS;12, 18), and van

6.4 Sample Quality

As in any experiment, the best results will be obtained usingcarefullypreparedsamples. In partiCular,becau
an object scales asthe sixthpower of itssize, the presenceofevenarelatively few largeobjects ina samplecandis
interfereWith the qualityof the data, allelse being equal. SALS isparticularly affected bythe presenceof large pa
ofthe aforementioned difficulties in RI matching. For this reason, all solvents used for SALS experimentsshould
filteredbefore use to exclude the presence of dustparticles. SAXS and SANS (but nofUSAXS/USANS) arelTluc
bydust'becausethey probe shorter length scales(dust particles are micr9n-siz~d)..However, the presen
unintended,ofunexpected aggregation of components of thesample can be just as troL!blesome\Prescre ..
in biological samplesdestlnedfor SAXS orSANS instruments(forex"mple, by DLS) should be consideredd.e fi
in a sample can also be problematic;although in some instances(for example, in SANS contrast matching
unavoidable.

www.webofpharma.com

https://nhathuocngocanh.com/



8400 (1430.5) / General Information USP 43

6.5 Sample Concentration

t\lthmJgb the magoitudeoU(q), and the precision wUhwhich it is measured, arebothgeneraUyJmprovedby-using-more
concentrated samples, this comes with disadvantages as well, Le., lower transmissiollS (see 6:9 Sample Transmission) and the
possible introduction of atomic pair correlations' manifesting themselves in an Seq) contribution to the scattering function~

Whether this is an issue depends on the sample being studied and the intended method bfdata analysis. Some relatively simple
modeling of the scattering before the experiment may help toes~ablish the viable coocentrationenvelope. .'

Of course, the converse is also true, and very dilute samples will likelysuffer from a poorsignal-to-noise ratio and necessitate
longer experimental countirig times, although this longer experimental time might be mitigated by the useofa high"flux, .
instrument. However, as an illustration, most SAXS/SANS instruments can. handle protein/enzyme solutions at concentrations
as low as.<1> ,.... 0.1% (1 mg/mL), whereas S (q) is not usually a concern in a colloidal dispersion at <1><.5%. Fodnvestigations of
S(q), relevantly higher concentrations are used.

6.6 Sample Containers

Unless one is working with a self-supporting sample, the sample will need to be contained. The problem with sample
containers is that they also scatter, so the material from which they are constructed is an important consideration. Suitable
container window materials combine the mechanical strength and chemical resistance with high transmittance and scattering
features, which do not interfere with those of the sample. As such, multiple window materials may be necessary to coverthe
entire range over which a sample is to be measured.

For SALS and SAXS,it is quite common to use glass sample containers. Glass is composed only qf light atoms (an important
consideration for SAXS), and its transparency is as useful for observing the sample as.it is a prerequisite .for SALS. However,
because glass contains boron (a neutron absorber) it is not suitable for SANS.

Amorphous synthetic quartz (Si02, also called fused silica) is a good choice of material·for SALS, SAXS, and SANS. It can be
cut, polished, and fabricated and is also transparent and only composed of light atoms; however, it is boron"free. It also has
good thermo-mechanical stability over an experimentally useful ranqe of temperatures and is chemically. inert to all but
concentrated bases and hydrofluoric acid. Material tradenames include Spectrosiland Suprasil, but in principle anything suitable
for far-UV (not IR) spectrophotometry should suffice.

For SAXS, it is possible to utilize sample containers constructed from amorphous engineering polym
poly(carbonate) (PC), poly(etheretherketone) (PEEK), or poly(imid apton). Poly(amides) (nylons) a
they are semi-crystalline. All hydrogenous polymers are wholly uns ble for use .as SANS sample cont

The greater penetrating ability of neutrons means that SANSsample containers canbe co ttls~.Pure metals
should be used where possible (as SANS is an excellent technique for probing thenanostr , pr when a
prior assessment of suitability has been conducted. Good choices of metals for use with,neu r .' ,umlOum, titanium,
vanadium, and copper. These metals can activ~te on prolonged exposure to neutron radiation but not to levels that make them
impractical to use. Beryllium, being of low atomic number, is however a pr cal choice for SAXS.

In most experiments, the sample will simply be containedin thequiesce . tate in a capillary or cuvette; However, it is
important to understand that quiescent conditions are not necessary. Inaeed,the ability of SAS to probe a sample under
changing conditions (pH, temperature, pressure) or applied fields (electriC, magnetic"shear) is usually where the greatest
information is ultimately derived. The use of tryostats, furnaces, pressure cells, rheometeis, tensile stages, and stop-flow cells
with SAXS/SANS instruments is very common. The use of flow-through cells to mitigate radiation damage (see 6.71
Radiation Damage) is very common on high-flux SAXS instruments.

Sample containers will typically have path lengths ranging from 0.1-2 rom (SAXS) to 1-5 nim (SAt\lS) to TO mm ormore
(SALS). Multiplying this value by the incident beam size-a few micrometers (SAXS) to a few millimeters (SALS/SANS)-reveals
that the required sample volume is rarely more than a couple of milliliters, and potentially less.

6.7 Backgrounds

In the same way that the sample container contributes to the measured scattering, so does the matriXcontaining the sample,
for example, the dispersion medium. For this reason, it is typical to measure the scattering from the purernatrix, in the same
or an identical sample container under the same experimental conditions, and then to subtract this matrix scattering from the
sample scattering. This procedure should also correct for other sources of "sample-independent" background (for example, the
container, vacuum windows,' detector response, etc.).

DiffiCulties can arise if the sample component of interest occupies a substantial proportion of the overall sample volume
because subtracting 100% of the matrix may no longer be appropriate, leading to over-correction of the data. In these
instances, a volume fraction-weighted background correction may be appropriate.

Arguably, the most insidious form of "sample-independent" background is multiple scattering (discussed in 6.70 Multiple
Scattering).

6.8 Counting Times

Experimeiltal measuring times for anSAS experiment may vary from a fraction of.a second (synchrotron-SAXS) to many
minutes or hours (SANS). However, because SAS measurements are Poiss9n counting processes, to halve the statistical
uncertainty on an I(q) point requires four times as muchdata. This calculation isfurthercomplicated by the tact that when a
background is subtracted, the statistical errors on the sample and background are added in quadrature; as shown here:
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Errorsample-background = {(ErrorSamPler + (ErrormatriJ
2}

fhtistheffnaf data quality may not be apparent untit afterthe-experiment has finished. This means thCatTnVariabtyoneerias
up making a judgment call .about the statistical quality of the data before moving on to the next sample. Therefore, counting
times are often based on previous experience or simple trial-:and-error,or a ·combinationof both. A good rule of thumb is to
measure~each background for the same number'of photonsjneutronsas ,the sample it is. intended to correct.

6.9 Sample Transmission

T~e sample transmission,. T" is a dimensionless number ranging between 0 andl and is a measure ofthe balance between
th~scattering power of the sample and absorption as described by the Beer-Lambert Law: '-

Tr = exp(-llt) =1 ~ A

.wh-eretis the pathlength (in most instances, the thickness) of the sample, IJ is an absorption coeffiCient, and A isthe
absorbance; IJ is dependent on the type of radiation in use.

Despite the simple appearance of this expression, accurately calculating Tr fora sample isfraughtwith di Ities because IJ
may be unknown or difficult to determine. The best courseofaction is to measure Tr afthetime the SAS is orded, .
simultaneously, if possible. Note that in TOF-SANS, T, is a function of wavelength;

_A good rule of thumb is.to keep Tr > 0.37 (Le., t < l/IJ), although this willhave consequences for multiple scaherin'g (see
6.10 Multiple Scattering).

6.10 Multiple Scattering

Multiple scattering iswhere a photon/neutron that has been scattered once by the sample is scattered again(possibly several
times). Multiple scattering should be avoided, if possible, because it routine method for correcting SAS data for multiple
scee veloped, except in some limited circumstances. The essence of the problem is that the. history of
m , ho s/neutrons is unknown, and thus one cannot know whether or not to use them.

It] I" ' ite straightforward to estimate the extent of rTllJltiple scattering from a sample. To a first approximation,
th~_average number of times a photon/neutron has been scattered, 7:, is:

r =;.d =-lnTr CC, fA.2

Thus~ evenfor Tr = 0.9 there is a 10% probability of multiple scattering. By Tr~ 0:5 that probability has risen to almost 70%.
If multiple scattering is suspected, two strategies for mitigating its effects are to thin the sample and/or use shorter

wavelengths and then re-measure and look for differences.

. 6.1.1 Radiation Damage

An important consideration during SAXS, particularly synchrotron-SAXS, experiments isthat the X-raybeam can be extremely
destructiveto some samples.if mitigating strategies are not deployed, such as the use offlow-through cellsor cryogenic cooling.
Thisis because the energy of the X-:ray photons [for example, 8047eV at the copper (Cu) (Ka)wavelength of 0.154 nm] is far

than the s rength ofthe bonds holding thesample together (for example, the C-C bond energy is just 4 eV), and
.n boe weaker still. Evenvisible photons from a modest blue laser can cause sample degradation if left to irradiate
p genough. Conversely, the energy of neutrons of equivalent wavelengths are orders of nitu wer (for

e~ ,.. Iel . ere 0.034 eV at a wavelength of 0.154 nm), meaning neutrons are a truly non-:destructlve e,es ciallyof
sE!nsitive biological' material.

6.12 Sample Deuteration

gh selective deuteration isa valuable experimental tool for extracting maximum information from SANS e ... riment,
Iy not without complications. The slightly larger atomic volume of deuterium, differences the po ability

C-D bonds, and differences In the strength of 0 ...Hand 0...D.hydrogen bonds all c bute tie
eunderlying thermodynamics in the sample which can, and do, affect the phase beh r. For example;
al 'micelle concentration, micelle aggregation numbers, and theta temperatures have all been known to
s in opposite directions depending on whether the solute or the solvent IS deuterated); These challenges

sidered when designing a SANS experiment.

7.· DATA PROCESSING

SAS data processing has two steps:
1. Data .redudion:thetr'ansforinatiohof the as~measured instrument.dependent data into portable

instrtumeht-independent data (ideally fn absolute units onan absolute scale)

\
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2. [)ata aralysis: The interpretation of the instrur:hent~independent datatoextract physical tnformation ch,!racterizingthe
sampl~

Oatareductlon procedures, and the factors for which they are corrected, will vary from one SASinstrurnent ~o the next In
the;case of SANS, these procedures can even vary between reactor-SANS instruments and rOF-SANS instruments. However,
every.SASjnstrumentrnanufa(:tureror large facilitywill provide the necessary software to correc:.tlyreduce the data collected
from their instrull1ent(s). This software is typically graphical user interface (GUI)-driven(although scripts are still useci) and \lllill
offer bo~h "novice".and "expert" modes of use, for either. "mqnual"rsingle" or "automated"rbatch" data redl.:lctions!

In general, the data red\lction ,process willinclude most or all of the following steps:
1. Correct forthedetecfbr efficiency, darkcurrent,.dead time, arid spatial linearity (flatness)
2. Calculate the q values of each detector pixel
3. Integrate the recorded counts at a giyen q within some region of interest (azimuthal angle, ·sector,etc.)
4. Normalize for the incident flux or quantum' efficiency of the source
5. Correct for the sample transmission (absorbance correction)
6. Correcffor the volume of sample illuminated (beam area x sample thickness)
7. Apply an intensitycalibration factor
8. Convert the intensityscale into absolute units
This process is repeated for,every sample measured, and for any backgrounds measured. The appropriate background is then

subtracted from asample to yield the final, fully reduced SAS data set.

7.2. Data Analysis

SASd"ta analysis for a single sample may use one or more of the following methodologies:
• Model~fitting/curve~fitting methods:

o Involve optimized fItting of analytical functions for P(q) and/or S(q) to theexperimehtal/(q) data>for example/to
determine generic shape information (sphere, cylinder, coil, etc.), size (radius, radius-of-gyration, cross-sectional
radius, etc.), and interaction potentials (hard sphere, Percus-Yervick,etc:) (see Figure 7)

o Applicable to all sample types
o Computationally straightforward

Min Max

0.913028 .

Model Parameters
i.J SelectAll . Ifafue

0.on732

f9'.ld1arge
::]d!~ectconst 73.3

20.335

It'lvolfradjO(J

Figure 7. left: Fitof a model calculation' (line) to the SANS from a 2% (w/w) solution of surfactant sodi
(50S) in 0 20 (shaded circles). At this concentration, above the critical micelle concentration' (CMC), th .

ele<;:trostaticallyinteraeting,.near-spherical, charged micelles. Right: The model· parameter,s· . lustrating t .
sophistication that this approach can bring. Data and figures courtesy of Doucet et a ,2017 (13).

• Real.:.space methods:
o Involve mQthematical transformation of the experimental /(q) data from reciprocal-space to' real-space~ for examplei

to obtain density correlation functions. (r(r) ), distance distribution functions [pair-distance distribution function
(POOF) or P(r)], or scattering length/segment density profiles [p(r)] (see Figure 8)

o Applicable,tO' all sample types
o Computationally straightforward
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y, irithe,sample~The'minim-aand
of the'object;

Figure 8. Two representations 'ofthe structure ofa surfaCtant':st
the,SANS atthree different scatteringcontrasts; "core" (linel:'
"drop" (line2: where the scatteringarises from the oilcoresan

scattering arises from the surfactant layers only). .' sys
monodispersespherical objects of 25 Ii. radius wi, .

corre!ationfunctions. Right: The pair-distance distri
(73):

o r(r) depicts the averagesep"rationof regionsof similar scatte .
maxima in the function represent structuralboundaries, ,fore

where the "scattering invariant" (alsocalled the "total sc~tteririg") isglven by:

Q* !(

o The PDDF depicts the relative number of instancesthat two points in each scatteringobjed aresep
distance, r. It isa function ofdistance onlyand is not a three-dimensio resentationof the str
symmetric the curve, the more rotationally symmetric the shape of the eringobject Basicsha
rods, and disks produce distinctdistributions;

given
more
eres,

, , 1 00 , ' , ••.

PDDF=~ f I(q)qrsin(qr)qq
" '21t . Q .'

• Ab,;,initio methods:
o Involve the iterative creationof complex-shape envelopes, for example,from assemblies ofhomogeneou5sp eres

ordered on a latticeor usingspherical harmoni~ functions, the computed scatteringof which isthen cOmP with
the experimental I(q) data (14,15) .

o Are particularly useful for approximatingthEHertiary structure of biological molecul~si burcan alsobeapplied to
self-assembled soft matter systemslike micelles

o Do not take,into account the chemi<;al physics of the sample (e.g., bond lengths, bond Clngl~s, packlngfractiC!nsJ

electrostatics)
o Are computationally modest

• Simulation methods:
o hwolve the iterative manipulation ofatomisticstructuresi forexaniple, as derived.from X-rayorhig 61u MR

crystal structures, by Boltzman-weighted Monte Carlo lecular Dyn(lmics methods, the compl:I ~ catt rI of
which is then compared with the experimental I(q) da .,17)

o Are particularly useful for determifli,ng the tertiarystructure of biologicalrpoleculE~s

o TaKe into accountthe chemICal pnysics of the sample
o Are computatiQnally expensive"blJtcan be used with coarse-graining .methocfs

, sis proceduresbec()tne ever more so ,-d ' 'eeof Cfetaila
wever, one must never take this ilifor, " "

alternative techniques or the,scientific literature: Fo(exa
oriInformation-can result in "Ioca.!" ratherthan "global"s ods
en they c,an be constrained (e..g~; to a known radius~of-gyr
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8. ADDITIONAL,SOUI~CESOF, INFQRMATION

• EorfurthetJnformationaboot SASrvisitllttp:!J'smaUangfe.org,
• Forfurther information about synchrotronX-ray' sources,vfsithttp://lfghtsC>urc,es.org':
• Forfurther information about neutron sources, visit http://neutronsources.()/"g.
• The interestsof the world-wide SAS communityarerepresentedqy asubcommission of the rr,ternational Union of

Crystallography (IUCr) (http://www.hJcr.org/resources/commi~siorislsmall-angle-scattering) augmented by the
community network CanSAS (http://www.cansas,org/).Together, these bodies advocateJorand foster best practice,
standardization, and data interchange, partieularly where SAXSand SANS .areconcerned:

• The IUCr also operates amoderated 5AS-specific email,disCl.,lssion)isLTo join i1:,visit http://mailman.iucr.org/cgi-bin/
mailman/listinfo/sa_scat.
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Add the following:

&(1467) RESIDUAL'SoLVENTS~\lERIFI
PROCEDURES AND'VALIDATIONOEALTER

. The procedures defined in Residual Solvents(467)have been validatedforClassl and2 solventioverthera
150% of the concentrationsdescribedinthe standard preparationfor proceduresAand BinResidualSo/vents (46
Procedures for Class1 and Class 2 Residual Solvents.

Thesuitability ofthese residual solventproceduresmust be verified unger actualcQn(:Htions of use.WhenLJsirigtfie prot s
for testing residual solventsdescribed in (467), verification can be accomplished usingthe recol11mendations below.Th . re
separaterrecommendationsfor limitand quantitative procedures in Residual Solvents (467),8. Analytical Procedures forC/ass
1 and Class 2 Residual Solvents.
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Alternative proceduresinClude differentanalytical prOcedures from those gescrib .. '"(46)/ aswellasmodifications to the
proceduresdescribedthereinthatgo beyondthe stated validation ofthe method (e.g., ,erentconc:entr~tionsor ot .' , Iytes
or ~ariatlons to chromatographicconditions beyond those per d by Chromcitography(621»): Alternative proce ',. .re
permitted (see G~neral Notices, 6:30A7[erncitive aiidHarmonue . •. thaosarrap'ro eaufes),proyiaea:-ffi t t -~~-properIY
validated. Arisk-based approach maybe appropriateto determine th ree' . ' ..' . rocess
to assure the fitness for purpose of the procedure. Re~ommendatio .erna I, e pro, " "
quantitativetests) are described in Validation gfAltemative Procecfu~ erequirementsJs sho

Table 1. Summary of Verification and Validation Requirements
VerifjcationQ(CompendialProcedures Validationof Altem~tive Proce'dures

Validation-jVerincation
Characteristics limit TestMethods Quantitative.Meth()d~ ,Limit.TC:!stMethods Quarititati,ll~Methods

Specificity Yes Yes Y~~ Yes

Detectionlimit Yesa No Yes No

Quantitationlimifl No ¥esa No Yes

Accuracy No ¥es No '(es

Precision/repeatability No Yes No ¥es

Linearity No No No Yes

Demonstrated by DerT'1 by
accura~ra'f"d acc a

Range No preCISion No p on

Intermediate. precision No No No Ye.s

Solu~ion.stabilitye Yes Yes Yes Yes

RObustness<! No No Yes· Yes·

, ro'cedureunderstudy;
edurebeforethe Jrnplementa!ion,

a. SystemsUitability may, be used instead
I,J In uan· tivetests, quanti limit curacyand precision determination.
~ 5 .'" , s ability should}?e ,.ed . . " " "',
d Evaluation of robustnessshould be,c , d~velopment phase ,a" ,.
eThe "Yes" quotation here is intended to emphaSize the importiloce of assessing the r

VERIFICAT,ION OF COMPEf\JDIAL:PROCEDUIlES

Limit Procedures: Procedure Aand Procedure,B

The analytical characteristics to be verified includespecifiCity, dete:Ctability,and s6lutionstability.

VERIFICATION WHEN SOLVENTS L~~ELY TO BEPRESEi'JT(lTBP) ARENQTKNOW~

Samples
Prepareareagent blank.
PrepareStandardsolutions as described in Residudl Solv~nts(46 res for,Clas~ 7 and'C1ass 2 Residual

Solvents, 8.2 Screening'of Water7Soluble Artic r 83 Screenin t, , '," , ',., , ._ "
Prepare,the Spiked sample solutionas des ~ in C1qss 1 S , ui, '. ResidualSolvents (467),: alytic?'

Procedures for Class 1 and Class 2 ResidualSolvents, 8.2 Screening of Vy'ater-Soluble.ArticlesotB:3 Screeriingof Water- nsoly'ble,
Articles.
Specificity , .' ' . , ' , " '. '

Recommended acceptance criteria: Anappropriate blankshould
signifiCant interference is one produc a deviation . ,fitness
accuracy. The'proceduremust be ab., eparate ·Ie.
8. AnalyticalProcedures for C1dssl andClass2R ' . '. ts,
Watei-lnsoluble Articles), or acetonitrile and cis:' ethene (
Residual Solvents/8.2Scfeenfn . Water-Soluble AorB.3 SCfi enmg
Detection limit (see, Table '7, ootnote a)

Recommended acc;eptance,criteria:.'The meal1,sign,al-to.;noiseratio fo
solution [aftercorre~tion fornative (original) solvent'contentlfromatI
NLT 3. ' .

Solution Stability .' , ' . , ,,' , ,,'" ", " , , . .,.
Recommended acceptance criteria: Detection'limit should meet the requirement$ throughoutth~ testing perio~:L
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VERIFICATION~WHEN 'SOLVENTS' LTBPARE KNOWN

'.fY
acceptance criteria (not required if onlyrunning fresh solutions): Detection limit for limittests a'nd quantitation
tive tests should be met throughout the testingpe,riod.

Quantitativ:e ~ro~edlJre.s: Procedur~ .<:

sa
is N
Sol

Recomm
Iif!lit forqua

Sarl}p-!e~s , " -r-: " "

Prepare 'a, reagent blank;
Prepare Standard solution(s)and Samplesolution(slas, described inResidua/Solvents (467),8. Analytical Procedures for Class

1 andClass 2 Res olve creeningofWater~Soluble A sor 8.3 Screening of Water-Insoluble Articles depending on
the'specific samp . ubilit 'nlythose solvents likelyto present (LTBP). . , . .' ,

Prepare Spiked sample solutidn(s) as described in Quantitative Procedure.s; Procedure CforsolventsLTBP[correctedfor native
(origihal) solvent content].
Specificity ,

Rec ' ed'a~ceptafice critetia:Th~reagent ,blankdoes not produce any significant inteiferencewithanybf the peaRs
fro P.'

T ,~ P st be able to sep'arate each of the solvEmt nthe Standardsolut/on(s) fromeach other and from other pea~s
in the S '" ", solutionwith a resolution of NLT resolu . n between any pair of peaksis less than 1.5, then
verification mlJstdemonstrate that the method issuit . f .s interi . use.'
. Iftt:Jesolvents present in the Standard solution(s) ar ,t,separated with a resolution of NLT 1.0 when using the
Chrofnatographi<; System ofprocedure A,)hen ProcedureBin Residual Solvents (467), 8. AnalyticalPrQcedures for Class rand Class
2 Residual Sol,!ents,' 8.2 Screenitig of Water-Soluple Articles or 8.3 Screening of Water-Insoluble Articles shouldb~ used as
confirmatory:
Detection Limit

acceptcIncecriteria: The meansignal~to-noiseratlo for each solventin the Standard solutionand the Spiked
,ftercorrectio"for native(original) solventcontent] from at leastthree determinationsfrom a singlepreparation

e Standard solutiQnand the Spiked
edeterminatlons is NLT 10, or the

Iven
ast.

ified and verified by Procedure
sidualSolvents, 8.2 Screehing of

scribed in Residual Solvents
ts-Procedure Cforwater-s()luble

c
Quantita

Recom ean signal-t
sampl [after, ctlon, for na' (original) sol
QuantitatlQn .Limitmay.ee demonstrated by Accwacy an

Accura~y . :
Recommended acceptancecriteria~·tbe mean recoveryforSpikedsample.~olutionsA,8, and C, etc., when calculatea

relative to the Spikedsamplr; solution, is 800/0-120% of the expected theoreticalamount.. .
[NOTE-Recoveries should be correctedfor native (original) content of any solventunder test.]
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Pre¢isiOri!Repeatability 'Useatleast sixinde'pendent Spikedsamplesolutionprepar . 'lsfro
describea in the Spiked sample solutioninthe AccuraC}1 t~st above,~ or use n'neil1~ep_en.d~nt '
sa:mple, solutions A,8, '(, etc, , "
Recolfnnenaeaacceptanc -.' erl,a:~etative':.=Stctnttarctd~vl..

Solution Stability: Demonst eacceptablesolution~tabilit:Yfor "p
~ecom'mendedacceptancectiteria: > Nt0T'20% change in solvent(s)

VALIDAflONOf'ALT~RNATIVEI),RO(EI)URES

Chromatographic'alternative procedures should m,e
shown below. When,non-chromatographical.ternative, p
should'be addressed, although~ it may,be appropriate to' a
information; refer to Validation of Compendial Procedures (1225 .

limit Procedures

e,same Iqt,j:>repared'Cl~
parations ilsoescribed in Spiked

iacteristics
",sties listed
ore

Analytical charaCteristiesto' be,'validated are speCifiCity, C deteCtioriHmitJand solutionsfability;:The same' cdteria used for
Verification when solv~nts LTBPare known, aS,described above,m.ay be used.

" Analyticalcharacteristics to,be v:alidated arespecifkity, linea,tity~nd ~ange/qua,[ltitation limit, accur~cy,repeatability,
intermediate precision, and solution stability.
Samples 'Prepare a reagent blank.

Spiked sample, solutions P, Q, R, etc.: Prepare Spiked sampl(?solutionswifhthesample matrix'and spiked with each solvent
LTBP atNLT 5 levels covering th~ range of interest. [NoTE~Results:shpuld b~ correc;tedJor,native (original) contelltof any
solvent undertest,l

Specificity
Rec nded acceptance criteria: The.analytic~1 procedure, must h,a've the abi!ityto assess uneqlJivocallytheanalytesof

i resence,of the components expected to be.present.
li e

R .cceptancecriteria: Perform linear regressionaria/ysisohthe results for Spiked sample so!utions'P, Q, R; etc.
:Ihe co f determinatkm, r2, is NLT 0.90~

Quantita t
Recommencceptance criteria: The mean'signal-ta-rioi tio for each solvent in the standard solution and the Spiked

sample solution [after corrEi!ction for native (original) solvent' , entl from at least three determinations isNLT 10. The
Quantitatio,? Limit may also be demonstrated by Accuracy and· Prf!cision

Accuracy
RecofTlmended acceptance criteria: The mean'r~covery for each Spiked sam "Ies

[NoTE-:-Recoveries should be corrected for native (original) cOf)tent ofan
Precision/Repeatability: Prepare.at least sixJndepenc;Jent Spiked' . pIe the same. lot.

Recornmendedacceptance criteria: Relative standard deviation i ac, .so," ,resent
Precision/Intermediate Precision: Perform the Repeatability test overat I,eas ep~ndent ~vents,e.g., on different days,

and/or using differentinstrumentsand/oranalysts. . . , . ,'.
Recommended' ac'ceptance criteria: Testing for intermediate precision should demonstrate that the method :is suitable for

its intended use;
Solution Stabflity:Standardso/utions and Spiked sample solutions should be stap/etl1rougn()ut the testing period.

Recommended acceptance criteria: NMT20% variation ... 2S (USP41)

(1601) PRODUCTS FOR NEBULIZATION-CHARACTERIZATION TESTS

Products used for nebulization and intended for pulmonary delivery are characterized using the following tests:
• DrugSubstance Delivery Rate and Total DrugSubstance Delivered;
• Aerodynamic Assessment of Nebulized Aerosols.
These tests standardize the approach to the assessment of the dose that would be delivered to a patient but are not intended

to provide assessment of the nebulizer deviee itself.' The mass rather than the number-weighted size distribution is more
appropriate to evaluate product performance. Drug substance mass as a function of aerodynamic diameter is more indicative
of therapeutic effect within the respiratory tract.

1 European Standard 13544-1 :2001. Respiratory Therapy Equipment. Part 1: Nebulizing systems and their components. European Committee for
Standardization. Brussels, Belgium. 2001.
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DRUG SUBSTANCE DELIVERY RATE AND TOTAL DRUG SUBSTANCE DELIVERED

USP 43

These tests are performed.to.assess.the.rate ofdeHvery.tothepatient and thetotaj·drug substenee-dellvered-te a patient
using standardized conditions of volumetricflow rate. Breath-enhanced and breath-actuated nebulizers should be evaluated
by a breathing simulator because the output of these types of device is highlydependent on inhalation flow rate. The
methodology below describes the use of a standard breathing pattern defined for adults. Should a particular product for
nebulization be indicated onlyfor pediatric; Le., neonate, infant, or child use, then pediatric breathing pattern(s) must
be used.! Breathing patterns are used, rather than continuous flow rates, to providea more appropriate measure of the mass
of drug substance that would be delivered to patients.

Drug substance delivery rate and total drug substance delivered are appropriate characteristics because they allowthe mass
delivered to be characterized in a standard way regardlessof the nebulizer used. Accordingly, the test methodology described
below (a) measuresthe mass of drug substance delivered in the firstperiod (typically 1 min)consequently givingan assessment
of drug substance delivery rate and (b) captures the total drug substance mass delivered.

Apparatus

BREATHING SIMULATOR

A commercially available breathing simulator that isable to generate the breathing profiles specified in Table 7 is used for
the test. The breathing profile indicated for adults is used unless the medicinal product isspecifically intended for use in
pediatrics, when alternate patterns should be used, as indicated in Table 7.

Table 1. Breathing Simulator Specification
Item Specification

Adult Neonate Infant Child

Totalvolume 500mL 25 mL 50mL 155 mL

Frequency 15 cycles/min 40 cycles/min 30 cycles/min 25 cycles/min

Waveform sinusoidal sinusoidal sinusoidal sinusoidal

Inhalation:exhalation ratio 1:1 1:3 1:3 1:2

FILTER SYSTEM

Asuitablyvalidated low-resistance filter, capable of quantitatively collecting the aerosol and enabling recoveryof the drug
substance with an appropriate solvent, is used for the test. The dead volume of the filter casing does not exceed 10% of the
tidal volume used in the breath simulation.

Procedure

Attach the filter (contained in the filter holder) (A)to the breath simulator (B) according to Figure 7. Fill the nebulizer (C)
with the volume of the drug product as specified in the patient instructions. Attach the mouthpiece of the nebulizer to the
inhalation filter using a mouthpiece adapter if required, ensuring that connections are airtight. Position the nebulizer in the
same orientation as intended for use. Thismay require tilting the breathing simulator and filter holder. Set the breathing
simulator to generate the specified breathing pattern.

A B

A. inhalation filter and filter holder B. breathing simulator C. nebulizer

Figure 1. Experimental Set-Upfor Breathing SimulatorTesting.

Start the breathing simulator and at the beginning of an inhalation cycle, start the nebulizer. Operate the nebulizerfor a
defined initial time period. The length of the time interval ensures that sufficient drug substance isdeposited on the inhalation

2 Suitable breathing patterns for pediatric use may be found, for example, in Canadian Standard CAN/CSA/Z264.1-02:2002, Spacers and Holding
Chambers for Use with MeteredDose Inhalers. Canadian Standards Association, Mississauga,Canada 2002.
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filterfor quantitative analysis. Atime of 60 ± 1 s typically enables direct determination of the drug substance delivery rate. The
time chosen, usually 60 ± 1 s, must allow sufficient drug substance deposition on the inhalation filter to allow quantitative
arlCllysis~ Ifth~ qUClrltity ()f cjrLJg~LJt:>st"rl<:~ d~p()sit~cj ()rl th~irlhaIClti()rl filter in ~() sis irlslJffici~rltf()r this. Clrlalysis,. the I~rlgth ()f
the time interval for aerosol collection can be increased. If the filter issoaked with the product, this time can be decreased. At
the end of this initial period, stop the nebulizer.

Place a fresh filterand filter holder in position and continue until nebulization ceases. Interrupt nebulization and exchange
filters, if necessary, to avoidfilter saturation.

Results

Using a suitable method of analysis, determine the mass of drug substance collectedon the filters and filter holdersduring
each time interval. Determinethe drug substance delivery rate by dividing the massof drug substance collectedon the first
inhalation filter by the time interval used for collection. Determinethe total massof drug substance delivered by summing the
mass of drug substance collectedon all inhalation filters.

AERODYNAMIC ASSESSMENT OF NEBULIZED AEROSOLS

Nebulized products need to be size-characterized at flowrates lowerthanthe range that istypically usedfor powder inhalers
and metered-dose inhalers. The CEN standard recommends a flow rate of 15 L/min because this value represents a good
approximation to the mid-inhalation flow rate achievable by a healthy adult breathing at 500 mL tidal volume.

Although low-angle laserlight-scattering instruments (laserdiffractometers) can provide rapid size-distribution
measurements of nebulizer-generatedaerosols, these techniques do not detect the drug substance. Rather, they measure the
sizedistribution of the droplets irrespective of their content. This may not be a problem with homogeneous solutions, but it
can result in significanterror ifthe product to be nebulized isa suspension,or ifdroplet evaporation issignificant, as can be
the case with certain nebulizer types. Cascadeimpactorsenable the aerosol to be characterized unambiguously in terms of the
mass of drug substance as a function of aerodynamicdiameter. Laser diffraction may be used ifvalidated against a cascade
impaction method.

fesrs'(~Q(1'7~«~~~:ti-llii;ic~~n!l}), a cascade impactor, has been calibratedat 15 L/min specifically to meet the recommendation of the
CEN Standard and is therefore used for this test.3 Determining mass balance in the same way as for powder inhalers and
metered-dose inhalers is not straightforward because the dose is being captured as a continuous output and hence is not
included. Recovery experiments must be performedas part of method development and validation. Controlof evaporation of
droplets produced by nebulizers may be critical to avoid bias in the droplet sizeassessmentprocess. Evaporation can be
minimized by cooling the impactor to a temperature of about 5°, typically achieved by coolingthe impactor in a refrigerator
for about 90 min.

Typically, at least after each day of use, the apparatus must be fully cleaned, including the inter-stagepassageways, because
of the greater risk of corrosioncaused bythe condensation/accumulationofsaline-containing dropletson inter-stagemetalwork
associated with cooling the impactor. All surfaces of the apparatus should be dried after each test, e.g, with compressed air.
[NOTE-The micro-orifice collector(MOC) should not be dried with compressed air.]

Apparatus

Adetailed description of Apparatus 5 and the induction port iscontained in (601), and includes details of critical dimensions
and the qualification processfor the impactor (stage mensuration).

A back-upfilter in addition to the MOC must be used to ensure quantitative recovery of drug substancefrom the nebulized
aerosol at the specifiedflow rate of 15 L/min. The filter is located below the MOC (internal filter option), or a filter in holder
external to the impactor is used to capture any fine droplets that pass beyond the last sizefractionating stage. Apre-separator
is not used for testing nebulizer-generated aerosols.

Method Validation

IMPACTOR STAGE OVERLOADING

Duringmethod development and validation, confirm that the volumeof liquid sampledfrom the nebulizer does not overload
the impactor. Visual inspection of the collection surfaces on stages collecting most of the droplets may reveal streaking if
overloading has occurred. This phenomenon is usually alsoassociatedwith an increase in massof drug substance collectedon
the final stage and back-upfilter. Reducing the sampling period (To) isthe most effective wayto avoid overloading in any given
system, balancing overloadingwith analytical sensitivity.

RE-ENTRAINMENT

Droplet bounce and re-entrainmentare less likely with nebulizer-produced droplets than with solid particles from inhalers,
thus coating would not normally be required. .

3 Marple VA, Olson BA, Santhanakrishnan K, et 01. Next generation pharmaceutical impactor: A new impactor for pharmaceuticalinhaler testing. Part
III: Extension of archivalcalibrationto 15 L/min. JAerosol Med 2004; 17(4):335-343.
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Procedure

USP 43

Pre-cool the assembled impactor and induction port in a refrigerator(setatabout 5Q)for net-lessthan90min, andstart the
determination within about 5 min of impactor removalfrom the refrigerator. Other methods that maintain the impactor at a
constant temperature (e.g, use of a cooling cabinet) can also be employed when validated.

Set up the nebulizerwith a supply of driving gas (usually air or oxygen), or use a compressor at the pressure and flowrate
specified by the manufacturer of the nebulizer. Ensure that the gas supply line does not become detached from the nebulizer
when under pressure. Fill the nebulizerwith the volume of the medicinal product as specified in the patient instructions.

Remove the impactor from the refrigerator. Attach the induction port to the impactor, and connect the outlet of the
impactor/external filter to a vacuum source that iscapable of withdrawing air through the system at 15 L/min, as specified in
Figure 2. Turn on the flow through the impactor.

induction
}/' port

nebulizer

control

t
vacuum
source

Figure 2. Apparatus 5 for Measuring the Size Distribution of Products for Nebulization.

Connect a flow meter, calibrated for the volumetricflow leaving the meter, to the induction port. Adjustthe flow control
valve located between the impactor and the vacuum source to achieve a steady flow through the system at 15 L/min (±5%).
Remove the flow meter. . .

Position the nebulizer in the same orientation as intended for use, then attach the mouthpiece of the nebulizerto the
induction port, using a mouthpiece adapter if required. Switch on the flow/compressor for the nebulizer. Samplefor a
predetermined time (To)' Once determined, this time (To) must be defined and used in the analytical method for a particular
drug product to ensure that massfraction data can be compared. At the end of the sampling period, switch offthe driving gas
flow/compressor to the nebulizer, remove thenebulizer from the induction port, and switch off the flowfrom the vacuum
source to the impactor. Dismantle the impactor and, using a suitable method of analysis, determine tHemassofdrug substance
collected in the induction port on each stage and on the back-upfilteras described for Apparatus 5 (see (601»). Add the mass
of drug substance collected in the MOC to that deposited on the back-up filter/external filter and treat as a single sample for
the purpose of subsequent calculations. .

Calculate the fine particle mass of the drug substance based on the predetermined time (To)' Calculate the massfraction
(Fm,comp) of the drug substance deposited on each component of the impactor, commencing with the induction port and
proceeding in order through the impactor, using the following expression:

mcomp=mass associated with the component under evaluation;
M = total mass collected by the system.

Present Fm,comp in order of locationwithin the measurement equipment, beginning at the induction port and ending with
the back-up filter of the impactor (see Figure 3). Fm,comp valuesfor adjacent stages of the .impactor may be combined in order
to report the mass fraction collected on a group of stages as a singlevalue.
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Figure 3. Example of Mass Fraction of Droplets Presented in Terms of Location within the Sampling System.

Determine the cumulative mass-weighted particle-size distribution of the aerosol size-fractionated by the impactor in
accordance with the procedure given in (601). Starting at the filter, derive a cumulative massversus effective cut-off diameter
of the respective stages (see Table 2 for the appropriate cut-off diameters at 15 L/min). Plot the cumulative fraction of drug
substance versus cut-off diameter in a suitable format, e.q, logarithmic or log-probability format. Where appropriate, use this
plot to determine by interpolation the fraction either less than a given size or between an upper and lower size limit.

Table 2. Cut-off Sizes for Apparatus 5 at 15 L/min
Cut-off Diameter

Stage (IJm)

1 14.1

2 8.61

3 5.39

4 3.30

5 2.08

6 1.36

7 0.98

If necessary,and as appropriate, use this plot to determine values for the mass median aerodynamic diameter (MMAD) and
the geometric standard deviation (GSD).

(1602) SPACERS AND VALVED HOLDING CHAMBERS USED WITH
INHALATION AEROSOLS-CHARACTERIZATION TESTS

1. INTRODUCTION
1.1 Background
1.2 Purpose
1.3 Rationale
1.4 Recommendations
1.5 Definitions of Key Terms Relating to This Chapter
1.6 Choice of Drug Product with which to Test

2. TEST METHOD SELECTION
2.1 Spacer/VHC Configurations
2.2 Comments on Test Methods

3. MEASUREMENT OF APSD
3.1 No Delay between the MDI Actuation and Sampling Onset
3.2 Delay between the MDI Actuation and Sampling Onset

4. MASSOF DRUG DELIVERED FROM A SPACER/VHC WHILE SIMULATING PATIENT TIDAL BREATHING
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4.1 Without Facemask
4.2 With Facemask

USP 43

1.1 Background

Spacers and valved holding chambers (VHCs) are widely used in conjunction with inhalation aerosols [commonly known.as
pressurized metered-dose inhalers (MOls)]. When used correctly, VHCs assist with the administration of inhalation aerosols to
patients who have poor coordination of MOl actuation and inhalation, and VHCs reduce oro-pharyngeal deposition of the drug.
Patients using these spacersNHCs in general breathe tidally when inhaling their medication, regardless of any delay, and this
is particularlytrue for young and elderly users. Also, spacers and VHCs often come with a facemask instead of the mouthpiece
normally supplied for inhalation aerosols. These add-on devices (spacers/VHCs) interface with the actuator/mouthpiece of the
MOl and provide additional volume for the aerosol plume to develop. In this chapter, these aspects are addressed by providing
patient-use appropriate scenarios that have been evaluated extensively.

Although existing methods for evaluating inhalation aerosols relyon sampling at a constant flow rate, spacers and VHCs may
be used by patients who have poor inhalation technique (Le., they delay inhalation after actuating the MOl). This chapter
describes tests that are intended to provide information on how the spacer/VHC modifies the aerosol emitted by the MOl.

1.2 Purpose

The purpose of this chapter isto define potential standardized methods for characterizing the in vitro performance of a given
MOl drug product with a specificspacer and VHC. It is recognized that spacerNHC configurations will deliver a modified
particle-sizedistribution and dose compared with the dose indicated on the label by the manufacturer of the MOl product,
chiefly by collecting almost all of the portion of the dose contained in particles too large to be availablefor inhalation by the
patient and potentially reach the lungs. Thischapter does not advise on the outcome of such changes, rather the interpretation
of data obtained using the methods described should be developed by the user after discussion with the appropriate receiving
organization.

1.3 Rationale

This chapter includes separate testing by a multi-stage cascade impactor to determine aerosol aerodynamic particle size
distribution (APSO) and tests mimickingfully coordinated and fully uncoordinated use, with tidal breathing simulated to
establish emitted mass (EM) with the MOI-spacerNHC coupled to a breathing simulator. ·4:(tJ~PiJ'PI:lC'~Ol~) It is now possible to
combine both APSO and EM measurements by means of a mixing inlet. • ...W:;~Rl:PI:lC"2019) However, the more conservative
approach adopted herein reflectsthe absence of method validation data for multiple marketed drug products delivered by MOl.
Spacers and VHCs modify the APSO substantiallyfrom what isemitted by the MOl when used alone. In particular, almost all of
the mass fraction of drug associated with particleshaving ballistic trajectories, by virtue of propellant expansion upon actuation,
is contained within the add-on device. The user should refer to the Canadian Group standard for further interpretation of
changes in APSO brought about by the presence of a spacer or VHC.

1.4 Recommendations

The use of the induction port identified in Inhalation and Nasal Drug Products: Aerosols, Sprays, and Powders-Performance
Quality Tests (601) is recommended for compliance with the pharmacopeia Istandard. However, it is acknowledged that
alternative designs of the induction port, as yet to be included as pharmacopeia Istandards, offer unique testing opportunities.
These are either anatomically correct or idealized to have aerosol transport properties similar to an anatomically correct
induction port. Given the Widespread use of spacers/VHCs for infants and small children, it is important to note that many of
m~;~~D~t~rT1ically appropriate induction ports are scaled in terms of such potential users (e.g., the "Alberta" idealized throats,
~.(tJsPlc[)~~.2()195 developed at the University of Edmonton, Canada). The user isfree to adopt such an induction port but should
specify the induction port design and age group with which the induction port will be used.

The evaluation of facemask performance requires a model face of the appropriate age range specified in the labeling for the
add-on device (Le., infant, small child, or adult). Thisarrangement is necessary because there is no other way to accurately
simulate the magnitude of the dead space or test for the possibility of leak pathways between facema~~y~\Dg,!~5~1~~th of which
are known to influence efficiency of the drug delivery. Some face models are availablecommercially..~.(,(l!Sl'j;-P~2.2()l~) Therefore,
because the use of a face model isan appropriate way to test these add-on devices, the user will need to either acquire a model
from a source where age-appropriate face models have been developed and validated, or develop and validate his or her own
design. Whichever pathway is chosen, a description of the model, in particular the dimensions of the face where the facemask
comes into contact, should be provided in the data report to the recipient.

~ 4 (USPl-Dec-2019)
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1.5 Definitions of Key Terms Relating to This Chapter

$PCic:~r~:Qp~ntlJb~sthatdo not bCi\lE!Ci \I(;ll\l~ (;lttbe ~><it "~(;lrE!sttb~ PGlti~"t i"tE!rfCic:~ (~itber tb~ lTl()utbpi~c~ ()rfac~lTlask)
to retain the aerosol before the usercan inhale(see Figure 1). Spacerssimplyincreasethe distance between the MOl mouthpiece
and the mouth of the patient. If the patient exhales instead of inhaling, the medication will be blown out of the spacer and
lost.

pressurized metered
doseInhaler(MOl)

Spacer
mouthpiece

Figure1. Open-tube spacer with no mechanism for aerosol conservation during exhalation.

VHCs: Contain at least one valvethat opens to allowthe patient to inhaleaerosol on inspiration. This inhalationvalveremains
closed at other times during each breathing cycle (see Figure 2). Some VHCs may also contain an exhalation valvethat isopen
only during exhalation to direct the exhaled flowawayfrom the inhalation valve.

pressurized metered
doseInhaler(MOl)

MOlactuator
mouthpiece . VHC

mouthpiece

Figure 2. Conventional VHC with valve opening upon inhalation, accepting MOl with forward-firing actuator mouthpiece.

Integral actuator: Acompanion piece with some spacers and VHCs that accepts a MOl canister removed from its
actuator-mouthpiece. A"reversefiring"feature may enable the design to be modifiedsuch that the built-in actuator faces away
from rather than toward the user. In the example illustrated in Figure 3, the spacer operates in this way. It has some of the
characteristics of a VHC, in that an air dam iscreated by closure of the valve located distally from the user on exhalation into
the chamber. Thistype of spacer can therefore be evaluated as if it were a VHC, because the aerosol releasedon MOl actuation
is conserved during exhalation.

MOl
canister

an air damis created
duringexhalation

Figure 3. Holding chamber with reverse-firing integral actuator for MOl canister.
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1.6 Choice of Drug Product with which to Test

USP 43

It isunderstQQd that testing will take placewith eachsingleactivecomponent withinthe drug product or with eachstrength
of multi-strength drug products as required by the recipient of the data.

Chapge to read: '

2. TEST METHOD SELECTION

2.1 Spacer/VHC Configurations

Fourspacer/VHC configurations have been identified that requiredifferenttest methods to complete the evaluation process
(see Table 1).

Table 1. Identification of Test Configurations of the Spacer/VHC
Configuration Spacer VHC Mouthpiece Facemask

A +a _b + -
B + - - +

C - + + -
D - + - +

a + denotes that thisJtem was part of the condition.
b - denotes that this item was notpart of the condition.

In Configuration A, the device being tested isa spacer with a mouthpiece. Likewise, in Configuration 8, the device under test
is a spacer with a facemask. In Configuration C,the device isa VHC with a mouthpiece, and in Configuration D the device isa
VHCwith a facemask. The evaluation ofdevices without patient interface (l.e., those intended for use by patients on mechanical
ventilation) isoutside the scope of this chapter.

TESTS FOR CONFIGURATION A

Configuration A, spacer with mouthpiece (see Figure 4), comprises two tests: 1) APSD measurement with no delay (see Part
1A); and 2) EM by breathing simulation-fully coordinated (see Part2A). Testing with a delaywould be inappropriatefor this
configuration because the medication cannot be retained within the spacer because it has no valvinq mechanism.

TESTS FOR CONFIGURATION B

Configuration 8, spacer with facemask (see figure 4), comprises one test with the facemask in place: 1tEM by breathing
simulation-fully coordinated (see Part3A).· OTE-Thefacemasks' uld NOTb r thistest, pecause it islmport9nt
to b' t ua ct of dead,s etwee,n fac,el1lask a face, as.w rect function of an exhalation
valv 0.] 19) It is recommendedthat this class of device be evaluated for APSD measurement with no
delay (see Part 1A) by removing the facemask and coupling the spacer on-axisto the induction port entry with a suitable
connector. Testing with delaywould be inappropriatefor this configuration, becauset~~ medication cannot be retainedwithin
th~.spacer because it has no valving mechanism. '~[NoT ova' f th a's acse t A ..
be' . <:ationtleavirig the space 'pIe n th sVac s r he
~a. )

TESTS FOR CONFIGURATION C

Configuration C, VHC with mouthpiece (see Figure 4), comprises four tests: 1) APSD measurement with no delay (see Part
1A); 2) APSD measurement with delay (see Part 18); 3) EM by breathing simulation-fully coordinated (see Part2A); and 4)
EM by breathing simulation-fully uncoordinated (see Part28).

TESTS FOR CONFIGURATION 0

Configuration D, VHC with facemask (see Figure 4), comprises two tests with the facemask in place: 1) EM by breathlnq
sifTIulati9n-fuII coordlnated (see Part 3A); and 2) EM by breathing simulation-fully uncoordinated (see Part38).·
[NO~E-T asksho , or this test, because.i to ,to evalu of dead
space be .emask a. , . e.correcUurictionof al vided:] It is
recommended that this class of device be evaluatedfor APSD measurement with and without delay (see Parts 1A an~ 18) by
removing the facernask and couplingthe VHC on-axisto the induction port ent with a suitableconnector. ~[N Removal
of t~e face'mask ii acceptab ,APSpdetermination, because the en~ire bol f medication leaving the spacer i. mpled in
the continuous \(acuumth equiredto operate thecasc"de impactor.]. (US ,ec-2019)
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Configuration C

Spacer with ~ 1A: APSD Measurement \,tHC with,.
with NO delay "'

mouthpiece mouthpiece

I1B: APSD Measurement ...
with delay

2A: EM with mouthpiece by Tidal Breathing
~

Simulation-Fully Coordinated

2B: EM with mouthpiece by Tidal Breathing
Simulation-Fully Uncoordinated

Configuration B

Spacer Configuration
with 3A: EM with facemask by Tidal Breathing

facemask
,.

Simulation-Fully Coordinated
*- VHC

with

3B: EM with facemask by Tidal Breathing~ facemask

Simulation-Fully Uncoordinated

o

Figure 4. Decision tree for test selection by add-on device type.

2.2 Comments on Test Methods

The tests in Parts 1A and 1B (see Table 2) are an extension of the procedures described in (601). However, sampling at a
constant flow rate via a cascadeimpactor does not do more than enable the assessment of the APSD of the emitted aerosol. In
the later parts of Products forNebulization-Characterization Tests (1601), testsare described in which tidal breathing issimulated
to assess spacer/VHC performance in terms of the delivered dose (equivalent to EM) in situations that are more representative
of patient use. In Part 1A (see Table 2), the purpose is to enable the determination of metrics for which a direct ~~~e~~,i~~Q

~~cQ,~~.?Q1~'~~T~I~~,,~Q?<:l~i:!.~~~!!b;:~~~.~~Q?~~yi:<:~:~r~i.~,~~:~b~'~791~,~l:.i;~,!~,;;~~f"':l~;.~~:~b~tS~~,~:r,i,~;<:l.,.,.~,~,iQg... ~.ither '.{. .. ., '. ·;.:~~ri§,en
~~§<:~g~ilrnp~<:t9rf,~i;~2l;1~{Pf~7'§·f:!f:>~F~~gr)~~i~Q~);~~?$~f~~!Sl~~~~iQgflIiJ11P~<:~Q~¥~I~~Ql.!~;pr~7'§~p~F~~gr·;($~f:!¥;<~9.·il ')~ ...•~.()19) and
istherefore not repeated here. In Part 1B(see Table 2), delayed sampling is introduced becauseadd-on devices,especiallyVHCs,
are widely prescribed for individuals who, for whatever reason, are unable to coordinate MDI actuation with the onset of
inhalation as described for the MDI alone in "patient information" and "instructions for use". All of the tests in Part 1 are
undertaken with the facemask removed from the spacer/VHC equipped with this type of patient interface. This modification is
allowed so that the device can be readily interfaced by fitting the facemask adapter directly to the entry of the induction port
without the complication of a direct facemask-to-induction port connection, where internal dead spacewould likely be both
ill-defined and unrepresentative of the "in-use" condition.

Table 2. In Vitro Tests for Spacers and VHCs

Delayat
Constant Breathing Relevanceto Patient Use

Test FlowRate Simulation Suitability Scenarios

Part1A:MeasurementofAPSD
with 4-L sample Baseline performance
volume None Not applicable Spacersand VHCs compared with MDI alone

Part1B: MeasurementofAPSD
with 4-L sample Simulation of a delay by a
volume Forexample,2,5, or 10 sa Not applicable VHCs only poorlycoordinated user

Part 2~~~~.{Q$~N~b~.~~t~5
Measurementof EM with suf-
ficient number of inhalations
from the VHC following guid-
ance in the patient instruc-
tions to Filter collection of aerosolsim- Simulation of optimum use

ensure that the drug is ulating tidal breathing in co- (f~lIy c9~r~I~'~~~'~)\'\Iith
deliveredfrom the VHC as in- ordinated ~,p.f\I1qJ·.·(\J~~}~~V-t~l~~
tended" Not applicable ,~7~·[i~~i;~~,~6J~) use Spacersand VHCs actuation 'f.(usPhD~28;~)
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Table 2. In Vitro Tests for Spacers and VHCs (continued)

Relevance to Patient Use
Scenarios

VHCs only

Suitability

Not applicabh:i

Part 3~~X'(GsR12&e~;;!()19)
Measurement of EM delivered
by facemaskwith sufficient
number of

inhalationsfrom the VHC fol­
lowing guidance in the pa­
tient instructionsto

ensure that the drug is
deliveredfrom the VHC as in-
tended" Not applicable

Filtercollectionof aerosol be­
hind lipsor at naresof model,
simulating tidal~~~at~i~~I~
coordinated ~"'(U~PhOet:'2019j
use Spacersand VHCs

Simulation of optimum use
(fully coordinated) with
"'pMDf... (USP 1:0ec.20!9)

actuation. A ... (USnoec.2019)
Simulation of use with

facemaskapplied with a
1.6-kgforce-

Not applicable VHCs only

a Other delay intervals may also be used as required, ifjustified.
b Representative breathing patterns for differentpatient ages are listed in Table3; other patterns may be used as required, ifjustified.
c1.6-kg applied force has been shown to be clinically appropriate, but the force used may differfrom thisvalue ifjustified.

The tests in Parts 2 and 3, depending on whether a mouthpiece or facemask is present as the patient interface,
respectively (see Table 2), evaluate the performance of the inhalation valve(and exhalation valve, ifequipped) of the add-on
device. Thisevaluation is accomplished by simulating tidal breathing, with parameters that are appropriate for the intended
user group (e.g., infant, small child, or adult). Thistesting approach creates the continuallyvarying flow conditions that are
expected in use. Note that in the determination of EM, a sufficient number of inhalationsshould be taken in accordance with
the instructionsfor use of the VHC, to ensure that the intended amount of drug isdelivered.

SpacersjVHCs using a facemask as the patient interface should be evaluated ideally with the facemask in place (see 7.3
Rationale). The desirable approach issuch that in vitro testing makes use of a model face that is representativeof the age range
for which the spacer/VHC is intended. There are currently limited commercially available model faces; however, the
peer-reviewed literature contains several articles providing the necessarytechnical information to enable suitable
age-appropriate model(s) to be created for the purpose of testing spacer/VHCs. It isalso important that the surfacesof the face
coming into contact with the facemask have mechanical characteristics (e.g., deformability) that are representative of the skin
and underlying soft tissueswhen the facemask is applied to the face with an appropriate force. In Part3 (see Table 2), the
spacer/VHC isevaluated by a breathing simulationwith the facemaskfitted, mimicking similarfully coordinated use as defined
in Part 2A and also fully uncoordinated use as defined in Part 28 (see Table 2). By comparing the EM of the drug with and
without the use of a facemask, it is possible to assessthe influence of the facemask... .

[NOTE-Not all of the tests described in this chapter are applicable to open-tube sp-acers because such devices require fully
coordinated use; otherwise, drug delivery will be significantly reduced. Figure 4 shows the decisiontree to be followed so that
the tests chosen are appropriate to the type of add-on device being evaluated.] .

Table 2 further defines the test, method, applicable device, and relevanceto patient use scenariosof the procedures that are
described in this chapter. Example delay intervals of 2, 5, and lOs are not;diDm;!~~I,;{~12?~~~gh other delay intervals may
be substituted or added as required and justified. Forthe testing in Parts 3~~~I'J(:l>~ ••«(.i$P;1+t>~C':~919) (see Figure 4), it is recognized
that currently there are limited commercially available face models representing the most widely recognized age categories,
which may be required (i.e., infant, small child, and adult). The user is advised to select an appropriate commercial model or
develop his or her own, providingjustification for the selection as required. Additionally, Table 3 shows representative
tidal-breathing patterns for the various patient age categories from neonate to adult.

Table 3. Representative Tidal Breathing Patternsa

Pediatric Adult

Parameter Neonate Infant Small Child Normal P Normal z"

Tidal volume (mL) 25 50 155 770 500

Frequency(min-I) 40 30 25 12 13

liEratio- 1:3 1:3 1:2 1:2 1:2
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Table 3. Representative Tidal Breathing Patterns" (continued)
Pediatric Adult

paramet.er Neonate I Infant j SmaUCflild NormalTb I Norm,1I2b

Minutevolume (mL) 1000 I 1500 I 3875 9240 I 6500

aWith the permission of the Canadian StandardsAssociation (operating as the CSA Group), material is reproduced from CSA Group standard CAN/CSA-Z264.1­
02 (R2011), "Spacersand HoldingChambersfor Use with Metered-DoseInhalers", which iscopyrighted byCSA Group,5060 SpectrumWay,Suite100, Mississauga
ON, L4W 5N6. Thismaterial is not the complete and official positionof the CSA Group on the referenced subject, which is represented solelyby the standard in
its entirety.Although use of the material has been authorized, CSA is not responsiblefor the manner in which the data are presented, nor for any interpretations
thereof. Formore informationor to purchase standardsfrom the CSA Group, pleasevisitshop.csa.ca/ or call1-800-463-6727.
b Normal 1 represents a resting adult of large build;Normal 2 represents an activeadult of normal build.
C liE ratio = inspiratorytime/expiratory time.

"'Testing is undertaken (see 3.1 No Delaybetween theMOlActu,ationand Sampling Onset)to ensure thatthere ~re no leakages
ofambient air into·themeasurement apparatus; The purpose is notto eY"luate leakages associatedwith the spacerNHC. Such
testing would be impractical because of the ~ariety of adapters that WQuid be, needed tointeiface the flow meter wi~hthe
different designs associated with theseadd-Qn devi<;es.", (US~ '1-Dec-2019)

Change to read:

31' MEASUREMENT OF APSD

3.1 No Delay between the MDI Actuation and Sampling Onset

BACKGROUND

In Part 7A (see Figure 4), the measurement of APSO from the spacer or VHCwith no delay following actuation of the inhaler
is defined as an important test of the optimum performance of the device. This test also provides information with which to
compare the in vitro performance of the MOl with and without the add-on device present.

TEST PROTOCOLS

atiohleayi
of thes .
ted be

een cqrnpleted a

Ifthe spacer/VHC is intended for adult use, and comparison is being made with the MOl alone, follow "'one 0 P i~Dec.Z019)
theprocedures given for "'inhalation aerosols and sprays,. (W;P l-Dec~.2019) as required. Alternatively, ""the pediatrlc rsion
of. (USP1~[)ec.2019) the Marple-Miller Cascade Impactor '·(ModeI150P)", (us!> l-D~-2019) may be used.

Ifthe spacer/VHC is intended for neonates, infants, or small children, it may be appropriate to use ~n alternative apparatus
that operates at the reducedflow rate(s) more appropriate for these classes of patients. Examples are "'the N,extc;eneration
Impactor (without pre-separator). (USP1.Dec.2019) operated at 15.0 L/min or the pediatric version of~ ... (USP1-Dec-2p19) the
Marple-Miller Cascade Impactor (Model 150P) that functions at either 4.9 or 12.0 L/min.

·Set up the cqscade impqctor as described in the manufacturer'sli.terature. TOensureefficitmt particle capture, coat
appropriately the particle collectionsurface ofeach stage with glycerol, silicone oil,or'othersl,Iitable liquid unlessthishas been
demonstrated to be unnecessary. Connect an induction port with i rnql diniension~ as definedin (601) to the impac~orinlet.
Connect the impactor to a vacuum pump via asuitable flow c lYe.

Attach a flowmeter capable of providing volumetric flow ra,
induction port, ensuring an airtight seal. Verity that theJlow rate f. ..
achieved by applying a vacuum to thetest appatatusby means oftheflowc
and vacu,um source. Turn off the source of vacuum tothis apparatus aflertQi$ c
meter.

Attach a suitable coupling for thespacer/VHC to the inducti0R port....(USP l-Dec~io19) Conduct the·rt::mainderof
:the. (USPl-D~t-2019) evaluation with the mouthpiece of the spacer or VHC, if so equipped, connected to the test apparatus. Ifthe
spacer or VHCis equipped with a facemask, remove the facemask and perform the evaluation with the add-on device connected
to the test apparatus by means of the facemask adapter.

"'Prepare the spacer/VHC. (USP1.Dec-2019) for the test by washing in accordance with the manufacturer's instructions, if so
indicated. If no instructions for preparation are provided, test the device out of the package without prewashing, and note this
information in the test report. ,

Connect the spacer or VHCvia the mouthpiece or facemask adapter to the entry to the induction port described in (601).
This connection can be made either with a short piece of flexible tubing or with a purpose-built coupling that ensures on-axis
alignment with the entry to the induction port. Ifflexible tubing is used for this connection, ensure that the add-on device is
supported in such a way that its long axis aligns with the axis of the induction port entry. Care should be taken to ensure that
the coupling, however constructed, does not result in a significant loss of the drug and/or change in measured APSO.

'" '" (USPl-Dec-2019)
The practice of actuating the MOl with the spacer or VHC initially disconnected from the induction port and then rapidly

connecting the add-on device after MOl actuation is not recommended, because there is always a small delay interval and
medication will be lost in an uncontrolled manner from an open-tube spacer if this procedure is followed.

Follow the directions in the patient information and instructions for use for the MOl to prime it before inserting into the MOl
adapter of the spacer/VHC. In the case of an add-on device equipped with an integral actuator, after priming the MOl canister
in its mouthpiece adapter as supplied, remove the canister from the adapter and clean the external valve stem with a suitable
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wipe. Insertthe canister valve stem into the receptaclefollowing the instructionsfor usefor the particularadd-on device, taking
care to avoid premature actuation.

incaseswhere more than one actuation ofthe MOl is needed to collectsufficientmassof drug product, follow the directions
in the patient information and instructions for use; ifno directions are provided, allowa minimumof 30 s between actuations.
Turn on the vacuum to the cascade impactor before delivering any actuations. It is important to deliverthe minimum number
of actuations to obtain an adequate sample of the size-fractionated drug massfor measurements to be made to the same degree
of precision as would be the case ifthe MOl was evaluated alone.

Afterthe MOl actuation and aerosol sampling are completed, recover the drug from each component of the cascade
impactor, including the induction port, and alsofrom within the spacer/VHC by using a validated method appropriate to the
product being measured. Carefully remove the backup filter of the cascade impactor, whose purpose is to capture the drug
masspassingthe lastimpactionstage, from itslocationand place it ina suitablecontainer. For each sample,add a predetermined
volume of a suitable solvent to the container and agitate to dissolve the collected drug. Transfer a sample to a cuvette or vial
for drug assay using a syringe equipped with an in-line filter to retain any suspended material. Care must be taken with the
recoveryof a drug retained by the add-on device,because a greater volume ofsolvent may be needed, compared with volumes
needed for recoveryfrom each impaction plate/cup of the impactor. Perform separate assays to measure the mass of drug
recovered from each component, using a validated procedure.

Repeat the measurement with the required number of devices and replicates per device.Typically, five separate spacers or
VHCs are each tested once, but other testing protocols may be adopted as required, if justified. These protocols may include
replicate measurements per device to obtain information about intra- as well as inter-device performance.

MEASUREMENTS

Total mass of drug collected: This procedure is not a test of the product or add-on device but servesas a system suitability
test to ensure that the resultsare valid. The total mass of drug collected comprisesthe sum of the drug mass in all of the
components, including the MOl mouthpiece and from within the spacer/VHC [material balance (MB)] divided by the number
of actuations of the MOl. Note that typically up to 5% of the target-delivered label claim may be retained by the cascade
impaction apparatus as inter-stage wall losses.

Total mass of drug emitted: The total mass of drug emitted from the spacer/VHC with zero seconds delay (delivereddose,
equivalent to EM) is determined from the sum of the valuesfor the mass of drug collected in all of the components of the test
apparatus divided by the number ofactuations of the MDI. Spacersand VHCs are intended to reduce the massofcoarse particles
inhaled by the patient; therefore, an important part of data interpretation of the APSD should involve separate assessments of
the pertinent subfractions relevant to the inhalation aerosol product. The precisesize limits for these subfractionswill agree
with the recipient of the test data. However, to provide initial guidance on this matter, it is suggested that the following be
considered as a minimum:

• Determination of the mass of drug retained by the spacer/VHC together with the mass recoveredfrom the induction port
• Stage-by-stage profile of the remaining EM

Further interpretation of these data isat the discretion of the user. The performance of the spacer/VHC iscompared with that
of the MDI alone, following the procedure described in (601).

3.2 Delay between the MOl Actuation and Sampling Onset

[NOTE-This test is inappropriate for spacers.]

BACKGROUND

IO"IPqc;:~2r~jthQyt·Rr~~§E:!P9rqtQfi(§E:!E:!c\§.qJY»,~(Qsj~ii~peci0~9i~j to accept a means by which the delay interval can be realized. The
actuation of the MOl into the VHC on test with its mouthpiece orfacemask adapter disconnected from the entry to the induction
port, followed by connection to the port with the vacuum applied to the apparatus immediatelyafter the delay interval has
elapsed, is difficult to perform accuratelyand may result in leakage or an inaccurate realization of the delay interval. Forthese
reasons, an apparatus of the type described in Figure 5 is recommended, because it enables the VHC mouthpiece/facemask
adapter to remain in position throughout the measurement. The methodology for delay testing is based on the apparatus
illustrated, but other equipment offering similar capability may be used if justified.

TEST PROTOCOLS

The vertically mounted shutter plate comprises a circularopening in its upper halfand is mounted at setup such that the
gap between the VHC mouthpiece/facemask adapter and induction port entry is closed, as illustrated (see Figure 5). The
induction port and VHC adapter fit tightly into the mounting block. In this position,when vacuum isapplied to the test
apparatus, air is sampled by the apparatus at the desired flow rate via a bypass channel on the side of the adapter facing the
induction port. Thisarrangement avoidsthe need to start the flow through the apparatus after the delay interval has elapsed,
so that the cascade impactor isalways operated at a constant flow rate.
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Figure5. Aconfiguration for an apparatus to assessthe effectof a delay between the MOl actuation and sampling onset.

In the configuration described in Figure 5, when the MOl isactuated, a microphone located on the adapter blockdetects
the sound emitted at actuation of the MOl, starting a timer that operates a solenoid valvethat retracts a pin immediatelyafter
the preset delay interval has expired. This process permits gravityto operate on the shutter, which drops to the lower position
in which the aperture isaligned with the VHC mouthpiece/facemask adapter and induction port entrance. The aerosol retained
within the VHC issampled as soon as the shutter moves to the "open" position. Thisprocedure avoidsthe risk of capturing any
"blow-by" aerosol that might escape the VHC as the propellant expands immediatelyfollowing MOl actuation but would not
be inhaled by a user. Ifblow-by is observed, it should be noted in the test report. In the configurationshown in Figure 5, the
adapter introduces <5 mLof additional volume to the aerosol pathway from the VHC to the filter, and the minimum delay
interval achievable is 1 s.

Example delay intervals of 2, 5, and lOs have been noted earlier in this chapter, although other delay interval(s) may be
substituted or added if re uired and 1\,1,.,'.11'''''....

to of the delay apparatus.
Before the MOl for the being tested, ensure that the delay apparatus is set such that the

shutter is in the "up" or "closed" position. Select the desired delay intervalfor the timer.
Follow the directions in the patient informationand instructionsfor use before inserting the actuator/mouthpiece of the MOl

into the MOl adapter of the VHC before the firstactuation into the test apparatus. Ifthe spacerNHC isdesigned with an integral
actuator, after priming the MOl canister in its mouthpiece adapter as supplied, remove the canisterfrom the adapter and clean
the external valvestem with a suitable wipe. Insertthe canister valvestem into the receptacle following the instructionsfor the
particular add-on device, taking care to avoid premature actuation.

Incases where more than one actuation of the MOl isneeded to collect sufficient mass of drug product, follow the directions
in the patient instructions, or if no direction is provided, allowa minimum of 30 s between actuations. Deliver the minimum
number of actuations needed to obtain an adequate sample of the size-fractionated drug mass so that measurements can be
made to the same degree of precision as if the MOl was evaluated alone. Reposition the shutter of the delay apparatus in the
up or closed position, and check that the timer is set for the desired delay after each MOl actuation. Maintain the vacuum
through the entire sequence until all actuations are completed.

Afterthe sampling part of the measurement iscompleted, recoverthe drug from each component of the cascade impactor,
including the induction port, and from within the spacer/VHC by using a validated method appropriate to the specific product.
In the configuration shown in Figure 5, the surfacearea of the shutter that isexposed to aerosol particles is minimal. Therefore,
recovery of drug from this component needs to be done onlyfor the most accurate work; in which case, the inner surfaces of
the aperture in the shutter plate and the exit port are washed with recoverysolvent. Care should be taken with the recoveryof
drug retained by the VHC, because a greater volume of solvent than is needed for recoveryfrom each impaction plate/cup of
the impactor may be needed to be sure that drug isquantitatively recovered. Assay for the mass of drug recovered from each
component separately by using a validated procedure.
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Repeat the measurement with the required number of devices and replicates per device. Typically, five separate spacers or
VHCs are each tested once, but other designs, including replicate measurements per device, may be adopted as required.

Total mass of drug collected: The total mass of drug collected inall of the components, including the MOl mouthpiece
and from within the spacerNHC (MB) isdivided by the number of actuations of the MOl. The component of the dose that may
escape past the inhalation valveof the VHC on MOl actuation (due to momentary pressurization of the interiorof the chamber)
is termed "blow-by", and it may not be captured for the assay. Ifthis phenomenon is observed, it must be noted.

[NoTE-Quantification of blow-byis not a practical proposition because the act of collectingthe aerosolwill inevitably apply
back-pressureto the valve, reducing or eliminating the phenomenon altogether.]

The performance of the spacerNHC tested with delay (see 3.2 Delaybetween the MOl Actuationand Sampling Onset) is
compared with that of the spacer/VHC tested with no delay (see 3.7 No Delaybetween the MOl Actuation and Sampling Onset).

VHCs are intended to reduce the mass of coarse particlesinhaled by the patient, so an important part of data interpretation
of the APSD should involve separate assessmentsof the pertinent subfractions relevantto the inhalation aerosol product. The
precise size limits for these subfractionswill agree with the recipient of the test data. However, to provide initial guidance on
this matter, it is suggested that the following be considered as a minimum:

• Determination of the mass of drug retained by the spacer/VHC together with the mass recoveredfrom the induction port
• Stage-by-stage profileof the remaining EM

Further interpretation of these data isat the discretionof the user.

4. MASS OF DRUG DELIVERED FROM A SPACER/VHC WHILE SIMULATING PATIENT TIDAL
BREATHING

4.1 Without Facemask

Cascade impactors used in the assessment of APSD are designed to operate at fixed flow rates. However well the add-on
device may perform during anln vitro test of function using such an apparatus, the operation of critical moving components
(Le., inhalation and exhalation valves of VHCs) is not evaluated in the way that these components would perform when the
VHC isused by the patient. Anadditionaltest that simulatestidal breathing istherefore included, becausethis type of respiratory
pattern is most commonly encountered with patients using an add-on device, particularly neonates, infants, and children who
are incapable of a forced inhalation maneuver. Several representative, age-related breathing patterns are listed in Table 3.

There is no breathing simulator recognized in (601). However, (1601) providesfor the use of a commercially available
breathing simulatorthat isable to generate the same breathing profiles as those specified in Table 3. The methodology provided
assumes that equipment meeting this standard isavailable. Figure 6 illustrates schematically a setup that has been effective for
these measurements, but other configurationsmay be used as required.

The filter system used to collect the aerosol at the mouthpiece/facemask adapter of the spacer/VHC should be a suitably
validated, low-resistance filtercapable of quantitatively collecting the aerosol and enabling recovery of the drug substance with
use of an appropriate solvent. Ifthe filteriscontained in its own housing, the dead volume of the filter casing must not exceed
10% of the tidal volume used in the breath simulation. Thisrestriction will likely makeit necessaryto usefilters without a separate
housing when performing tests that simulate neonatal or infant use.

The first part of the test issuitable for both spacers and VHCs, because it simulatesthe delivery of medication mimicking a
fully coordinated user actuating the MOl at the onset of inhalation. However, the second part of the test is only suitable for
VHCs because the MOl is actuated at the onset of exhal~tion to simulate a fully uncoordinated user.

VHC

Low-Resistance 1....... -, Filter

~!~~.F1.
~-1=L-lP

1 11..-------..1 Minimize'Dead'Volume MOl
BetweenInhalation
Valveand Filter

Figure 6. VHC evaluation by breathing simulator.
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TEST, PART 1

Set the breathing simulatorto the requiredbreathing pattern (identified from Table 3) lnaccoroence with the manLlfactLlrer's
instructions. Alternative breathing patterns may be used if required. Ensure that the simulator has been calibrated before use
so that the actualvolumesand frequencyarewithin±5%of the indicated valueduring each breathing cycle. Calibration syringes
are available from various suppliers of mechanical ventilation equipment to verify volumes. To verify frequency, the method
varies among breathing simulatormanufacturers, and therefore the adviceof the particularsupplier/manufacturer should be
sought if the method is not explicitly stated in the operating instructions for the apparatus.

Ensure that the selected flowwaveform from the computer-controlled breathing simulator (Figure 6) is stable before
proceeding. Prepareeach devicein the group ofspacersor VHCs to be tested bywashinginaccordancewiththe manufacturer's
instructions, if indicated. If no instructions for preparation are provided, test the devices out of packagewithout prewashing
and note this fact in the test report. '.

Connect the mouthpiece or facemask adapter of the spacer/VHC to the breathing simulator by means of a short length of
flexible hose. Locate the aerosolfilter as closeas possible to the mouthpieceof the spacer/VHC usingan adapter or other means
that will enable a leak-tightseal to be formed with the minimumamount of space (dead volume) between the device and the
filter. Ensure that the adapter does not restri;~,!~~{e~~~;~t~he aerosol.

Filtrete is a suitable electret filter medium i~iw~p'flfii)g~~2(h?) that readily releases collecteddrug quantitatively upon addition
of a suitable solvent during the assay procedure. However, other suitablefilter media may be used providedthat the tester is
satisfied that the filter is capable of collecting the entire emitted dose and that drug recovery for assay isquantitative.

Follow the directionsin the patient information and instructions for usefor the MOl to prime it beforeinserting into the MOl
adapter of the spacer/VHC before the first actuation into the test apparatus. In the case of an add-on deviceequipped with an
integral actuator, after priming the MOl canister in its mouthpiece adapter as supplied, remove the canisterfrom the adapter
and clean the external valve stem with a suitablewipe. Insert the canistervalve stem into the receptacleby following the
instructionsfor usefor the particular add-on device, taking care to avoid premature actuation. This test typically should require
only one actuation of the MOl into the spacerNHC per determination. However, for certain highlypotent products delivering
low unit mass of drug per actuation, more than one actuation of the MOl may be needed to collecta sufficient massof drug
product. Under such circumstances, follow the directions in the patient information and instructions for use for the MOl, or
allowa minimum of 30 s between actuations ifno direction is provided. It is important to deliverthe minimum number of
actuations to obtain an adequate sample of the drug mass for measurements to be made with acceptable precision.

Forthe first part of the test, perform a singleactuation timed to coincidewith the beginningof an inhalation. Allow sampling
to occur for five additional breathing cycles for the actuation. Ifadditional actuations are required to improveanalytical
sensitivity, ensure that the sampling time isof sufficient length for the spacer/VHC to be emptied of remaining aerosol before
the next actuation isdelivered, and do not disconnect the spacerNHCfrom the breathing simulator between actuations.

Remove the filtercarefully from its locationand place it in a suitablecontainer. Add a predetermined volume of a suitable
solvent to the container and agitate to dissolve the collecteddrug. Transfer a sample to a cuvette or vial for drug assay using a
syringe equipped with an in-line filter to retain any suspended material. Recover the massof drug from the filter by using a .
validatedprocedure appropriate to the specific product, and assayfor the massofdrug collectedbyusinga validatedprocedure.
Calculatethe total mass of drug per actuation; this isthe emitted mass in the fully coordinated condition (EMc) ' Repeatthe
measurement with the required number of devices 'and replicates per device.

TEST, PART 2 .

[NOTE-This part of the test is inappropriatefor spacers.] Forthe second part of the test, either clean the VHC between
measurements or evaluate a new VHC out of its packaging, as requiredand justified. Reportwhether cleaning or replacement
of the VHC was carried out. Repeatthe procedure above in Test, Part 1 with the same VHC, this time actuating the MOl timed
to coincidewith the onset ofexhalation. Calculate the total massofdrug per actuation; this isthe EM inthe fully uncoordinated
condition (EMuc) ' Repeat the measurement with the required number of devices and replicates per device.

Calculatethe ratio of EMc with the EMuc•

4.2 With Facemask

TEST, PART 1

The purpose of this test is to compare the EM from a spacerNHC equipped with a facemask to that obtained in the fully
coordinated simulation with the facemask removed. Facemasks are Widely prescribedfor infants, small children, and adultswho
lackcoordination to use a mouthpiece-based product. The evaluation of spacersNHCssupplied with a facemask, rather than a
mouthpiece, requires additionalattention beyond the methods described previously, because the facemask itself has a major
part to play in the transport of the drug-containingaerosol particles from the add-on device to the patient (Figure 7). It is
therefore important that the facemask be tested insituas part of the add-on device, rather than separately. Acritical component
of the test apparatus isthe representationofa human face appropriate to the age range for whichthe add-on deviceisintended
(e.g., neonate, infant, small child, or adult). There are few models that can be defined as an apparatus in a way that issimilar
to what isdone for cascade impactorsin the aerodynamicparticlesize analysis of MOl-generated aerosols, althougb{~~,rn~f~?~

models are currentlyavailable commercially. Ideally, standardized, age-appropriate modelswould be preferred.~.l:(Q~~iJ..[)e~.ggJ9)
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Figure 7. VHC with facemask applied to face.

Ideal attributes for face models are the following:
• Appropriate facial dimensions for the intended user age range
~ Ability to apply the facemask with the predicted amount of dead space when it is applied with a clinically appropriate

force to the model
• Physiologically accurate soft facial tissue modeling around the chin, cheeks, and nose where the facemask makes contact
• Means of correctly mounting the spacer/VHC so that the facemask is oriented with the correct alignment to the face, as

would occur when in use by a patient
[NoTE-Some models may include anatomically accurate realization of the upper airway (naso- or oropharynx), with the

aerosol collectionfilter located at the distal port of the model representing the entry to the lungs.]
Forthe sake of simplicity andt~ n~aH~~.a. rneas~re of spacer/VHC performance comparable to the measure obtained with

facemask removed in Parts 2~~i:1Dq'~A!;(u$pn[)ec,2()19) (see Figure 4), the default assumption is that the model face simulates
open-mouth breathing without an anatomicallyaccurate upper airway, and that the aerosolcollection filteris located in a cavity
immediatelybehind the lips of the model. Alternatively, ifan obligate nasal breathing infant model isbeing used, then the filter
can be placed behind the nares. The mass of drug is reported as the emitted mass (EMracemask)'

Select a face model appropriate to the intended age range for the spacerNHC facemask, and mount the face model in an
appropriate fixture. The fixture should enable the facemask to be located at an appropriate angle to the face model, such that
an effective seal between the facemask and face model iscreated with a clinically appropriate force. Thisis typically a loading
force of 1.6 kg but may differ from this value ifjustified by the design of the facemask. The arrangement shown schematically
in Figure 8 is one way of achieving the desired result, but other approaches may be adopted as required, ifjustified.

~~;~~t;i~Q9secure the filter media in the cavity behind the lips of the face model. Filtrete isa suitable electret filter medium
~~Y(Q$pt~D~~22tJ)9) that readilyreleases collecteddrug quantitativelyupon addition of a suitablesolventduring the assayprocedure.
However, another suitable filter medium may be used, provided that the tester is satisfied that it is capable of collecting the
entire emitted dose, and that drug recovery for the assay is quantitative.

Verify that a seal has been obtained between the facemask and face model. This isconvenientlydone by connecting the
outlet (distal) port of the face model, using a 'short length of flexible hose, to an in-line calibrated gas flow meter whose distal
port is in turn connected to the vacuum source viaa regulating valvecapable of setting the flowrate to a suitable value, typically
30 L/min. Connect a similar flow meter to th;<g~~.!~r~q~ MOl (MOl adapter) on the spacerNHC, and ensure that the mask is
positioned in order to maximize flow rate'~A(USg..hDeCf.2019) .

[NOTE-Leakage from the facemask to face seal, as detected by lower flow rate, is known to reduce drug delivery.]
Turn offthe vacuum source after this check has been completed, and disconnect the flexible hosefrom the in-line flow meter.

Remove the upstream flow meter from the MOl adapter of the spacer/VHC.

Model .hould have mean' 10rotate face
so that facema.k can be aligned with face
as it would in use

Lookfor leakage at seal

•••••••••• :;i,;;:en mask and nasal

~/""

Inhaler

l.&kg force

support bench for model and
carrier for spacer!VHC

Figure8. Mount for face model with alignment fixture including carriage for spacerNHC; a fixed (i.e., 1.6-kg) weight acts
on the pulleybelow the VHC and draws the carriage toward the face with the required force.
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Connect the outlet (distal) port of the face model to the appropriate port of the breathing simulator using a short length of
flexible hose. Set the breathing simulator to the required breathing pattern (identified from Table 3) in accordance with the
manufacturer's instructions. Alternative breathing patterns may be used if required. Ensure that the simulator has been
calibfatedbefofeuse solhat the actUal volumes andfrequency arewithin ±:50/6of the indicated value during eachbreathing
cycle. Calibrationsyringesare available from varioussuppliersof mechanical ventilationequipment to verify volumes. To verify
frequency, the method varies among breathing simulator manufacturers, and therefore the advice of the particularsupplier/
manufacturer should be sought ifthe method is not explicitly stated in the operating instructionsfor the apparatus. Ensure that
the selected flow waveformfrom the breathing simulator is stable before proceeding.

Follow the directions in the patient informationand instructionsfor use for the MDI to prime it before inserting it into the
MDI adapter of the spacer/VHC before the first actuation into the test apparatus. In the case of an add-on device equipped
with an integral actuator, after priming the MDI canister in its mouthpiece adapter as supplied, remove the canister from the
adapter, and clean the external valvestem with a suitable wipe. Insert the canister valvestem into the receptacle according to
the instructions for use for the particularadd-on device, taking care to avoid premature actuation. Typically, it should require
only one actuation of the MDI into the spacer/VHC per determination. However, for certain highlypotent products delivering a
low-unit mass of drug per actuation, more than one actuation of the MDI may be needed to collect a sufficient mass of drug
product. Under such circumstances, follow the directions in the patient instructionsor allowa minimum of 30 s between
actuations if no direction is provided. Deliver the minimum number of actuations needed to obtain an adequate sample of the
drug so that mass measurements can be made with acceptable precision.

Perform a single actuation in the spacer/VHC, timed to coincide with the beginning of an inhalation (see Figure 4, Part 3A).
Allow sampling to occur for five additional breathing cyclesfor the actuation. If additional actuations are required to improve
analytical sensitivity, ensure that the sampling time is of sufficient duration for the spacer/VHC to be emptied of remaining
aerosol before the next actuation is delivered, and do not disconnect the spacer/VHC from the breathing simulator between
actuations.

Following the tests, remove the filter carefully from its location and place it in a suitable container. Add a predetermined
volume of a suitable solvent to the container and agitate to dissolve the collected drug. Transfera sample to a cuvette or vial
for drug assay using a syringe equipped with an in-line filter to retain any suspended material. Recover the mass of drug from
the filter by using a validated method appropriate to the specific .product, and assayfor the mass of drug collected by using a
validated procedure. Calculatethe total mass of drug per actuation; this is the emitted mass in the fully coordinated condition
with facemask fitted to the spacer/VHC (EMc- fm) ' Repeat the measurement with the required number of devicesand replicates
per device.

The values of EMc from the test undertaken in Part 2~6l~cGsk12Q~£.iq1?) (see Figure 4) in which the facemask adapter was
removed for comparison of EM, simulatingfully coordinated use by a breathing simulator can be compared to the EMc_fm in
order to understand the impact of the facemask on drug delivery.

TEST, PART 2

Fora VHC only, the same process can be repeated, but with the MDI actuation(s) timed to coincide with the beginning of
exhalation (rather than inhalation)(see Figure 4, Part38). Inthis instance, the mas~ofdrug.co.lI~s?e.~p.~[.~ctuation isthe emitted
mass in the uncoordinated condition (EMuc_fm) ' The ratio of EMc- fm from Part 7.A ofthis testA (USRhDec22019) and the EMuc_fm can
now be calculated.

(1644) THEORY AND PRACTICE OF ELECTRICAL CONDUCTIVITY
MEASUREMENTS OF SOLUTIONS

Thisgeneral chapter provides information in support of instrumental methods for procedures that measure electrical
conductivity. Pharmaceutical applications include: chemical dosing, cleaning in place, fermentation control, and liquid mixing
verification, among others. Although the general chapter focuses on aqueous systems, conductivity measurements can be
extended to organic fluids. The general chapter also focuses on contacting conductivity measurements and does not cover
applications which may use noncontacting inductiveconductivity. After an introduction, the general chapter coversthe
following major topics: theory ofoperation, operational considerations, calibration, and operation for at-line, in-line, and off-line
measurement procedures.

INTRODUCTION

, Conductivity is the measurement of the ability of a fluid to conduct electricity via its chemical ions.The ability of any ion to
electrically conduct is directly related to its ion mobility. Some of the common applications of conductivity measurements
include water treatment and purification, c1ean-in-place process fluid management, fermentation process monitoring, dosing
applications, nutrient media preparation, buffer production (e.g., distribution and dilution for dialysis and chromatography
applications), chromatography detection of gradient and eluent, active pharmaceutical ingredient chemical synthesis, and
concentration determination of basic chemicals. Fluids should be measured in a single homogenous phase-Le., conductivity
should not be applied to mixed immiscible fluids unless they are separated. Electrical conductivity measurements cannot be
applied to solids or gases, but they can be applied to the condensate of gases. '

Besides its use to monitor ionic, concentrations of processfluids, conductivityisalso useful for the detection of ionicimpurities
in cornpendlal waters (see WaterConductivity (645») and for the detection of ionic impurities in organic matrices.
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The measurement is non-ion-specific, and all ions respond with differentefficiency or equivalent conductance, A. Despite
the lackof ionicspecificity, conductivity is a valuable laboratory and process tool for measurement and control of total ionic
c<:>~ten~~e~~~s~ it is.pr<:>P()rti()I1~1 t()ttt~sLJrTl. ()fth ~ .. <:()11 c~l1tr~ti()l1. ()f~~c:t1i()rl ic:sp~c:i~s .(elrli9rlsarlcl ..c:"ti()rls)Clscl~sc:rit>~clir1
Equation 7:

a/l'
ions

K: =1000Lex,
i

where K is the conductivity (S/cm), C,is the concentration of chemical ion i (rnole/L), and Ai is the specific conductance of ion
i (S. crn-/rnole).Though S/m is the appropriate SI unit for conductivity (Le., the base Sl units are the ampere and the meter)
units of S/cm historically have been selected as the accepted unit of expression.

At low ion concentrations (typically <10- 3 mole/L), the conductivity-concentration relationship is linearand valid because A
is constant for each ion, but there are three notable exceptions to this strict linearity and proportionality. First, at higher
concentrations (approximately 10-3 to 1 mole/L) smallnegative deviations from linearity «5% per decade) arisebecause of the
decrease in Afor each ion, and the negative deviationsvaryfrom ion to ion. Second, at higher concentrations for weak acids
and bases the extent of dissociation into ions decreases depending on their dissociation constants. As the concentration of a
weakacid/base increases,the conjugate cation/anion concentration increases as the square root of the acid/base concentration.
Third, at high concentrations (>20%) of certain strong acids such as HN03 and H2S04, the negative deviations persist, and, in
some cases, the conductivity decreases with increasing concentration. The conductivity of high-concentration acid systems is
well documented.

Another variablethat influences conductivity measurements isthe fluid temperature. Astricter expressionof Equation 7 is
shown below as Equation 2:

a/l
Ions

K(T)= 1000LCI (T)A, (T)
I

where the conductivity measurement, ion concentrations, and specific ion conductances are temperature (7) dependent. As
fluid temperature increases, the ions become more efficient electrical conduits, making this physicochemical phenomenon the
predominant reason for the temperature-compensation requirement when testing conductive fluids. The specific ion
conductance of all ions increaseswith increasingtemperature. In addition, the concentration of ions can also change as a
function of temperature. Forexample, the auto-dissociation constant of water, Kw, increaseswith temperature from 00 to 100 0

,

resulting in the increased production of H+ and OH- .
Strictly speaking, it is' challenging to temperature-compensate perfectly the conductivity. measurement to a reference

temperature unless the ionicspecies are well known. In many applicationsthe ionicspecies are well known, and in most other
cases simple assumptions make this issue lessdemanding. Temperature compensation isdiscussed in further detail in
Temperature Compensation, below.

.THEORY OF OPERATION

Alternating Current Measurement Method

Conductivityismeasured byapplyinga voltage (or current) between two conducting electrodes and measuringthe resistance
of the fluid using Ohm's Law. Various methods are used to apply the voltage/current, but all have the property of using an
alternating voltage/current (Ae) in order to minimize polarization (or collectionof ions) at the electrodes or any electrolytic
reaction. Ifa direct voltage/current (DC) is used, then the positive ions will collect at the negative electrode, and negative ions
will collect at the positiveelectrode. The collection of ions at the electrode prevents the flow of current and adversely affects
the accuracy and stabilityof the conductivity measurement. The measuring frequency of the AC signal depends on the
technology and can range from as lowas 30 Hzin low-conductingfluids and up to 4 kHzin highlyconductive fluids. The specific
frequencies are not relevant to operation of the system because the drivefrequency is embedded in the instrument's
measurement systemsand isintegrally linked to the supplier's measurement technology. Thischapter does not seekto evaluate
different measurement technologies because they are usually microprocessor-controlled systems and are proprietary.

The two-electrode AC measurement technique isvalid for use with all concentrations of ionicspecies ranging from acids and
bases (high conductivity)to Water for Injectionand Purified Water (lowconductivity)and even to organic, weakly ionicspecies
such as alcohols and glycols. The measurement can be sensitiveto ion concentrations as low as 0.05 Ilg/L. For high ion
concentrations, analysts can use an alternative4-electrode measurement method in which the current isapplied between two
of the electrodes and the voltage is measured between the two other electrodes. Ionsare driven to the current electrodes while
the voltage electrodes make the measurement with limited polarization effects.

Units of Expression

There is no difference in the physical measurement of conductivityand resistivity-they are multiplicative inverse
measurements of each other. Therefore, ifone measurement is known, then the other value is readily calculated by taking the
reciprocal of the numerical value and the units. There isalso no difference in the instrumentation or the sensors. The only
difference is how the measured value is reported or displayedfor the convenience of the analyst. Forexample, 18.2 MQ. cm
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=0.0550 J.lS/cm and 5.23 kO . cm =0.191 mS/cm =191 J.lS/cm. Although the proper SI units are 0 . m or S/m, the traditionally
used units are O· cm or S/cm.

EigLJr~l shovvs relaticHlsbips arnC>fl9 ~ofldlJ~tivity, r~sisti'litYI~~ci s()rn~ ~x~rnPI~ pr()cessfllJicis of variolJs 9racies of purity.
The conductivity of fluids in pharmaceutical systemsvariesover approximately 8 orders of magnitude. In high-purity water
systems, the quantity of ions present in Purified Wateror Water for Injection is very low, resulting in a conductivity <5 J.lS/cm
and often approaching 0.055 J.lS/cm or less. [NOTE-The conductivity of the purest waters at temperatures lessthan 25° is less
than 0.055 J.lS/cm.] In drinkingwaters, the conductivitymay varyfrom 30 to 2000 J.lS/cm. In chromatographic separations,
the conductivityof the eluent may varyfrom 0.1 to 100 mS/cm. Forhot concentrated acids, the conductivity may be as high
as 1 S/cm.

Conductivity
(/-LS/cm)

Resistivity
(fl'cm)

Application
ranges

Ion
concentration
(as ppm NaCI)

Cold

0.1
I

10M

0.021 0.44 4.6 46
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I
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lOOk
I

10

1000k
I

Figure1. Relationships among conductivity, resistivity, and some example processfluids of variousgrades of purity.

Cell Constant Determination

The purpose of the sensor's cell constant is to normalizethe conductance/resistance measurement for the geometrical
construction of two electrodes. When two electrodes are placed in a conducting fluid and a voltage is applied to them, there
is a conductance (resistance) between the electrodes. Ifthe electrodes are placed farther apart, the conductance decreases
(resistance increases). Ifthe area of the electrodes increases, then the conductance increases (resistancedecreases). In both
cases, the ion concentrations between the electrodes do not change, but the geometrical construction of the sensor (cell
constant) alters the measured conductance (resistance). The conductivity of a solution (I', S/cm) is related to the conductance,
G (siemens) according to Equation 3:

where A is the area of the conducting electrodes (cm-) and d is the distance between the electrodes (cm). The other common
unit of expression is the reciprocal of conductivity, or resistivity, p (0· cm), as described in Equation 4:

1 1 R
p=-=--=-

1C Gxe e
where R is the resistance of the fluid between the electrodes (1 0 = 1 S-l). The geometrical ratio, d/A (or 8), is known as the
cell constant (crrr") of the sensor.

Determinationofthe cellconstant bythe direct measurement of d and A is impractical becauseofvariations in the geometrical
configurations and the nonuniformityof the electricfield between the electrodes. Practically, the cell constant is determined
by the measurement of aqueous solutions of known conductivity. See Calibration below.

Temperature Compensation

Temperature compensation isa typical requirement for most conductivity measurements, although there are exceptions
such as those contained in WaterConductivity (645). As noted previously, the conductivityof a fluid isrelated to itstemperature.
As the temperature increases, ions become more mobileand the conductivity increases. The effectof temperature depends on
the type and concentration of the ion, but for most solutions>10 J.lS/cm the impact of temperature is in the range of 1.9%;0
to 2.2%;0. Forstrong acids, this may be as lowas 1.5%;0. Forhigh-puritycompendial waters, the temperature coefficientvaries
from 2.0%;0 to 7.5%;0depending on the temperature and purity of the water. Foreach case described here, some knowledge
of the type of impurity is needed in order to ensure adequate temperature compensation. Ifthe conductivity vs. temperature
function is linearand the temperature coefficient isconstant, the equation that relates the compensated conductivity to the
non-temperature-compensated conductivity isdescribed in Equation 5:

www.webofpharma.com

https://nhathuocngocanh.com/



8426 (1644) / Genera/Information

7<:25 =[1+a(T -25)]

USP 43

where Tis the measured temperature, le25 isthe conductivitycompensated to 25°, leT isthe conductivityat T, and a is0.02 for a
temperature coefficientof 20/0r.

Most conductivity measurement systems measure the uncompensated conductivity/resistivity and the temperature, and the
temperature-compensated conductivity is determined via mathematical algorithms (e.g., by application of Equation 5) in the
microprocessor of the transmitter. Depending on the application and knowledge of the content of the fluid, different
compensation algorithms may be available. Formost processcontrol applications, temperature compensation is recommended
because when the uncompensated conductivity changes it is impractical to distinguish whether this change iscaused by
temperature fluctuation or a change in ioniccontent. Temperature compensation allows the analyst to distinguish between
changes in temperature and ioniccontent. Compensation to a reference temperature of 25° is standard practice, but some
methods specifytemperature compensation to 20°.

Mostconductivitysensorshavetemperature devicessuch asa platinum RTD (resistancetemperature device)or NTC (negative
temperature coefficient) thermistor embedded inside the sensor, although external temperature measurement is possible.

OPERATIONAL CONSIDERATIONS

System Components

The usual components of a conductivity measurement system are the sensor, the transmitter, and the cable that connects
the sensor to the transmitter. The sensor isthe devicethat isindirect contact with the fluid. The sensorconsistsofthe electrodes,
usually an embedded temperature device, and a process connection (e.g., a tri-clarnp ifthe sensor is intended for in-process
sanitary applications). Traditionally, sensors are passive electromechanical devicesand do not contain measurement
circuitry.The transmitter is the device that measures the resistance between the sensor's electrodes, measures the resistance of
the temperature-measuring device, converts the resistance measurement to a conductivity(or resistivity), and performs
temperature corrections to compensate the signalto a referencetemperature. The cable connects the sensor to the transmitter.
Inprocesscontrol or monitoringsystems, the cableallows the sensor to be attached to a processtank or pipe, and the transmitter
can be located at a control panel or other remote location, if necessary. The distance between the sensor and the transmitter
may affect measurement accuracy caused by the added cable resistanceand the susceptibility of the cable to external noise.
Therefore, this distance should be considered during selection of the measurement system. Insome conductivitymeasurement
systems, the measurement circuitry isdirectlyattached to the conductivitysensor, allowing digital transfer of the measurement
results to a remote displayat greater distances than traditional measuring systems with wire transmission of analog signals.

Materials of Construction

The sensor's materialsof construction are critical when the sensor may be in contact directlyor indirectly with the product.
Formost laboratory applications, materials of construction are lesscritical. All sensors contain measuring electrodes and an
insulating material between the electrodes. Technically, the only requirements are for electrodes to be electrically conducting
and to be able to withstand the physical and chemicalenvironment. Electrodes can be made of various grades of stainless steel,
titanium, graphite, and many other metals. The insulating materials must isolate the electrodes from each other so that only
the fluid conductivity is measured. Insulating materialsare usually made of an inert polymer, epoxy, or ceramic.

Ifthe sensor is connected directlyto a process vessel or the piping system, then the sensor's materials of construction must
meet the thermal and hydraulic (pressure) requirements of the process system. The sensor must have a proper process
connection to the vessel/piping.Depending on the application, the sensor alsomaybe requiredto meet biological compatibility,
material, or hygienicdesign requirements. The sensor must not degrade during installation and operation. The sensor must be
able to withstand any other processes that the system may encounter such as clean-in-place or steam-in-place processes.
Otherwise analysts may need to remove the sensor from the process. When immersion of the sensor into the process places
the processat risk, the sensor should be installed ina housing that isattached to the sidestream. Inthis case, a fraction of process
fluid flows to the housing and sensor and then to drain. Thisallows indirect measurement of the processfluid without harm to
the process or product.

Ifthe conductivity measurement is performed off-line, e.g., in a laboratory environment, then the operatinq considerations
are reduced because the thermal, hydraulic, and other product-contact concerns are reduced or eliminated.

CALIBRATION

The process of calibrating a complete conductivity measurement system generallyconsistsof three parts. First, the
transmitter's electronic circuitry is calibrated. Second, the temperature sensor device is calibrated. Third, the cell constant of
the conductivity sensor isdetermined. In each case, verification may precede any calibration to determine ifan adjustment is
necessary. In most casesfor microprocessor-controlled instrumentation, there isno formal mechanical or electronic adjustment
of these subsystems. Instead, these adjustments are usually made in software-controlled calibrations that are computed
automatically by the transmitter.

Acalibrated transmitter should be used in order to calibrate the temperature sensor and cellconstant. The transmitter used
to calibrate the temperature sensor and cell constant can be the transmitter used in normal operation, or another transmitter
can be used instead. Because of differences in a supplier's wiring and electronic compatibility, it may be necessaryto use the
same type of transmitter.
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As is the case for all instrument-based methods, calibration frequency depends on manyfactors. Depending on the type of
conductivity sensorand transmitter,calibration cycles varyfromweekly to annually basedon manufacturers' recommendations,
hi~t()ri<:Cllp~rf()rmClo<:~()tth~ in~trLJm~o!ClJi()OL iote:rOClI re:9LJ ire:rt1e:ot~, .ClOc:t Jhe: c:ritici31i~y()f the: i3Ppl icClti()11'.~o r.r()~LJst .process
instrumentation, typical calibration cycles for the electronics and the sensor take place approximately every12 months. When
the sensor's cell constant can be altered by the fluid or the processconditions, more frequent calibration may be needed.

Instrument Calibration

The transmitter's electronic circuitry iscalibrated by disconnecting the sensor from the transmitter, connecting precision
resistors (resistors of known value)to the transmitter, and comparing the traceable resistance valueto the measured resistance
value.The resistance values should be traceable to a competent national authority.The resistance values should be selected so
that they are in the range of (1) the measurement capability of the transmitter, and (2) the resistance that will be measured
during operation. The transmitter may have multiplecircuits internally, so verification of the appropriate circuit(or all circuits)
and measurement range is necessary. Comparison of the measured resistance to the actual resistance verifies ifthe transmitter
is properlycalibrated.The resulting difference must be withina predetermined x,% of the actual resistance, where X, indicates
the desired conductivity circuitelectronics performance.Typical conductivitycircuitelectronics performance is usually in the
range of 2% or less of the target value. Otherwise, adjustment of the resistance measurement circuit is recommended.

An example of the transmitter's measurement electronics calibration processfollows: Atypical operating range for a
c1ean-in-place process may be in the 50 to 75 mS/cm range. Asensor with a cell constant of 5.0 crrr ' is used inthis example.
Based on Equation 4, this requires a measuring resistance of 67 to 100 Q. To verify the conductivity measuring circuitduring
calibration, analysts should use a resistor(s) with a traceable value in or near this range. When compendialwaters are used,
typical measurements are in the range of 1 to 20 MQ· cm and use sensorswith a cell constant of 0.1 cm-1• This computes to a
resistance of 0.1 to 2 MO. Resistors with a traceable value in this range should be used. If the recorded values are within the
range of the pre-established acceptance criteria (x7%), then adjustment is not required.

Temperature Measurement and Sensor Calibration

Ifa temperature measurement circuitis integrated into the transmitter and isused as part of the measurement system, then
verification and/or calibration of this circuitis required. Depending on the.type of temperature device in the sensor, an
appropriate signalsource (e.g., resistance) should be input to the transmitter. Comparison of the measured temperature and
the simulated temperature verifies ifthe temperature measurement circuit is properlycalibrated. The resulting difference must
be within Xl° of the simulatedtemperature where Xl indicatesthe desired temperature circuitelectronics performance.Typical
temperature circuitelectronics performance usually is in the range of ±1 ° or less. If the difference meets the pre-established
acceptance criteria, no further action is required. Otherwise, adjustment of the temperature measurement circuit is
recommended using the protocol in the transmitter's calibration function.

If a temperature sensor is integrated into the conductivity sensor, the temperature sensor can be calibrated by comparison
of the sensor's temperature measurement to a reference system.This isaccomplished by immersing the processand reference
sensors in the same fluid. The reference systemcan be another traceable temperature measurement deviceor a fluid system of
known temperature such as boiling water (correctedfor elevation, ifthis degree of accuracyisnecessary) or an ice-waterbath.

The accuracyof the calibration is related to the accuracyof the referencesensor, the thermal homogeneityof the fluid; and
the elimination or reduction of any artifacts that can negatively influence accuracy. Forexample, ifthe sensor is not fully
immersed in the fluid, thermal conduction from the ambient environment can alter the temperature measurement. Careful
insulation of the sensor from the ambient environment may improvethe accuracyof temperature measurements, particularly
ifthe reference temperature issubstantially differentthan the ambient temperature. .

Comparison of the measured temperature and the referencetemperature verifies if the temperature sensor is properly
calibrated.The resulting difference must be withinX3° of the referencetemperature where X3 indicates the desired temperature
accuracythat is requiredfor the process. Temperature sensor accuracy is usually in the range of ±2° or less. If the difference
meets the pre-established acceptance criteria, no further action is required. Otherwise, adjustment of the temperature sensor
calibration factors is recommended using the protocol in the sensor's calibration function.

Cell Constant Calibration

The cell constant of the sensor isdetermined by comparing the conductivitymeasurement of the systemto that from a
reference conductivity systemand adjusting the cell constant. Place the sensor in a reference solution of known conductivity
whose value is traceable to a competent authority.The referencesolution can be a solutionof known conductivity in one of
three ways: .

1. The solution can be produced accordingto a standard method that istraceable to a competent authority. One method
is to prepare one of the solutions listed in ASTM D1 125. Another method is to use ultra-pure deionizedwater with no
exposure to air whose conductivity is known.

2. The solution can be procured from a third-partysupplierwith traceability to an acceptable authority. Cell constant
calibration should be performed in the recommended temperature range of the reference solution.

3. The solution can be any fluid whose conductivity is known by measurement from an alternative and traceable reference
conductivitymeasurement system.

In all three cases, regardless of the type of calibration methodology, there are some fundamental requirements. The sensor's
cell constant should be calibratedat a conductivity that is in the measurement range of the measuring system. Forexample, if
the system isdesignedto measure in the 0-100 IJS/cm range, then use of a 1000 IJS/cm reference solution is not advised.
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Becausethe cellconstant isa geometrical prope~y of the sensor and is a const~nt, the determination and/or cali~r~tio.n .of
the cell constant does not need to be in the operational range of the pharmaceutical process as long as the conductivity IS In
tPE!9PE!I~tiQn(lI;I(lnge ...QttbemeasuremeAtsystem.Also,becausetheceJLconst4Atisageometrica!propertyofthesensor,.. a
sl!1gle-p0lnt c.al.lbration typically is sufficient. Insome applications, a 2-point calibrationcan provide improved accuracyat very
high condu.ctlvlty. Depending on the referencesolution, cellc?nstant calibrationcan be perf~:>rmed with or without temper.a~ure
compensation. For reference solutions exceeding 10 /-IS/cm, Iftemperature compensation IS needed a temperature coefficient
(a) of.2%;o issufficient over the range of 25 ± 10° unlessotherwise specified. .

Adjustment of the cell constant is recommended ifthe difference between the measured and referenceconductivityexceeds
x4% of the reference conductivity where X4 indicates the conductivityaccuracy that is required for the process. Typical
~ondu~tivity accuracy is5% or less. Ifthe accuracymeasurement meets the pre-establishedacceptance criteria, no further action
IS required. Otherwise, adjustment of the sensor's cell constant is recommended using the protocol within the sensor's
calibration function.

OPERATION

In-line, At-line, and Off-line Measurements

Depending on .the application, in-line, at-line, and off-line measurements have specific universal requirements. Eachhas,
advantages and disadvantages depending on the application, but the fundamental technologies (AC measurement) supporting
each measurement type are constant. The primarydifferences between the in-Iine/at-Iine and the off-line systems are sensor
features related to process robustness and transmitter features related to output functions, externalcommunication capabilities,
and system installation costs. In-line and at-line systems have added benefits of real-time measurements and continuous data
acquisition. They also have added one-time electrical and plumbing installation costs, and the instrumentation isfixed in a
specific location for a single process and purpose. Also, sample isdiverted to drain, resulting in product loss. Note that the fluid
flow velocityshould be high enough that the velocitydoes not affect the measurement. Off-line (or laboratory-based)systems
h~ve the b~nefit of n:easuring many sample types under controlledconditions. Off~line. batch testing has added costs associated
With cleaning containers and collecting samples as well as risks of sample contamination.

In-.line conducttvlty measurements are suitable when the following conditions are met: (1) there isa need for or value of
real-time, continuous data; (2) the sensor and the application/fluid are compatible and cause no harm to each other; and (3)
atmospheric contamination must be avoided. In these cases, continuous process control, decisions, and intervention are
available.

At-line (or sidestream) conductivity measurements are used when the following conditions are met: (1) a need existsfor or
value of real-time, continuous data; (2) the sensor and the application are compatible with each other; (3) the sensor can cause
harm to the application and/or fluid' and (4) atmospheric contamination must be avoided. In such cases the measurement is
made by delivering the sample from'the tank/plptnq using hydraulic pressure (flow) to the conductivity sensor, and the fluid
passes through the sensor and goes to drain. Inthese cases,continuous processcontrol, decisions, and interventionare available
and have n? affect on product or application. The only requirement is positive pressure upstream from the sensor to prevent
backstrearnlnq of the sample fluid back into the process.

Off-line conductivity measurements are used when the following conditions are met: (1) no need existsfor or value of
real-time or continuous data; (2) the sensor and the application are compatible with each other, but the sensor can cause harm
to the application and/or fluid: and (3) sampling needs are infrequent or are needed on a limited basis.

Sample Preparation and Off-line Measurement

When performing off-line measurements, analysts must ensure that the container used to collect the fluid sample(s) is
sufficiently clean so that the container does not alter the result. Collectan amount of fluid needed for rinsingand measuring.
Forsamples such as Purified Waterwhere the analysis can be affected by gasses, containers should be filled completelyto reduce
headspace. The volume of fluid needed to make a measurement depends on the design of the sensor and can range from
<10 mLto 1 L.Transfer a portion of the sample fluid to the clean measuring container to rinsethe container walls. Discard the
fluid. The sample container also can be used as the measuring vessel. The sensor should be rinsedwith a suitable quality of
water or other appropriate fluid before use so the measurement is not affected and then rinsed at least once with the solution
to be measured, which then is discarded. This rinsewith sample solution removes any residue or fluids with which the
conductivity sensor preViously was in contact. The exact procedure variesdepending on the solutiontested. Forexample, when
testing very low conductivity samples such as Purified Water, analysts must do more rinsing to remove any remaining residue
from the sensor. Maximum holding time, temperature, and container type must be controlled for some low-conductivity
samples, e.g., high-purity waters, because of the potential impact of ionic leachablesfrom certain containers.

Transferthe fluid to the measuring container, immersethe sensor into the fluid, and ensure acceptable clearance around the
sensor's measurement area. Stiror agitate the sample to prevent bubbles from attaching to the electrodes and disturbing the
meas~rem~nt. Ifa temrerature-compensated measurement is used, then select the appropri~te temperatur.e-compensatio.n
alqorithrn In the transmitter, and adjust the sample temperature to the recommended range, If necessary, usmq an appropriate
temperature bath. Otherwise, disable the temperature compensation. Verify that the temperature issufficiently stable «0.2SO
change per min), and record the conductivity reading and the temperature, if necessary.

In-line Measurement

For in-linetesting, the sensor is installed intothe process piping or vessel. The orientation of the sensor relative to the flow
of the fluid iscritical to ensure that (1) particles and sediment do not collect between the measuring electrodes, and (2) no air
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pockets are trapped between the measuring electrodes. Both factors can adversely affect the measurement accuracy. Depending
on the electrode design, manufacturers' usually provide recommendations. Ensure the sensor is clean before installation.

After the.sensor isJmmersedJnthedosed.process,suchas.. a piping.systemoLtank,thesen.sordoesnotrequjreremoval.and
cleaning before a measurement. If a temperature-compensated measurement is used, then select the appropriate
temperature-compensation algorithm. Otherwise, disable the temperature compensation. Although temperature stability is
desirable, it may not be possible depending on the temperature control of the process. Record the conductivity reading and
the temperature, if necessary.

At-line Measurement

For at-line testing, a piece of tubing is used to connect the process vessel/piping to the sensor and its housing. The tubing
should be cleaned or flushed with an appropriate cleaning agent to remove any impurities that could alter the conductivity
measurement. The tubing can be made of metal or plastic depending on the application and chemical compatibility. Installation
of the sensor into a housing permits fluid to be directed into the sensor and then to drain. Installation considerations are similar
to those for in-line installations. Ensure the sensor and housing are clean before installation.

After the sensor and housing are connected to the sidestream, the sensor does not require removal and cleaning before a
measurement. If a temperature-compensated measurement is used, then select the appropriate temperature-compensation
algorithm. Otherwise, disable the temperature compensation. Although temperature stability isdesirable, it may not be possible
depending on the temperature control of the process. Record the conductivity reading and the temperature, if necessary.

Other Considerations

In all cases mentioned above, the use of abrasive materials to clean the sensor typically is discouraged. Two reasons to avoid
abrasive cleaning materials are that (1) the passive layer of stainless steel sensors (when used) can be destroyed, and (2) the
surface of the measurement area can affect the measurement accuracy. For these reasons, the use of appropriate chemically
compatible fluids is preferred instead of mechanical methods for cleaning.

Unlike the requirements for many electrochemical measurements, the need for flowing, circulating, or agitating fluid is not a
fundamental requirement for a conductivity measurement. In general, there is no difference in the conductivity measurement
of a static or a flowing sample, but two conditions must be met for static samples: First, bubbles cannot be allowed to collect
on the measuring area of the electrodes because they can interfere with the flow of current conductivity measurement. Second,
ifsample homogeneity is affected by the lack of agitation or circulation, then the conductivity measurement may not represent
the conductivity of the bulk fluid.

In all cases, the installation of the sensor should take into consideration wall effects from the vessel, piping, or laboratory
container. If the proximity of the wall interferes with the electromagnetic field for the conductivity measurement, then the
measurement could be positively or negatively altered. Some 2-electrode sensor designs, such as coaxial concentric electrodes,
are not affected by nearby objects. The sensor's installation instructions may indicate if this must be considered.

If unstable conductivity readings are observed, some common causes could be inadequate grounding of the water system,
electronic noise from pumps and other high-frequency generators, or internal leakage of the sensor. Various diagnostic
approaches are available and can help identify the cause.

(1660) EVALUATION OF THE INNER SURFACE DURABILITY OF GLASS
CONTAINERS

PURPOSE

This general information chapter provides information about factors that affect the durability of the inner surface of glass
containers. Recommended approaches are provided to evaluate the potential of a drug product to cause formation of glass
particles and delamination of the inner surface. Screening methods are provided to detect glass particles and delamination,
allowing a comparison to be made of glass durability on a lot-to-lot basis or between different glass manufacturers.

SCOPE

This chapter addresses bottles and vials manufactured by molding and ampuls, cartridges, vials, and prefillable syringes
manufactured from tubing glass. Glass for pharmaceutical packaging is classified as Type I borosilicate glass, Type II treated
soda-lime-silica glass, or Type III soda-lime-silica glass on the basis of the hydrolytic resistance of the glass, as defined in
Containers-Glass (660). Type I glass containers are suitable for most products for parenteral and nonparenteral use. Type II
glass containers are suitable for most acidic and neutral aqueous products for parenteral and nonparenteral uses, and can be
used for alkaline parenteral products when stability data demonstrate their suitability. Type III glass containers usually are not
used for parenteral products odor powders for parenteral use, except when suitable stability test data indicate that Type III
glass is satisfactory. This chapter focuses primarily on Type I glass, because it is the most widely used in the pharmaceutical and
biopharmaceutical industry for parenteral products although the guidance can be equally applied to Type II and Type III glass
used for parenteral products.

The chapter should be useful for the following:
• Molded and tubular glass container manufacturers and converters

www.webofpharma.com

https://nhathuocngocanh.com/



8430 (1660) / General Information USP 43

• Pharmaceutical and biopharmaceutical companies
• Contract manufacturing and filling organizations
GJassdeJamjnation..maybedescdbedasthe-appe~r~.nceQfthinf.exibtefJakesofglass(orlameHae}thatcanrangeinsize

from <50 IJm to 200 IJm in a drug product solution. This is a seriousquality issueand can result in a product recall. The
appearance of glass lamellae isa lagging indicator of a strong interaction between the drug product and the inner surface of
the glass.Although delamination isthe most obvious visual indicator, it represents the final stage of a complex glass corrosion
reaction, and can be observed onlyat a point where prevention isno longer an option. Addingfurther complexityto detection,
mechanical energy from shaking or vial-to-vial contact during transportation may be required to dislodge the lamellae from
the internal surface of a filled vial and facilitate observation.

Tests for delamination combine the visual examination of the solution, an examination of the vial's internal surface and
analysis of an aggressive test solutionto assessthe propensity of the internal glass surface of vials to delaminate. These
examinations and the use of an aggressive test solution are intended to be conducted by the pharmaceutical manufacturer,
not the glass manufacturer or converter.

GLASS TYPES

Glass in its pure form consistsof silicon dioxide with a melting point in excess of 1700°. However, this is rarely used
commerciallybecause of the cost of working at these elevated temperatures. Added network modifiers, such as sodium,
potassium, or boron oxide, lowerthe melting point and lowerthe chemicaldurability, whereas added networkstabilizers, such
as calcium and aluminum oxides, improvethe durabilityof the glass.Colored glass (e.g., amber glass)isproduced by transition
metal oxides such as iron oxides. All additives to pure silicon dioxide, as well as silicon itself, can be viewed as potential
extractables from glass containers.

Glass compositions do not existas stoichiometricchemical compounds but rather are expressed by a range of compositions.
Thus, there isallowablevariation within a glass type, and glass types may varyslightlyamong glass producers. Soda-lime-silica
glass consists of silicon dioxide (60-75 wt%), sodium and potassium oxides (12-18 wt%), and smalleramounts of calcium,
magnesium, and aluminum oxides(5-12 wt%). Thisglass has a relatively high coefficientexpansion (CDE) of 80-90 x 10-7 per
degree and issusceptible to breakage by thermic shock. Borosilicate glass consistsof silica (65-80 wt%)J boric oxide (7-13 wt
%), and smaller amounts of sodium, potassium, and aluminum oxides.The presence of boron providesgreater resistance to
thermal shock through a reduction in CDE and to hydrolytic attack by increasing the connectivity of the glass network. Type I
glass is available in multipleformulations: tubular glass is available with a low CDE, described as 32-33 expansion glass and
with a relatively low CDE (range, 48-56 expansion), for example 51 expansion glass, in reference to their individual CDEs of
32.5 x 10-7 per degree and 51.0 x 10-7 per degree, respectively. Molded glass has a higher CDE in the region of 60-63
expansion.

FORMATION OF MOLDED AND TUBULAR GLASS CONTAINERS

Formation of molded and tubular glasscontainers requiresa number of steps. The quality of the container used in packaging
depends on the conditions and the quality control of each step. Both molded and tubular containers originate from a glass
furnace, and different furnaces are dedicated to borosilicateor soda-lime-silica glass. The refractorybricks liningthe furnace
deteriorate with time and must be replaced. Worn bricks can contribute to cosmetic defects such as stones (inclusions in the
glass) that become incorporated into the molded qlass containers or glass tubing.

Molded glass vials and bottles are manufactured in a one-step process whereby a stream of molten glass is cut into a gob,
which then enters a mold where air or tooling is used to shape the container to the mold. Formationof containers from tubing
glass isa two-step process. Glass tubes of a specific diameter are formed from a stream of molten glass that exits the furnace,
is cooled, and issectioned into standard lengths. These tubes are subsequently converted into glass containers (ampuls,
cartridges, syringes, or vials) by either the tubing glass manufacturer or by independent converters. It is technically difficult to
form glass tubing with a diameter sufficient to make bottles containing 100 mLor more, so these containers are produced by
molding.

Gas flames are used to soften tubing glass to form the neck, to melt the glass to form the base of ampuls or vials, and to
separate the container from the glasstube. In the case of cartridges and prefillable syringes, the glasstube iscut to length, and
the ends are softened to form the nozzleand flange of the syringeand the neck and rearof the cartridge. Heatingrate, maximum
glass temperature, and production speed are critical parameters that can be adjusted for individual forming machines. After
formation, both tubular and molded containers pass through an annealing oven (Iehr) that heats the containers to 20° to 30°
above the transformation temperature (Tg) of the individual glassformulation (Tg for borosilicateglass isapproximately 570°)
and then gradually cools them in order to remove stresses in the container due to the manufacturing process. This too isa
critical process because poorlyannealed containers show reduced chemical and mechanical durability.

The process offorming tubular vials and ampuls has an effecton the localsurfacecomposition of the glass. Duringformation
of the neck and particularly the base, the temperature of the inner surface of the containers can exceed the evaporation point
of some of the glasscomponents such as alkali borates. Undercertain time-temperature conditions, the glasscan phase separate
during forming, creating nonhomogenous surface chemistry on the interior of the container. Bothscenarios are undesirable
for the storage of aggressive liquids from a surface chemical durability perspective. Evidence of this can be obtained by
appropriately etching the glasswith acid, after which an opaque ring will appear above the heel of the container, indicating a
negative change in the inner surface chemistry.The same phenomenon can be observed at the shoulder of the container as
well, but in many instances this area does not experience prolonged contact with a llquid.
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PROCESSING OF MOLDED AND TUBULAR GLASS CONTAINERS

At.times,.theinnersurfa{;.es.Qfglassampulsj..vla!s,.andbQttlesunderg()additiQnaltr.e.atments.As·an·example,neatingglass
propagates sodium oxide toward the inner surfaceof the container, but washing with water does not remove sodium oxide
because of the latter's limitedsolubility. When glass is exposed to an aqueous solution, sodium ions diffuse into the solution
from the glasssurfaceto produce hydroxide ions, resulting in an elevated pH in unbuffered solutions. One common treatment
is the use of ammonium sulfatewhich converts the sodium oxide on the inner surfaceto a depth of approximately 10-100 nm
into highlysoluble sodium sulfate that then can be removed by washing. Although removal of sodium ions from the surface
does reduce the propensity for pH shift, the treatment does remove structural elements, leaving a thin silica-rich inner surface
layer.The process originally was designed to raise the surface hydrolytic resistance of Type III soda-lime-silica glass to that of
Type II glass in order to mimicthe hydrolytic resistance of Type Iglass. This process also can be applied to Type I glass.

Insummary, the keyfactors that influenceglasssurfacedurabilityof containers manufactured from Type Iglassare primarily
the manufacturing conditions, such as the forming temperature, the time of exposure to heat, and the annealing conditions.
The temperatures used for subsequent steps are lower than those used for forming and annealing (see Table 1), and do not
pose an additional risk to the chemical durability of the glassfrom phase separation or volatilization. Post-manufacturing
operations such as storage in humid conditions and processing, such as depyrogenation in the presence of water vapor and
terminal sterilization via autoclaving, can also impact glass surface chemical durability.

Table 1. Temperatures Encountered During Formation and Processing of Type I Tubular Glass Containers

Typical
Key Temperatures

Operations (")

Furnace 1500-1650

Sectioning of tube and base formation 1300-1500

Working range 1000-1250

Softening 750-850

Annealing 550-600

Depyrogenation range 250-350

Terminal sterilization 110-130

GLASS CONTAINER SOURCING

A pharmaceutical manufacturer has a range of choiceswhen selecting a glass container for a drug product. These include
the type of glass (I, II, or 111), the production method (tubular or molded), surface treatments, as well as the sizeand neckfinish
of the container. It is important that the pharmaceutical manufacturers provide sufficientinformation on their requirements,
such as the drug product formulation and the manufacturing and filling process, to allowthe glassvendors to make informed
judgments as to what containers to recommend.

Pharmaceutical manufacturers should consider the upstream provenance of the containers they purchase in that they should
have sufficient knowledge of the glassmanufacturing processand glass composition. Thisisessential to qualify a particularglass
container type from a glass manufacturer for a particulardrug product. The followinq knowledge is useful in this regard:

• Glass formulation
• COE for Type I tubular glass (32-33 or 48-56 expansion)
• Whether the glass converter makes its own glassfeedstock or sources the glassfeedstock from a third party
• The manufacturing site for the glass containers. Ifmultiple sites manufacture glass containers for a given product,

information to determine ifthe glass containers made at the different sites will perform comparably
• Whether the glass surface has been modified through chemical treatment such as ammonium sulfate by the glass

manufacturer or converter.
The maker and user of a glass container should collaborate to assure that glass quality is monitored and maintained

throughout the extent of the glasssupply relationship. Glass quality should also be monitored and inferredby the user through
observations made during storage throughout the product's use-by-date. The glass manufacturer and glass user quality
management programs should include the following:

• Qualityaudits of glass supplier (glass manufacturer and/or converter) by the glass user
• Establishing mutually agreed upon acceptable quality levels for lots of glass containers
• Monitoring and trending of the quality of glass batches, including but not necessarily limited to, monitoring the values

obtained by the Surface Glass Test in (660)
• Monitoring and trending of glass quality and glass manufacturing process performance by the glass container

manufacturer, including the effectiveness of methods used during the manufacturing process of the glass container to
measure geometric tolerances and identify cosmetic defects

• Assurance that differences among differentglassmanufacturing sites do not significantly affectquality of a specifiedglass
container sourced from multiple sites

• Presence of a system to monitor and qualify changes made to the glass manufacturing process and to inform customers
of such changes.
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Aftermanufacturersareassuf€dofth€quaHtyandcoAslst€Acyof-th€g4asscoAtalnerstheypurchase,theycanusethecempfex
aqueous chemistry of surface glass to decide on potential drug product formulation and treatment steps that could increase
glassstability. The first reaction between the glasssurface and an aqueous phase (water or water vapor) involves ion exchange
between hydrogen ions (or hydronium ions H30+) from the aqueous phase and alkaline ions in the glass (Equation 1).This
ion-exchange occurs in a short reaction time in acidic or neutral solutions. In basicsolutions, the reaction occurs at the glass/
water interface and dissolves the silica network. Further reaction of the silica releases silicic acid into the solution, thereby
lowering the pH (Equation 2). These reactions result in hydration of the glasssurfaceand an alkali-depleted, silica-rich layer.

W + Na+SiO- (glass) => SiOH + Na"

H20 + Na+SiO- (glass) =>SiOH + Na" + OH-

[1]

[2]

The presence of water in the leachate promotes hydrolysis of the 5i-0 bond forming a silica-gel layer(Equation 3).

H20 + Si-O-Si ¢:> 2 SiOH [3]

The mechanical properties of the surfacegel that forms are differentfrom those of bulkglass. Repeated hydration and
dehydration of the layer leads to the cracking of the gel layerand eventual generation of particles. Thisprocess isworsened as
the gel layer increases in thickness. This phenomenon iswell known in glass exposed to ambient moisture (known as
weathering). At higher pH values, the mechanism of glass degradation changes from the leaching of alkali elements to the
dissolution of the silicate network as shown in Equations 4 and 5.

[4]

[5]

Reaction (Equation 5) increases the solubility of the silicic acid in solution, driving the reaction forward. At some point the
limitof solubility isexceeded, and particles are formed via precipitation. Ifthe solution isnot buffered,a decrease in the solution
pH will take place. These reactions and scenariosapply only to the reactions of glasswith water; the presence of drug product
formulations can complicate the situation considerably.

FACTORS THAT INFLUENCE INNER SURFACE DURABILITY

Anumber of factors have the potential to negatively influencethe chemicaldurability of the inner surfaceof glasscontainers.
These factors include glass composition, the conditions under which the containers were formed, subsequent handling and
treatments, and the drug product in the container (Table2). Not only can an aggressive drug substance corrode the inner
surface, but excipients such as buffers, chelating agents and organic acids and high pH can also have a deleterious effect. For
example, neutral solutionsof sodium citrate attack glasswith a severity similarto that of substantiallyalkaline solutions.Organic
acids, such as gluconic and malonic acids, also corrode glass through a proposed mechanism of an ion exchange reaction in
which metal ions on the glass surface are replaced by hydrogen ionsfrom the acid. Not all listedfactors negatively influence
surface durability to the same degree, and can contribute to delamination either acting alone or in combination. Because of
the range of variables, end users should examine all relevant variables for an individual drug product and assess the degree of
risk for delamination and formation of subvisible and visible glass particles. In some situations, the accumulation of risk factors
may indicate that the selection of a glasscontainer for a particularformulation should be done following a predictivescreening
study to establish more stringent glassquality requirements or may indicate that a glass container should not be used for a
formulation.

Table 2. Factors That Influence the Inner Surface Durability of Glass
Container Processing Drug Product:

Container Manufacture and Storage Formulation, Processing, and Storage

• Drug substance
• Formulation:
- Acetate, citrate, phosphate buffers
- Sodium salts of organic acids,e.g., gluconate, malate, succinate, tartrate
- Highionicstrength, e.g., >0.1 Mof alkaline salts

• Post-formation treatments: - Complexingagents, e.g., EDTA
• Glass composition - Ammonium sulfate - High pH, e.g., >8.0
• Molded or tubular container -Washing • Terminalsterilization
• Tubular manufacturing process: -Depyrogenation • Labeled storage conditions(refrigeratedor controlled room
- Convertingspeed • Storageconditions: temperature)
- Convertingtemperature - Highhumidity • Shelflife
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EVALUATION Of THE INNER SURfACE DURABILITY

Each.lct.cf.Type.l; tt,orUJglasscontainersreceivedbya pharmaceutical manufacturer mustcomplywith the Surface
Glass Test in chapter (660). This test providesan indicationof inner surfacechemical durability but does not appear to provide a
clear direct correlation with the propensity to form glass particlesor to delaminate. The alkalinity value represents the sum of
all the internal surfaces of the container, and although this is representative for molded containers, tubular glass vials can have
different degrees of surface chemical durability, depending on the location (e.g., just above the heel versus the side wall). A
lowsurfacealkalinity value can be obtained from containers treated with ammonium sulfatebut the treatment itself may reduce
the inner surface chemical durability, dependent upon the drug product formulation used to fill the vial. The most important
variablethat affects the surface durability is the drug product itself, and because it uses water as the extracting medium, the
Surface Glass Testdoes not take this into consideration. Therefore, the Surface Glass Test represents only a first step in quality
control of surface chemical durability, and additional screening methods should be used to demonstrate the suitability of vials
for a formulation from a particular source before formal stabilitystudies begin.

Predictive Screening Methods

Screening methods help evaluate glass containers from different vendors (molded or tubular), glassformulations (e.g., 32­
33 or 48-56 expansion for tubular glass), and post-formation treatments. Screening also establishes lot-to-lot variationfrom
individual vendors during the drug development process, as well as lot-to-lot variationsfor products that have been shown to
have a particular propensity to form glass particles or to delaminate. Screening methods can use a number of different
technologies to examine three key parameters: visual examination and chemical profile of the inner surface layer, the amount
and identity of extracted elements in solution, and the number of subvisible and visible particles in solution. Taken together,
these elements are assessed by predictivetests for formation of glass particles and delamination, processesthat reflect reduced
durability. Predictive tests should lookfor precursors that lead to delamination rather than lookingonlyfor glass lamellae, and
should be able to quickly provide predictive indication of surface durability.This makes the tests useful not just for vendor
selection but alsofor evaluation of individual lots ifnecessary. Some of the more commonly used analytical techniques for
evaluating the three key parameters are shown in Table 3.

Table 3. Analytical Techniques for Screening Studies
Parameter Test Parameter Instrumentation

• Degree of surfacepitting • DIC Microscopy- or EMb
Glassinner surface • Chemicalcompositionas a function of depth • SIMS'

• Conductivity/pH • Conductivity/pH meter
Extractedelements in solution • SiOzconcentration • IC-MSd or ICP-OES·

• Presenceof lamellaeand visible particles • Visual inspection
Lamellae and visible and subvisible • Lamellae or particlenumber and size • Particle sizeanalyzer
glass particles • Lamellae or particlemorphologyand composition • SEM-EDXf

a Differential interferencecontrast microscopy.
b Electron microscopy.
C Secondary ion massspectrometry.
d Inductively coupled plasma-mass spectrometry.
e Inductively coupled plasma-optical emissionspectrometry.
f Scanning electron microscopy-energy-dispersive X-ray spectroscopy.

Aggressive Screening Conditions

Inselecting an appropriate primaryglasscontainer for pharmaceutical liquids, analystsshould consider two approaches. The
first is a series of accelerated temperature exposures using aggressive conditions that establish, in rank order, the chemical
durabilityof the container without any specific reference to a given compound. Such testing can be helpful when selecting a
packaging system for which the most chemically durable glass is desired. This testing also can be helpful in determining if
changes in glass quality have occurred or in assessing processing changes that have been made by the primarycontainer
manufacturer. Table4 provides three examples of model systems that could be used for this assessment. Other model systems
may be developed by the end users.

Table 4 Formulations and Conditions Used to Accelerate Delamination
20mM

0.9% KCI 3% Sodium Citrate Glycine
Formulation pH 8.0 pH 8.0 pH 10.0

1 h at 1210

Conditlons 1 or 2 cycles 24 h at 800 24 h at 500

Screening Strategy for Drug Products
Indicators include the appearance of a pitted, fractured inner surface particularlyaround the heel of the vial instead of a

smooth surface, as well as a number of changes in the test solution, especiallyincreases in Si02 concentration, the number of
subvisible particulates in the solution, and a change in pH.
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Ifthe purpose of the glassscreening isto determine the suitability of a given glasscontainerfor a specific product, the testing
proposed in Table 4 is insufficient. The exposure conditions are too harsh and do not providea direct link to the product itself.
In these instances, accelerated conditions are still relevant, but they must linkto the relevantconditionsfor the given product.
Forexample;ifapr6dUcfWnrIYesforedafSl1andlfieappropriateaccelerafec{condmons are 3011

; lhen lestTng shouTd occUr al
3011

• Manyproducts or formulationscannot withstand the elevated temperatures or high pHshown in Table 4. Inaddition, false
positivetesting resultscould be obtained because the unusually high temperatures shown in Table 4 could cause signs of
delamination, but moderate exposure at 30° would produce no evidence of glass incompatibility.

Because lower temperatures are required for actual product testing, the duration of testing must be longer, ranging from
weeks to months. A larger number of vials also isappropriate for this 'scenario because the goal of the testing is to ensure the
resultsare representative of the qualityof the glassthat will be used for the drug product. Table 5 showssome of the conditions
that could be used for testing with a specific product.

Table 5 Screening Strategy for Glass Vials
Stress Test Water Control Drug Product Control

• Vials: washed, depyrogenated
• Vials: washed, depyrogenated • Vials: washed, depyrogenated
• Filled with Waterfor Injection • Filled with Drug Product

• Filled with StressTest solution • Autoclave ifapplicableto Drug Product • Autoclave ifapplicable
• Accelerated time and temperature treatment • Accelerated Drug Product stabilitystorage condl- • Accelerated Drug Product stabilitystorage condl-
conditions tions tions

CONCLUSIONS

Evaluation of the internal surface of glasscontainers begins with the Surface Glass Test, which useswater as the extracting
medium. A low value is not always an indicator of a durable inner surface ifthe resultsare obtained using surface treatments
(e.g., ammonium sulfate).Such treatments can leadto a silica-rich innersurface layerthat representsa weakened glassstructure,
and risk of delamination increaseswhen the vial isfilled with formulations that contain aggressive agents such as organic acids,
EDTA, or solutions that have high ionicstrength or high pH. The screening methods and strategies described in this chapter
can assist in the evaluation of glass containers from differentsuppliers or on a lot-to-lot basisand can provide an indication of
th_e_propensity of the selected formulation to cause delamination over time. Selection of glassvials intended to contain a drug
product with one or more of the formulation risk factors identified in Table 2 should undergo particularscrutiny.

(1661) EVALUATION OF PLASTIC PACKAGING SYSTEMS AND THEIR
MATERIALS OF CONSTRUCTION WITH RESPECT TO THEIR USER

SAFETY IMPACT

INTRODUCTION

Drug products can chemically interact with their associated packaging systems and/or the system's plastic materialsand
components of construction while the product is being manufactured, shipped, stored, and administered. The magnitude of
these interactions must not be such that the interactions adverselyaffect the suitability for use of the drug product or the
packaging system. While suitability for use includes several quality aspects of the packaged drug product and its performance,
the suitability for use aspect addressed in this chapter is patient safety.

The potential patient safety impact of interactionsbetween a drug product and its packaging isassessedand established via
the appropriate testing of the packaging systems and its materials and components of construction. Plastic Packaging Systems
and TheirMaterialsof Construction (661) establishes the tests and specifications that are necessary and appropriate for ensuring
that such systems are suitable for use, specifically safefor use. Chapter (661) consistsof two sub-chapters, Plastic Materials of
Construction (661.1) and Plastic Packaging Systems for Pharmaceutical Use (661.2).

SCOPE

The purpose of this chapter is to communicate the keyconcepts behind (661) and its related sub-chapters, (661.1) and
(661.2), and to provide additional informationand guidance regarding the application and applicability of this set of chapters.
Given the large and diverse nature of the pharmaceutical marketplace, the proper use and application of the (661) suite of
chapters may not be intuitiveto some stakeholders. Therefore, this chapter is intended to assistusers in understanding and
utilizing these chapters.
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The objective of US? packaging systems standards is to establish the tests and specifications that ensure packagingsystems
do not materially impact the safetyor effectiveness of pharmaceutical products.Given the complex nature of packagingsystems
and their manufacturing and development processes, multipletesting procedures are needed to establish their suitability for
usewith a specific pharmaceutical product. The logical development and manufacturing processprogression for packageddrug
products, starting with the packaging system's materials of construction, continuing with the packagingsystem itself, and
ending with the packaged drug product, forms the basis of a three-stage approach to packaging systems qualification, as
illustrated in Figure 1.

Material Assessment; Characterization, Screening and Selection

Characterize materials of construction, and determine that they are
appropriate for their application; USP <661.1>

Packaging System Assessment and Qualification

Test packaging system for extractables and assess the
potential safety impact of the extractables profile;

USP <661.2> with reference to <1663>

Product Assessment and
Qualification

Test the packaged product for
leachables, and assess the

potential safety impact of the
leachables profile;
USP <661.2> with

reference to <1664>

Figure 1. The three-stage processfor the characterization and safetyqualification of packagingsystems and their materials
of construction.
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The process for establishing a packaging system's suitability for use includes: characterization of its materials of construction
(ingredients); testing and assessment of the system itself(extractables); and testing and assessment of the packaged
pharmaceutic~l.pr?(juct.(lea~habl~s) .. T~e.jnitj~ls!ep()ft~~pr()~essirl\,()I\,~~cb~rTlic:ally <:bara<:t~ri.zing. callcliclat~ materials of
construction to the extent that the choice of materials to use in the construction of a packaging system can be rationallymade
and scientifically justified. The intermediate step of system assessment is useful and necessary as it bridges the risk assessment
gap between testing starting materialsand testing finished product, while providing a means for optimizing pharmaceutical
product testing. The intermediate test is necessary as materials of construction undergo considerable stress, such as exposure
to high temperatures, whilethey are being converted into either components of the packaging system or the packaging system
itself. Furthermore, processing aids and additional additives may be introduced during the manufacturing process for a
packaging system. Thus, the extractables profileof a system is likely to be different from, and potentially more complex than,
the sum of the extractables profiles of its materials of construction. Therefore, the initial assessment of risk made in material
selection is appropriately revisited by testing and qualification of the overall packaging system itself.

Ultimately, the effect that packaging may have on the drug product user is mediated by packaging-derivedsubstances that
are present in the drug product. The third stage of the process is product assessment, specifically leachables testing of the
packaged product and impact assessment, which considers the user's exposure to the leachables.

Materials Assessment: Characterization, Screening, and Selection, USP <661 .1)

To ensure that a packaging system issuited for its intended use, it is important to select materialsof construction which are
suited for use in packaging systems.Testingand characterizing materialsof construction for attributes relevant to their suitability
provides a rational basis for material selection in designing a packaging system. The intentional selection of well-characterized
materials minimizesthe risk that a system made from those materialswill be unsuitable. Consideringsafetyspecifically, selection
of materials that have the tendency to be safe increases the likelihood that packaging systems made from those materials will
be safe. Therefore, the characterization of materials of construction is the first step in the process of developing and qualifying
safe packaging materials. Additionally, chemical characterization data may also provide the basisfor effectiveand appropriate
change control.

The intent of (661.1) isto establish,with a degree of confidence, whether potential materialcandidates could adverselyaffect
the quality and safety of pharmaceutical products. The basic tenet of materials assessment, as reflected in (661.1), is that
knowing the general composition and certain general characteristics of a material of construction allows one to:

• Rationally assess the potential safety impact of the materialswith a degree of certainty that isappropriate for early product
development and/or manufacturing.

• Forecastwith some degree of accuracy the identity of the extractables from that materialof construction and from systems
that use that material of construction.

• Usethe assessment and forecast to establishand justify the use (or non-use) ofa particularmaterialina particular packaging
system.

To this end, (661.1) defines a well-characterized material of construction as one whose:
• Identity has been definitively established.
• Biocompatibility (biological reactivity) has been established.
• General physicochemical properties have been established.
• Additives and extractable metals have been quantified.
Chapter (661.1) testing is not a guarantee that plasticsystems constructed from materialsmeeting (661.1) specificationswill

be suitable for their intended use as it is not alwaysthe case that testing of a system's materials of construction directly and
completely correlates with subsequent testing of the plastic system. Characterization of a material using (661.1) merely
establishes the composition or characteristics of the material and enables the decision as to whether the material is an
appropriate candidate for use in a packaging system. Nevertheless, (661.1) testing leverages the logical connection between
material additives, material extractables, and system extractables, and thus provides a useful indication of the probable
suitability-for-use issuesfor materials and systems. The actual qualification of the material occurs when the entire system is
qualified for use in a particular application via (661.2) testing.

Packaging System Assessment and Qualification, USP <661.2)

The impact of packaging systems on the chemical composition of packaged drug products can be established in two ways.
The packaging system itselfcan be characterized with respect to substances that can be extracted from it (extractables).
Secondly, the packaged drug product can be tested for packaging-derived substances that have leached into it (Ieachables). In
the case of extractables assessment, the impact is predicted based on a relationship which is established (or inferred) between
extractables and leachables. In the case of leachables assessment, the impact is specifically measurable, assuming that all the
relevant leachables can be discovered, identified, and quantified in the packaged product. In either case, (661.2) establishes
the tests and specificationsfor the packaging system, while referring users to relevant informationalchapters (e.g., Assessment
of Extractables Associated with Pharmaceutical Packaging/Delivery Systems (1663) for extractables and Assessment of Drug Product
Leachables Associated with Pharmaceutical Packaging/Delivery Systems (1664) for leachables)for insights on how to design and
execute relevant studies.

Considering the packaging system as the test article, the intent of (661.2) is to define and delineate the testing needed to
produce the data required for establishing the packaging system's safety. Chapter (661.2) refersto this process of establishing
the safety of packaging systems as chemical assessment and notes that a packaging system ischemically suited for its intended
use if:

• The packaging system is constructed from well-characterized materials, as established by testing according to (661.1).
• The packaging system's general physicochemical properties have been established.
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• The packaging system's biocompatibility (biological reactivity) has been established.
• The packaging system has been established to be safe by means of the appropriate chemical testing and toxicological

assessment.

assessments (e.g., stabilitystudies).
Consideringthe fourth bullet point, (661.2) notes that appropriate chemical testing includesperformingextractables testing,

leachables testing, and the relevant toxicological assessment of the extractables and/or leachables results. In addition to being
the basisfor toxicological safety assessments, informationabout a packaging system's extractablescan be used in several ways
to optimize finished product testing for leachables.The potential quality and/or safetyor impact of extractables may facilitate
identification of leachables that might adversely affect product quality. Such leachablesof potential concern would necessarily
be among the targeted analytes in testing of a final pharmaceutical product within its packaging system. The targeting of
specific leachables, as opposed to the screening of pharmaceutical products for unspecified leachables, has significantanalytical
benefits, including the ability to develop, validate, and utilize test procedures that are appropriately sensitive, specific, and
accurate. Further, extractables (and their accumulation levels in extracts) can be used to forecast the levels of leachables in the
finishedproduct, depending on how well the extraction conditions mimicthe pharmaceuticalproduct's composition and actual
conditions of clinical use. Ifthe extraction conditions are such that they accelerate and modestly exaggerate the product's
clinical use conditions, then the extractables and their levels in the extracts can be extrapolated to estimate the maximum levels
of leachables in the finished product. Additionally, ifsuch extractables are assessedfor their safetyor quality impact, the results
of that assessment can also be extrapolated to, and deemed to be relevantfor, the pharmaceuticalproduct. Finally, ifno adverse
impact isfound based on the extractables data, then no adverse impact can be inferred for the leachables in the packaged
pharmaceutical product. Consistent with certain regulatory guidelines, leachables studies may not be required when
extractables studies establish the maximum amount of individual leachables that may be present in the active substance/
medicinal product and when such maximum levels have been demonstrated to be toxicologically safe. However, should a
leachable study be deemed to be unnecessary, a justification should be provided.

APPLICABILITY AND APPLICATION OF (661.1)

Applicability

1. The holder of the drug product application and drug product manufacturer [in the case of many over-the-counter
products (OTCs), where there is no application] bear primary responsibility and accountabilityfor ensuring the
requirements of the chapter are met. The means by which the holder of the drug product application and drug product
manufacturer obtains information to meet the requirement is at the discretion of the holder.

2. The testing required and specifications for materials of construction contained within (661.1) are relevant to and
applicable for all drug dosage forms, as it is the universal expectation that packaging materialsbe constructed from
well-characterized materials, regardlessof the potential interaction between a dosage form. However, the use of
risk-management principles and concepts to address the potential product safety risk associated with leachables (and
extractables as potential leachables) is a cornerstone of global regulatory and industry thinking on this topic. Industrial
scientists and regulators agree that the concepts and principles of risk management have a definitestrategic role in terms
of designing, implementing, and interpretinq effective and efficientassessments of extractables and/or leachables.
Oversimplifying somewhat, it is well-established that risk-management tools and principles can be used to define the
nature and magnitude of assessment (including testing), where low-risk situations require reduced or alternate
assessment (testing) versushigh-risk situations.Thus,as noted in its Tables 7and 2, (661.1) establishesbiological reactivity
and chemical tests that differsomewhat for low-risk dosage forms (such as oral and topical)versushigh-risk dosage forms
(such as inhalation and injections).
Moreover, an essential principle reflected in (661.2) is that packaging systems be tested for extractables and that the
approach be consistent with the nature of the interaction between the drug product and its packaging. This includes
consideration of the drug product contact condition (e.g., liquidvs dry) and the potential interaction between the dosage
form and its packaging system. By referencing (1663) for extractables testing, (661.2) providesthe means by which
extractables studies relevant for specific dosage forms can be designed, implemented, and interpreted. By allowing for
study designs that reflect the nature and clinical use of various dosage forms, (661.2) supports and uses risk-based
strategies and assessments.

3. The outcome of (661.1) testing is that the tested construction material has been well-characterized. Characterization
data generated during (661.1) testing can be used to support decisionson the proper useof the tested material. However,
the characterization data does not specifically or universally qualify the material for use in packaging systems, as the
material's use can vary depending on the packaging applications. It is the responsibility of the developer or user of the
tested material to decide if the material is appropriate for their intended application. Thus, it is the developer's or user's
expert reviewof the (661.1) test results, coupled with additional information as necessaryand appropriate, that
establishes whether a well-characterized material is suitable for use in a specific application.
Alternatively, the outcome of testing plasticpackaging systems via(661.2) isan assessment of the probable safety impact
of that system on the packaged drug product. Thisassessment is based on the biological reactivity testing, the
physiocochemical testing, and the extractable/leachables testing that are required by (661.2). Thus, a packaging system
that has been tested per (661.2) and which meets the specifications contained within (661.2), including a toxieological
safety assessment of the extractables and/or leachables data, isqualifiedfor use consistent with the conditions under
which it was tested, subject to review by the appropriate regulatory authority.
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4. There are two means for demonstrating a material of construction has met the requirements of (661.1). The first means
is direct testing and meeting the requirements in (661.1). The second means is the use of the material with a currently
approved finished drug product.

S; Appticationof(66T.1) arid (661.2) to materials of construction or systems ofher than packaging systems forfinished drug
products is beyond the scope of these chapters, but the concepts and principles of these chapters may be applicable and
relevant to other systems (and their materials for construction) such as medical devices for drug product administration,
manufacturing systems for pharmaceutical products, and packaging/storage systems for drug substances. It is the
expectation that future compendial chapters will be developed to address these other pharmaceutically important
systems.

6. The scope of (661.1) is materials of construction and of (661.2) is packaging systems. A third type of test article,
components, is not directly considered in the Scope of either chapter. In this context, a component is defined as an
individual part of a packaging system and is constructed from one or more materials of construction. Thus, a plastic bag
consisting of a laminated film is considered to be a component of the packaging system that includes the bag. Since a
component is constructed from materials and is part of a system, if component testing is deemed to be necessary, the
relevant testing and specifications for the component are contained within (661.2). The provisions in (661.2) for
packaging systems must be met for components whose testing has been deemed to be necessary. The component must
be constructed from materials that meet the requirements of(661.1) and the component must be tested by the methods,
and meet the specifications, contained in (661.2).

7. Testing of materials of construction via (661.1) is predicated on the circumstance that the material will most likelyinteract
with the packaged drug product when the material is used in a packaging system. It is not necessary for a material used
in a packaging system to be well-characterized ifthere is little or no chance of the material and the packaged drug product
interacting. Under these conditions the materials of construction would be considered non-interacting and would be
exempt from (661.1) testing. The designation of a material of construction as "non-interacting" must be accepted by
the appropriate regulatory authority.

Although it is beyond the scope of (661 .1) to establish the means by which a material of construction is established as
"non-interacting", it is relevant to differentiate between the potentially similar terms "no direct contact" and "non-interacting",
where the term "no direct contact" means that the material andthe packaged drug product do not come into direct physical
contact under the clinical conditions of use. Although it may well be the case that in a specific application a "no direct contact"
material of construction is also a "non-interacting" material of construction, it may also be the case that "no direct contact"
does not insure "non-interacting", especially when the conditions of contact include long durations and/or substantially
elevated temperatures.

To explain the concepts of "no direct contact" and "non-interacting", consider the following example. An aqueous drug
product is packaged in a flexible plastic container. The flexible container is further placed in a foil overpouch. The overpouched
product is terminally sterilized. An adhesive label is applied to the outside of the foil overpouch after the product unit has been
cooled after terminal sterilization.

In this case, both the foil overpouch and the label are "no direct contact", as there isat least one physical barrier (the primary
container) between the packaged drug product and these two items. However, if the flexible plastic primary container is
permeable, the foil overpouch can be considered to be a "potentially interacting" component, as substances from the
overpouch could migrate through the primary packaging, especially under the high-temperature conditions of terminal
sterilization. On the other hand, the label is a "non-interacting" component because (1) the foil overpouch is impermeable and
(2) the label is applied after the thermal stress associated with terminal sterilization.

Thus, the difference between a "potentially interacting" and "non-interacting" "no direct contact" component is the
permeability of the barrier that separates the "no direct contact" components from the drug product. Ifthe barrier is incomplete,
then the component (and its materials of construction) is "potentially interacting" and the materials must be tested per
(661.1). Ifthe barrier is complete, then the component (and its materials of construction) is "non-interacting" and the materials
need not be tested per (661.1).

1. There are two means of demonstrating that a material of construction has met the requirements of (661.1). The first
means is to perform the testing contained within (661.1) and meet the specifications in (661.1). The second means is
the use of a material in the packaging system of a currently approved finished drug product. Specifically, (661.1) states
"individual plastic materials of construction are deemed to be well-characterized and appropriate for use if they are used
in a packaging system that meets the requirements in (661.2) or if the packaging system has been deemed appropriate
for pharmaceutical use by the appropriate regulatory authority". However, it is noted that such a conclusion is only valid
for the specific packaging system meeting the requirements of (661.2) and cannot be extended to other packaging
systems using the same material (or materials) of construction. If the same material of construction is used in another
packaging system, then its suitability for use in that packaging system must be established.

2. The outcome of (661.1) testing is that the tested material of construction has been well-characterized. Characterization
data generated during (661 .1) testing can be used to support decisions on the proper use of the tested material. However,
the characterization data do not specifically or universally qualify the material for use in packaging systems, because the
material's use can vary depending on the packaging applications. Alternately, the outcome of testing plastic packaging
systems via (661.2) is an assessment of the probable safety impact of that system on the packaged drug product. This
assessment is based on the biological reactivity testing, the physicochemical testing, and the extractables/leachables
testing that are required by (661.2). Thus, a packaging system that has been tested per (661.2) and which meets the
specifications contained within (661.2), including a toxicological safety assessment of the extractables and/or leachables
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data, isqualified for use consistent with the conditions under which it was tested, subject to approval by the appropriate
regulatory authority.

3. Ib~ic:i~r1tifiC:Cl~i()l1t~stsr~qlJir~c:iil1«()()I ..l) .. s~r\f~ .tb~ ..ElJrp()s~()fC:Cl~eg()rizir1g. a... 111at~riClls()~bClti~ispr()p~rly~~s~~d .ar"lcJ
evaluated against the appropriate specifications. The specifications for Identification are based on a comparison of the
test resultobtained for the test materialversusthe relevant Reference Standard. Thiscomparison is based on the concept
of substantial equivalenceas opposed to exacting quantitative specifications. Establishing substantialequivalence requires
that the test resultsand test materialversus Reference Standard be judged to be equivalent. Although the individual
specifications for the individual materialscontained in (661.1) may include information that is relevant to establishing
substantial equivalence, this information in and of itselfis not deemed to be a specification. Forexample, although the
infrared (IR) Identification specifications may include wavenumber targets, these targets are not specifications but rather
serve the purpose of establishingthe expected general characteristicsof the IR spectra. An identification test is deemed
to have been successfully completed ifthe analytical results obtained for the test article and the appropriate Reference
Standard are substantiallyequivalent, and where all differences between the test resultsfor the article and the Standard
are explained by the nature, processing, and/or composition of the test article.

4. Establishing the potential safety impact of a material of construction cannot relyon a singletesting strategy, as no single
t~stinQs!r~teQyi=s~~i<:ient to identifyall potential safety-impacting attributes of a material.Thus, the chemical testing
+prescrib~d~(ERR ~~JlJri:2618) in (661.1) is orthogonal: physicochemical tests provide a general overview of extracted
substances; extractable metalstests address potential sourcesof elemental impurities; whileplasticadditives tests address
potential organic extractables. It is also the case that chemical testing alone may not demonstrate all potential
safety-impacting attributes. Thus, chemical testing is augmented by the orthogonal approach of establishing biological
reactivity.

5. Awell-characterized plastic material is tested for its extractable levels of all metals that are known components of the
plastic material.Theycould originate from the starting materialsused to manufacture the plasticmaterial, reagents used
in the manufacturing process(e.g., catalysts), and from additives present in the plasticmaterials. Such metals are termed
"relevant metals". Additionally, materialsare tested for metals that are specified inother compendial documents as being
relevant for plastic materials. Lastly, materials are tested for metals that have been deemed to be elemental impurities
that are applicable to all drug product dosage forms regardlessof whether the source of the elemental impurities is
intentionallyor unintentionallyadded to the drug product, its ingredients, or its packaging system.

6. Extractable metals reporting thresholds contained within (661.1) are not to be construed as limits. Rather, the reporting
thresholds establish the convention for reporting extractable metals results. In this regard, the USP specification for
extractable levels is not that they be below a certain limit, but rather that they be reported as specified in (661.1).

7. It may be that not all of the relevant metals for a particular material of construction are specified in (661.1), and that
some relevantmetals become known byanother means (forexample, vendor certification). All relevant metals, regardless
of their inclusion in (661.1), must be tested for. Proceduresfor relevant metals that are not specified in (661.1) must be
established and should be consistent with the procedures used for metals that are specified in (661.1). Specifications
must be established for relevant metals that are not specified in (661.1); such specifications should be consistent with
the specifications established for metals that are specified in (661.1).

8. Extractable metals testing described in (661.1) is required for all materialsof construction used in packaging systems,
regardless of whether the material is specified in (661.1). Extractable metals test procedures for materials that are not
specifiedin (661.1) must be establishedand should be consistent with the procedures used for materialsthat are specified
in (661.1). Extractable metals specifications must be established for materials that are not specified in (661.1); such
specifications should be consistent with the specifications established for materials that are specified in (661.1).

9. The listing of specific extractable metals in (661.1) is not meant to limit material sponsors or users who may seek to
establish the level of extractable metals other than those specified in (661.1). This may be the case, as additional
extractable metals may be applicable to certain dosage forms and as the analytical methods that may be applied to
extractable metals analysescould routinelysupplydata for extracted metals other than those specifiedin (661.1). Incases
where individual sponsors obtain test results for extractable metals other than those specified in (661.1), it is expected
that such additional extractable metals would be reported in the manner specified in (661.1) for those extractable metals
that are specified in (661.1).

10. The plasticadditives testing described in (661.1) is required for all materialsof construction used in packaging systems,
regardless of whether the material is specified in (661.1). Proceduresfor materialsthat are not specified in (661.1) must
be established and should be consistent with the procedures used for materialsthat are specified in (661.1). Specifications
must be established for materials that are not specified in (661.1); such specifications should be consistent with the
specifications established for materials that are specified in (661.1).

11. It is the responsibility of the user of materialsthat are not currently listed in (661.1) to: (a) develop those tests methods
and specifications that are required per the points noted previously; (b) justify those test methods and specifications,
specifically considering their consistencywith test methods and specifications that existfor materials that are currently
listed in (661.1); and (c) possessthe test resultsobtained when the material istested, inaccordance with the tests outlined
in the points noted previously.

12. Additionally, it is possiblethat materialsspecified in the chapter may contain additives that are not addressed in(661.1).
These materials must be tested for such additives. Proceduresfor additives that are not specified in (661.1) must be
established and should be consistent with the procedures used for materials that are specified in (661.1). Specifications
must be established for additives that are not specified in (661.1); such specifications should be consistent with the
specifications established for materials that are specified in (661.1).

13. The sole purpose of the tests for plasticadditives is to establish which additives are present and to ensure that the levels
of these additives are known. This information is relevant because additives are typically a source of extractables and
leachables.
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14. The recommendation of specific tests, test methods, and test parameters in (661.1) does not preclude the use of other
suitable methods, procedures, or parameters, but the conditions presented in (661.1) take precedence for official
purposes. Alternati~~test ll1~t~?~S ~~~~?~.~itic>nsll1~st~~~ell1()nstr~t~dt() ..~~ ..slJitabl~ .. ~},I11~al1s()f ClPpr()priClt~ClI1 q
sufficientvafidation data. Important aspects of alternative methods include the completeness of the extraction process
and the specificity, sensitivity, and applicability of the analytical test methods. Extraction methods employed must have a
demonstrated ability to quantitativelytransfer additives from the material to the extracting medium and must do so
without modifying the chemical nature of the additive unlesssuch modification isan integral part of the test
methodology. Testmethods employed must haveequivalentabilitycompared with the test methods contained in(661.1)
to produce a clear and unambiguous identification of all relevant additives at levels at least as low as the levels specified
in (661.1).

15. Point 14 notwithstanding, the substitution of alternate tests for those that are required by (661.1) is not appropriate.
Thus, for example, substitution of an oxidixable substance test for the Total OrganicCarbon test specified in
Physiochemical Tests is not appropriate. Additionally, substitutions for specifications that exist in (661.1) are not allowed
unless justified and are subject to approval by an appropriate regulatory authority.

16. In at least two places (Extractable Metals and Plastic Additives), (661.1) requires that materials be tested for all relevant
analytes. Clearly, an analyte will be present in a material if it is intentionallyor knowingly added to the material during
its production or iftesting of the material has revealed the analyte's presence. While test methods included in (661.1)
may be of sufficiently broad scope to detect all relevant metals or additives, this is not always the case and one cannot
relyon the methods to reveal allrelevant analytes. It may be the case that the material'svendor has knowledgethat may
be unavailable to the material's user, which isgermane to establishing relevant analytes.Thus, it is reasonable to expect
that materialvendors and usersworktogether to produce a complete and robust listof relevantanalytes. It isparticularly
important that a material's vendor inform the material's user when it is clear to the vendor that the user has missed a
relevant analyte in the user's testing.

It is reasonable to anticipate that there may be Someinformation that the vendor isnot ina positionto share with a material's
user. Nevertheless, it is in the interest of both the vendor and the user that a material be well-characterized and that the
characterization include all relevant analytes. Thus, it isstrongly recommended that the vendor and the user find a means of
establishing all relevant analytes. Forexample, consider the case of extractable metals. While it may be the case that the
material's vendor would decline to share detailed information about the use of a zinc-containing reagent in the preparation
of a material, it is adequate for the purpose of material characterizationfor the vendor to communicate that zinc should be a
targeted analyte.

POLYETHYLENES

High-and low-densitypolyethyleneare long-chainethylene-based polymerssynthesized under controlled conditions of heat
and pressure with the aid of catalystsfrom NLT 85.0% ethylene and NLT~?79~E?E~I?I~fin~. c:>~~er olefin ingredients that are
most frequently used are butene, hexene, and propylene. Low-density"'p()lyethylel1e~{ERRJ.Jun-io18) (LOPE) contains many
long-chain branches along the polymer backbone, preventing the alignment and packing of the chains and thus forming a
low-density material. Linear low-densitypolyethylene (LLOPE) contains several short chains along the polymer backbone that
prevent the alignment and packing of the polymer chains, thus creating a poor crystalline material. High-density polyethylene
(HOPE) contains relatively fewside chains,allowing the polymerbackbone to alignand packtogether, thus forming a crystalline,
high-density plastic. High-, low-, and linear low-density polyethylene all have an IR absorption spectrum that isdistinctive for
polyethylene, and each possesses characteristicthermal properties. High-densitypolyethylenehas a density between 0.941 and
0.965 g/cm 3• Low-density polyethylene has a density between 0.850 and 0.940 q/cm". Additives are added to the polymer in
order to optimize its chemical, physical, and mechanical properties, thereby rendering it suitable for its intended use. These
additives may include nucleating agents, clarifying agents, antioxidants, colorants, lubricants, antiblocking agents, and others.
These additives typically are present individually in the polyethyleneat levels of 0.01 to 0.3 weight %, and the total levels of
the antioxidants typically are lessthan 0.3%. Other additives, specifically amides and stearates, typically are present in
polyethylenes individually at levels of 0.5 weight % or less. Polyethylene materials that provide light protection can contain as
much as 4% by weight titanium oxide.

POLYPROPYLENE

. Propylene polymers are long-chain polymerssynthesized from propylene or other olefins, for example, ethylene or butene,
under controlled conditions of heat and pressure with the aid of catalysts.A certain number of additives are added to the
polymer in order to optimize its chemical, physical, and mechanical properties, thereby rendering it suitable for its intended
use. These additives may include nucleating agents, clarifying agents, antioxidants, colorants, lubricants, antiblockingagents,
and others. These additives typically are present indi~id~all~i~t~~P?I~pr?pyl~D~~tl~~els of 0.01 to 0.3 weight %, and the
total levels of the antioxidants typically are less than +O;~%.polypropylene~(ERR1'JlJn~2018) that provides light protection can
contain as much as 4% by weight titanium dioxide.

CYCLIC OLEFINS

Cyclic olefin copolymers are manufactured by the copolymerization of a cyclic olefin (e.g., cyclopentene, norbornene) with
an olefinsuch as ethylene or propylene. The reaction of polymerizing a cycloolefin resulting in a polymer is known as ring
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opening polymerization (ROMP) and isfacilitated viaZiegler-Nattacatalysts.Cyclic olefin polymerresins are commonly supplied
in pellet form and are suited for standard polymer processing techniques such as extrusion, injection molding, injection blow
11lc>lcJi rlg./..... C:()I1lPr(;!s~iC>rll1l()LcJirlg/tb(;!rl1l<:>f<:>rl1lirlg,ClrlcJc>tb(;!r~.t\~tb(;!)IClr(;!ClI1l<:>rpbC>lJ~,ClrlcJgi\l(;!rltb(;!irbigbElJri tY' .. 11l()i ~tlJ.r(;!
barrier, clarity, and sterilization compatibility, cyclic olefinsare an excellent alternative to glass in a wide range of medical
products, including packaging. Cyclic olefins exhibitgood chemical resistanceand are generallyconsidered to be of high purity
with low levels of extractables. Nevertheless, cyclic olefincopolymers may contain residual processing aids, colorants, and
antioxidants.

POLYETHYLENE TEREPHTHALATE AND POLYETHYLENE TEREPHTHALATE G

Polyethylene terephthalate (PET) polymers are long-chain crystalline polymers prepared by the condensation of ethylene
glycol with dimethyl terephthalate or terephthalic acid. PET copolymer resins.~~~~~~p~r;~i~;~,si':'lilar~~x;;~~~;e~;;tb~~they
may alsocontain a smallamount of either isophthalicacid (NMT 3 mole %) or ~lif1. ...cycl<:>beXClQ(;!cJil1letfJClrl·01"'(ERRJ"JlII"lJ2.oJ8) (NMT
5 mole %). Polymerization isconducted with the aid of catalysts and stabilizers. PET polymers may contain silica or silicates
(NMT 0.5% by weight) and may contain colorants.

PLASTICIZED POLY(VINYL CHLORIDE)

Poly(vinyl chloride) (PVC) polymers are long-chain vinyl chloride polymers synthesizedfrom vinyl chloride monomers via
free radical polymerization. Various additives are compounded into PVC to provide the materialswith properties that render it
suitable for its intended use. These additives may include heat stabilizers, primaryand secondary plasticizers, stabilizers, impact
modifiers, lubricants, pigments, and others. These additives typically are present individually in the PVC at levels ranging from
0.1 to 45 weight %.

APPLICABILITY AND APPLICATION OF (661 .2)

Applicability

1. The holder of the drug product application and drug product manufacturer (in the case of many OTCs, where there is
no application) bear primary responsibility and accountabilityfor ensuring the requirements of the chapter are met. The
means by which the holder of the drug product application and drug product manufacturer obtain information to meet
the requirement is at the discretion of the holder.

2. Chapter (661.2) deals solelywith packaging systems. Components of packaging systems can be tested per (661.2) at
the discretion of the holder of the drug product application and as approved by requlatory authority. Materials of
construction are not tested per (661.2).

Application

1. Chemical characterization of either extracts of packaging systems (extractables) or of packaged drug products
(Ieachables), followed by toxicological safetyevaluation, is universally recognized as a necessaryand appropriate means
of establishingthe safety impact between packaging systemsand their contents. Thus,(661.2) requiresthat allpackaging
systems be demonstrated to be safe by performing a chemical assessment. However, (661.2) does not specifythe details
of the chemical assessment process, either in terms of the test methods or the specifications. Rather, (661.2) references
the relevant informational chapters «1663) for extractables and (1664) for leachables)thereby providing usersof (661.2)
with a means for designing and implementingan effective, efficient, risk-based, and more or less customized extractables
or leachables assessments that complywith requlatory requirements.

2. Chapter (661.2) provides holders of packaging system or drug product applications and/or packaged drug products
manufacturers with the flexibility to operate within the context of their own specific situation and their own specific
risk-management philosophy. The trade-offfor having such flexibility is that it is the responsibility of the holders and
manufacturers to justify their test methods and specifications. It is proper and appropriate that the justification existsand
that it be judged (and approved) on the basisof its individual scientific and risk-management merits.

3. Leachables whose chemical formula includestransition metals, metalloids, other metals, and lanthanides and actinides
are elemental impurities. To the extent that extractables mirror leachables, extractables can be construed to be potential
elemental impurities. Elemental Impurities-Limits (232) contains specifications for elemental impurities in drug products.
In some manner, these specifications are relevant to packaging systems, as leachables of the appropriate composition
represent a certain proportion of a drug product's elemental impurity burden. However, ifthe proportion is not
known, then (232) specifications for drug products cannot be directlytranslated to specifications for leachables which
themselves are elemental impurities. Thus,(661.2) requiresthat leachablesthat are elemental impuritiesbe appropriately
assessed toxicologically for their potential safety impact and correctly notes the existence of (232). However, (661.2)
does not specifically attempt to use the product specifications in (232) to set leachables specifications as the means to
establish safety impact.
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(1663) ASSESSMENT OF EXTRACTABLES AS,SOCIATED WITH
PHARMACEUTICAL····PACI<AGING/DELtVERY· ·SYSTEM5

PURPOSE

USP43

This general information chapter presents a framework for the design, justification, and execution of an extractables
assessment for pharmaceutical packaging and delivery systems. The chapter establishescritical dimensions of an extractables
assessment and discusses practical and technical aspects of each dimension. Although intended to be helpful and generally
applicable, the chapter isfor informational purposes and does not establishspecific extraction conditions, analytical procedures,
or mandatory extractables specifications and acceptance criteria for particularpackaging and delivery systemsor dosage forms;
nor does it delineate everysituation in which an extractables assessment is required. It is not possible for a general discussion
ofextractablesto anticipate and coverallsituationswhere an extractablesassessmentmight be required. Designing an individual
extractables assessment isa process that balances sound science, prudent resource allocation, and effective risk management.
Achievlnq this balance isthe responsibility and obligation, of the drug product manufacturer and assumes due consideration of
allapplicable legaland regulatoryrequirements. The principles and best demonstrated practicesoutlined in this general chapter
represent a consensus interpretation of sound science and can therefore be applied to any situation in which an extractables
assessment is required for pharmaceutical application.

KEY TERMS

Thisgeneral chapter uses the following key terms listed below (7, 2; also see Packaging and Storage Requirements (659»).
Note that the terms Packaging System, Packaging Component, Primary Packaging Component, Secondary Packaging
Component, and Materials of Construction are also defined in (659), and the definitions below are intended for clarification
purposes within the context of this chapter and are not intended to supersede those provided in (659).

Packaging System (also referred to as a container-closure system): The sum of packaging components and materials that
together contain and protect the product. This includes primary, secondary, and tertiary packaging components.

Delivery System: The sum of components and materials that are used to transport a drug product from its packaging to the
point of administration into the patient. Forexample, an administration set isa delivery system that is used to transfer liquid
drug products from their plastic packaging system to the site of administration to the patient. It is noted that in some cases,
the packaging system itself may perform the delivery function.

Container: A receptacle that holds an intermediate compound, active pharmaceutical ingredient, excipient, or dosage form
and is in direct contact with the product.

Closure: Amaterial that sealsan otherwise open space on a container and providesprotection for the contents. Italsoprovides
access to the contents of the container.

Packaging Component is any single part of the package or container-closure system including the container (e.g., ampuls,
prefilled syringes, vials, bottles); closures (e.g., screw caps, stoppers); ferrules and overseaIs; closure liners; inner seals;
administration ports; overwraps; administraUon accessories; labels; cardboard boxes; and shrinkwrap.

Primary Packaging Component is a packaging component that is in direct contact or may become in direct contact with the
product (e.g., IV bag). ,

Secondary Packaging Component is a packaging component that is in direct contact with a primary packaging component
and may provide additional protection for the product (e.g., overpouch or dustcover for an IV bag).

Tertiary Packaging is a packaging component that is in direct contact with a secondary packaging component and may
provide additional protection of the product during transportation and/or storage (e.g., shipping carton for an overpouched
IV bag).

Ancillary Component is a component or entity that may come into contact with a tertiary packaging component during the
distribution, storage, and transportation of the packaged product (e.g., pallets, skids, shrinkwrap).

Packaging Materials of Construction are substances used to manufacture packaging components. These are also referred to
as Raw Materials.

Extractables are organic and inorganic chemical entities that are releasedfrom a pharmaceutical packaging/delivery system,
packaging component, or packaging material of construction and into an extraction solvent under laboratory conditions.
Depending on the specific purpose of the extraction study (discussed below), these laboratory conditions (e.g., solvent,
temperature, stoichiometry, etc.) may accelerate or exaggerate the normal conditions of storage and usefor a packaged dosage
form. Extractables themselves, or substances derived from extractables, have the potential to leach into a drug product under
normal conditions of storage and use and thus become leachables.

Leachables are foreign organic and inorganic chemical entities that are present in a packaged drug product because they
have leached into the packaged drug product from a packaging/deliverysystem, packaging component, or packaging material
of construction under normal conditions of storage and use or during accelerated drug product stability studies. Because
leachables are derived from the packaging or delivery system, they are not related to either the drug product itself or itsvehicle
and ingredients. Leachables are present in a packaged drug product because of the direct action of the drug product on the
source of the leachable. Thus leachables are typically derived from primary and secondary packaging, as the primaryand
secondary packaging can serveas a barrier between the packaged drug product and other potential sources offoreign chemical
entities (such as tertiary packaging and ancillary components). In certain circumstances, packaging may directlycontact the
patient under typical clinical conditions of use (for example, the mouthpiece of a metered dose inhaler). As a resultof this
contact, patients may be exposed to leachables from the packaging without the action of the drug product. Leachables are
typically a subset of extractables or are derived from extractables.

www.webofpharma.com

https://nhathuocngocanh.com/



USP 43 General Information / (1663) 8443

Migrants are alsoforeign organic and inorganic chemical entities that are present in a packaged drug product because they
have leached into the packaged drug product from a packaging/deliverysystem, packagingcomponent, or packaging material
of construction under normal conditions of storage and use or during accelerated drug product stability studies. However,
mtgrant5a~redifferenttatedfromteac:hable5bythec:trcumstancethatmtgrantsaccumufate·jnthepackageddrugproductafter

the migrant has crossed a physical barrier,such as that provided by primaryand secondarypackaging. Because migrants crossa
physical barrier, they are not present in the packaged drug product due to direct action of the drug product on the source of
the migrant because the barrier prevents such direct action. Thus migrants are derivedfrom secondary and tertiary packaging
and ancillary components. Regardless of whether a substance isa leachable or a migrant, it is still a foreign substance in the
packaged drug product and thus it must be impact assessed in the same manner. However, as the means by which a leachable
and a migrant become entrained in a packaged drug product may be different,extractablesstudies meant to address leachables
may be designed and implemented differently than extractables studies meant to address migrants.

Extraction Studies are the overall laboratory processes required in order to create extractables profile(s) of particular
pharmaceutical packaging/deliverysystems, packaging components, or materialsof construction. Extraction studies are also
referred to as Controlled Extraction Studies. .

Characterization is the discovery, identification, and quantitation of each individual organic and inorganic chemical entity
present in an extract above a specified level or threshold. Such thresholds can be based on patient safety considerations,
materialsconsiderations, the capabilities of analytical technology, etc.

Scouting is the process of acquiring general chemical information that provides insight into the nature and magnitude of
extractables.

Discovery is the process of searching for, and ultimatelyfinding, individual organic and inorganic chemical entities present
in an extract.

Identification is the process of assigning a molecularstructure to an organic extractable, or assigning constituent elements
in the case of an inorganic extractable.

Quantitation is the process of measuring the level, or concentration, of an individual organic or inorganic chemical entity
contained in an extract.

Extractables Profiles are qualitative and/or quantitative analytical representations of the extractables content of a particular
extracting medium and set of laboratory extraction conditions. '

Leachables-Extractables Correlations are establishedwhen observed drug product leachablesare linked both qualitativelyand
quantitatively to extractables from associated packaging/delivery systems, packaging components, or materialsof construction.

Safety Concern Threshold (SCT) is the threshold below which a leachable has a dose so low that it presents negligiblesafety
concerns from carcinogenic and noncarcinogenic toxic effects.

AnalyticalEvaluation Threshold (AET) is the threshold at or above which a leachableshould be characterized and reported for
toxicological assessment. The AET can be mathematicallyderived from the SCT (or other threshold concepts) based on factors
that include the dosing parameters of the drug product. When an extraction study is performed for the purpose of estimating
the accumulation levels of leachables, the AET may be applicable to extractables as well as leachables. The concept of the AET
isdiscussed in greater detail in Assessment of DrugProduct Leachables Associated with Pharmaceutical Packaging/Delivery Systems
(1664).

As noted, additional terminology and associated definitions are available(1, 2, and (659).

SCOPE

The scientific principlesand best-practices described in this general chapter are intended to apply to any extractables
assessment or extraction study of pharmaceutical packaging/deliverysystems, packaging components, or materials of
construction; the resultsof which are intended for establishingextractables profiles. Extractables profiles can be used in a variety
of pharmaceutical development and manufacturing applications, including the characterization,selection, and qualification of
materials of construction, packaging components or packaging/deliverysystems; establishing leachables-extractables
correlations; and/or simulating worst-case drug product leachables profiles. When appropriate, extractables profiles can also
be used in establishing leachables-extractables correlationsas described in Assessment of Drug Product Leachables Associated
with Pharmaceutical Packaging/Delivery Systems (1664). These scientific principles and best practices can also be applied to
materials of construction and functional components of equipment used to manufacture drug substances and drug products;
e.g., filters, tubing, and tanks. In addition, these principles and best practices can be applied to materials of construction for
the medical device component of a combination product (2), with appropriate consideration of the guidances and regulations
that apply specifically to medical devices. Thesescientific principles and best practicesapply to all organizations and individuals
involved in the manufacture of drug substances, drug products, and in their stability studies, including but not limited to:

• Manufacturers of drug substances 'and drug products for human and veterinary use where manufacturing may involve
operations at the applicant holder's facilities (l.e.,facilities that belong to the holder of an approved New DrugApplication
or Abbreviated New Drug Application) or at those of a contractor for the applicant holder

• Manufacturers of combination products
• Packaging operations by the manufacturer or a designated contractor for the application holder
• Repackaging operations inwhich the drug product may be owned by an organizationother than the primarymanufacturer
Manufacturersand fabricators of pharmaceutical packaging/deliverysystems, packaging components, and materialsof

construction may also apply these scientific principles and best-practices as appropriate.

BACKGROUND INFORMATION

Duringthe course of manufacturing, packaging, storage, distribution, and administration; dosage forms and their
constituents can contact components and materialsof construction of manufacturing and packaging equipment, and primary
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and secondary packaging components and systems. Such contact may result in interactions between the dosage form and
these components and materials. One such interaction isthe migration or leachingof substances from any of these components
and.materials into the 9o~~~~f?rrl1 vvi~h~u~s~9u~ntgeliY~'2't?~h~patie~t9Llri~99rLlga9rTli~i~~r~ti()n.P~ti~nts~I~()~a~ b~
directly exposed to substances viadirect contact witli tlie packagingTdefivery system during drug administration. LeachabTes;
which can include both organic and inorganic chemical entities with wide chemicaldiversity, are of concern due to their
potential safety risk to patients and potential compatibility risks for the drug product (e.g., drug substance interaction/
degradation, pHchange, appearance change, particleformation, protein aggregation/structure change, etc.). Inorder to assess
these risks and manage the potential issues posed by leachables, it is necessaryto know the identitiesand the levels to which
leachables will accumulate in the finished drug product over its shelf-life. These two pieces of information can be used to
establish the magnitude of patient exposure (dose) and therefore the safety risk posed by an individual leachable, as wellas the
likelihood of any compatibility issues involving the drug product.

Regulatory guidelines and various best-practice recommendations state that assessment of the potential impact of contact
between a component or material and a final dosage form involves evaluatingthe final dosage form with respect to leachables.
Thisassessment can include a migration or leachabies study whose purpose is to discover, identify, and quantitate leachables
that have migrated from the contacted system, components, or materials and accumulated in the dosage form. Alternatively,
this assessment may involve performing a simulation extraction study, when use of such a study in lieuof a migration study
can be justified. There are many science-basedand practical reasons why such a leachablesassessment typically does not stand
alone as the single means of assessment.Sincethe pharmaceutical packaging/delivery system isthe primarysource of potential
leachables, it isgenerallyappropriate that any leachables assessment be preceded by an extractables assessment performed on
the packaging/deliverysystem, its primaryand certain critical secondary packaging components that are noncontacting but
potentially interacting, and/or packaging and delivery system materialsof construction; consistent with regulatory guidelines
and best-practice recommendations. Such an extractables assessment can also be performed on particular components
and/or materialsof construction of manufacturing and packaging equipment, as well as certain tertiary packaging components,
that are deemed of high leaching potential or have been implicated in an identified leachabies problem with a particulardrug
product.

Extractables assessments can be used to:
• Characterize packaging/delivery systems, packaging components, combination product medical device components,

manufacturing components, and their various materials of construction
• Facilitate the timely development of safe and effective dosage form packaging/deliverysystems, manufacturing systems

and processes by assisting in the selection of components and materials of construction
• Understand the effects of various manufacturing processes (e.g., sterilization) on packaging components and their

potential leachables
• Establish the worst-case potential leachables profile in a manner which facilitates leachabies studies, the development of

leachables specifications and acceptance criteria (should these be required), and the safety evaluation/qualification of
potential and actual leachabies

• Establish the worst-case potentialleachables profile in a manner which facilitates the safety evaluation/qualification of
probable leachables when it is not scientifically possible to determine actual leachables

• Facilitate the assessment of patient exposure to chemical entities resulting from direct contact between a patient's body
tissue(s)(e.g., mouth, nasalmucosa)and a packaging or combination product medicaldevicecomponent (e.g., a metered
dose inhaler's plastic actuator/mouthpiece)

• Facilitate the establishment of qualitative and quantitative leachables-extractables correlations
• Facilitate the development of extractables specifications and acceptance criteria (if these are required) for packaging

components, combination product medical device components, and materialsof construction
• Facilitate investigationsinto the origines) of identified leachableswhose presence causes qualityand/or safety issues (such

as out-of-specification results) for a marketed product
In these ways, extractables assessmentscan support Quality by Design (QbD) principles for the development and

manufacture of pharmaceutical packaging/delivery systems and drug products. Note that although characterization of
packaging/deliverysystems and materials is a goal of many extractables assessments, regulatory guidances and best-practice
recommendations clearly stress that extractables assessments also serve as investigations into potentialleachables (7-5).

As stated previously, it is not a goal of this chapter to identifyeach case in which an extractables assessment is required for
packaging/deliverysystems, individual packaging components, or materials of construction for any particular type of dosage
form. Thisisthe responsibility of the Holderof the NDA (applicant holder), and assumesappropriate considerationof applicable
regulatory guidance documents. Rather, this chapter addresses the question "Ifan extractables assessment is required, what
are the scientific principlesand best demonstrated practices under which it should be accomplished?"

As performing an extractables assessment involves the processes of discovery and identification, an extractables assessment
can be facilitated by knowledge about the test article, especially its composition. Thus it is strongly recommended that the test
articleassessorand the test articlevendor collaborate in such a waythat the test articleassessorhas accessto critical information
which will aid in the design and implementation of an effective and efficient extraction study. Additionally, it is noted that
characterizationof the test articleper Plastic Materials ofConstruction (661.1) will provide informationthat isuseful in the design
and implementation of extraction studies.

Achieving the objectives of an extractables assessment requires performance of an extraction study in order to create
extractables profiles. An extraction study has two critical dimensions: laboratory generation of the extract (extraction) and
testing the extract (characterization).
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GENERATING THE EXTRACT

GeneratConcepts···and·CriticatExperimentalDesignParameters

Extractables are derived from a varietyof sources and exhibit extensive chemical diversity. Primary sources of extractables
include: .

• Chemical additives in individual elastomeric/polymeric packaging components and raw materials, including impurities in
these additives

• Chemical entities and additives that are present in packaging components composed of glassand metals
• Entities related to the dissolution of the packaging component itself (e.g., iron extracted from a stainless steel material,

silicon extracted from glass)
• Monomers and higher molecular weight oligomers derivedfrom incomplete polymerization
• Migrantsfrom secondary and tertiary packaging components, such as inks, label adhesives, and volatiles from cardboard

shipping containers, plasticstorage bags, and other shipping aids such as wooden pallets
• Surfaceresidues, such as heavy oilsand degreasing agents on metal canisters and containers
• Chemicalsubstances on the surfacesof component fabrication machinery or other drug product manufacturing systems,

such as mold release agents, and antistatic and antislip agents
• Chemical additives, monomers/oligomers, impurities, etc., in various parts of component fabrication machinery or other

drug product manufacturing systems
As noted above, the chemicaldiversity of extractables issignificant. Forexample, the chemical additivecategory antioxidants

includes hindered phenols, secondary aromatic amines, hindered amines, organosulfur compounds, organophosphorus
compounds, and other chemical classes.

Extraction is a process of treating a material with a solvent to remove soluble substances. Extraction isa complex process
influenced by time, temperature, surface area to volume ratio (Le., stoichiometry), extraction medium, and the phase
equilibrium of the material (3). There are two reasons why an extraction study is the necessaryand appropriate means of
accomplishing the variousobjectivesof an extractables assessment. First, there is no other viableanalytical alternative.
Characterizing a material for potential leachables in its natural solid state is a goal of modern analytical chemistry rather than
an accomplishment. Second, even ifa direct characterizationcould be accomplished, itwould at best onlyestablishthe identities
and levels of chemical entities present in the material, and not assess the leaching characteristics of these chemical entities. A
compositional assessment does not take into account any chemicalreactions that can alter the molecularstructures of potential
leachables over the dosage form's Iifecycle. Forexample, in the case of phenolic antioxidants that are leached by an aqueous
drug product, hydrolysis and oxidation products can accumulate in the drug product. The only viablemeans for producing
data related to leaching is to use a process such as laboratoryextraction that is mechanistically similar to leaching.

The design of an extraction study isdictated by the purpose of the extractables assessment and the question(s) being asked,
as well as the available information regarding the chemicalcomposition of the test article(s) to be extracted. Extraction studies
can be designed to answer questions such as:

• What are the chemical additives in a particular packaging component or material of construction?
• What are the maximum accumulations of chemical additives from a particular packaging component into the dosage

form? '.
• What are the likely contents of an end-of-shelf-Iife drug product leachables profile?
Addressing each of these questions requires a particularset of parameters, such as extraction time, extraction temperature,

extracting solvent, extraction technique, sample surface area to extracting solvent volume ratio, etc. Clearly, the intent of the
extractables assessment must be established before the study design isfinalized. Forexample, ifthe purpose of the extraction
study is to simulate a worst-case leachables profile, then the study can be termed a simulation study that should produce an
extract that:

• Contains allthe substances (extractables) that could leachinto the final product at levels considered potentiallysignificant
• Contains these extractables at concentrations that are greater than or equal to the maximum concentration that these

chemical entities will accumulate in the drug product as leachables at any time during the shelf-life
• Isgenerated more efficiently and in lesstime than that required for a drug product leachablesstudy
• Is amenable to chemical analysis
The concept of a simulation study is addressed in greater detail in Assessment of Drug Product Leachables Associated with

Pharmaceutical Packaging/Delivery Systems (1664). The means by which an extraction process isaccomplished are reflected in
the juxtaposition of several experimental parameters including:

• The chemical nature of the extracting media
• The time duration of the extraction process
• The temperature and pressure at which the extraction is performed
• The stoichiometry of the extraction process (extracted surface area per unit volume of extracting solution)
• The mechanism or process by which the extraction isaccomplished .
Extraction processes have been described as "accelerated", "aggressive", "exhaustive", "vigorous", "harsh", and so on, and

for medical device studies certain of these terms have been defined. In general, extraction processesshould allowcompletion
in a reasonable time frame but should not be so aggressive that they alter the qualitative and/or quantitative nature of the
resulting extractables profile. The most aggressive extraction conditions are reserved for the quantitative determination of
chemical additive contents in components and materials. Because such studies are intended to quantitate specific known
chemical additives and not to simulate a drug product leachables profile, it is acceptable to use extraction conditions which
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disrupt or dissolve the component or material being extracted, and thus to alter the resulting extractables profile, while
recovering the target additive(s) without loss or chemical decomposition.

Ofallthe parameters involved in generating the extract, the extracting medium isthe most critical because it isthe extracting
medium that accomplishes the extraction, and all other parameters merelyfacilitate the extraction. Establishing and justifying
the extracting medium (or media) is both straightforward strategically and complex tactically. Strategically, if the purpose of a
particularextraction study is,for example, to simulatea worst-case leachablesprofile, then the idealsituation isfor the extracting
solvent to have a similaror greater propensity to extract substances as the formulation, thus obtaining a similarqualitativeand
quantitative extractables profile. This is clearly stated in regulatory guidances and best practice recommendations ( 7, 4, 5).
Therefore, the most logical tactic for this simulationstudy Is to use the formulation itself as the extracting medium and in the
absence of complicating factors, such an approach is recommended. However, in certain cases the use of the formulation as
an extracting medium complicates extract characterization to such an extent that it is impractical. The various quidances and
recommendations suggest that ifthe use of the drug product as the extracting solvent is not feasible, then the drug product
vehicle, or placebo, could be used as an effective extracting medium. This recommendation is derivedfrom the fact that the
drug substance itself does not typically create the "leaching power" of a drug product but rather that it is the formulation's
ingredients (drug product vehicle) that establish the drug product's abilityto leach substances from a contacted material.

When circumstances require that an extraction study must be accomplished with a simulatingsolvent(s), it is necessaryto
establish and justify the composition of these solvents. In order to accomplish this objective, one must consider all the
physicochemical characteristics of a formulation and/or simulating solvent that influence its "extracting power". In certain
circumstances, the formulation issufficiently simplethat the critical characteristics can be readily delineated and simulated. For
example, the extracting power of polar aqueous drug products consisting of soluble ingredients (such as an injectable with a
drug substance, buffers, and diluent) is, for organic extractables, driven primarily by drug product pH. In such a circumstance,
simulating the drug product pH with an analytically viable buffersystem for the extraction study may be appropriate and
justifiable. For inorganic extractables, utilization of a simulating solvent having similar metal-chelating properties as the drug
product vehicle may also be appropriate and justifiable. It may also be the case that largely non-polar drug products can be
readilysimulated with analytically expedient organic solvents, Forexample, chlorofluorocarbon and hydrofluoroalkane
propellants used in metered dose inhalers (MDls) can be simulated with dichloromethane as an extracting solvent and
isopropanol can be used to simulate ethanol, a common co-solvent in MOl formulations.

Many drug products are compositionally intermediate between the polar and nonpolar examples just discussed. Examples
of such products include "aqueous" drug products that contain stabilizers, solubilizing agents, chelating agents and buffers,
lipid-containing products, and biotechnology products containing proteins, peptides, and blood-derived products. Such
products have a characteristic polaritywhich establishestheir "extracting power". Thus, an appropriate simulating solvent will
have a polaritythat matches that of the drug product. Binary mixtures of miscible solvents (such as alcohol/water) have been
utilized as simulating solventsfor these types of drugs product.

It may be that a single simulatingsolvent cannot be established and justified for a specific drug product, or that the focus of
the extractables assessment isa materialor systemthat will be characterizedfor use with multiple,compositionally diverse drug
products. Insuch circumstances,the drug product's ability to leachchemicalentitiesfroma packagingsystemcan be established
based on the use of multiple extracting solvents, each of which addresses one (or more) of the extracting "mechanisms" that
are relevant to the drug product (or drug products) under investigation. The use of multiplesolvents is consistent with
industry-driven best-practice recommendations for drug products that have a relatively high risk of dosage form interaction
with the packaging system and a relatively high safety risk relative to the route of administration (e.g., inhalation aerosolsand
solutions, injectablesand injectablesuspensions)(7). Therefore,the use of multiplesolvents(or extracting media) with different
polarities, pH, ionic strength, or extracting powers, is recommended for high risk dosage form packaging system components
and materials requiring extraction studies in order to simulate a drug product leachablesprofiles (see Table 7). Ifthe goal of an
extractables assessment is materialscharacterization, then simulating a drug product vehicle is both unnecessary and
undesirable since this goal requires qualitatively and quantitatively efficientextractions. Such extractions generally are only
achieved with relatively powerful organic solvent systems capable of softening, swelling, or dissolving the material's polymer
matrix and releasing quantitative levels of additivesand other chemical entities. .

Table 1. Possible Extracting Media Relative to Particular Packaging Components
Packaging Component Possible Extracting Media"

MOl valveelastomerseal (MOl formulation contains 1,1,1,2-tetrafluoroethane
and ethanol) Nonaqueous solvents (e.g., Dichloromethane Isopropanol Hexane)"

Water(unbuffered)
Dry powder inhalermouthpiece lsopropanol"

Water(pH 5.2)
Small-volume parenteral vial rubber stopper (aqueous formulation bufferedat Water(pH 9.5)
pH 6.5) Isopropanol:water (50:50)d
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Table 1. Possible Extracting Media Relative to Particular Packaging Components (continued)

Packaging Component Possible Extracting Media"

Large-volume parenteral plasticbag (aqueousformulation bufferedat pH 7.2)

VVaL~r \r;H.)t~)

(50:50)d

aThe possibilities listedin Table 7 are providedfor example onlyand should not be interpreted as standard practicerecommendations.
bTheseextraction media reflectthe varying polarities of the organicsolventsused in MOl formulations.
C These extraction media reflectboth the hydrophilic and lipophilic character of human saliva and allowmaterials characterization.
dThese extraction media reflectthe chemical nature of the formulation. Using media whose pH range encompasses,and slightly exceeds, the pH limits of the
product addressesthe potentialeffectof pHon the extractables profile. The useofan aqueous mixturecontainingan organicsolventtakesintoaccount the possible
presence of formulationadditivessuch as solubilizing agents that can influence the leachingpower of the formulation. The specific organicsolventused and its
proportion in the extracting medium depends on the specific chemical nature of the formulation and on practical issues associatedwith testing the extract.

If the goal of an extractablesassessment is materials characterization, then simulating a drug product vehicle is both
unnecessary and undesirablesince these goals requirequalitatively and quantitatively efficient extractions. Such extractions
generallyare only achieved with relatively powerful organic solventsystemscapable of softening, swelling, or dissolving the
material's polymer matrixand releasing quantitative levels of additives and other chemical entities.

Extraction Time and Temperature

Extraction time and temperature are critical factors in the extraction process. Although the nature of the extraction solvent
establishes the magnitude ofthe extraction(i.e.,the amount of substancesthat can be extracted from a material at equilibrium),
the combination of extraction time and temperature establishes the magnitude of the driving force and the degree to which
equilibrium isactually achieved.Ina simulating extractionstudythe purposeofelevatedtemperature isto increase the extraction
rate, so that a short experimental time may simulate longer leaching times (7, 5, and 6).

Because extraction is a diffusion process, the relationship between the diffusion rate and temperature can be expressed
empirically by the Arrhenius equation. The mathematics involved in a processthat isdriven by Arrhenius kinetics have been
established in ASTM F1980-07 (2011) Standard Guidefor Accelerated Aging of Sterile Barrier Systems for Medical Devices (7),
which may be a useful guide for establishing accelerated contact conditions. As with all such models, the proper use of this
model requires an understanding of the model's basis and essential principles, assumptions, and limitations (2).

Extractables profiles obtained with a given extracting medium and extraction technique can and should be monitored for
equilibrium or the attainment of asymptotic levels of extractables (see Figure 7).

Extraction Stoichiometry
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Figure 1. Agraphical representation of an extraction that has attained equilibrium as indicated by the achievement of
asymptotic levels of target individual extractablesas a function of extraction time (l.e., GC/MS peakarea ratios of target

extractables relative to an internal standard plotted versus extraction time).

Extraction stoichiometryconsiders the physical massand/or surfacearea of the test article relative to the volume of the
extracting medium, and the actual physical state of the material when it is extracted. Extraction stoichiometry can be
manipulated to facilitate production of a more concentrated extract. Forexample, consider the case of a rubber stopper for a
vial that contains 5 mL of a liquid drug product. Amore concentrated extract than the drug product (Le., an extract that
contains higher levels ofextractablesthan the leachables level inthe drug product) could be produced byextracting20 stoppers
in 200 mL of extracting solvent.Anotheraspect of extraction stoichiometry is the physical state of the test article. It is not
uncommon that components or materials are cut, opened, ground, or otherwisealtered in sizeor configuration prior to being
extracted. Forinhomogeneous or layered materials such as film laminates, the processof cutting or grindingpriorto extraction
mayalter the extractables profile as it may providea meansfor the extractingsolvent to come into contact with (and thus more
effectively extract) materials (layers) that are shieldedfrom contact with the solution under normal conditions of use. One can
argue that the use of such sized material further facilitates the extraction process, however it is possible for sizing to reveal
extractables that might not appear as leachables. Nevertheless, some sizing of components or materials beforeextraction can

www.webofpharma.com

https://nhathuocngocanh.com/



8448 (1663) / General Information USP 43

be useful in certain situations and for certain purposes, including: (a) reducing sample-to-samplevariability by the consistent
preparation of ground homogeneous polymeric material; (b) reducing the sizesof large packaging components to allow use
of st~~dardl~~()rat()ry91ass\tVar~ f()r~)(tra c:ti()I1stLJc:li~~;(c:)il1c:r~Clsi 119 tb~ SLJrfClC:~ ar~a .Qf Cl PClCkClgi l1g.c:()rTlP() 11~C1t()r rTlat~riaI
test article(e.g., viaextruding, pressing, or grinding) inorder to increaseextraction efficiency. Inanyevent, carefulconsideration
should be givento the effectof physical sizing oftest articleson the extractables profile beforesuch sizing methods are employed
in extraction studies.

Forextractables assessmentsinvolving components or materialswhose chemicalingredientsare known based on information
from the supplieror fabricator,analysts can manipulate extraction stoichiometrybased on the knownlevels ofchemicaladditives
and the known sensitivity of the analytical technique(s) that will be used to characterizethe extract. Forexample, consider the
formulation for a peroxide-cured ethylene-propylene-diene-monomer (Le., EPOM) gasket from an MOl valve shown in Table 2.

Table 2. Ingredients in a Peroxide Cured Rubber Gasket Test Article that are Used in an MDI

Amount
Elastomer Ingredient (Nominal)

EPDM polymer 64.0%

Mineral fillers (may include stearic acid) 34.4%

Antioxidant 1: (butylated hydroxytoluene) 0.3%

Antioxidant 2: (2,2'-methylene-bis-[6-(1,1-dimethylethyl)-4-methyl] phenol) 0.3%

Peroxide curing agent 1.0%

Such information, when available from component and material suppliers, can be useful in designing an extraction study.
Analysts can also base the extraction stoichiometryon established safetythresholds for leachables. Forexample, an exposure

of 0.15 IJg/daytotal dailyintakefor an individual organic leachable has been proposed as an SCT for inhalationdrug products,
also termed orallyinhaled and nasaldrug products. Leachables present at or above the SCT, in an MOl for example, should be
analytically and toxicologically evaluated, suggesting that extractables assessment alsoshould be guided with the SCT in mind.
The application of thresholds such as the SCT and AET to leachablesassessments isdiscussed in greater detail in Assessment of
Drug Product Leachables Associated with Pharmaceutical Packaging/Delivery Systems (1664).

In summary, extraction stoichiometry(and thus the "sensitivity" of an extraction study) can be based on:
• The known chemical ingredients in a component or material
• Safety-based thresholds for drug product leachables
• The known or determined sensitivities of analytical instrumentation used for extract characterization

Mechanism of Extraction-Extraction Technique

An extraction can be accomplished in a varietyof ways. It is necessarythat the means of performing the extraction match
the objectives of the extractables assessment. Common laboratory extraction techniques include:

• Maceration (solvent soaking)-in which the test article isallowed to soak for a period of time in an organic or aqueous
extracting solvent at temperatures below the solvent's boiling point. Analysts can also fill packaging system units with
extracting solvent and store them at relevant temperatures.

• Reflux-in which the test article is immersed in boilingsolvent for a period of time.
• Soxhlet-in which the test article is placed in the "thimble" of a Soxhlet extraction apparatus that is slowly filled with

redistilled solvent from a boiling flask/condensersystem; and periodically, the extracting solvent (containing extractables)
issiphoned back into the boiling flask and the process begins again (for as many times as required to attain equilibrium).

• Sealed vessel-in which the test articleand extracting solventare sealed insidea container capable ofwithstanding elevated
temperatures and pressures, placed into a laboratory autoclave and heated with steam for a period of time.

• Instrument-based solvent extraction-in which the test article is placed insidea sealed apparatus and extracted in an
automated cycle; examples include pressurized fluid extraction, microwave-assisted extraction, and supercritical fluid
extraction.

• Sonication-in which the test articleand extracting solvent are placed into a glasscontainer and partly immersed in water
inside an ultrasonic bath.

Each of these extraction mechanisms/techniques has its own unique advantages and limitations. For example, reflux
extraction isvery efficient, but may be too harsh for certain applications and can lead to thermal decomposition of certain
organic extractables; the extracting power of sonication can be difficult to control; and because of its relatively high boiling
point, water performs poorly in reflux and Soxhlet but well in a sealed vessel.

Ifthe goal of the extractables assessment is identification and quantitation of the chemical additivecontent of a component
or material, it is typical to use extraction techniques and processes that soften, swell, or dissolve (or in the case of inorganic
extractables, digest) the component or material, thereby releasing quantitative amounts of chemical additivesfor analysis.

Extractions That are Not Solvent Mediated

Not all drug product or material-contactsituations are solution mediated and not all issues related to leaching of
material-derivedentities involve a solution phase. Forexample, doses of inhalation powder contained in a capsule or blister
pack for use in a dry powder inhaler may have volatiles leached from the capsule or blistermaterial, or by specialtysurface
additives such as mold-releaseagents; a solidoral dosage form could contain volatile leachablesderivedfrom the adhesive of a
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paper label affixed to the plastic bottle that contains the dosage form; and inhalation solutions packaged in low-density
polyethylene containers could contain volatile migrants from tertiary packaging or auxiliary components such as wooden
shipping pallets. In the latter two cases, chemical entities can migrate through the plasticcontainers and volatilize into the
airspace,··subsequentfyaccumuiating·····asmigrantsfn the dosage forms;

Extraction techniques specifically designed for application to volatile organic compounds are usually directlycoupled to
analytical instruments. These extraction techniques include headspace analysis (as headspace gas chromatography; HD/GC),
direct thermal desorption (usually coupled to gas chromatography; TD/GC), and thermogravimetric analysis (TGA/GC).

CHARACTERIZING THE EXTRACT

Objectives and Challenges

Once an extract has been generated, the next objective is to perform a thorough chemical characterizationof the extract.
Setting a threshold (as described above), which is a specified level of an individual extracted chemical entity which requires
characterization, can be based on safety considerationssuch as the SCT; functional considerations including nominal levels of
known chemical additives in the formulation of an extracted component or material; or technological considerations such as
the known or determined sensitivity of an analytical technology, instrument, or method. The extract characterization phase of
the extraction study must enable the realization of the overall goals of the extractables assessment.

The ultimate objective of thorough extract characterization as defined above cannot be realized in all cases, even when
state-of-the-art analytical chemistry is practiced with best available skill and diligence. It is a realitythat there is no analytical
technique or combination of analytical techniques that is capable of the discovery, identification, and quantitation of any and
all organic and inorganic extractable chemical entities known to science. In some cases, authentic reference compounds for
organic extractables may not be available for confirmation of identifications, or for quantitative instrument calibration.Thus,
the practicalobjectiveof extract characterization must therefore be an exerciseof due diligence in the discovery, identificatioh,
and quantitation to a reasonable degree of scientific certainty of all individual extractable chemical entities present in an extract
above a specified level or threshold.

Processes Involved in Extract Characterization

1. SCOUTING

Table 3. Survey of Analytical Methods for Extract Analysis

The most useful analytical techniques in a scouting exercise are not compound specific, as they do not provide chemical
information specific to the molecular structure of any particular extractable or chemical classof extractables. These analytical
techniques provide information regarding bulkchemical properties of organic and/or inorganic chemicalentities present in an
extract, which can be used to guide extractables discovery, identification, and quantitation. Scouting analysis is not capable in
and of itselfof realizing the practicalobjectiveofextract characterization, regardlessofwhich scouting technique or combination
of techniques isapplied.

Analytical techniques which can be employed for scouting are listed in Table 3, along with the particular bulk chemical
property (and potential utility of this property) available from eachtechnique. Some examples of the utility of scouting include
the following: .

• Significant levels of nonvolatileresidue determined by gravimetricanalysis could suggest the presence of significantlevels
of inorganic chemical entities in the extract. This suggestion would be reinforcedifsignificantmass remained after ashing
the extracted nonvolatile residue (residue on ignition).

• Significant UV absorbance of an extract suggests that organic chemical entities are present which contain UV
chromophores within their molecular structure, such as phenolic antioxidants.

• Characteristic features inan infraredspectrum of this extract could provide more detailed insightsinto the chemicalclasses
of organic extractables present. These insightscould be used to develop and apply analytical methods for discovery and
identification that would detect the chemical classes of extractables suggested by the scouting process.

• Foraqueous extracts, total organic carbon providesa measure of the total amount of organic extractables present.
The scouting process and scouting analysesare optional for extract characterization. The utility of scouting is in the guidance
it potentially providesfor discovery, identification, and quantitation.

Application

Analytical Analytical Identifica-
Technique Method Scouting Discovery tion Quantitation Information/Utility

Bulk property of UV absorbing organic extractables;
UV X X semi-quantitativewith limitedidentification ability

Bulk property of IR absorbing organic extractables,
Spectroscopy FTIRa X X moderate identification ability

Bulk property reflecting total amount of nonvolatile or-
NVRb, ROle X ganic and/or inorganicextractables

pH X Bulk property of acidicor basicextractables

Wet ChemiCal TOCd X Quantitative measure of organic extractables
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Table 3. Survey of Analytical Methods for Extract Analysis (continued)

Application

AllalyticClI Analytical Jdentiflca-
Technique Method Scouting Discovery tion Information/Utility

Discovery and quantitativeassessment of individual or-

FIDe X
ganic extractables; note that qualitative identification

X X is possible

Discovery, identification, and quantitation of individual
organic extractables; note that identification can be

MS X X X either qualitativeor structural

Discovery and identification of individual organic ex-
tractables; note that FTIR has limitationsrelativeto

Gas structural analysis (however identificationvia qualita-
Chromatography FTIR' X X tive analysis is possible)

Discovery and quantitativeassessment of individual or-

UV, CADI,
ganic extractables; note that identification viaqualita-
tive analysis is possibleand that Diode Array UV de-

and ELSD9 X X tectors can assistwith structural analysis

Discovery, identification, and quantitation of individual
organicextractables;note that identification can be by
eitherqualitativeor structuraland that ionizationsour-

MS X X X ces with differentselectivities are available

Discovery and identification of individual organic ex-
tractables; note that FTIR has limitationsrelative to
structural analysis (however identifiCation via qualita-

FTIR' X X tive analysis is possible)

liquid
Identification of individual organic extractables; note
that identification can be byeither qualitativeor struc-

Chromatography NMRh X X tural

Conductivity X X
Disco~ery and quantitation typically of individual ionic
species

Discovery, identification, and quantitation of individual
ionicextractables; note that identificationcan be by

Ion Chromatography
eitherqualitativeor structuraland that ionizationsour-

MS X X X ces with different selectivities are available

MS X Identification of individual organic extractables

NMRh X Identification of individual organic extractables

Discovery and quantitativeassessment of individual or-
ganicextractables;note that variousionizationsources

Spectrometry IMSi
are availableand that qualitative identification is pos-

X X X sible

AASi X X X Discovery, identification, and quantitation of individual

ICP-AESk
extracted elements (trace elements, metals);note that

X X X AAS can be applied to only one element at a time.
Atomic Identification of the chemicalform or speciationof the
Spectroscopy ICP/MS' X X X extracted element may require additional testing

a FTIR =FourierTransform Infraredspectroscopy.
b NVR =NonvolatileResidue.
C ROI = Residue on Ignition.
dTOC = Total Organic Carbon.
e FID = FlameIonizationDetection. AdditionalGCdetectors, such as Thermal EnergyAnalysis Detector (TEA), may provide greater sensitivity for specificcompound
classes. '
f CAD = Charged Aerosol Detector.
9 ELSD = Evaporative LightScattering Detector.
h NMR = NuclearMagnetic Resonancespectroscopy.
i IMS = Ion Mobility Spectrometry.
j AAS = AtomicAbsorption Spectroscopy.
k ICP-AES = InductivelyCoupled PlasmaAtomic Emission Spectroscopy.
'ICP/MS= Inductively Coupled Plasma MassSpectrometry.

2. DISCOVERY

The processof discoveryinvolves testing an extract and thereby producing one or more analytical results that are attributable
to individual extractables. The process of discovery is accomplished by detecting instrumental responsesfrom the individual
organic and inorganic extractables that are proportional to the levels of these individual extractables within the extract. It is in
the discovery process that analytical techniques typically associated with trace organic and inorganic analysis are first required
for extract characterization. Trace organic analysis typically involves the use of chromatographic techniques, particularly gas
chromatbgraphy (GC) and high-performance liquid chromatography (HPLC). GC has enormous separating capabilityfor
volatile and semi-volatile organic compounds while HPLC is most applicable to semi-volatile and relatively nonvolatile organic
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compounds, making the two separation techniques complementary and orthogonal for application to the significantchemical
diversity of extractables. Adiscussion of the principles of both gas and liquidchromatography is available in Chromatography
(621 ).

The·chemicaldiVefsTty·ofextractablesWithrespecttopolafityand volatility can reqUire alternative sample introduction
techniques or sample modification, particularly for Gc. Relatively volatile extractables like methanol are most amenable to
headspace sampling of aqueous-based extracts into a Gc. Organic acids and bases can often be analyzed more effectively by
GC after chemical derivatization, such as methylation or silylation for organic acids. Both GC and HPLC can employ detection
systems with different specificities (Table3) which take advantage of unique structural properties of various chemical classes of
extractables.

The analytical techniques useful for organic extractables discovery can alsobe applied to identification aswellas quantitation.
Analytical techniques such as gas chromatography/mass spectrometry (GC/MS), that are most often applied to identification,
can also be used for both discovery and quantitation (Table 3). Inorganicextractables such as trace elements and metals are
typically discovered, identified, and quantitated by the same suite of analytical techniques, such as atomic emission
spectroscopy. Analytical techniques designed to study inorganic speciation, particularly in aqueous extracts, are considered
beyond the scope of this chapter.

It is important to state that the overall goals of an extraction study always require the identitiesand quantitative amounts of
individual organic and inorganicextractables,and so the mere discovery of extractablesdoes not achievethe ultimate objectives
of an extraction study.

3. IDENTIFICATION

Identification of an extractable can be accomplished either by structural analysis or qualitative analysis. Structuralanalysis is
the process by which the molecular structure of an unknown analyte iselucidated from compound-specificdata, and therefore
requires compound-specificdetection of the unknown analyte. Acompound-specificdetector isone that provides information
specific to the molecular structure of the individual unknown analyte (not just its chemical class). Qualitativeanalysis is the
process bywhich an unknownanalyte ismatched with an authentic referencecompound viaone or more analytical techniques.
The analytical techniques used for qualitativeanalysis can, but do.not need to be, compound specific.

The analytical techniques most applicable to structural analysis, and to trace organic analysis problems in general, involve
the combination of chromatography with mass spectrometry. These are the so-called"hyphenated" techniques of GC/MS and
high-performance liquid chromatography/mass spectrometry (LC/MS). Adiscussion of the principles of mass spectrometry
(including both GC/MS and LC/MS) is available in Mass Spectrometry (736).

Both GC/MS and LC/MS are capable of generating extractables profiles in the form of chromatograms. However, since LC/
MS includes a relatively high chemical background of HPLC mobile phase ions, it is typical to include a non-destructive UV
detector in serieswith the massspectrometer to assist in locating peaksof individual extractables. The compound-specificdata
availablefrom mass spectrometry include:

• The monoisotopic molecularweight of the extractable based on confirmation of the molecular ion from one or more
ionization processes

• The molecular formula of the extractable based on accurate mass measurements, and/or accurate isotope ratio
measurements, of the molecular ion

• The fragmentation behaviorof the extractable based on in-sourcefragmentation or tandem mass spectrometry
GC/MS interfaced with electron ionization produces mass spectra which can be searched through computerized databases,

or libraries, of mass spectra from known compounds. Note that searchable mass spectra are generally unavailable for LC/MS
ionization processes because of the variable nature of. such spectra over time and between variousinstruments and laboratories.
BothGC/MS and LC/MS alsoincludethe retention time (or retention index)ofthe unknown extractable which can be compared
with that of authentic referencecompounds.

Given the number and chemicaldiversity of organic extractables, it is unreasonable to expect that authentic reference
compounds will be available (or can be made available) to confirm every identification. It is therefore necessarythat levels of
identificationconfidence be established and appropriately utilized. Data typically available from GC/MS and LC/MS analyses
(see items a through e below)are used to designate individual extractables identifications in the categories of Confirmed,
Confident, or Tentative (2 ):

• Massspectrometric fragmentation behavior/expert mass spectrum interpretation
• Confirmation of molecularweight
• Confirmation of elemental composition
• Massspectrum matches automated library or literature spectrum
• Massspectrum and chromatographic retention index match authentic reference compound
• Supporting spectral information from an orthogonal method (e.g., NMR)

o A Tentative identification means that data have been obtained that are consistent with a class of molecule only. This
is typically the case when only information such as a or d is available.

o A Confident identification means that the tentative identification has been bolstered by additional and sufficient
confirmatory information to preclude all but the most closely related structures. Thiswould be the case, for example,
ifthe tentative information (a and/or d) were augmented by b, c, or f. The more confirmatoryinformation obtained,
the greater the level of confidence.

o A Confirmedidentification means that the preponderance of evidence confirmsthat the entity in question can only
be the identification that is provided. Although it is possible that a highly confident identification may meet the
standard implied by the preponderance of evidence (for example, having a, b, c, e, and f), the only means of
providing a confirmed·identification is via mass spectral and retention time match with an authentic reference
compound (item e).
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Although these identification categories are based on mass spectrometry, it is possible to use data from other analytical
techniques to assist in extractables identification. Such techniques include GC/FTIR (Fourier Transform Infrared Spectroscopy)
and LC/NMR (Nuclear Magnetic Res?n~n~~~p~~~~?S~?p)l).T~e~~~~9P()~~ntially()t~~ral1i;llyti~al .. technlquesarecapableof
prcdocinqcompourrd-spsrfftc data which are complementary to mass spectrometry.

The level of identification required for any individual extractable depends on the intended use of that identification. It is up
to the organization responsible for the extractionstudy to determine this afterappropriate considerationofapplicable regulatory
guidances.

Since the listof potential inorganic extractables, such as trace elements and metals, isfinite compared with the population
of organic extractables, identification and quantitative analysis for inorganic extractables are achieved simultaneously. While
elemental analysis is relatively straightforward, it is not without its challenges. The issueof false positive responses and spectral
or mass interference must be addressed in order for identifications based on atomic spectroscopy to be rigorous and accurate.
It is also noted that elemental analysis provideselement-specific identifications and quantitations, and not the chemical
speciation of the extractable. Thus, interpretation of the impact of the elemental results may requirefurther studies, such as
detailed chemical speciation of elements deemed of significance. Forexample, whilefinding sulfurin an extract by atomic
spectroscopy isan important outcome, the safety impact of this finding cannot be ascertained until the speciation of the sulfur
is established. This is the case as the safety impact of sulfuras elemental sulfur may be differentthan that of sulfuras sulfate.

4. QUANTITATION

Quantitation is typically based on the instrumental response of an individual extractable relative to an authentic reference
compound, and therefore requiresthat individual extractables be separated (either directlywith chromatography or indirectly
with selectivedetection) and produce detector responses that are directly proportional to the level (or concentration) of the
extractable in a given extract. Calibration of an analytical system isaccomplished by analysis of authentic referencecompounds
(external standards). One or more internalstandards can also be included in both the extract and referencecalibrationsolutions
to increase accuracy and precision. The levels of extractables for which authentic reference compounds are not available can
be estimated using their responses (or response factors) relative to internal standards, or other surrogate reference compounds
of similarmolecularstructure. While such an analytical processcan provide reliably accurate concentration estimates, diligence
must be exercised in terms of establishing and justifying the choice and use of internal standards. Criteria for the selection of
appropriate internal standards have been described (2).

Preparation of Extracts for Analysis

Extracts can often be analyzeddirectlywithout significant preparation or concentration. Manyorganicsolvent extracts (e.g.,
dichloromethane, ethyl acetate, hexane) can be directly injected into a gas chromatograph, whileothers (e.g., methanol, _
ethanol, isopropanol)are either too reactive in the heated GC injection port or too high boiling. Organicsolvent extracts with
inappropriate physical/chemical properties for direct analysis by GC can be switched to more appropriate solvents. Certain
extractables, such as fatty acids (e.g., palmiticacid, stearic acid) perform better in gas chromatographic analysis when they are
derivatized to either methyl esters or trimethylsilyl esters.

It is usually considered inappropriate to directlyanalyzeaqueous extracts by gas chromatography, due to the reactivity and
high boiling point of water. In addition, pH-buffered aqueous extracts contain nonvolatile salts which are not suitable for GC
injection.Aqueousextracts are typically back.extracted with an organic solvent to remove organic extractablesfrom the water,
with the resulting organic extract being injected into the Gc. Unlike GC, liquidchromatography (HPLC, LC/MS) is perfectly
suited to the direct analysis of aqueous extracts, since most HPLC methods include water and water-miscible mobile phases.
Water-immiscible organic solvents (e.g., hexane) cannot be injected onto these reversed-phase HPLC systems, so these must
be dried and the resulting extractable residue taken up in a solvent suitable for HPLC (e.g., acetonitrile, methanol, or mixtures
of these with water).

Organic or aqueous extracts with insufficient levels of extractables for analysis can be concentrated by various techniques.
Many organic solvents can be dried down under inert gas, a rotary evaporator, or a Kuderna-Danish concentrator. Aqueous
extracts can be lyophilized, concentrated under vacuum, or back extracted into an organic solventwhich is then further
concentrated.

Thefinal concentration at which an extract isanalyzeddepends on the goal(s)of the extractablesassessmentand the inherent
sensitivities of the analytical techniques applied. Agood "rule of thumb" is that in order to accomplish a complete structural
analysis of an unknown extractable, a GC/MS requires approximately 5 ng injected into the instrument. Thissuggests a
concentration in the injected extract of 5 ng/~L or 5 ~g/mL. In a 200-mLdichloromethane extract, this converts to a total of
1 mg of this particularextractable recovered from the extracted test article. Ifthis analyte concentration is insufficient to meet
the goal of the extractables assessment, then the following parameters can be optimized:

• Extraction stoichiometry (l.e., extract more material or use more extracting solvent)
• Extraction conditions (l.e., use higher temperatures, longer times, solventswith greater extraction power, more aggressive

extraction technique, etc.)
• Extractprocessing (l.e., concentration of the extract)

SUMMARY

Assessing the Completeness of an Extractables Assessment

The completeness of an extractables assessment can only be judged against the overall goals of the assessment. Forexample,
an extractables assessment accomplished solely for materials characterization might include one extracting solvent, one
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extraction technique, and one set of extraction conditions; along with a materials-based threshold (e.g., 10 ppm w/w). Such
an extractables assessment might be considered complete ifallextractables above the defined threshold were identified to the
confident level (defined above) and quantitated. Foran extractables assessment designed to establisha rigorous leachables­
extractabtescorretationfor'ahlgnriskdrugproduct;whereachallenglngsafetY"threshotd'mlght'appty(e.g:;"O:15pg/day);
good scientific practice and due diligence requiresthe following:

• Generation of extracts should be accomplished with
o Multiple solvents or extracting media with varying extracting power based on the known extracting power of the

drug product vehicle;
o Multiple and complementary extraction techniques, including those with the capabilityfor volatiles analysis;
o Extraction conditions that allowequilibrium to be achieved.

• Characterizationof extracts should use
o Multiple and complementary analytical techniques;
o Careful sample preparation, keeping the analytical technique(s) in mind;
o Asystematic process for identification and quantitation of extractables.

In this case, the extractables assessment might be considered complete ifallextractables above the defined threshold were
identified to at least the confident level, quantitated, and correlated both qualitatively and quantitativelywith drug product
leachables data (ifavailable) and the known ingredients in the packaging system, packaging component(s), or material(s) of
construction.

It should be noted that limited extractables assessments with relatively narrow goals can be accomplished to required
completeness with a relatively focused effort. For example, extraction studies designed to quantitate the levels of specific
chemical additives in specific packagingcomponents/materials can be done with specified extraction parameters and analytical
methods (see Plastic Packaging Systems and Their Materials of Construction (661), Plastic Materials of Construction (661.1), and
Plastic Packaging Systems for Pharmaceutical Use (661 .2». The reader is also referred to various sources which describe
extractables assessments and extraction studies for pharmaceutical applications (2, 5), as well as other general sources which
refer to extractables assessments for medical devicesand food contact (8).

Reference isalso made to compendial chapters in this Pharmacopeia which includeextraction studies with specific goals and
purposes: '

1. Biological Reactivity Tests, In Vitro(87)
2. Biological Reactivity Tests, In Vivo (88)
3. Elastomeric Closures for Injection (381)
4. Plastic Packaging Systems and Their Materials of Construction (661)
5. Plastic Materialsof Construction (661.1)
6. Plastic Packaging Systems for Pharmaceutical Use (661 .2)

Example Extractables Profiles-Materials Characterization

As stated previously, extraction studies are usually designed to produce extractables profiles, which are qualitative and/or
quantitative analytical representations of the extractables content of a particularextracting medium. To illustrate the concept
of an extractables profile, the following isan example of an extractables study performed for the purpose of material
characterization. Extractables profiles are commonly produced by analysis of laboratoryextracts by instrumental
chromatographic techniques. Figure 2 and Figure 3 show example extractables profiles (GC/MS and HPLC/UV, respectively)
from a hexane Soxhlet extract of a cyclic olefin copolymer (COC) material of construction. COC materialsare used in the
fabrication of pre-filled syringes, vials for small-volume parenterals, and bags for large-volume parenterals. The extracts were
generated by subjecting approximately 5 g of suitablysized material to 16 hours of Soxhletextraction with 125 mL of hexane.
The resulting extract was spiked with internal standards (details not relevant to this discussion) and was analyzed directlyby
GC/MS (see Table 4). ForHPLC/UV analysis, an aliquot of the hexane extract was reduced in volume and diluted with methanol
prior to analysis (see Table 5). Sincethe purpose of this extractables assessment was materials characterization, extraction study
parameters were adjusted relative to an extractables identification threshold of 10 ppm (I-lg/g). It is clear from these
chromatograms that the techniques used are both complementary and orthogonal, illustrating the concept that multiple
analytical methods are required to typically elucidate the complete extractable profile.
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Figure 2. GC/MS chromatogram (extractables profile) for a hexane Soxhlet extract of a cyclic olefin copolymer. Internal
standards (IS) producing peaksin this chromatogram include: 2-Fluorobiphenyl at 10.7 min, Irganox 415 at 22.0 min, and

Bisphenol M at 23.0 min. Numbered peaks represent identified extractables above the materials-based threshold.
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Figure 3. HPLC/UV Chromatograms (A. =220 nm; extractables profile) for a hexane Soxhlet extract of a cyclic olefin
copolymer. Internal standards (IS) producing peaks in this chromatogram include: Bisphenol M at 7.6 min, 2-Fluorobiphenyl
at 7.8 min, and Irganox 415 at 8.7 min. The major peak in this extractables profile above the materials-based threshold is the

known additive (antioxidant) Irganox 1010 (Peak2).
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Table 4 Operating Parameters, Ge/MS Analysis of the Hexane eoe Soxhlet Extract
Operating Parameter Operating Value

Column J&W DB-5HT, 30-m x 0.25-mm, 0.25 IJm film thickness

Oven Program Start at 50°, hold for 1 min; ramp at 12°Imin to 315°, hold for 16 min

Carrier Gas He at 1.2 ml/min

Injection Split (1:5); 1 III
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Table 4. Operating Parameters, GC/MS Analysis of the Hexane COC Soxhlet Extract (continued)

Operating Parameter Operating Value

InjectorTemperature 300·

FlO Detector Temperature N/A

MS Transfer LineTemperature 180·

MS Detection Details 70 eV (+) EI (electron ionization), mass range of 33-650 amu ().O-min solvent delay)

Table 5. Operating Parameters, HPLC/UV Analysis of the Hexane cac Soxhlet Extract

Operating Parameter Operating Value

Column Agilent Zorbax Eclipse Plus CIS' 100- x 3.0-mm, 3.5-l.lm particles

Column Temperature 40·-50·

Mobile Phase Components A=10 mM ammonium acetate, B=acetonitrile

Time %B

0.0 5.0

8.4 100.0

35.0 100.0

36.0 5.0

Mobile Phase Gradient 39.0 5.0

Mobile Phase Flow Rate 0.8 mL/min

Sample Size 10-50 I.lL

Detection, UV 205-300 nm; spectra recorded at A. =210, 220, 230, 250, and 270 nm
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(1664) ASSESSMENT OF DRUG PRODUCT LEACHABLES ASSOCIATED
WITH PHARMACEUTICAL PACKAGING/DELIVERY SYSTEMS

PURPOSE

Thisgeneral chapter presents a frameworkfor the design, justification, and implementation of assessmentsfor drug product
leachables derived from pharmaceutical packaging and delivery systems. Ascientifically sound leachablesassessment is
important to manufacturers and their varioussuppliers primarily as a means of establishing the suitability for use of .
pharmaceutical packaging/deliverysystems, as leachablescan potentially affect drug product efficacy, safety, and quality.
Additionally, such a leachables assessment could providean understanding of the sources of leachables and how to evaluate
and manage leachablesduring the drug development and manufacturing processes.The chapter establishes critical dimensions
of a leachabies assessment and discusses practicaland technical aspects of each dimension. The chapter does not establish
specific analytical methods or leachables specifications and acceptance criteria for any particulardosage form or packaging
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system or drug product combination; nor does it delineate everysituation in which a leachables assessment is required. It isnot
possiblefor a general discussion of drug product leachables to anticipate and cover all situationswhich can occur in the
pharmaceutical industl)'l/II~~real~~~~~~I~~assessrT1~~trT1 ig~t ..~..~.r~9~i r~d.£:)esig~i~ga~ incJivicJ~all~~~h~~I~~~~~f:ssrT1~~tisa
process that strikes a balance between sound science, prudent resource artocation, and effective risK management With an
emphasis on patient safety and product quality.Achieving this balance isthe responsibility and obligation of the drug product
manufacturer, and assumes due consideration of applicable legal and regulatory requirements. The principles and best
demonstrated practicesoutlined in this general chapter represent a consensus interpretation ofsound science and can therefore
be extrapolated and applied to any situation in which a leachables assessment is required for pharmaceutical application.

In many cases, drug product leachabies assessmentsare based on or facilitated by knowledgefrom extractables assessments
accomplished on drug product packaging systems, packaging components, and packaging materials of construction (see
Assessment of Extractables Associated with Pharmaceutical Packaging/Delivery Systems (1663»).

KEY TERMS

Thisgeneral chapter uses the following keyterms (7,2; also see Packaging and Storage Requirements (659»). Note that the
terms Packaging System, Packaging Component, PrimaryPackaging Component, Secondary Packaging Component, and Materials
of Construction are also defined in (659), and the definitions below are intended for clarification purposes within the context of
this chapter and are not intended to supersede those provided in (659).

Packaging Systems are the sum of packaging components that together contain and protect the dosage form. Packaging
systems are also referred to as ContainerClosure Systems and may include primary, secondary, and tertiary packaging.

A Container is a receptacle that holds an intermediate compound, active pharmaceutical ingredient, excipient, or dosage
form and is in direct contact with the product.

A Closure is a material that seals an otherwise open space on a container and provides protection for the contents. It also
provides access to the contents of the container.

A Packaging Component is any single part of the package or container-closure system including the container (e.g., ampuls,
prefilled syringes,vials, bottles), closures (e.g., screw caps, stoppers), ferrulesand overseals, closure liners, inner seals,
administration ports, overwraps, adminstration accessories, labels, cardboard boxes, and shrinkwrap.

A PrimaryPackaging Component is in direct contact or may come into direct contact with the product (e.g., IV bag).
A Secondary Packaging Component is in direct contact with a primary packaging component and may provide additional

protection of the product (e.g., overpouch or dustcover for an IV bag).
A TertiaryPackaging Component is in direct contact with a secondary packaging component and may provide additional

protection of the product during transportation and/or storage (e.q., shipping carton for an overpouched IV bag).
An AncillaryComponentis a component or entity that may come into contact with a tertiary packaging component during

the distribution, storage, and transportation of the packaged product (e.g., pallets, skids, shrinkwrap, active containers).
Packaging Materials of Construction are substances used to manufacture packaging components. These are also referred to

as RawMaterials.
A Delivery System is the sum of components and materials that are used to transport a drug product from its packaging to

the point of administration into the patient. Forexample, an administration set isa delivery systemthat isused to transfer liquid
drug products from their plastic packaging system to the site of administration to the patient.

Extractables are organic and inorganic chemical entities that can be released from a pharmaceutical packaging/delivery
system, packaging component, or packaging material of construction and into an extraction solvent under laboratory
conditions. Depending on the specific purpose of the extraction study (discussed below), these laboratory conditions (e.g.,
solvent, temperature, stoichiometry,etc.) mayaccelerateor exaggerate the normalconditionsofstorage and usefor a packaged
dosage form. Extractables themselves, or substances derived from extractables, have the potential to leach into a drug product
under normal conditions of storage and use and become leachables. Thus extractables are potential leachabies.

Leachables are foreign organic and inorganic chemical entities that are present in a packaged drug product because they
have leached into the packaged drug product from a packaging/deliverysystem, packagingcomponent, or packaging material
of construction under normal conditions of storage and use or during accelerated drug product stabilitystudies. Because
leachables are derived from the packaging or delivery system, they are not related to either the drug product itself or itsvehicle
and ingredients. Leachables are present in a packaged drug product because of the direct action of the drug product on the
source of the leachable. Thus leachables are typically derived from primaryand secondary packaging, because the primaryand
secondary packaging can serveas a barrier between the packaged drug product and other potential sources offoreign chemical
entities (e.g., tertiarypackaging and ancillary components). Incertain circumstances,packaging maydirectlycontact the patient
under typical clinical conditions of use (e.g., the mouthpiece of a metered dose inhaler). As a resultof this contact, patients
may be exposed to leachablesfrom the packaging without the action of the drug product. Leachables are typically a subset of
extractables or are derived from extractables. Note that chemical entities can also migrate from packaging/deliverysystemsto
patients via direct contact.

Migrants are also foreign organic and inorganicchemical entities that are present in a packaged drug product because they
have leached into the packaged drug product from a packaging/deliverysystem, packaging component, or packaging material
of construction under normal conditions of storage and use or during accelerated drug product stabilitystudies. However,
migrants are differentiated from leachables by the circumstance that migrants accumulate in the packaged drug product after
the migrant has crossed a physical barrier,such as that provided by primaryand secondary packaging. Because migrantscross a
physical barrier, they are not present in the packaged drug product due to direct action of the drug product on the source of
the migrant because the barrier prevents such direct action. Thus migrants are derivedfrom secondary and tertiary packaging
and ancillary components.

Regardless of whether a substance isa leachableor migrant, it isstill a foreign substance in the packaged drug product, and
thus its impact must be assessed in the same manner. However, as the means by which a leachableand a migrant become
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entrained in a packaged drug product may be different, extractables studies meant to address leachablesmay be designed and
implemented differently than extractables studies meant to address migrants.

L~C1~.~C1t>l~s~tLlcJi~s ..~re .. la~()rat()ryin\,~stigati()rl~ill~o~h~qlJ~li~~ti\'~~rl(]qlJ~rltit~.ti\'~rl.~ ..tureofa...p~rti~lJl~rl~~.~ ..~.~.~I~s ..pr()fil~.(s)
over the proposed shelf-life of a particular drug product. .

Characterization is the discovery, identification, and quantitation of each individual organic and inorganic leachable present
in a drug product formulation above a predetermined level or threshold. Such thresholds should be based mainly on patient
safety considerations, with consideration also given to the capabilities of analytical technology, and other related issues.

Identification is the process of assigning a molecularstructure to an organic leachable, or assigningconstituent elements in
the case of an inorganic leachable. '

Quantitation isthe process of measuring the level, or concentration, of an individual organic or inorganic leachablecontained
in a drug product formulation.

Leachables Profiles are qualitativeand/or quantitative analytical representations of the leachablescontent of a particulardrug
product formulation.

Leachables-Extractables Correlations are establishedwhen observed drug product leachablesare linked both qualitativelyand
quantitatively to extractables from associated packaging/delivery systems,packaging components, or materialsofconstruction.

Threshold of Toxicological Concern (TIC) isa level of exposure for all chemicals,whether or not there isspecific toxicitydata,
below which there would be no appreciable risk to human health (6). The TIC approach is a form of risk characterization in
which uncertainties arisingfrom the use of data on other compounds are balanced against the low level of exposure.

Safety Concern Threshold (SCT) is the threshold below which a leachable would have a dose so low as to present negligible
safety concerns from carcinogenic and noncarcinogenic toxic effects.

Qualification Threshold (QT) is the threshold below which a given noncarcinogenic leachable is not considered for safety
qualification (toxlcoloqical assessments) unless the leachable presents structure-activity-relationship (SAR) concerns.

AnalyticalEvaluation Threshold (AET) isthe threshold at or above which a leachable should be characterized and reported for
toxicological assessment. The AET can be mathematicallyderived from the SCT (or other threshold concepts) based on factors
that include the dosing parameters of the drug product.

As noted, additional terminology and associated definitions are available (1,2; see also (659».

BACKGROUND

Management of leachables is important to pharmaceutical and biotechnology/biologic product manufacturers and
regulatory authorities because certain leachabies above specific concentrations can present safetyconcerns for patients and/or
compatibility issues for drug product formulations. During the 1980s, the U.S. Food and Drug Administration (FDA) began to
formally and comprehensively address leachables in drug products after findings of patient sensitivity induced by leachables
and other potential safety concerns related to leachables (2-4). Sincethen, management of both extractables and leachables
for packaging systems and final drug products has become an important part of pharmaceutical development and regulatory
submissions for many dosage form types, particularly for those deemed of relatively high risk for dosage form interaction with
the packaging system, along with a relatively high safety risk relative to the route of administration (see Table 7). Note that
Table 7 isa versionof the originalconcept that appears in the FDA guidance ContainerClosure Systems for Packaging Human
Drugs and Biologics (7), in which certain dosage forms in the above guidance have been downgraded to having lower potential
for interaction with packaging components. Remaining relatively high-risk dosage forms include: inhalation aerosolsand
solutions, injectablesand injectable suspensions, ophthalmics, and transdermal ointments and patches. It is important to note,
however, that even low-risk dosage forms present some risk and that appropriately rigorous leachablesassessmentscan be
important to particular drug products in lower risk dosage form categories (e.g., topicals and oral dosage forms, etc.).

Table 1. Modified FDA/CDER/CBER Risk-BasedApproach to Consideration of Leachables" (1)

Examples of Packaging Concerns for Common Classes of Drug Products

Degree of Concern Llkellhoodof Packaging Component-Dosage Form Interaction
Associated with the Route of Ad-

ministration High Medium low

Injections and InjectableSuspensions; In- Sterile Powdersand Powdersfor
Highest Inhalation Aerosols and Sprays halation Solutions Injection; Inhalation Powders

Ophthalmic Solutionsand Suspensions; -High TransdermalOintments and Patches NasalAerosols and Sprays

TopicalSolutionsand Suspensions; Top- OralTabletsand Oral (Hardand
ical and lingual Aerosols; OralSolu- - SoftGelatin)Capsules; Topical

low tions and Suspensions Powders; Oral Powders

aWhilethis table providesa convenient overview of the general level of regulatoryconcern with variousdosage forms regarding leachables, itshould not be inferred
that "Iow-risk" dosage forms (e.g., oral tablets) by that definition carry no risk for leachablesissues.

Thischapter will describe scientific principles and best practicesfor the assessment of drug product leachables,and will cover
various important concepts, including: 1) the requirement for leachables studies; 2) fundamental concepts for leachables
studies; 3) the basis of thresholds for leachables and general guidance about application of these thresholds; 4) design and
implementation of leachables studies; 5) leachables method development and validation; 6) correlation of results from
extractables assessments and routine extractables testing with leachablesstudies; and 7) establishment of leachables
specifications including acceptance criteria.

Thesesclentiflc principlesand best practicesapply to all organizationsand individuals involved inthe manufacture, marketing,
and qualification of drug products and in their stability studies, including but not limited to:
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• Manufacturers of drug products for human and veterinary use where manufacturing may involve operations at the.
applicant holder's facilities (Le., facilities that belong to the holder of an approved New DrugApplication or Abbreviated
New QrLlgApplici:ltion) or.at those ofa contractor for the applicant.holder

• Manufacturers of combination drug products
• Packagingoperations by the manufacturer or a designated contractor for the applicant holder
• Repackaging operations in which the drug product may be owned by an organization other than the primary

manufacturer.
Although it is ultimatelythe drug product applicant's responsibility to ensure that appropriate leachables assessments are

completed, manufacturers and fabricators of pharmaceutical packaging/delivery systems, packaging components, and
materials of construction should also apply these scientific principles and best practicesas appropriate, and applicants are
encouraged to work with component manufacturers and fabricators to this end.

CONCEPTS

General Concepts for leachables Assessment

During the course of manufacturing, packaging, storage, distribution, and administration, dosage forms and/or their
formulation constituents contact components and materialsof construction of manufacturing and packaging equipment, and
primaryand secondary packaging components and systems. Such contact may result in interactions between the dosage form
and these components and materials. One such interaction is the migration, or leaching, of substances from any of these
components and materials into the dosage form. Leachables, which can include both organic and inorganic (i.e., elemental)
chemical entities with wide chemical diversity, are of concern due to their potential safety risk to patients and potential
compatibility risks for the drug product. Inorder to assess these risks and manage the potential issues posed by leachables, it
is necessaryto know their identitiesand the levels to which they will accumulate in the finished drug product over its shelf-life.
These two pieces of information can be used to establish the magnitude of patient exposure (dose) and therefore the safety
risk posed by an individual leachable, as well as the likelihood of any drug product compatibility issues.

Regulatory guidelines, requirements, and various best practice recommendations allstate that the definitive assessment of
the potential impact of contact between a packaging/delivery system and a final dosage form involves testing the final drug
product for leachables. In its most essential form, this impact assessment involves performing a migration, or leachables, study
whose purpose is to discover, identify, and quantitate leachables that have migrated from the contacted system, components,
or materials and accumulated in the finished dosage form under the product's actual manufacturing, storage and clinical use
conditions. Aleachables study isa laboratory investigation into the qualitativeand quantitative nature of a particular leachables
profile(s) over the proposed shelf-life of a particulardrug product. The purpose of a leachables study is to systematically and
rationally identifyand quantify (Le., characterize)drug product leachabies to the extent practicable, and within certain defined
analytical threshold parameters. The resultsofleachabies studies are used in the overall leachables assessment to understand
the impact of leachables on patient safety and drug product quality and stability.

Leachables studies can be used within the context of an overall leachables assessment to:
• Facilitate the timely development of safe and effective dosage form packaging/delivery systems, manufacturing systems,

and processes by assisting in the selection of components and materials of construction
• Facilitate the establishment of qualitativeand quantitative leachables-extractables correlations in drug products. when

coupled with an appropriate extractables assessrnentts)
• Establish the worst-case drug product leachables profile in a manner that facilitates the development of drug product

leachables specifications and acceptance criteria (should these be required), and the safety evaluation/qualification of
leachables

• Identify trends in drug product leachablesaccumulation levels over the shelf-life of a particular drug product
• Facilitate change-control processesfor drug product packaging/deliverysystems(asappropriate), packaging components,

materials of construction, formulation constituents, etc.
• Facilitate investigationsinto the origines) of identified leachableswhose presence causes out-of-specification (005) results

for a marketed drug product.
In these ways, leachables studies and assessmentscan support Qualityby Design (QbD) principles for the development and

manufacture of pharmaceutical packaging/delivery systems and drug products.
Acomplete leachables assessment includes understanding the safety impact of individual leachables, safety qualification of

individual leachables, and developing an understanding of the impact of individualleachables on drug product stability(l.e.,
compatibility)and stability. Although safety qualification is presented in general terms, the details of attaining this goal are
beyond the scope of this chapter, which islimitedto general scientific principles and best practicesfor the conduct of leachables
studies and the other stated uses of the resultsof leachables studies within an overall leachabies assessment. The reader is
directed to authoritative manuscripts on this topic (2, 8).

Note that certain packaging and combination product medical device components are (or can be) in direct contact with a
patient's mouth, nasal mucosa, or other body tissue(s) during normal use of the drug product. Such packaqlnqcornponents
include metered dose inhaler and dry powder inhaler mouthpieces, transdermal patches, etc. Patientsare potentially exposed
to chemical entities by direct contact from such components. Assessment of patient exposure in such direct contact scenarios
is best accomplished with appropriate extractables assessments and extraction studies, and the reader is referred to (1663). ,
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impurities specifically considers leachables to be out of scope (5). Thresholds that have been specifically proposed for drug
product leachablesare based on either patient safetyconsiderations or the current capabilities of analytical technology. Safety
thresholds are particularly important in a leachablesassessment because current analytical technology allows detection of trace
organic and inorganic chemical entities at extremely low levels (l.e., ng/mL; ng/g). Identification and risk assessment (or
qualification) of every individual chemical entity in a typical leachables profile at the limits of current analytical technology is
neither necessaryfrom a toxicological perspective nor feasible in a typicaldrug product. Safetythresholds allowfor a science­
and risk-based determination of acceptable levels of leachabies and can be based on established toxicological information, as
well as additional safety risk factors that consider, e.g., route of administration, dailyexposure, and treatment duration. Because
safety thresholds are derived from exposure data they are considered in terms of units of exposure, such as Total Daily Intake
(TDI). Thus, any safety threshold must be converted into units of concentration (e.g., IJg/mL) so that it can be applied as an
analytical threshold in the laboratory.The analytical threshold is a guide as to which chemical entities in the leachables profile
should be considered for chemical characterization (Le., confirmed identification) and safety evaluation and qualification.

An example of a safety threshold concept that has been practically applied in pharmaceutical development is the Threshold
of Toxicological Concern (TIC) approach (6). The TIC concept was adopted by the European Medicines Agency (EMA) to
evaluate genotoxic impurities, using an excesscancer risk factor of 10-5 (1 in 100,000) (7). The EMA's proposed safetythreshold
for genotoxic impurities using the TIC approach is 1.5 IJg/dayTDJ. Other examples of safety thresholds include the Product
Quality Research Institute (PQRJ) SafetyConcern Threshold (SCT) and Qualification Threshold (QT), derived and proposed for
individual organic leachables in Orally Inhaled Nasal Orug Products (OINDP) (2, 8). The SCT is0.15 IJg/dayTOI, and the QT is
proposed at 5 IJg/dayTDI for an individual organic leachable. The development of the TIC approach provided a foundation,
precedent, and guide for derivation of the PQRI SCT, which incorporates a 10-6 (1 in 1,000,000) risk factor rather than the
10-5 value used for the EMA threshold. This lower threshold was considered appropriate for leachables in OINOP because of
considerations regarding the direct delivery of some of these dosage forms to diseasedorgans of a sensitive patient population,
and assuming lifetime exposure. In addition, leachablesare typically industrial chemicals with no direct structural relationship
to any active ingredient or other formulation constituent. Below the SCT, identification and safety evaluation of leachables
generally would not be required. Below the QT, leachabieswithout structure alertsfor carcinogenicityor irritation would not
require compound-specific safety risk assessment. Note that neither the SCT nor the QT isa control threshold or safety-driven
limit. Rather, they are leachablesevaluation thresholds. The SCT in particular isdesigned to establish a threshold for
characterization of unknown drug product leachables. Individual levels of safety concern, different from the SCT value, could
be determined for known leachables and potential leachables (l.e., extractables).

For OINDP there are certain "special case" compounds and compound classes, that due to particularsafety concerns (e.g.,
carcinogenic) were deemed to require lower thresholds based on the capabilities of specific analytical technologies and
methods. These special case compounds for OINOP include: polyaromatic hydrocarbons or polynucleararomatics (PAHs or
PNAs), N-nitrosamines, and the individual chemicalentity 2-mercaptobenzothiozole (see Orally InhaledandNasalDrugProducts
(1664.1 ». .

Information Sharing

To successfully manage leachables throughout the drug product Iifecycle, it is critical to establish close and regular
communication among those stakeholders throughout the development and drug product lifecycle responsiblefor the quality
of the drug product: chemists, toxicologists, packaging engineers, manufacturing operations, procurement, etc. With respect
to leachables, communication between the analytical chemist and toxicologist is critical. Forexample, if a leachable isfound
to be above an accepted limit, or a new leachable isfound, a safetyevaluation will need to be performed. The chemist will need
to provide the toxicologistwith informationthat will help to qualify the leachable, includingthe identityof the leachable,which
may include compound class or more specific information, such as chemical formula and structure; and the amount and
concentration of the leachable in the drug product.

Informationsharing between packaging component manufacturers/suppliers and drug product developers/manufacturers
is also important in order to guide packaging component and materialsof construction selection, provide knowledge of
potential extractables and leachables, and facilitate leachables-extractables correlations via knowledge of packaging
component chemical compositions, etc. (also see (1663».

LEACHABLES STUDY DESIGN

Although leachablesstudies may be accomplished at any time during the drug product development/manufacturing
Iifecycle, leachables studies are especially relevant during late stage product development or during formal product stability
assessment. Ideally, leachables assessment is conducted as follows:

• The assessment is performed on the actual drug product and not simulations thereof (however, see Simulation Studies).
• The assessment is performed with the actual packaging and delivery system in the form it will be commercialized, not

with a prototype or on system components.
• The related extractables assessments are accomplished on the same lots of packaging components used to manufacture

the drug product lots on which the leachables assessments are performed.
• The assessment is performed on a product that is manufactured under conditions that reflect the actual commercial

processes of production of the drug product and the packaging/deliverysystem, filling of the drug product into the
packaging/deliverysystem, post-filling treatment of the filled packaging (e.g., terminal sterilization), distribution, storage,
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and clinical use of the drug product. Although leachables studies may includeacceleratedstorage conditions, they cannot
be limitedto accelerated conditions and must include real-time assessment.

L~ClcbCltJl~s. stlJcii~sC:ClI1Clls()t>E! pgrf()rmE!dE!qJlyjn..tbE!d[l.Jgp[Qdl.J<:tdE!vE!lopmentprocess(e.g.~predin kalstaqe) in orderto
faCilitate the selection of packaging components and their materials of construction. Such leachablesstudies are particularly
useful for certain "high-risk" dosage forms (see Table 1) where selecting appropriate packaging components and materialsof
construction iscritical. Avariety of packagingcomponents and materials of construction can be evaluated at the same time
and drug product leachables profiles determined and evaluated for each configuration. Forprimary packaging systems or
combination drug/device products this can be accomplished by using either the drug product formulation or a placebo
formulation in contact with the proposed packagingsystem. In the latter case, the placeboformulation can be considered as a
simulating solvent to characterize extractablesas probable leachables (see Simulation Studies). In either case, the leachables
study conditions (Le., time, temperature, etc.) should be based on conditions that are relevantfor either the use-life or shelf-life
of the drug product. Preclinical development stage leachabies studies can be designed in a systematicway in order to support
QbD processesand principles. It isimportant to alsonote that during earlystage drug product development for high-risk dosage
forms, leachablescharacterization is recommended for any drug product batches that are used as test articles in any definitive
toxicologyor clinical studies. For"low-risk" dosage forms (e.g., solid orals, topical powders) leachablesstudies conducted
throughout development might be appropriate in order to assess, and thereby avoid, problems with packaging systems that
might appear either in later stage development or marketed product.

During later stage development of high-risk dosage forms in support of product registration, when the final market form of
the packaged drug product is available, leachables studies may be accomplished on definitive registration batches of drug
product during the course of overall product stability studies. The results of these leachables stability studies can be used to
establish leachables-extractables correlations, identify trends in leachables accumulation levels, evaluate individual leachables
and qualify them on a safety basis, and develop leachables specifications with acceptance criteria (should these be required).
For inhalation aerosols and other OINDP, leachables testing should be an integral part of the larger ICH registration stability
program (2), and storage conditions and stability time points should be planned accordingly. For cases where a packaging/
delivery component is in direct contact with the patient (e.g., a metered dose inhaleror dry powder inhaler actuator
mouthpiece), chemical entities that a patient might be exposed to can be evaluated as extractables (Le., potentialleachables)
using appropriate simulating fluids under time/temperature exposure conditions relevantto the intended use (see (1663».

Additionally leachables assessments may be appropriate on certain occasions post-market. Forexample, drug product
leachables studies may also be appropriate in many cases where necessaryor desired changes in a marketed drug product are
made. Such leachables studies are normally required to support change-control processes for many high-risk dosage forms,
particularly those with in-placeleachablesspecifications and acceptance criteria,and could also be appropriate for other dosage
form types, drug/device combination products, etc. Changes may include but are not limitedto: composition of the drug
formulation; manufacturing processesfor the drug product; primary and secondary packaging components or their materials
of construction; manufacturing or assembly processesfor primary and secondary packaging components or their materialsof
construction; and deliverysystem(s)that are part of the drug product labeling. Any change that results in the patient being
exposed to a different leachablesprofile than the one approved during registrationwill require leachablesstudies as part of any
change-control process unless adequate scientific justification is provided to the contrary.

Although low-risk dosage forms (e.g., solid orals, topical powders) typically do not rigorously require leachables studies as
part of the drug product registration process (Table 1), it is possible that leachablescould appear in drug product impurity
profiles either during registrationstabilitystudiesor in marketed products. Forexample, it has been documented that chemical
additives in labeladhesives can migrate through plasticprimary packaging and appear in impurityprofiles of solidoral dosage
forms packaged within these containers. Thus, it isappropriate to consider performing leachablesstudies on "low-risk" dosage
forms in certain cases. If leachablesassessment is not performed proactively, such an event could lead to an OOS result for a
development or marketed product and requirean "emergency" leachablesstudy as part of an investigation process.The design
of this type of leachables study depends on the particularsituation; however, in general it would be necessaryto identify and
quantify the leachable(s), evaluate safety and possibly qualify the leachable(s), and correlate the leachable(s) with packaging
component extractables. It isalso possible that leachablescould resultfrom contact with manufacturingequipment and tertiary
packaging systems (e.g., shipping materials).

The design of a particular leachabies studydepends on the purpose and goals of the overall leachabies assessment. Although
the leachablesstudies described above have different purposes and overallgoals, they require similar types of information for
their proper design. First, it is important to have information as to the identities and maximum possible accumulation levels of
allpotentialleachables. The packaging component manufacturers may providechemicalcomposition detailsfor the packaging/
delivery system and various materialsof construction, as well as details regarding the manufacturing processesfor these
components and materials. Such information may be in the form of material safetydata sheets, technical data sheets, test
reports, or confidential communications, and can be used to infer potential leachables. An extractables assessment (including
an extraction study) can also be accomplished on packaging components and/or their materials of construction to directly
assess potentialleachables (see (1663». Regardless of how the chemical information isobtained, it is important to ensure that
all possiblesources of potentialleachables from the finished packaging system are considered. These may include chemical
entities from any of the primaryand secondarypackaging components and their materials of construction, coatings, cleaning,
lubricating, cutting, sterilization, assembly, or other processes associated with the manufacture of the final packaging/delivery
system as used in the drug product. The chemical information on the packaging and delivery system is used to create a listof
potential leachables and their possibleaccumulation levels.

Potential leachables have a significantchemical diversity, and therefore a diversity of physical and chemical properties,
including polarity, volatility, solubility, etc. Whereas relatively volatile compounds can more readily migrate into any type of
formulation through indirect contact, nonvolatiles generally require direct contact. Twoaspects of formulation contact should
be considered: the nature of the formulation contact (Le., direct or indirect) and the time of contact (transient or continuous).
Ifthe formulation is not in direct contact with the packaging component (e.g., inhalation powder in a capsule packaged in a
blister) then it is less likely that any relatively nonvolatile compounds would migrate into the formulationfrom the packaging
system; however, volatile compounds might. Ifthe formulation isonly briefly contacting the packaging component (e.g., an
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inhalermouthpiece) it is lesslikely that any migration ofchemicalsfrom the component would occur on this transient timescale.
However, ifthe formulation isincontinuous contact with the packagingcomponent (e.g., parenteral ina bag deliveredthrough
an administration set) then all types of compounds could potentially migrate into the formulation.

Arigorousleachablesassessmentconsidersleachablesfromsourcesotherthan·primarypackag·ing;··such·asnecessa·ry
secondary packaging and, incertainsituations,tertiarypackaging. Ifthe primarypackagingconsistsofa semipermeable polymer
(e.g., a low density polyethylenecontainer), then potentialleachables from labels, inks, adhesives, etc. that are used in the
secondary packaging must be evaluated. Similarly, volatile compounds that are present in tertiary packaging (e.g., wooden
pallets, cardboard boxes, plastic overwraps, etc.) could migrate into a formulation contained in such a plastic bottle. These
migrants that are derived from tertiary packaging should be considered in the event that an unknown impurity isdetected or
suspected in the drug product.

Various characteristicsof the drug product formulation must also be considered in designing any leachables study. For
example, formulations are typically either solidsor liquids, and it iswell documented that physical state affects the leaching
process. In the event that a formulation has a change in state during the course of production (e.g., lyophilization; liquid to
solid)then the leachablesstudy should be designed taking into consideration the time periods that the formulation isexpected
to be in each physical state. In the event that a formulation has a change in state during the course of use (e.g., nebulization
of a liquid to vapor) then considerationshould be given to both the leachables acquired during storage from the container of
the liquid and those acquired during use of the prescribeddelivery device. Inaddition, typically onlythe final packaged product
isevaluated for leachables;however, there may be cases in which an intermediate (e.g., bulkcapsule for an inhalation powder)
is stored for long periods of time in different primary packaging (e.g., foil pouch) from which compounds may leach. If these
compounds that migrate from bulk packaging persistthrough the drug product's manufacturing processand are entrained in
the finished drug product, then they are properly treated as leachables.

The nature of any contact that the packaging and delivery system has with the patient must also be considered. Ifthe contact
isonly surface contact, then the likelihood of direct chemical migration to the patient is much less than ifthe contact iswith
mucosa, tissue, bone, or dentin. The variouscontact categories are described in The Biocompatibility of Materials Used in Drug
Containers, MedicalDevices, and Implants(1031) or ISO 10993 (9).

LEACHABLES CHARACTERIZATION

The primary goal of any leachablesstudy is leachables characterization; Le., the discovery, identification, and quantitation
of leachables present in a particulardrug product. Analytical methods for leachables characterization are developed based on
the nature of the drug product matrix, the identitiesand possibleaccumulation levels of potentialleachables, and the required
sensitivity based on an adopted leachables evaluation threshold and the capabilitiesof the analytical methods employed.
Unlike a typical drug product impuritymethod where target analytes are related to the drug substance, leachableshave a wide
chemical diversity and can come from varioussources in the packaging/deliverysystem. Leachables also have a wide range of
possibleaccumulation levels in a drug product. Taken in total, these factors present a significantchallenge for trace analysis,
especially in the case of organic leachables identification. Under certain circumstances, this challenge can be mitigated by
performing the process of potentialleachables identification outside of the leachables assessment, for example viaextractables
assessment in simulated extractables studies (see Simulation Studies).

Before describing the processes, analytical techniques, and methods involved in leachablescharacterization, it isappropriate
to state that the ultimate objectiveof thorough leachables characterization as defined above cannot be realized in all cases,
even when state-of-the-art analytical chemistry is practiced with best available skill and diligence. Itis a reality that there is no
analytical technique or combination of analytical techniques that is capable of the discovery, identification, and quantitation
of any and all organic and inorganic leachables. Forexample, authentic reference compounds for organic leachables may not
be available in allcases for confirmation of identifications or for quantitative instrument calibration. Given these circumstances,
the practical objective of leachablescharacterization must therefore be the discovery, identification, and quantitation of
individual leachabies present ina drug product above a predetermined level, or "threshold", to a reasonabledegree of scientific
certainty and exercised with appropriate due diligence.

Analytical Thresholds

The starting action in leachablesmethod development is to establish the level at which the method must perform at to
accomplish the appropriate leachablescharacterizationfunctions. This level is known as the analytical threshold. Minimally, an
appropriate method must function at all levels greater than or equal to the analytical threshold. As discussed previously, such
an analytical threshold can be based on variouscriteria, includingsafetyconsiderations. Anexample of a safety-basedthreshold
is the SCT as established for OINDP. Inorder to define the SCT in terms that facilitate laboratory analysis, it must be converted
from units of exposure (i.e., IJg/day) to units ofconcentration (e.g., IJg/mL, IJg/g, IJg/canister, IJg/vial, etc.), Thisisaccomplished
by considering the dose parameters for a given drug product per the drug product's labelclaim.The resulting analytically useful
threshold is termed the Analytical Evaluation Threshold (AET) (2). Previously characterized target leachableswill have known
safety profiles and previously established leachablesthresholds. Inany event, thresholds can be used for the basisfor analytical
method development unless other product considerations, such as compatibility, dictate a lower level is necessary.

A general formula for converting the SCT (0.15 IJg/day) to an AET is as follows:

(
ug ) (0.15Ilg/ day) (labeled dOSeS)

AET . = x ..
container doses/day. container

Further, for liquid dosage forms:
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Further, for solid dosage forms:

AET (~~) = IJg
~ container

mL

g

container
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This AET establishesthe level at which unknown leachablesshould be identifiedand quantified in a particulardrug product,
and can therefore be used as a basis for analytical method development.

Analytical Method Requirements

Analytical method requirements for leachablescharacterizationare based on the determined AET (or an alternative valid
threshold concept), and information on potentialleachables obtained from extractables assessmentsof packaging components
and materials, including information from component/material suppliers. Since leachablesare typically a subset of extractables
or chemically linked to extractables, it may be the case that analytical methods used for leachablescharacterizationcan be
based on those used for extractables characterization (see (1663». Any analytical method for leachables that is used for drug
product stabilitystudies insupport of product registration, establishingleachables-extractables correlations for high-risk dosage
forms, or the development of leachables specifications and acceptance criteria must be subject to complete validation using
industry-accepted validation practices.

Preparing the Drug Product for Analysis-Sample Preparation

Sample preparation for leachables characterization isa function of the chemical nature of the potential leachables, the
chemical nature of the drug product sample matrix, and the analytical technique(s) to be applied. The drug product matrix
can present a significantchallenge for organic leachablescharacterization. Drug product matrices contain the active .:
pharmaceutical ingredient and excipients.which are typicallypresent at high levels relative to leachables (except in certain high
potency drug products). Analytical methods for organic leachables usually incorporate sample preparation procedures to
separate leachablesfrom the drug product matrix and concentrate them for analysis. The exact detailsof sample preparation
procedures are unique to the individual drug product and while it is impossibleto anticipate everyscenario, the following
general statements can be made:

• Aqueous dosage form (e.g., inhalation solutions, smalland large volume parenterals, ophthalmic solutions, etc.) leachables
can be recovered using liquid-liquid extraction with water immiscible organic solvents, such as dichloromethane, hexane
or petroleum ether, etc. The pH ofthe aqueous sample can be manipulated (l.e., raised or lowered) in order to enhance
extraction of weakly acidic or basic leachables, or reduce extraction problems caused by the relatively high concentration
of active pharmaceutical ingredient and excipients.The resulting organic extract can be dried if required (e.g., with
magnesium sulfatedrying agent) and concentrated ifrequired by techniques that remove the solvent,such as evaporation
with a gentle stream of dry nitrogen, rotary evaporation, or a Kuderna-Danish concentrator, etc. Concentrated organic
extracts can be analyzed directlyby GC-based methods; however, for HPLC-based methods usingaqueous mobile phases
the organic extract can be reduced to dryness(or near dryness)and the resulting residueof leachables taken up in a water
miscible solvent (e.g., acetonitrile, methanol, etc.). Volatile leachables (e.g., solvents) can be analyzeddirectlyfrom
aqueous drug product samples with GC combined with headspace sampling. Note that recoveries of certain leachables
can be affected by extraction and extract concentration procedures.

• Solid dosage form (e.g., solid orals, inhalation powders, lyophilized powders, etc.) leachables can be recovered (for
example) by dissolving the drug product with an aqueous solution and applying liquid-liquid extraction and extract
concentration, as above. Headspace sampling and GCanalysis of volatile leachablescan be accomplished on the aqueous
samples or, in some cases, directly on the solid dosage form. It is also possible to dissolve the drug product sample in
another appropriate and analytically expedient medium (e.g., an organic solvent)for direct analysis by GC; however it is
possible that matrix effects and interferences from the active ingredients and excipients could result.

• Oral liquid dosage form leachables can be recovered by diluting the drug product sample inaqueous solution and applying
liquid-liquid extraction and extract concentration, as above. Headspace sampling and GC analysis of volatile leachables
can be accomplished on the aqueous samples or, in some cases, directly on the oral liquiddosage form. It isalso possible
to dissolve the drug product sample in another appropriate and analytically expedient medium (e.g., an organic solvent)
for direct analysis by GC; however, it is possible that matrix effectsand interferencesfrom the active ingredients and
excipients could result.

• Cream and ointment dosage form leachablescan be recovered by dissolving the drug product sample in an aqueous
solution, filtering, and applying liquid-liquid extraction and extract concentration, as above. Headspacesampling and GC
analysis of volatile leachables can be accomplished on the aqueous samples. It is also possibleto dissolve the drug product

.sample in another appropriate and analytically expedient medium (e.g., an organic solvent)for direct analysis by GC;
however, it is possiblethat matrix effectsand interferences from the active ingredients and excipients could result.
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• Dosage forms with nonaqueous drug product vehicles (e.g., metered dose inhalerswith organic solvent propellants)
require special sample preparation procedures, which are discussed in (1664.1).

DevelopmentofsamplepreparationmethQdsJoIJea$:hableschaIacterIzationcanbeaccolnpJlshedthIQughtheuseQf
appropriate test samples, such as accelerated drug product samples that have been aged under accelerated conditions (e.g.,
40°/750/0RH on 3-month storage), drug product or placebo samples spikedwith known potentialleachables, and/or a simulated
drug product matrix spiked with known potential leachables. Recoveries of spiked potentialleachables should be assessedand
optimized during method development. Internalstandards can be included to improve quantitative accuracy and precision.

Note that the sample preparation for leachablescharacterization must create a test sample in a form amenable to the
analytical technique to be applied, and appropriately concentrated so that individual leachablescan be characterized relative
to the selected threshold.

Analytical Techniques

Analytical techniques applied to leachablescharacterization are the same as those applied to extractables characterization,
which are summarized and discussed in (1663). Scouting analyses in general are not applied to leachablescharacterization, as
the drug formulation may interferewith the scouting methods (see (1663». The most useful analytical techniques for discovery,
identification (either by qualitative or structural analysis), and quantitation of organic leachables are those that combine GC
and HPlC with mass spectrometry [i.e., GC/MS and HPlC (or lC)/MS]. Headspace sampling can also be interfaced with
GC/MS to address volatilecompounds. Other detection systems for both GCand HPlCthat are not compound specific (e.g.,
FlO, UV, etc.) are potentially useful for leachablesdiscovery and quantitation, but not in general for identification. The
combination of GC and HPlC techniques has the sensitivity and specificityrequired to characterize the diversity of chemical
compounds found in many leachablessamples. Analytical methods for leachablesshould be capable of characterizing target
as well as new (or unspecified) leachables(e.g., scanning GC/MS or lC/MS); however, when additional sensitivity is required
due to the use of analytically challenging thresholds, dedicated target compound methods (e.g., GC/MS with selected ion
monitoring) can be used. It is also possible, with appropriate validation, to use methods based on techniques that are not
compound specific (i.e., GC/FID, HPlC/UV, etc.). .

Structural analysis of leachables should be accomplished with a systematic process identical to that described in (1663) for
extractables, and to a level of confidence sufficient for safety assessment. Adiscussion of the principles of both gas and liquid
chromatography isavailablein Chromatography (621). Adiscussion of the principles of mass spectrometry (including both GC/
MS and lC/MS) isavailablein MassSpectrometry(736). Although chromatographic-based hybridanalytical techniques are most
commonly applied to leachablescharacterization, other analytical techniques with compound-specificdetection capability(e.g.,
nuclear magnetic resonance spectroscopy) can be employed.

Quantitative Methods-Validation Considerations

Validation of quantitative leachablesmethods should be accomplished according to industryaccepted practices,criteria, and
standards, such as Validation of Compendial Procedures (1225) and (10). The extent of validation required depends on the goals
of the leachables study in which the analytical method isbeing utilized. Validation parameters may include:accuracy, precision
(repeatability, intermediate precision), specificity, Iimit-of-detection, Iimit-of-quantitation, linearity and range, and robustness.
System suitabilitytests and criteriashould also.be developed for each leachables method. Special considerationsfor individual
validation parameters relative to leachables methods are as follows:

• Accuracyand precision-The validation parameters of accuracyand precision (repeatabilityand intermediate precision) are
typically evaluated using drug product samples spiked with known amounts of target leachables.The choice of drug
product spiking matrix used for these evaluationsshould be one that has had Iittle-to-no contact with the packaging
materials used in the final drug product, and therefore Iittle-to-no measurable levels of endogenous leachables. Suitable
spikingmatricescan includefreshly manufactured drug product and simulateddrug product vehicles. Spiking levels should
be determined based on resultsfrom accelerated stabilitystudies or estimated from the known amounts of potential target
leachables determined from extraction studies. Accuracy is typically performed at three spiking levels, which can also be
determined based on resultsfrom accelerated stability studies or estimated from the known amounts of potential target
leachables determined from extraction studies.

• Linearity and range-Since potentialleachables are present in packaging components at widelyvarying levels, actual drug
product leachables can likewise appear at widelyvarying levels. The best accuracy and precision are achieved when the
validated linear range considers the potential maximum accumulation levels of each target leachable or chemical classof
leachables.

• Limit of detection/Limit of quantitation-To detect and quantitate unknown leachables, the limitof quantitation should be
at or below the designated analytical threshold (e.g., AET).

• Specificity-Evaluation of method specificity can be accomplished by evaluating chromatographic peak purity in spiked
and nonspiked drug product samples. ForGC-based quantitative methods, this can be accomplished by GC/MS. For
HPlC-based methods, either lC/MS or lC/DAD (diode array detection) can be used. Specificity can be qualitatively
demonstrated ifthere are no observablemethod interferencesrelated to the chemicalentities present in the drug product.

• Rqbustness-A design-of-experimentsstatistical approach with considerationofcritical analytical method parameters (e.g.,
HPlC flow-rate, HPlC column, mobile phase gradient, etc.) should be used to create robustness evaluation protocols.
Other approaches, such as serial change of critical parameters, can also be applied.

• Systemsuitability-Chromatography-based analytical methods, such as those described in (621), should include
appropriate system suitability criteria for routine method evaluation, includingtests for method linearity, precision,
sensitivity, and specificity as appropriate. These parameters should be evaluated with an appropriately constituted test
mixture(s) each time the quantitative leachables method is used, and should include appropriate system suitability
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acceptance criteria based on the method validation results. Forexample, sensitivity may be confirmed by analysis of
standards prepared at the analytical threshold.

Several. examples .of.validated.leachables.methcds·from·the··scientific·Hterature·have···beeAoocumeAted··in ·the··chemical
literature (77-76).

ESTABLISHING A LEACHABLES-EXTRACTABLES CORRELATION

Aleachables-extractables correlation isestablished when actual drug product leachablescan be linked either qualitatively or
quantitatively with extractablesfrom corresponding extractables assessments of individual materialsof construction, packaging
components, or packing systems. Leachables-extractables correlatio.ns are important for several reasons, including justifying
the use of routine extractables release tests of packaging components as an alternative to leachables testing during stability

.studies for high-risk drug products, establishing the source of a leachable producing an 005 resultfor a low-risk drug product,
change control, and ongoing quality control, etc.

Aqualitative correlation isdemonstrated when a leachable is linked either directly or indirectly to an extractable (Le., potential
leachable). Forexample, hexadecanoic acid observed in a leachables profile can be directly linkedwith hexadecanoic acid
observed in the extractables profiles of one or more primary packaging components. The ethyl ester of hexadecanoic acid
observed in the same leachables profilecan be indirectly linked with hexadecanoic acid observed in one or more extractables
profiles, if ethanol is a known drug product formulation constituent and it is shown that an esterification reaction can occur in
the drug product during storage. Foran appropriate quantitative leachables-extractables correlation to exist, the quantity of
any individual leachable overthe shelf-life ofa drug product must be mathematically related to the quantity of the corresponding
extractable in its source. One of the more simple mathematical relationshipsbetween an extractable and a leachable is that the
quantity of the leachable in the drug product should be less than or equal to the quantity of the corresponding extractable.
Forexample, the concentration of butylatedhydroxytoluene (BHT) present in a drug product formulation was determined to
be 5 I-Ig/mL. BHT was extracted from a primary packaging system component at a level of 300 uq/cornponent. Ifthe drug
product packaging system incorporates one of these components per dosage form and the packaged formulation has a volume
of 50 mL, then a quantitative leachables-extractables correlation isestablished, as BHT was extracted in the amount of 300 I-Ig
(300 uq/cornponent x 1 component) and was leached in the amount of 250 I-Ig (5 I-Ig/mL x 50 mL). As a result, it can be
concluded that on the average 50 I-Ig of BHT is unaccounted for (300 I-Ig extracted - 250 I-Ig leached), and that this quantity
was either not leached from the packaging component into the formulation (more likely) or lost by some other process (less
likely).

For high-risk drug products, leachables-extractables correlations may be established over multiple batches of drug product
(accelerated or at end of shelf-life) and multiple batches of packaging components. Extractables studies should ideally be
conducted on the same lots of components that were used to manufacture the drug product batches used in primarystability
studies (and therefore on the drug product batches on which leachables testing was conducted to establish leachables­
extractables correlations).

Ifthe maximum level of any specific leachable in the formulation during stabilitystudies was substantiallygreater than the
calculated maximum potential accumulation levels of that same leachable as established by the extraction study, and the
extraction studies were conducted on the same lots of components used to make the primary drug product stability batches,
it can be concluded that the extraction study was incomplete and therefore a leachables-extractables correlationfor that specific
leachable cannot be established. In this case-either the extraction study can be augmented with experiments that produce an
extractable level exceeding the maximum level of the leachable, or the leachable can be controlled via the drug product
specificationsfor shelf-life stability testing, and release testing as an extractable at the component level is inadequate to control
this leachable.

Ifa leachable-extractables correlation cannot be established, possible explanations include: inadequate extractables
assessments of packaging components (see (1663»); unreported changes in packaging component composition or
manufacturing processes; unreported changes in the identity of packaging components.

CONSIDERATIONS IN DEVELOPING LEACHABLES SPECIFICATIONS AND ACCEPTANCE
CRITERIA

The validated analytical methods and information obtained from those methods in a drug product leachables study can be
used to develop drug product leachabies specifications and acceptance criteria (Le., limits). In certain circumstances, most
commonly encountered with high-risk dosage forms (such as OINOP), it may be meaningful, useful, and at times required to
routinely monitor finished drug products for leachables. Under such circumstances, leachables specifications and acceptance
criteria must be established. One means by which such specifications and acceptance criteria could be developed includes
testing a minimum of three drug product batches to determine their leachables levels. Afterthorough chemical and safety
evaluation, the test data from the three or more batches can be used to establish acceptance criteriafor targeted leachables,
consistent with 1) the qualitativeand/or quantitative results of leachables studies, 2) a consideration of the capabilitiesof the
drug product's manufacturing process,and 3) a consideration of the potential safety, compatibility,and/or.drug product quality
impact of the leachables. It isimportant to note that leachables specifications should be applicable to a product during allstages
of its shelf-life, including release and at end of shelf-life. This is the case since leachables accumulate over the entire shelf-life
of a drug product. . .:

When a change occurs in a product for which leachables specifications and acceptance criteria have been established, it is
important to reviewthe analytical method and re-evaluate the acceptance criteria and make adjustments to thespeclflcations
and acceptance criteriaas appropriate and scientifically justified. Achange in components that resultsinan increasein leachables
concentrations beyond the levels qualifiedwill necessitate the toxicological evaluation of the proposed levels, as would be the
case for any impurity.
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Acceptance criteriacan be both qualitative and quantitative for both known and unspecified leachables. Forexample, a
typicalleachables specification could include:

• QuaDtitativeendof.sbelf:life....limitsJoLtarget.leachables,wb.ichapplyoverlhesbelf:liJeotlbec:frlJ9PIQc:flJc:t
• Aquantitative limitfor "unspecified" (I.e., previously unidentified and uncorrelated)leachables (identification of

unspecified leachables is required for accurate quantitation and toxicologicalevaluation).

ADDITIONAL CONSIDERATIONS

Simulation Studies

Occasionsmayarisein which it isnot analytically feasible (due to challenging thresholds, for example)to successfully discover
and identify all actual leachables in a drug product leachables study. Thiscircumstance can be managed if the activities of
discovery and identification of probable leachables are accomplished in an extraction study, where samples and analyte
concentrations are more easily manipulated to achievethe necessaryanalytical performance. Insuch a circumstance, the actual
drug product leachables assessment issimplified to a high-sensitivity quantitation of targeted leachablesthat have been
discovered and identified as part of this extraction study.

In order to facilitate the discovery and identification of probable leachables, the extraction study must be similar in design
to a drug product leachables study. Such an extraction study seeks to simulate the circumstances experienced by the drug
product but should produce a test sample that iseasierto characterize than the drug product itself. Forsuch a study to be
relevant in establishing appropriate target leachables, the solvent(s) used to generate the test sample must have nearly the
identical propensity to leach as the drug product formulation. Such a study should be accelerated versus the leachables study
so that the extractables, reflecting potential target leachables, can be discovered and identified in a timelyfashion. Differences
in the study design between this simulation study and the drug product leachables study are: 1) that the drug product .
formulation has been replaced with a simulatingsolvent that mimics the formulation; 2) that the conditions of contact have
been accelerated, so as to increase both the concentrations of probable leachables and the rates of migration of probable
leachables into the simulating solvent; and 3) that the test article can be either the complete packaging and deliverysystem or
separate components of that system. Factors to consider in designing and justifying the simulating solvent(s), along with
recommendations on the analytical approach used to characterize the simulating extract for extractables as potential target
leachables are discussed in (1663). Given the intent of the simulation study, which is the discovery and identification of
extractables as target leachables, simulation studies must also be driven by relevant thresholds.

It is possiblethat in cases of very low thresholds (e.g., AETs), quantitation of drug product leachables might still not be
analytically feasible, even with high sensitivity target compound analytical methods. Insuch cases, the resultsof the simulation
study (probable leachables identities and concentrations) may be sufficientto establish patient safety and the quality impact
of the actual drug product leachables.To the extent that the simulation study mimics the drug product leachables
study, the potential safety or quality impact of a compound as an extractable is an estimate of the potential safety or quality
impact of the compound as an actual leachable. If it can be established that a compound quantitated as an extractable under
these conditions has an acceptably small impact on safety and quality, then it follows that the same compound as a leachable
in the drug product formulation may be assumed to have a similarly low impact on safetyand qualityas a leachable in the drug
product formulation. The acceptability of this approach for any particular drug product needs to be scientifically justified by
the drug product applicant. .

Ifa compound is measured as an extractable in a simulation study and targeted as a leachable in a drug product leachables
study, the extractables and leachables data for that compound become the basis upon which a leachables-extractables
correlation can be made. Forsuch a correlation to be considered to be valid, it is necessarythat each leachable concentration
in the drug product be less than or equal to the corresponding extractable concentration in the simulated extract, accounting
for the uncertainty In the analytical measurements and any justifiable "exaggeration factors" that may have been utilized in the
simulationstudy. Note that in certain justifiable circumstancesdrug product placebo batches may be used as test articles in
drug product leachables studies (stability studies). However, there are also circumstances when placebo batches are not
acceptable, such as when there is significantreason to believe that leachables might have an adverse effect on an active
pharmaceutical ingredient (e.g., therapeutic proteins).

Inorganic (Elemental) leachables

The topic of leachables as elemental impurities in pharmaceuticals can be addressed within the overall context of elemental
impurities in drug products (e.g., Elemental Impurities-Limits (232). Elemental impurities leached from packaging or delivery
systems represent only one source of elemental impurities in a drug product, and thus testing a drug product for elemental
impurities does not establish that the impurities are leachables.

Testing of the plastic packaging systems and their materials of construction will establish those extractable elemental
impurities that are relevant to a particular packaging system, and it may be appropriate to quantify such elemental impurities
as leachables in the drug product. Therefore, the results of testing plastic packaging systems should be used to establish those
elemental impurities that should be monitored as targeted elemental leachables in the drug product.

Ingeneral, guidelinesand recommendations about elemental impurities in drug products address safetyconcerns associated
with the elemental impurities. However, it isproper to consider elementalleachables from the broader perspectiveof the overall
quality of the drug product. Thus the process of evaluating elemental leachables may include both the aspects of user safety
and product quality. .

Note that one of the differences between the testing for organic leachables (and extractables) and for elemental impurities
is the nature of the information generated. The testing for organic leachables is based on havinq established the identity of the

. chemical compound that is the leachable. Alternatively, the test methods most commonly employed to address elemental
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impurities(atomic spectroscopy) do not establish the compound, or form, that the detected element ispresent in. Forexample,
sulfurmight be present in the form of elemental sulfur (S8), as the sulfate (S04-2), or as a sulfur-containingorganic compound
(~.g., 2,-m~rC::ClptobeDzothiazole).Also,.5ilicon.mightbepresenteitberassHkoneoH or as sHkofldioxide{Siez}; As-the-term-of
the elemental impurity may have a marked effect on the impurity's impact on product quality or safety, it may be the case that
testing beyond elemental impurity profiling may be necessary to establish the exact chemical form of the elemental impurity
and thus ascertain its potential safety or product impact. .

An important issue to consider in testing drug products for elementalleachables is establishing which elements to measure
as leachables. Considering this, it is noted that testing of the plastic packaging systems and their materialsof construc;tion will
establishthose extractable elemental impuritiesthat are relevantto a specific packaging system. Therefore, the results of testing
plastic packaging systems should be used as one means of establishing those elemental impurities that should be monitored
as targeted elemental leachables.

SUMMARY

The requirement for, and completeness of, a leachables assessment for any particulardrug product can only be determined
by the drug product applicant with reference to appropriate regulatory guidance documents. Detailed recommendations for
OINDP are presented in (1664.1).

Reference is also made to other compendial chapters in this Pharmacopeia that describe related extraction studies:
1. Biological Reactivity Tests, In Vitro (87)
2. Biological Reactivity Tests, In Vivo (88)
3. Elastomeric Closures for Injection (381)
4. Plastic Packaging Systems and TheirMaterials of Construction (661)
5. Plastic Materials of Construction (661.1)
6. Plastic Packaging Systems for Pharmaceutical Use (661.2)
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(1664.1) ORALLY INHALED AND NASAL DRUG PRODUCTS

INTRODUCTION

Thissection addresses specific considerationsfor leachables in orally inhaled and nasal drug products (OINOP), including
metered dose inhalers (MOls); nasal sprays; inhalation solutions, suspensions, and sprays; and dry powder inhalers (OPls).
Although OINOP can be a combination of products that are comprised of drug and deviceconstituent parts, the primary mode
of action is typically through the drug. Forthis reason OINOP are treated as drugs from a regulatory perspective. Regulatory
guidance documents and detailed best practice recommendations specific to OINOP are available (7-4). Note that the following
discussion isprimarily devoted to organic leachables. Forconsideration of inorganic (Le., elemental) leachables, see Assessment
of Drug Product Leachables Associated with Pharmaceutical Packaging/Delivery Systems (1664).

KEY TERMS

In addition to the keyterms listed in (1664), some additional keyterms more specific to OINOP are the following:
• Criticalcomponents are packaging components that contact either the drug product formulation or the patient, or that

affect the mechanics of the overall performance of the packaging and delivery system, includingany necessarysecondary
packaging. The identification of critical components for a particular OINOP dosage form is the responsibility of the
applicant in consultation with appropriate regulatory authorities.

• Special case compounds are individual (or classes of) compounds that have special safety or historical concerns as drug
product leachables in OINOP, and therefore must be evaluated and controlled as leachables(and extractables) by specific
analytical techniques and technology-defined thresholds.

Additional terminology and associated definitions specific to OINOP are available in the cited references(7-4).

LEACHABLES ASSESSMENT RATIONALE FOR ORALLY INHALED AND NASAL DRUG PRODUCTS

OINOP are generallycategorized as high-risk dosage forms due to safetyconsiderations related to the route of administration
and high probabilityof packaging component interaction with the formulation (see Table 7 in (1664». The packaging systems
used in these drug products incorporate components of various types, including components composed of polymeric (plastic
or elastomeric) raw materialswith complex chemical compositions and therefore a varietyof potential leachables. Chemical
entities may migrate (l.e., leach) into the formulation when there isdirect contact with the primary packaging and delivery
components for extended periods of time. In certain cases, there isalso the potential for leaching from secondary and tertiary
packaging. In addition, for OINOP, contact of the delivery device with mucosal tissue (mouth or nasal) isgenerally expected.
Leachables studies for some OINOP may be considered separately for packaging components that are in continuous contact
with the formulation (e.g., vials, bottles, blisters, metering valvecomponents) versus those that are only in transient contact
(e.g., OPI mouthpiece, MOl mouthpiece).

OINOP typically require:
• Aleachables stabilitystudy for drug product registration that supports intended storage and use conditions throughout

the proposed shelf-life (see Table 7), ideally on primarydrug product stability batches manufactured with the same lots
of packaging components used in extraction studies (in order to facilitate a leachables-extractables correlation)

• Sensitive, selective, and fully validated leachables analytical methods
• Leachables assessments based on safety thresholds [Safety Concern Threshold (SCT): 0.15 ~g/day, and Qualification

Threshold (QT): 5 ~g/day total daily intake (TOI) for an individual organic leachable; however, for exceptions see Special
Case Compounds]

• Complete qualitative and quantitative leachables-extractables correlations (which require that extractables assessments
be accomplished on all critical packaging components; see Assessment of Extractables Associated with Pharmaceutical
Packaging/Delivery Systems (1663»

• Leachables specifications including acceptance criteria (assumes a complete extractables assessment for each critical
packaging component). (Note that in many cases routine extractables testing for releaseof critical components can be
used to control drug product leachablesin lieuof routine drug product leachablestesting, providingthat a comprehensive
leachables-extractables correlation is established.)

ForOINOP dosage forms based on formulations with relatively lower leaching potential for organic compounds (e.g.,
aqueous formulations,dry powderformulations), the above requirements should be considered and evaluatedon a case-by-case
basis, including consultations with the appropriate regulatory authorities.

Table 1. Example Stability Storage Conditions and Testing Time Points for an OINDP Registration Leachables Study (4)

Condition Time Points
(temperature/relative humidity) (months)

25 ± 2°C/60 ± 50/0RH 3, 6, 12, 18, 24, 36 (to end of shelf-life)

30 ± 2°C/65 ± 50/0RH 3, 6, 12, 18, 24, 36 (to end of shelf-life)

40 ± 2°C/75 ± 50/0RH 3,6
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ORALLY INHALED AND NASAL DRUG PRODUCTS DOSAGE FORM TYPES
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MDls or pressurized MDls (pMDls) are defined as "drug products that contain active ingredient(s)dissolved or suspended
in a propellant, a mixtureof propellants,or a mixtureof solvent(s), propellant(s), and/or other excipientsincompact pressurized
aerosol dispensers" (2,4). Typical MDls include a metal canister (stainless steel or aluminum; coated or uncoated), a
fixed-volume metering valve (with plastic or elastomericcomponents), elastomericseals, and a plastic actuator or mouthpiece
(see Inhalation and Nasal Drug Products: Aerosols, Sprays, and Powders-Performance Quality Tests (601 ». MDls are multidose
drug container closure and delivery systemsthat can contain sufficient formulation for up to several hundred actuations (label
claim) per container. Because many of the critical packaging components are in continuous contact with an organic
solvent-based formulation, the MDI has the highest risk for formulation-packaging component interaction, and therefore the
highest risk for leachables, of all OINDP dosage forms (or any other dosage form). Because of the leaching potential of their
organic solvent-based formulations, MDls would typically be expected to show complete qualitative and quantitative
leachables-extractables correlations. Leachables in MDls should be characterized (i.e., identified and quantitated) at levels
above a calculated analytical evaluation threshold (AET). An AET can be calculated for any OINDP dosage form with
consideration of the seT for OINDP (i.e., 0.15 IJg/dayfor an individual organic leachable). An example AET calculationfor an
MDI follows.

Given an MDI drug product with 200 labeled actuations per canister, a maximum recommended patient exposure of 12
actuations per day, and a critical valve component mass per valveof 200 mg, for an individual organic leachable derived from
this valve component, the following AET can be estimated:

Estimated AET = ( 0.15 I-Ig/day ) x (200 labeled actuations/canister)
12 actuations/day

Leachables EstimatedAET = 2.5 I-Ig/canister

To convert to an estimated AET, which would be a useful guide for characterizing potentialleachables viaextraction studies
of this particular valvecomponent (see (1663»:

. . (1 canister/valve )Extractables Estimated AET =(2.5 I-Ig/Canlster) x .
0.2 9 elastomer/valve

Extractables Estimated AET = 12.5 I-Ig/g

The AET calculation should not be modified to account for variables, such as manufacturing overfill in the canister to
compensate for leak rate or fill variability, unlesssuch modification can be scientifically justified.

Analytical methods for leachablestesting of MDI drug products can be based on processessuch as "cold filtration" of
suspension formulations to remove active ingredient and excipient particles (5) or careful venting of the volatileorganic
propellant, which retains leachables in a residue within the canister (6). Because sample preparation procedures for MDI
formulations can be complex and typically require the volatilepropellant to be reduced to dryness at some point, creating the
possibility for lossof leachables before sample analysis, it is particularly important to demonstrate adequate recoveries of
leachables through the use of spiked MDI samples.

Although it is unlikely to contribute leachables to the emitted drug product aerosol plume, potential patient exposure to
chemical entities from the MDI plasticactuator or mouthpiece should be assessed at a threshold of 20 I-Ig/g (see (1663».
Additional studies and references required to assesspatient exposure to actuator- or mouthpiece-derived chemicals include
reference to indirect food additive regulations and the application of Biological Reactivity Tests, In Vitro (87) and Biological
Reactivity Tests, In Vivo (88) (2). Note that "spacers" and other devicesdesigned for use with MDls should also be characterized
ifa particular device is specified on the drug product label.

When constructed from materials acceptable for food contact, MDI actuators and mouthpieces, "spacers", and other
components and devicesspecified in the drug product labeling generallyonly require appropriate characterization (Le.,
extraction studies and routine extractables testing) in order to assure continued consistent composition of the component or
device.

Inaddition, based on applicable regulatoryguidance (2), drug product applicantsshould considerthe following (see (1663»:
• Development and validation of surface organic residue release tests for incoming uncoated metal canisters, with

appropriate acceptance criteria
• Development and validation of extractables release tests for the inner surfaces of incoming coated canisters, with

appropriate acceptance criteria
• Development and validation of extractables releasetests for incoming metering valvecritical components, with

appropriate acceptance criteria
• Development and validation of extractables profile release tests for incoming actuators or mouthpieces, with appropriate

qualitative and quantitative acceptance criteria.

Nasal Sprays

Nasal 'spraysare defined as "drug products that contain active ingredients dissolved or suspended in a formulation, typically
aqueous-based, which can contain other excipientsand are intended for use by nasal inhalation" (7,4). Nasal sprays include a
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plasticcontainer and components (usually plastic) that are responsiblefor formulation metering, atomization, and delivery to
the patient (see (601». Critical components includethose that are in constant contact with the formulation(e.g., the container,
dip lube) and components thatare.ln.the .Ilquid.parhwayduring actuatioDofthedeviceandthatdoDotpermitquick
evaporation of residual surface liquid (3). Because nasal sprays are typically aqueous-based formulations, and the vast majority
of potential organic leachablesare relatively lipophilic, the risk for formulation-packaging component interaction islowerrelative
to the organic propellant-based MDls, and the risk for organic leachables is lower. Leachables in nasalsprays should be
characterized (l.e., identifiedand quantitated) at levels above a calculated AET. AnAET can be calculatedfor any OINDP dosage
form with considerationof the SCT for OINDP (l.e., 0.15 uq/day for an individual organic leachable).An exampleAET calculation
for a nasal spray follows.

Given a nasal spray drug product with 120 labeled actuations per container, a maximum recommended patient exposure
of 4 actuations per day, and a critical component (plasticdip tube) mass of 250 mg, for an individual organic leachable derived
from this component, the following AET can be estimated:

Estimated AET = ( 0.15 I-Ig/day ) x (120 labeled actuations/container)
4 actuationslday

Leachables Estimated AET =4.5 I-Ig/container

Given a total fill volume of 10 mL:

Estimated AET = (4.5 I-Ig/container)/(10 mL/container)

Estimated AET =0.45 I-Ig/mL

To convert to an estimated AET, which would be a useful guide for characterizing potential leachabies via extraction studies
of this particular plasticdip tube (see (1663»: .

. . ( 1 container )Extractables Estimated AET = (4.5 1-191 container) x
0.259 materialltube

Extractables Estimated AET = 18 I-Ig/g

The AET calculationshould not be modifiedto account for variables, such as manufacturing overfill, unless such modification
can be scientifically justified.

All nasalspray packaging system critical components should be subjected to extractables assessments(see (1663». Potential
patient exposure to chemical entities from nasal spray critical components not in continuous contact with the drug product
formulation should be assessed at a threshold of 20 I-Ig/g (see (1663». Additional studies and references required to assess
patient exposure to nonformulation contact critical component derived chemicals include reference to indirect food additive
regulations and the application of (87) and (88) (7).

When constructed from materialsacceptable for food contact, nasal spray critical components not in continuous contact
with the drug product formulation generallyonly need to be appropriately characterized (Le., extraction studies and routine
extractables testing) in order to assure continued consistent composition of the component.

Inaddition, based on applicable regulatoryguidance (7), drug product applicants should consider the following (see (1663»:
• Development and validation of extractables release tests for incoming container closure and pump critical components,

with appropriate qualitative and quantitative acceptance criteria.

Inhalation Solutions, Suspensions, and Sprays

Inhalationsolutions, suspensions, and sprays are defined as "drug products that contain active ingredients dissolved or
suspended in a formulation, typically aqueous-based, which can contain other excipients and are intended for use by oral
inhalation" (7,4). Inhalation solutions and suspensionsare intended for use with a nebulizer(7,4). Inhalation sprays, like MDls
and nasal sprays, are combination products where the components responsiblefor the metering, atomization, and delivery of
the formulation to the patient are a part of the container closure system (7,4). Critical components include components that
are in constant contact with the formulation and components that are in the liquid pathway during actuation of the device and
that do not permit quick evaporation of residual surface liquid. Leachables in inhalation sprays should be characterized (l.e.,
identified and quantitated) at levels above a calculated AET. AnAET can be calculated for any OINDP dosage form with
consideration of the SCT for OINDP (i.e., 0.15 I-Ig/day for an individual organic leachable).An example AET calculationfor an
inhalation spray follows.

Given an inhalation spray drug product with 120 labeled actuations per container, a maximum recommended patient
exposure of 4 actuations per day, and a critical component (plasticdip tube) mass of400 mg, for an individual organic leachable
derived from this component, the following AET can be estimated:

Estimated AET = ( 0.15llg
/day )x (120 labeled actuations/container)

4 actuationslday

Leachables Estimated AET =4.5 I-Ig/container

Given a total fill volume of 4.5 mL:
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Estimated AET = (4.5 I-Ig/container)/(4.5 mL/container)
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To convert to an estimated AET, which would be a useful guide for characterizing potentialleachables via extraction studies
of this particular plastic dip tube (see (1663»:

Estimated AET = ( 0.15 ~g/day ) x (120 labeled actuations/container)
4 actuations/day

Extractables Estimated AET =11.3 I-Ig/g

The AET calculation should not be modified to account for variables, such as manufacturing overfill, unlesssuch modification
can be scientifically justified. .

Because inhalation solutions and suspensions are similarto nasal spray and inhalation spray drug products in that they are
typically aqueous-based formulations, and the vast majority of potential organic leachables are relatively lipophilic, the risk for
formulation-packaging component interaction is lower relative to the organic propellant-based MDls, and the risk for organic
leachables is lower. However, unlike MDls, nasal and inhalation spray drug products, inhalation solutions, and suspensions are
typically packaged in plastic unit dose containers (l.e., nebules). Leaching can potentially occur from the unit dose container
[e.g., low-density polyethylene (LDPE)], which is in long-term continuous contact with the drug product formulation. It is also
possible that organic chemical entities associated with paper labels, adhesives, inks, etc. in direct contact with the permeable
unit dose container can migrate through the container and into the formulation. Leachables from tertiary packaging systems
(e.g., cardboard shipping containers) are also possible. Leachables in inhalation solutions and suspensions should be
characterized (i.e., identifiedand quantitated) at levels above a calculated AET. An AET can be calculatedfor any OINDP dosage
form with consideration of the SCTforOINDP (i.e., 0.15I-1g/dayforan individual organic leachable).AnexampleAET calculation
for an inhalation solution follows.

Givenan inhalation solution with 3 mL of drug product contained in a LDPE unit dose vial (1 g total weight of LDPE), with a
maximum recommended patient exposure of three vials per day, for an individual organic leachable derived from this
component, the followinq AET can be estimated:

Estimated AET =(0.15 1l9/day)
x (1 labeled dose/container)

3 doses/day

Leachables EstimatedAET =0.05 I-Ig/container

Estimated AET =(0.05 I-Ig/container)/(3 mL/container)

EstimatedAET = 0.017 I-Ig/mL

To convert-to an estimated AET, which would be a useful guide for characterizing potentialleachables via extraction studies
of this particular plastic unit dose vial (see (1663»:

. ' . ( 1container )Extractables Estimated AET =(0.05 1l9/contamer) x . .
1 9 material/container

Extractables Estimated AET = 0.05 Ilg/g

The challenge of characterizing drug product leachables at levels of 17 ng/mL in an aqueous drug product is considerable,
even given the capabilities of modern analytical chemistry. For this particular inhalation solution example, it might be
appropriate to implement a simulation study (see (1663) and (1664» to facilitate the discoveryand identification of probable
leachables,with actual drug product leachablesbeing quantitated (if required) with high-sensitivity target compound analytical
techniques and methods.

All inhalation solution, suspension, and spray packaging system critical components should be subjected to extractables
assessments (see (1663». Potential patient exposure to chemical entities from inhalationsolution, suspension, and spray critical
components not in continuous contact with the drug product formulation should be assessed at a threshold of 20 I-Ig/g (see
(1663». Additional studies and references required to assess patient exposure to nonformulation contact critical
component-derived chemicals include referenceto indirectfood additive regulations and applicationof (87) and (88) (1). When
constructed from materials acceptable for food contact, inhalation solution, suspension, and spray critical components not in
continuous contact with the drug product formulation generally only need be appropriately characterized (Le., extraction
studies and routine extractables testing) in order to assure continued consistent composition of the component. Critical
components of nebulizers and other devices designed for use with inhalation solutions and suspensions should also be
characterized with respect to extractables and leachables ifa particular device isspecified in the drug product labeling.

Basedon applicable regulatory guidance for inhalationsolutions, suspensions and sprays (1), drug product applicants should
consider the followlnq (see (1663»:

• Development and validation of extractables release tests for incoming container closure and pump critical components,
with appropriate qualitative and quantitative acceptance criteria

• Consideration of validated tests for probable leachablesfrom labels, inksand adhesives, etc., with appropriate acceptance
criteria (should these be appropriate and applicable).
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Dry Powder Inhalers and Inhalation Powders

DPls are definedas "drug products deslqned.to.dispense powdersJorinha!ation"(2,4).ThedrugsubstanceinanJnba!ation
powder has a particle size distribution in the respirable range, and may be a physical mixture of active pharmaceutical
ingredient(s) with carrier particles or a formulated combination of active ingredient and excipients (see (601». The powder
may be contained in a unit dose packaging system (e.g., capsule, blister), or reside in bulk in a reservoir inside the delivery
device itself. In the latter case, the dose is metered by the device. The delivery device may actively disperse the powder from
the container or relyon patient inspiration to supply the energy necessaryto disperse the particles. The components and the
design of the device are integral to the aerosol characteristics (i.e., mass and particle size distribution) of the formulation
delivered to the patient. There isa wide diversity of DPI designs and characteristics (2).

Of all OINDP, the DPI has the lowest risk of exposing a patient to leachables at significant levels. The reasons for this are:
1. The DPI drug product formulation is a dry powder, and contains no solvent, either organic or aqueous, which can

promote leaching of organic (or inorganic) chemical entities.
2. In a unit dose DPI, the drug product formulation is contained in a separate packaging system, and is usually only in

transient contact with critical components of the device itself. '
The most likely source of leachables in a unit dose DPI would be the material composing the unit dose container, such as a

foil laminate blisteror capsule material, or the material composing the drug product reservoir in a multidose DPI (including
antistatic surface additives). Leaching would have to occur either via direct contact of the drug product powder with the
packaging material, via volatilization of organic chemical entities from the container closure materialwith deposition on the
dry powder, or via migration of organic chemical entities through the primary packaging material with deposition on the dry
powder. The possibility of observing leachablesfrom the DPI unit dose container is best evaluated with detailed extraction
studies on the container material to identifypotential leachables, which could possibly migrate to the dry powder by either
solid-solid contact or volatilization and have potential safety concerns.

The device and packaging materials are typically evaluated for potentialleachables by extraction and simulation studies (see
(1663» to determine whether there are chemicalentities at levels that would pose a safetyconcern. The evaluation of materials
that contain the inhalation powder must consider the inksand any other processing aids used in the manufacture of the
container so that allpotentialleachables are characterized. The types of compounds of greatest concern for inhalation powders
are those that may migrate from the primary packaging (i.e., unit dose container or multidose reservoir) into the formulation.
Extraction and simulation studies should consider all possible mechanisms of leaching, including volatilization. Actual and
potential leachables in inhalation powders derived from critical components of the packaging system or device that may have
continuous long-term contact with the drug product formulation should be characterized (i.e., identified and quantitated) at
levels above a calculated AET. AnAET can be calculated for any OINDP dosage form with consideration of the SCT for OINDP
(l.e., 0.15 IJg/dayfor an individual organic leachable). An example AET calculationfor an inhalation powder follows.

Given a DPI containing 13 mg of inhalation powder in a unit dose blisterwith 50 mg of blistermaterialeither in direct contact
with the formulation or capable of volatilizing leachables into the headspace above the formulation, with a maximum
recommended dailyexposure of 2 actuations per day, for an individual organic leachable derived from this material, the
following AET can be estimated:

Estimated AET =(0.15 j.lg/daY ) x(1 /abeled dose/blister)
. 2 doses/day

Leachables Estimated AET =0.075 IJg/blister

To convert relative to the total mass of drug product in a blister:

Estimated AET = (0.075 IJg/blister)/(0.013 IJg drug product/blister)

Estimated AET = 5.8 IJg/g drug product

To convert to an estimated AET, which would be a useful guide for characterizing potentialleachables via extraction studies
of this particular blister material (see (1663»:

. . ) ( 1 blister )Extractables Estimated AET = (0.075 j.lg/bhster x
0.05 9 material/blister

Extractables Estimated AET =1.5 IJg/g

The challenge of characterizing drug product leachables at levels of 5.8 IJg/g in an inhalation powder isconsiderable, even
given the capabilitiesof modern analytical chemistry. Forthis particular DPI example, it might be appropriate to implement a
simulation study (see (1663) and (1664» to facilitate the discovery and identification of probable leachablesfrom the blister
material, with actual drug product leachables being quantitated (if required) with high-sensitivity target compound analytical
techniques and methods.

All inhalation powder packagingsystem and DPI device critical components should be subjected to extractables assessments
(see (1663». Potential patient exposure to chemical entities from inhalation powder packaging system and DPI device critical
components not in continuous contact with the drug product formulation should be assessed at a threshold of 20 IJg/g (see
(1663». Additional studies might be required to assess patient exposure to nonformulation contact critical component derived
chemicals; including reference to food additive regulations and application of (87) and (88) (2)..
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When constructed from materials acceptable for food contact, inhalation powder packaging system and DPI device critical
components not in continuous contact with the drug product formulation generally only need be appropriately characterized
(i.~ .,~)(tracti()I1~~LJ ~.i~..~.....~.I1<J ....E()LJ~il1~ ....~)(tr~c:t9.1:>1~.s.J~.sti!1g)t()9.sSLJr~.c:()nti!1LJgg ..consistent.. <::QmpQsJtiQJ1Qf.the<::QmpQnent.

In addition, for DPls ana inhalation powders, and based on applicable regulatory guidance (2), drug product applicants
should consider the following (see (1663»:

• Development and validation of extractables releasetests for incoming inhalation powder packaging system and DPI device
critical components, with appropriate qualitative and quantitative acceptance criteria.

ADDITIONAL CONSIDERATIONS

Analytical Uncertainty

An AET is that concentration above which unknown leachables should be characterized and reported for toxicological
assessment. Target leachables (previouslycharacterized as potential or probable leachables from extractables or simulation
studies) will have known safety profilesand previously established leachables thresholds. In addition, reference compounds for
previouslycharacterized potentialleachables will allowfor accurate and precise quantitation of those target leachables as actual
drug product leachables. Characterization of unknown leachables requires consideration of analytical uncertainty, as the
location of an AET in a given leachables profile(e.g., a gas chromatography/mass spectrometry [GC/MS] chromatogram) must
be accomplished relativeto an internal standard(s) within the leachables profile.Analytical uncertainty for a particular analytical
technique or method can be estimated based on the analysis of a series of reference compounds to create a response factor
database. The reference compounds included in this database should represent all known potentialleachables (Le., as
determined from extractables assessments). ForaINDP, it is recommended (4) that the estimated AET be lowered by a factor
defined as 1% relativestandard deviation in an appropriately constituted response factor database, or a factor of 50% of the
estimated AET, whichever is greater. Detailed examples of response factor databases and AET determinations are available(4).

Special Case Compounds

Polycyclic Aromatic Hydrocarbons (PAHs) or PolynuclearAromatics (PNAs), N-nitrosamines, and 2-mercaptobenzothiozole
(2-MBT) are considered to be "special case" compounds (i.e., compounds with special safetyand historical concerns), requiring
special characterization studies using specificanalyticaltechniques and methods (1,2,4). Thresholdsfor characterization of these
compounds as extractables or leachables in alNDP are typically based on the limitsof these specificanalytical techniques and
methods. Table 2 lists the PNAs and N-nitrosamines that, along with 2-MBT, are typicallyinvestigated as extractables and
leachables in aINDP.

Table 2. PAHs, PNAs, and N-Nltrosamines Typically Investigated as Extractables and Leachables for OINDP

Target PAHs/PNAs Target N-nitrosamines

Naphthalene N-Nitrosodimethylamine

Acenaphthylene N-Nitrosodiethylamine

Acenaphthene N-Nitrosodi-n-butylamine

Fluorene N-Nitrosomorpholine

Phenanthrene N-Nitrosopiperidine

Anthracene N-Nitrosopyrrolidine

Fluoranthene -
Pyrene -
Benzo(a)anthracene -
Chrysene -
Benzo(b)fluoranthene -

Benzo(k)fluoranthene -

Benzo(e)pyrene -

Benzo(a)pyrene -

Indeno(123-cd)pyrene -
Dibenzo( ah)anthracene -
Benzo(ghl)perylene -

PNAs have been associated with carbon black filler used in many types of elastomer. Analysis of PNAs, either as elastomer
extractables or as drug product leachables, usuallyinvolves quantitative extraction followed by highlyspecificand sensitive
analysis of resulting extracts. GC/MS with selected-ion-monitoring has been reported for analysis of target PNAs as leachables
in MOl drug products, for example (5). N-Nitrosamines are reaction products between specific organic precursor molecules,
secondary amines (R2NH), and a "nitrosating agent". In the compounding of rubber, secondary amines are likely formed from
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certain vulcanization accelerators such as thiurams and dithiocarbamates. Potential nitrosating agents
include NO+, Nz0 3, Nz0 4, etc., certain of which can be formed from commonly used chemicalssuch as sodium nitrite
(1'-J~I'-J<::>z),I,t\'~i~~~~.~rl1~r1yir1~~~~ri~I~~~s.J1.r1~I)'~i~()f"'=r1i~~()s~rl1ir1~s .ir1r~~~~.r~~E()~~r1~i~II.~..~~~~~I~~ir1\,()lv~sglJar1~ita~iy~.
extraction followed by analysis of extracts with gas chromatography7tflermalenergy analysis detection (GClTEA) (7). AnalysIs
of N-nitrosaminesas leachables in MDI drug products using GC7TEA has been reported (6). The 2-MBT isa vulcanization
accelerator, which is used in certain sulfur-cured elastomers, and can be analyzed by extraction followed by LC7MS (4).
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(1724) SEMISOLID DRUG PRODUCTS-PERFORMANCE TESTS

SCOPE

The scope of this general chapter is to provide general information for performance testing of semisolid drug products,
various types of equipment employed for such testing, and potential applications of the performance testing.

PURPOSE

Thischapter providesgeneral informationabout performance testing ofsemisolid drug products, the theory and applications
of such testing, information about the availability of appropriate equipment, and likely developments in performance testing
of semisoliddrug products. General chapter Topical and Transdermal Drug Products-Product Quality Tests (3) provides
information related to product quality tests for topical and transdermal dosage forms, Drug Release (724) provides procedures
and details for testing drug releasefrom transdermal systems, and this chapter (1724) provides procedures for determining
drug release from semisoliddosage forms.

INTRODUCTION

Thischapter provides general informationfor in vitro testing of semisolid drug products. Semisolid dosage forms include
creams, ointments, gels, and lotions.Semisolid dosage forms may be considered extended-release preparations, and their drug
release depends largelyon the formulation and manufacturing process. The release rate of a given product from different
manufacturers is likely to be different.

Drug Product Quality and Performance Tests

AUSP drug product monograph contains tests, analytical procedures, and acceptance criteria.Drug product tests are divided
into two categories: (1) those that assess general qualityattributes, and (2) those that assessproduct performance, e.g., in vitro
release of the drug substance from the drug product. Quality tests assessthe integrity of the dosage form, but performance
tests, such as drug release, assessattributes that relate to in vivodrug performance. Taken together, quality and performance
tests are intended to ensure the identity, strength, quality, purity, comparability, and performance of semisolid drug products.

Details of drug product quality tests for semisolid drug products can be found in chapter (3). Product performance tests for
semisolid drug products are conducted to assessdrug releasefrom manufactured pharmaceutical dosage forms. In vitro
performance tests for 'semisolid products do not, however, directly predict the in vivo performance of drugs, as the primary
factor that impacts bioavailability and clinical performance are the barrier properties of the epithelia to which the product is
applied (epidermal or mucosal tissues). Although product performance tests do not directlymeasure bioavailability and relative
bioavailability (bioequivalence), they can detect in vitro changes that may correspond to altered in vivo performance of the
dosage form. These changes may arisefrom changes in physicochemical characteristics of the drug substance and/or excipients
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or to the formulation itself, changes in the manufacturing process, shipping and storage effects, aging effects, and other
formulation and/or process factors.

At present, a pr?~~~t P~~?~rn~~~~~estis av~il~~I~~o~V~I~~t~. i~\,itr()cjrLJgr~I~Cl?~f()rc:r~ClrnsL()if1trn~f1~sLI()ti()l1s,Clf1(tg~ls.
Severatavailabte apparatus can be used for this evaluation, including the vertical diffusion cell, immersion cell, and a special
cell used with USP Apparatus 4. Because of the significant impact of in vitro test parameters, such as release media, porous
membrane and dosing, and the interaction of these parameters with a given drug product, the primaryuse of in vitro drug
release testing iscomparison testing in which any difference in delivery rate is undesirable. Drug releasetesting is most suitable
for evaluation of smallformulation and process changes, rnanufacturinq site changes, and stabilitytesting. The evaluation or
comparison of large formulation changes may provide unmeaningful results, unlessextensivevalidation is performed to select
test parameters that ensure that the sensitivity of the test ismeaningfully correlated with in vivoperformance.The only required
regulatory use of the in vitro releasetest is to determine the acceptability of minor process and/or formulation changes in
approved semisolid dosage forms (see FDA Guidance for Industry-Nonsterile Semisolid Dosage Forms-Scale-Up and Postapproval
Changes: Chemistry, Manufacturing, and Controls; In VitroRelease Testing and In Vivo Bioequivalence Documentation; available at
http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatorylnformation/Guidances/UCM070930.pdf).

Thischapter provides general informationfor testing in vitro performance of semisolid drug products.

IN VITRO PERFORMANCE TESTS

Theory

The diffusion cell is a reliable and reproducible means of measuring drug releasefrom semisolid dosage forms. Athick layer
, of the semisolid product under evaluation is placed in contact with a medium in a reservoir, and the latter acts as a receptor

when the drug substance diffuses through the formulation,acrossthe membrane, and into the reservoir. Diffusion occursacross
an inert, highly permeable support membrane. The membrane is intended to keep the product and the receptor medium
separate and distinct. Membranes should offer the least possible diffusional resistanceand should not be rate controlling.
Samplesare withdrawn from the receptor chamber, typically at l-h intervals over a 4-6 h period.

Aftera short lag period, releaseof drug from the semisolid dosage form is kinetically described by diffusion of a chemicalout
ofa semi-infinite medium into a sink. The momentary releaserate tracksthe depth of penetration of the forming gradient within
the semisolid. Beginning at the moment when the receding boundary layer's diffusional resistanceassumes dominance of the
kinetics of release, the amount of the drug released, m, becomes proportional to {t (where t = time) for solution, suspension,
or emulsion semisolid system alike. The momentary rate of drug release, dmldt, becomes proportional to 1/{t, which reflects
the slowinq of drug releasewith the passage of time. The reservoir iskept large so that over the entire course of the experiment,
the concentration of the drug released into a medium remains highlydilute relative to the concentration of drug dissolved in
the semisolid. In these circumstances,drug release issaid to take place into a diffusional sink.

When a drug is totally in solution in the dosage form, the amount of drug released as a function of time can be described
by Equation 1:

fitm=2xC ­
o TT

where m is the amount of drug released into the sink per crn-, Co is the drug concentration in the releasing matrix, and 0 is
the drug diffusion coefficientthrough the matrix. '

A plot of m versus{t will be linearwith a slope of:

Equation 2 describes drug releasewhen the drug is in the form of a suspension in the dosage form:

where Om is the drug diffusion coefficient in the semisolid matrix, Cs isthe drug solubility in the releasing 'matrix, and Q is the
total amount of the drug in solution and suspended in the matrix.When Q» CS, Equation 2 simplifies to Equation 3:

m=~2xQxDm «c, xt

A plot of m versus{t will be linearwith a slope of:

m=~2xQxDm «c,
Coarse particles may dissolve so slowly that the moving boundary layer recedes to some extent behind the particles. That

situation introduces noticeable curvature in the {t plot because of a particle size effect. '
During release rate experiments, reasonable attempts should be made to keep the composition of the formulation intact

over the releasing period. '
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Drug Release Rate Determination Using Vertical Diffusion Cell Apparatus

MaAyverticaldiffusi()ncell(VDC}systemsarec()mp()sed()f6~cellunits.EachVDCcellassemblyconsistsoftwo chambers (a
donor chamber and a receptor chamber) separated by a membrane and held together by a clamp, screwtop, or other means
(see Figure 7-Model A, Figure 2-Model B, and Figure 3-Model C), Other diffusion cells that are similar in general design also can
be used. In the donor chamber, the semisolid dosage form sample sits on a synthetic, inert, highly permeable support
membrane. Forthe VDC Model A, the sample sits on the support membrane within the cavityof the sample chamber covered
with a glass disk.

Typically, amounts of the semisolid sample NlT 200 mg are used. Diffusive communication between the semisolid sample
and the reservoir takes place through the support membrane. The membrane is intended to keep the drug product sample and
receptor medium separate and distinct. Aheating jacketor a suitable device should be used to maintainthe temperature within
the cell. The release rate experiment iscarried out at 32 ± 1°, except in the case of vaginal drug products for which the
temperature should be 37 ± 1°. Usually a set of 6 cellassemblies are operated together at one time (Le., single run). Sampling
generally isperformed over a 4-6 h time period, and the volumewithdrawn is replacedwith stock receptor medium. To achieve
sinkcondition, the receptor medium must have a high capacityto dissolve the drug, and the drug concentration in the receptor
medium at the end of the test ideally should be as low as possible. Foreach cell, the amount of drug released (lJg/cm2) at each
sampling time (t, t2, etc.) isdetermined, and the cumulativeamount released plotted versus-{to The slope of the resulting line
isa measure of the rate of drug release.The test isoften conducted with a group of 6 or 12 cells per test run. The average of
6 slopes for each test and reference product is a measure of the drug release rate from the dosage form.

Support Disk

038 ---

Dosage Compartment ,
-l 015

I

~

Figure1. Vertical diffusion cell-Model A (All dimensions are in mm. All diameters are ±O.S mm. All lengths are ±2 mm).
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Figure 2. Vertical diffusion cell-Model B(All dimensions are in mm. All diameters are ±O.5 mm. All lengths are ±2 mm).

Figure 3. Vertical diffusion cell-Model C (All dimensions are in mm. All diameters are ±O.5 mm. All lengths are ±2 mm).

The VDC body (i.e., donor and receptor chambers) usually is made from borosilicate glass, although different materials may
be used to manufacture the body and other parts of the VDC assembly. It is recommended that the cell assembly materials
should not significantly react with, adsorb to, or absorb the test product or samples. The semisolid dosage form is placed on a
membrane within the cavityof the dosage chamber that can be occluded. The diameters of the orifices of the donor chamber
and receptor chamber, which define the dosage delivery surface area for the test, should be sized within ±5% of the specified
diameter. The diameter of the donor and receptor chamber orifices may vary depending on the application. The receptor
chamber orifice should never be smaller than the orifice of the donor chamber but should be fabricated to the same size as the
donor chamber orifice. The design of the VDC should facilitate proper alignment of the donor chamber and the receptor orifice.
The receptor chamber should be manufactured consistentlywith uniform height and geometry. All the cells should have the
same nominal value, and the true volume should be measured for each individual cell. Care should be taken to minimizethe
intercellvolume variability. .

57

Donor Chamber

flr_-_-_-__-_-_-__-_-_-__-_~_ I

---------------1 I
II
I
I

I

Receptor Chamber ---++~

Flow back to Circulating Pump

Flow from Circulating Pump
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All dimensions are in millimeters.
All diameters are +/-.5mm.
All lengths are +/-2mm.
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Forthe test, the VDC units are typically positioned in a stirrer rack(not depicted) that holds multipleVDC units (e.g., in sets
of 6) in the correct orientation, providing magnetic stirringat a calibrated rate and facilitating the supply of circulatingheated
wateLflQwtothewaterjacketoftheVDC.IheVDCrackJstypkally...connectedtoa..thermostaticallycontrolled...water .bath
recirculator.

The water from the circulating pump flows into the VDC heating jacket from the lower port and flows out from the upper
port to facilitate the removal of any air bubbles formed in the heating jacket. A magnetic nonstick(Teflon-coated) stirring bar
in the receptor chamber isused as the internalstirringmechanism.Aliquots of the receptor medium are drawn viathe sampling
arm at intervals throughout the test, and an equivalentvolume of stock receptor medium replaced to the level of the calibration
mark on the sampling arm.

MODEL A

The thickness of the sample chamber normally is 1.5 mm. Thisthickness should be sized within ±10% of the specified
thickness. The glasssupport disk is used to occlude the semisolid dosage form. A receptor cell mixer and stirrer magnet are
used as the internal stirring mechanism.

MODELS BAND C

Classic stylesof VDC are depicted in Figure 2 and Figure 3 and illustrate minor design variationsamong qualified models.

Test Procedures: General

Before initiating testing, analystsshould determine the volume of each VDC with the internal stirringdevice in place. During
the entire test, the temperature of the receptor medium should be maintained at 32 ± 10

, or 37 ± 10 for vaginal preparations.
The rotational stirring rate tolerance should be ±10% of the rate in the method (normally600 rpm). The rate of stirringshould
ensure adequate mixing of the receptor medium during the test period. Samplesfrom each cell should be obtained at the
specified times in the method within a tolerance of ±2 min. Unless the method specifies otherwise, the qualification of the
apparatus has been verified when analystsdetermine that the test temperature and stirring rate are within their specified
requirements and a satisfactory performance verification test (Le., drug release rate) results. Unless otherwise specified in the
method, degas the medium using an appropriate technique. Determine the amount of drug in the receptor medium sample
aliquots using a validated analytical procedure.

The following sections provide instructionsfor proper use of ModelsA, B, and C.

TEST PROCEDURES: MODEL A

With the stirring mechanism in place, fill the receptor chamber with the specified medium with the stirrers rotating and a
positive meniscus covering the top of each cell.Allow time for the medium to equilibrate to the specified temperature. Stop
the stirrer before placing the test sample on the cell. Ifnecessary, saturate the membrane in the specified medium (generally
the receptor medium) for 30 min. Placethe membrane on the donor chamber, and invert. Apply the material to be tested into
the cavityof the sample chamber, spreading the semisolid out to fill the entire cavityof the sample chamber. Place the filled
sample chamber on the receptor chamber with the membrane down and in contact with the receptor medium. During this
procedure it is important to ensure that there are no bubbles beneath the membrane. Then assemble the complete cell.When
the assembly of all donor and receptor chambers and remaining cell components (Le., disk, alignment ring, and clamp) have
been completed, turn on the stirringdevice,which constitutes the start of the test or time zero. Samplingisgenerallyperformed
over a 4-6 h time period. Follow the specifiedsampling procedure, and collect an aliquot from each cell receptor chamber for
analysis. With the stirrer stopped and using a syringe, replace the withdrawn volume with stock receptor medium warmed to
the specific temperature, and resume stirring.Duringthe sampling and medium replenishment process(es), ensure that bubbles
are not introduced into the cell.

TEST PROCEDURES: MODELS BAND C

A nonstick (Teflon-coated)stir bar is placedwithin the receptor chamber of the VDC. The membrane specified in the test
method is clamped atop the O-ring, if present, between the aligned donor and receptor chambers of the VDC. The exposed
periphery of the joint between the donor and receptor compartments is sealed (e.g., circumscribed by stretched paraffin
wax film).

The receptor chamber isfilled with receptor medium via the sampling arm, unless it is alreadyfilled before the membrane
is mounted. The VDC assembly is tilted in multiple orientations and inspected to ensure that any air bubbles trapped beneath
the membrane, or within the receptor chamber, can escape via the sampling arm port. The volume of receptor medium is
adjusted to the calibrated level marked on the sampling arm port. The membrane isallowed to equilibrate with the receptor
medium, insitu, for at least 30 min priorto the applicationof the dosage form, or may be pre-incubated with a wetting solution
(typically the receptor medium), as specified in the test method.

The VDC units are positioned in a stirrer rack. It is recommended that about 10-20 cm of slackshould be available in the
tubing connecting the ports of the VDC water jacket to the VDC rackto facilitate subsequent manipulation of the VDC during
the test. The temperature set point of the water bath isadjusted before dosing so that the membrane isat the correct
temperature. Thiscan be verified by measuring the membrane temperature before dosing, using a calibrated infrared
thermometer.

The stirringis initiated and can be maintained continuouslythroughout the test. The dosage form isevenlydispensed directly
onto the membrane surface. The amount of sample recommended is NLT approximately 1.0 rut/em" or 1.0 g/cm 2 to ensure a
pseudo-infinitedose condition. Spreading of the sample typically starts at the outer edge and proceeds in an inward spiral
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pattern to assure full coverage of the edges of the dose area without air gaps. The placement of the sample constitutes the start
of the test or time zero. The donor chamber is subsequently sealed with an occlusive film to prevent loss of any volatile
c0rTlP()Il~nts()fth~t~stJ()rI11LJIClti()D.Ib~ underslde ofJh~m~mbIan~jscheckedJorair bubbles and, ifany are seen, they are
efiminated by tilting the apparatus in a manner that allows the air bubbles to escape. The receptor volume is confirmed at the
calibrated volume mark and adjusted as necessary.

Before sample collections, typically every hour over the 4-6 h period following the introduction of the sample, the volume
inthe sampling arm isconfirmed approximately10 min before sampling and isadjusted to the calibration markon the sampling
arm as necessary. At predetermined intervals after starting the test, typically hourlyfor 6 h, analysts collect aliquots of the
receptor medium (e.g., 150 IJL) via the sampling arm, drawing from the well-mixed center of the receptor chamber. The VDC
assembly is inspected for air bubbles, which are eliminated as necessary. Receptormedium is replaced to bring the receptor
volume back to the level indicated on the sampling arm of the VDC.

Drug Release Rate Determination Using Immersion Cell Apparatus

The cell consists of the following components (see Figure 4 and Figure 5 for ModelA, and Figure 6 and Figure 7 for Model
B): a retaining or lock ring that secures the membrane to the cell body and ensures full contact with the sample; a washer that
provides a leakproofseal between membrane, retaining ring, and cell body; the membrane (usually a synthetic membrane)
that should retain the sample in the sample compartment; and the cell body that providesa variable depth reservoir for the
sample. Model Aalso has an adjustment plate that allows operators to vary the volume of the reservoir within the cell body.
The plate can be placed at the appropriate height for each test and can be completely removed to facilitate cleaning. AnO-ring
paired with the adjustment plate prevents leakage.

@!~R~talning
Ring

~waSher

O
/Mem~rane

or skin

~/ Adjustment
~ Platew/O-rlng

Alignment
Tool

Adjustment
Tool

Cell
Body

Figure 4. Immersion cell-Model A-Cell components.
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Drug Release Determination Using USP Apparatus 4 (Flow-Throuqh Cell)

QUALIFICATION

USP Apparatus 2 should be qualified according to the procedure described in Dissolution (711).

Mini Spin­
Paddle

/
Easi-Lock
AdapterRing

Flat-Bottom ­
Vessel

-~- OintmentCell
Assembly

Figure 7. Immersion cell-Model Bassembled in a vessel.

The immersion cell can be used with USP Apparatus 2 (see general chapter Dissolution (711)) with vessel volumes that vary
from 100 mLup to 4 L, but the 150- or 200-mLvessels are the most commonly used. Aflat-bottom variationof the 150- or
200-mLvessel can be used to avoid the issueof dead space under the cell when it is used in a round-bottom vessel. If analysts
are going to use a 150- or 200-mLvessel with USP Apparatus 2, then the appropriate modifications must be made, including
holders for the small-volumevessels and replacement of the standard paddle with the appropriate paddle. It also may require
repositioning of any automated sampling device and/or manifold. The water bath or vessel heater should be set to have the
medium temperature at 32.0 ± 0.5° or 37.0 ± 0.5°.

Before loading the cellsand placingthe medium in the vessel, set the paddle height, which is1.0 ± 0.2 cm above the surface
of the membrane. All other operational parameters, such as level, vibration, wobble, etc., should be set at the same conditions
defined for USP Apparatus2. The small-volume condition isqualified by first using the standard Apparatus 2 setup and
Performance Verification Test, Apparatus 7and 2 (see Dissolution (711»).

Cut the membrane to an appropriate size. Ifnecessary, soak the membrane in the receptor medium for at least 30 min before
loading. Ifthe membrane is thick, a longer soaking time period may be necessary. Prepare the immersion cellcomponents as
specified by the device manufacturer. .

Fill the reservoir dosage area with the sample under test. Ensure that the reservoir isfilled to the top in order to minimizethe
possibility of air bubble formation between the surface of the sample and the membrane. Auniformsurface can be obtained
with the aid of a spatula. The typicalquantity of sample is between 300 mg and 2 g, depending on the type of immersion cell
used. Anexcessof sample isneeded to obtain a steady-state drug releaserate. Using forceps or tweezers, removethe membrane
from the soaking medium and place it over the top of the sample compartment. Ensure that the membrane isfree of wrinkles.
Assemble the immersion cellcomponents as specified by the device manufacturer. Carefully place the completed assemblyinto
the bottom of the dissolution vessel with the membrane facing up. The appropriate preheated medium may be preloaded in
the vessel or can be added after immersion of the immersion cell to start the test. Samplesfrom at least 5 time points should
be obtained in the steady-state (linear) portion of the drug release profile. The data points are cumulative and expressed as
concentration per surface area, typically per crn-, as a function of the square root of time. Sampling isgenerally performed
over a 4-6 h time period. The slope of the line isthe in vitro release rate of drug from the product. At the end of the test period,
dismantle the cell and examine the contents for anything unusual that could explain any anomalous data (e.g., leaks,
bubbles, etc.),

The adapter for semisoliddosage forms(see Figure 8) isused with the 22.6-mm cellof USP Apparatus 4 described in Dissolution
(711). The adapter consists of a reservoir and a ring to hold the membrane. The reservoir isavailable in different sizesthat can
accommodate from 400 to 1200 IJL of product. The use of the USP Apparatus 4 cellsensures control of temperature and
hydrodynamics. The temperature can be maintained either at 32.0 ± 0.5° or 37.0 ± 0.5°, depending on the intended site of
the administration of the formulation.The flow rate should comply with the requirements of Dissolution (711) with a sinusoidal
flowprofile with a pulsation of 120 ± 10 pulses/min and a precision of ±5% of the nominal flow rate.
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Figure 8. Adapter for topical dosage forms in USP Apparatus 4 (All dimensions are in mm).

PROCEDURE

USP 43

The membrane, which may be soaked in the receptor medium beforehand, is loaded in the membrane ring using the
provided tool. The membrane should be large enough to overlapthe top edge of the reservoir body with a diameter of 18 mm.
The sample is loaded into the reservoir. The other side of the tool can be used to hold the reservoir while loading the sample.
Ifnecessary, the excess of sample can be removed using a spatula. Screwthe membrane ring onto the sample reservoir. Ensure
that the membrane isfree of wrinkles while screwing.

Remove the semisolid sample adapter from the tool, and slide it into the cylindrical part of the 22.6-mm cellwith the
membrane facing downward. Vertical positioning within the cellcan be adjusted using the tablet holder scoring, ifdesired (see
Figure 9). Ifthe lower position ischosen, releasecan be higher due to the proximityto the flow inlet. The system is typically
configured as a closed system(see Figure 10), but in some cases, an open system can be used. The prepared cell is inserted in a
heating jacket.
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Figure 9. Vertical positioning of the insert using the tablet holder scoring (all dimensionsare in mm).

Pump

Medium
reservoir

Figure 10. Closed system configuration.

The defined volume of release medium is introduced in the reservoir. Unless otherwise specified, the medium should be
deaerated in order to minimizethe risk of air bubbles. Adeaeration procedure is described in Dissolution (711), but other
validated deaeration techniques can be used. The reservoir can be adapted to the volume needed in order to achieve sink
conditions and to ensure precisionof the analytical method. Typical volumes range from 50 to 1000 mL, but valuesabove and
below this range also can be used as the formulation demands.

When the pump is switched on, the medium will be pumped through the cell.This represents the time zero of the test.
Typical flow rates are 16 mL/min and 24 mL/min, but flow rate is a method-development parameter and must be optimized
accordingly. The flow passing through the cellensures both agitation and renewal of the receptor medium at the interfacewith
the membrane.

Samplingcan be performed either manuallyor automaticallydirectlyfrom the medium reservoir, thus ensuring no
interference with the flow celland its contents. Anautomated fraction collector may be appropriate for release periods longer
than 6 h. After quantification, plot the amount of drug release per surface area versus the square root of time, with the slope
of the line representing the in vitro release rate.

Calculation of Rate and Amount of Drug Released

Calculatethe drug release rate using.the following steps.
Amount released (lJg/cm2) at a given time «; t2, etc.) (AR,) is calculated for each sample:

Amount released at t1AR1 =(AudAs) x Cs x 1000 x (Ve/Ao)

Amount released at tzAR2 = (AuiA s) x Cs x 1000 x (Ve/Ao)+ [AR 1 x (Vs/VJ]
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AR=amount of drug released (lJg/cm2)

Au=response (e.g., peak area, or peak height or absorbance) from the Sample solution
As=average response (e.g., peak area, or peak height or absorbance) from the Standardsolution
Cs =concentration of the Standardsolution(mg/mL)
Vc =volume of the diffusion cell (mL)
Ao = area of the orifice (crn-)
Vs =volume of sample taken (mL)

Foreach cell, the individual amount of drug released is plotted versus the square root of time. The slope of the resulting line
isthe rate of drug release.The average of 6 slopesfor each test and reference products represents the drug release rate of the
dosage form, and serves as the standard for the drug product.

Application of Drug Release

The product performance test can be used to assesssameness of the drug product after post-approval changes. Because
common testing artifacts, such as air bubbles and membrane defects, yield measurements that are not normally distributed, a
nonparametric statistical technique is used to evaluate the test results. The Mann-Whitney U test is used to calculate the 90%
confidence interval for the ratio of the slopes between the test and the reference batches. This is illustrated by the following
example in which the initial drug product batch is referred to as the reference batch (R)and the changed or subsequent batch
is referred to as the test batch (T). The individual amounts of drug released from R are plotted versus the square root of time,
and the resulting slopes are determined. Those are the reference slopes. The process is repeated for the test batch (T).

The TI Rslope ratiosare calculatedfor each test-to-reference slope. Thisprocedure isfacilitatedwith a table where the values
for the slopes for test and reference batches are listeddown the leftside and across the top of the table, respectively. The TI R
slope ratios are then determined. See Table 1.

Table 1. Comparison of Test and Reference Slopes

RSl RS2 RS3 RS4 RSS RS6

TS1 T51/R51 T51/R52 T51/R53 TS1/R54 T51/R55 T51/RS6

T52 T52/R51 TS2/RS2 T52/R53 T52/R54 T52/R55 T52/R56

T53 T53/R51 T53/R52 T53/R53 TS3/R54 T53/R55 T53/R56

T54 T54/R51 TS4/RS2 T54/R53 TS4/R54 T54/R55 T54/R56

T55 T55/R51 TS5/R52 TS5/R53 TS5/R54 T55/R55 T55/RS6

T56 T56/R51 T56/R52 T56/R53 T56/RS4 T56/R55 T56/R56

Afterthe TIR ratios have been calculated, they are ordered from the lowest to the highest. The 8th and 29 th TIR ratiosare
identified and converted to percent (multiplied by 100). These values represent the 90% confidence interval for the ratio of
test to reference release rates. To pass first stage testing, those ratios must be within the range of 75%-133.33%.

Ifthe resultsdo not meet this criterion, four additional tests of 6 cells should be performed, resulting in 12 additional slope
determinations for each product tested. The TI Rslope ratios for all 18 slopes for each product tested are determined. All 324
individual TIR slope ratios are ordered from the lowest to the highest. To pass this second stage testing, the 11Oth and 21yh

slope ratios, representing the 90% confidence interval, must be within the range of 750/0-133.33%.

(1 730) PLASMA SPECTROCHEMISTRY-THEORY AND PRACTICE

OUTLINE

1. Introduction
2. Sample Preparation
3. Sample Introduction
4. StandardPreparation
5. Inductively Coupled Plasma (fCP)
6. Inductively Coupled Plasma OpticalEmission Spectroscopy (lCP-OES)

6.1 Calibration
6.2 Standardization
6.3 Procedure
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7. InductivelyCoupled Plasma Mass Spectrometry (ICP-MS)
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7.3 Procedure
8. Glossary
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1. INTRODUCTION

General Information / (1730) 8485

The purpose of this general chapter is to provide a general overview of fundamental principles, instrumentation and
application of inductively coupled plasma optical emission spectroscopy (ICP-OES) and inductively coupled plasma mass
spectrometry (ICP-MS). It is the companion chapter to Plasma Spectrochemistry (730). Aglossaryof terms is located at the end
of this general chapter.

2. SAMPLE PREPARATION

Sample preparation iscritical to the success of plasma-based analysis and is the firststep in performing any analysis via ICP­
OES or ICP-MS. Plasma-based techniques are heavily dependent on sample transport into the plasma, and because ICP-OES
and ICP-MS share the same sample introduction system, the means bywhich samples are prepared may be applicable to either
technique. The most conventional means by which samples are introduced into the plasma is via solution nebulization. If
solution nebulization isemployed, solidsamples must be dissolved in order to be presented into the plasmafor analysis. These
samples may be dissolved in any appropriate solvent. There is a strong preference for the use of aqueous or dilute nitricacid
solutions, because there are minimal interferenceswith these solvents compared to other solvent choices. Hydrogen peroxide,
hydrochloricacid, sulfuric acid, perchloric acid, combinations of acids, or various concentrations of acidscan all be used to
dissolve the sample for analysis. Dilute hydrofluoric acid can be used, but great care must be taken when using this acid to
ensure the safetyof the analyst, and to protect the components of the sample introduction system, specifically: peristaltic pump
tubing, the nebulizer, spray chamber, and inner torch tube should be manufactured from hydrofluoric acid-tolerant materials.
Proper safety procedures must be followed to protect the analyst, as well.Additionally, alternative means of dissolving the
sample can be employed. These include, but are not limited to: the use of dilute bases, straight or diluted organic solvents,
combinations of acids or bases, and combinations of organic solvents, or any solvent that is compatible with the
instrumentation.

When samples are introduced into the plasmaviasolution nebulization, it is important to consider the potential matrixeffects
and interferences that might arisefrom the solvent. The use of an appropriate internal standard and/or matching the standard
matrix with samples should be applied for ICP-OES and ICP-MS analyses in cases where accuracy and precision are not
adequate. The use of an internal standard should be considered the rule, rather than the exception, in the case of ICP-MS
analyses. In either event, the selection of an appropriate internal standard should consider the analyte in question, ionization
energy, wavelengths or masses, and the nature of the sample matrix.

Where a sample isfound not to be soluble in any acceptable solvent, a variety of digestion techniques can be employed.
These include hot-plate digestion and microwave-assisted digestions, including open-vesseland closed-vessel approaches. The
decision regarding the type of digestion technique to use depends on the nature of the sample being digested, as well as on
the analytes of interest.

Use acids, bases, and hydrogen peroxide of ultra-high purity, especially when ICP-MS is employed. Deionized water must
be at least 18 MO.Checkdiluentsfor interferencesbefore they are used in an analysis. Because it isnot always possibleto obtain
organic solvents that are free of metals, use organic solventsof the highest quality possiblewith regard to metal contaminants.
Open-vesseldigestion isgenerally not recommended for the analysis of volatile metals, e.g., selenium and mercury.The
suitability of a digestion technique, whether open-vessel or closed-vessel, should be supported by spike recovery experiments
inorder to verify that, within an acceptable tolerance, volatile metalshave not been lostduring sample preparation. Additionally,
it maybe necessaryto extract the analyte(s)of interest, should a sample not completely dissolve. Insuch an instance, the validity
of the extract must be demonstrated by means of spikeand recovery studies.

It is important to consider the selection of the type, material of construction, pretreatment, and cleaning of analytical lab
ware used in ICP-OES and ICP-MS analyses. The material must be inert and, depending on the specific application, resistant
to caustics,acids, and/or organic solvents. Forsome analyses, diligencemust be exercised to prevent the absorption of analytes
onto the surface of a vessel, particularly in ultra-trace analyses. Contamination of the sample solutionsfrom metal and ions
present in the container can lead to inaccurate results.

The use of lab ware that is not certifiedto meet Class Atolerancesfor volumetric flasks isacceptable ifthe linearity, accuracy,
and precision of the method have been experimentallydemonstrated to be suitable for the purpose at hand.

3. SAMPLE INTRODUCTION

There are two ways to introduce the sample into the nebulizer: by means of a peristalticpump, and by self-aspiration. The
peristalticpump ispreferred and servesto ensure that the flow rate of sample and standard solution to the nebulizeristhe same
irrespective of sample viscosity. The speed setting of the peristaltic pump should remain constant throughout an analysis during
the time period when readings are being taken by the instrument. In some cases, where a peristalticpump is not required,
self-aspiration can be used.

The purpose of a nebulizer is to generate verysmalldroplets of the sample, with the goal of generating a fine aerosol mist. A
wide varietyof nebulizer types is available, including pneumatic (concentric and cross-flow), grid, and ultrasonicnebulizers.
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Micronebulizers, high-efficiency nebulizers, direct-injection high-efficiency nebulizers, and flow-injection nebulizersare also
available. The selection of the nebulizerfor a given analysis should consider the sample matrix,analyte, and desired sensitivity.
Some nebulizersare~ett~rsuitedf?r~s~wit~yis~o~s soluti?fls()rt~()s~ c()f1taif1if1g abigb C:()I1C:~l1trClti()f1()tcliss()l\fecls()licls,
whereas others are better suited for use with organic solutions.

Note that the self-aspiration of a fluid isdue to the Bernoulli, or Venturi, effect. Not all types of nebulizers will support
self-aspiration. The use of a concentric nebulizer, for example, is required for self-aspiration of a solution.

Once a sample leaves the nebulizeras an aerosol, it enters the spray chamber, which isdesigned to permit only the smallest
droplets of sample solution into the plasma; as a result, typically only 1%-2% of the sample aerosol reaches the ICP, although
some special-purpose nebulizershave been designed that permit virtually all of the sample aerosol to enter the ICP.

As with nebulizers, there ismore than one type ofspraychamber available for use with ICP-OES or ICP-MS. Examples include
the Scott double-pass spray chamber, as well as cyclonic spray chambers of various configurations. The spray chamber must
be compatible with the sample and solvent and must equilibrate and wash out in as short a time as possible. When a spray
chamber is selected, the nature of the sample matrix, the nebulizer, the desired sensitivity, and the analyte should all be
considered. Gas and liquid chromatography systems can be interfaced with ICP-OES and ICP-MS for molecular speciation,
ionicspeciation, or other modes of separation chemistry, based on elemental emission or mass spectrometry.

Ultimately, the selection of sample introduction hardware should be demonstrated experimentally to provide sufficient
specificity, sensitivity, linearity, accuracy, and precision for the analysis at hand.

In addition to solution nebulization, it is possible to analyze solid samples directlyvia laserablation (LA). In such instances,
the sample enters the torch as a solid aerosol. LA-ICP-OES and LA-ICP-MS are better suited for qualitative analysesof
pharmaceutical compounds because of the difficulty inobtaining appropriate standards. Nonetheless, quantitative analysescan
be performed ifit can be demonstrated, through appropriate method validation,that the available standards are adequate (1).

4. STANDARD PREPARATION

Single-or multi-elementstandard solutions, whose concentrations are traceable to primaryreferencestandards, such as those
of the National Institute of Standards and Technology(NIST), can be purchased for use in the preparation of working standard
solutions.Alternatively, standard solutionsof elements can be accurately prepared from standard materials, as appropriate, and
their concentrations can be determined independently. Working standard solutions, especially those used for ultra-trace
analyses, may have limitedshelf life, depending on the analyte in question, the type of storage container, the solution's
concentration, and the storage conditions. As a general rule,working standard solutionswith concentrations lessthan 10 ppm
(w/v) should be retained for NMT 24 h unless stability isdemonstrated experimentally. The selectionof the standard matrix is
of fundamental importance in the preparation of element standard solutions. Spike recovery experiments should be conducted
with specific sample matrices in order to determine the accuracy of the method. Ifsample matrix effectscause excessive
inaccuracies, standards, blanks, and sample solutionsshould be matrix matched, if possible, in order to minimize matrix
interferences.

Incases where matrix matching isnot possible, an appropriate internal standard or the method of standard additions should
be used for ICP-OES or ICP-MS. The method of standard additions may be necessary, even with the use of matrix-matched
solutionsand internal standards. Inany event, the selectionof an appropriate internal standard should consider the analytes in
question, their ionization and excitation energies, their chemical behavior, their wavelengths or masses, and the nature of the
sample matrix. Ultimately, the selection of an internal standard should be demonstrated experimentally to provide sufficient
specificity, sensitivity, linearity, accuracy, and precision of the analysis at hand.

The method of standard additions involves adding a known concentration of the analyte element to the sample at no fewer
than two concentration levels plus an unspikedsample preparation. The instrument response is plotted against the
concentration of the added analyte element, and a linear regression line is drawn through the data points. The absolute value
of the x-intercept multiplied by any dilutionfactor is the concentration of the analyte in the sample.

Optimization of the ICP-OES or ICP-MS method isalso highlydependent on the plasma parameters and means of sample
introduction. Forward power, gas flow rates, and torch position may all be optimized to provide the best signal. Selection of
wavelengths or isotopes must be carefully considered.The presence of dissolved carbon at concentrations of a small percentage
in aqueous solutions enhances ionization of selenium and arsenic in an inductively coupled argon plasma.This phenomenon
frequently results in a positive biasfor ICP-OES and ICP-MS selenium and arsenic quantification measurements, which can be
remedied by using the method ofstandard additionsor byadding a smallpercentage of carbon, such as analytically pure glacial
acetic acid, to the linearity standards.

5. INDUCTIVELY COUPLED PLASMA (ICP)

The components that make up the ICP excitationsource include the argon gas supply, torch, radiofrequency (RF) induction
coil, impedance-matching unit, and RF generator. Argongas isalmost universally used in the ICP. The plasma torch consistsof
three concentric tubes designated as the inner, the intermediate, and the outer tube. The intermediate and outer tubes are
almost universally made of quartz. The inner tube can be made of quartz or alumina if the analysis isconducted with solutions
containing hydrofluoric acid. The nebulizergas flowcarriesthe aerosol of the sample solution into and through the inner tube
of the torch and into the plasma. The intermediate tube carriesthe intermediate (sometimes referred to as the auxiliary) gas.
The intermediate gas flow helps to lift the plasma off the inner and intermediate tubes to prevent their melting and the
deposition of carbon and salts on the inner tube. The outer tube carriesthe outer (sometimes referredto as the plasma or
coolant) gas, which is used to form and sustain the toroidal plasma. The tangential flow of the coolant gas through the torch
constricts the plasma and prevents the ICP from expanding to fill the outer tube, keeping the torch from melting. .

An RF induction coil, also called the load coil, surrounds the torch and produces an oscillating magnetic field, which in turn
sets up an oscillating current in the ions and electrons produced from the .arqon.The impedance-matching unit serves to
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efficiently couple the RF energyfrom the generator to the load coil. The unit can be of either the activeor the passive type. An
activematching unit adjuststhe impedance of the RF power by means ofa capacitive network, whereasthe passive type adjusts
thE:! impE:!QCJJJcE:!QiXE:!ctlythrQygh.tbE:!gE:!l]E:!r"toLcircyitry.VYJthinJhE:!JoCJQcoiIQf.tbgRF...gE:!OE:!["tQX,tbE:!gOE:!rgytr"l]sfE:!LQE:!tWE:!E:!D
the coiland the argon creates a self-sustaining plasma. Collisions of the ions and electronsliberatedfrom the argon ionize and
excite the analyteatoms in the high-temperature plasma. The plasmaoperates at temperatures of 6,000-10,000 K, so most
covalent bonds and analyte-to-analyte interactions are eliminated.

6. INDUCTIVELY COUPLED PLASMA OPTICAL EMISSION SPECTROSCOPY (ICP-OES)

The ICP can use either an optical or a massspectral detection system. In the former case, ICP-OES, analyte detection is
achievedat an emission wavelengthof the analyte in question. Because of differences in technology, a wide variety of ICP-OES
systemsare available, each withdifferent capabilities as well as differentadvantages and disadvantages. Simultaneous-detection
systemsare capable of analyzing multipleelements at the same time, thereby shortening analysis time and improving
background detection and correction. Sequential systemsmove from one wavelength to the next (sometimes referred to as
slewing)to perform analyses, and often providea larger number of analytical lines from which to choose.

Modern instruments typically use array detectors as detection devices. Array detectors, including charge-coupled devices
and charge-injection devices, have detectors assembledon a chip, making it possible to combine the advantages of both
simultaneousand sequential systems. These typesof detection devices are used in the most powerful spectrometers, providing
rapid analysis and a wide selection of analytical lines. Some instruments may use photomultiplier tubes (PMT's) for detection.
PMT's are best-suited for simultaneous analyses; however, the use of PMT's isquickly waning, and arraydetectors are more
commonly found.

The ICP can be viewedin either axial or radial (also calledlateral) mode. The torch isusually positionedhorizontally in axially
viewed plasmasand isviewedend on, whereas it ispositionedvertically in radially viewed plasmas and isviewedfrom the side.
Axial viewing of the plasma can provide higher signal-to-noise ratios(better detection limits and precision); however, it also
incursgreater matrixand spectralinterferences. Axial plasmas normally requirethe useofa sheargas, which effectively removes
the coldest part of the plasma to help reduce self-absorption. Methods validated on an instrumentwith a radial configuration
may not be completelytransferable to an instrument with an axial configuration, and vice versa.

Additionally, dual-view instrument systemsare available, making it possible for the analystto take advantage of either torch
configuration. The selectionof the optimal torch configuration will depend on the sample matrix, the analyte in question, the
analytical wavelength(s) used, the cost of instrumentation, the required sensitivity, and the type of instrumentation available
in a given laboratory.

Regardless of torch configuration or detector technology, ICP-OES isa technique that provides a qualitative and/or
quantitative measurement of the optical emission from excited atoms or ionsat specific wavelengths. These measurements are
then used to determine the analyteconcentration ina givensample. Upon excitation, an atom or atomic ion emits an arrayof
differentfrequencies of light that are characteristic of the distinct energy transition allowed for that element. The intensityof
the light isgenerally proportional to the analyteconcentration. It is necessary to correctfor the background emission from the
plasma. Sample concentration measurements are usually determined from a working curveof known standards over the
concentration range of interest. It is, however, possible to perform a single-pointcalibration under certain circumstances, such
as limittests, ifthe method has been validatedfor sufficient specificity, sensitivity, linearity, accuracy, precision, ruggedness,
and robustness. .

Because there are distinct transitions between atomic energy levels, and because the atoms in the ICP are rather dilute,
emission lines have narrow bandwidths. However, because the emission spectra from the ICP contain many lines, and because
"wings" of these lines overlapto produce a nearly continuous background on top of the continuum that arises from the
recombination of argon ionswith electrons, a high-resolution spectrometer is required in ICP-OES.

The decision regarding which spectral lineto measureshould includean evaluation of potential spectral interferences. All
atoms in a sample are excitedsimultaneously; however, the presence of multipleelements insome samplescan lead to spectral
overlap. Spectral interferencecan also be caused by background emission from the sample or plasma. Modern ICPs usually
have background correctionavailable, and a number of background correction techniques can be applied. Simple background
correction typically involves measuring the backgroundemission intensityat a baseline level awayfrom the main peak and
subtracting this valuefrom the total signal being measured. Mathematical modeling to subtract the interfering signal as a
background correction can also be performed with certain types of ICP-OES spectrometers. One simpleway to avoid spectral
interferences isto select an analytical linethat isfree of interferences, if possible.

The selectionof the analytical spectral lineiscritical to the successof the ICP-OES analysis, regardless of torch configuration
or detector type. Though some wavelengthsare preferred, the final choice must be made in the context of the sample matrix,
the type of instrument being usedor the sensitivity required.Analysts might choose to start withthe wavelengthsrecommended
bythe manufacturerof their particular instrumentand selectalternativewavelengthsbased on manufacturerrecommendations
or published wavelength tables (2, 3, 4, 5, 6). Ultimately, the selection of analytical wavelengths should be demonstrated
experimentally to providesufficient specificity, sensitivity, linearity, accuracy, and precision of the analysis at hand.

Forward power, gas flow rates, viewing height, and torch position can all be optimizedto provide the best signal. However,
it must also be kept in mind that these same variables can influence matrixand spectral interferences.

The analysis of the Group Ielements can pose some challenges. When atomic ionsare formed from elements in this group,
they assume a noble gas electron configuration, with correspondingly high excitation energy. Because the firstexcited state of
these ions isextremelyhigh, few are excited, so emission intensity iscorrespondingly low. This situationcan be improved by
reducing the fractional ionization that can in turn be achieved by using lowerforward power settings in combination with
adjusted viewing height or nebulizer gas flow, or by adding an ionization suppression agent to the samples and standards.

When organic solventsare used, it isoften necessary to use a higher forward power setting, higher intermediate and outer
gas flows, and a lowernebulizer gas flowthan would be employedfor aqueous solutions, as well as a reduction in the nebulizer
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gas flow. It could be necessary to reduce the peristaltic pump speed, and alter the selection of the spray chamber. When using
organic solvents, it could be necessary to bleed small amounts of oxygen into the torch to prevent carbon buildup in the torch.

The wavelength accuracy for ICP-OESdetection must comply with the manufacturer's applicable operating procedures.
Because of the inherent differences among the types of instruments available, there is no general system suitability procedure
that can be employed. Calibration routines recommended by the instrument manufacturer for a given ICP-OES instrument
should be followed.

6.2 Standardization

The instrument must be standardized for quantitation at time of use. Because ICP-OES is a technique generally considered
to be linear over a range of 6-8 orders of magnitude, it is not always necessary to continually demonstrate linearity by the use
of a standard curve composed of multiple standards. Once a method has been developed and is in routine use, it is possible to
calibrate with a blank and a single standard. One-point standardizations are suitable for conducting limit tests, as well as other
analyses, on production materials and final products if the method has been rigorously validated for sufficient specificity,
sensitivity, linearity, accuracy, precision, ruggedness, and robustness. The use of single-point standardization is also acceptable
for qualitative ICP-OESanalyses, where the purpose of the experiment is to confirm the presence or absence of elements without
the requirement of an accurate quantitation.

An appropriate blank solution and standards that bracket the expected range of the sample concentrations should be assayed
and the detector response plotted as a function of analyte concentration, as in the case where the concentration of a known
component is being determined within a specified tolerance. The plot of the analyte concentration against the known
concentrations of components is usually performed automatically by the instrument.

It is not always possible to employ a bracketing standard when an analysis is performed at or near the detection limit. This
lack of a bracketing standard is acceptable for analyses conducted to demonstrate the absence or removal of elements below a
specified limit. The number and concentrations of standard solutions used should be based on the purpose of the quantitation,
the analyte in question, the desired sensitivity, and the sample matrix. Regression analysis of the standard plot should be
employed to evaluate the linearity of detector response, and individual monographs may establish other criteria.

6.3 Procedure

It is important to follow the procedure for the instrument parameters, as directed in the individual monograph. The
specification of definitive parameters in a monograph does not preclude the use of other suitable operating conditions, and
adjustments of operating conditions may be necessary. Because of differences in manufacturers' equipment configurations, the
manufacturer's suggested default conditions could be used and modified as needed. Alternative conditions must be supported
by suitable validation data, and the conditions in the monograph will take precedence for official purposes. Data collected
from a single sample introduction are treated as a single result. This result might be the average of data collected from replicate
sequential readings from a single solution introduction of the appropriate standard or sample solution. Sample concentrations
are calculated versus the working curve generated by plotting the detector response versus the concentration of the analyte in
the standard solutions, which is often calculation directly by the instrument.

7. INDUCTIVELY COUPLED PLASMA MASS SPECTROMETRY (ICP-MS)

When using the ICP-MS, analytes are detected directly at their atomic masses. Because these masses must be charged to be
detected in ICP-MS, the method relies on the ability of the plasma source to both atomize and ionize sample constituents. As
is the case with ICP-OES, a wide variety of ICP-MS instrumentation systems are available.

The systems most commonly in use are quadrupole-based systems. Additionally, high-resolution sector field instruments and
time of flight-based instruments are available, as are multiple quadrupole systems. Regardless of instrument design or
configuration, ICP-MS provides both a qualitative and a quantitative measurement of the components of the sample.

Ions are generated from the analyte atoms by the plasma, and ions are then extracted from the atmospheric-pressure plasma
through a sampling cone into a lower-pressure zone, ordinarily held at a pressure near 1 Torr. In this extraction process, the
sampled plasma gases, including the analyte species, form a supersonic beam, which dictates many of the properties of the
resulting analyte ions. A skimmer cone, located behind the sampling cone, "skims" the supersonic beam of ions as they emerge
from the sampling cone. Behind the skimmer cone is a lower-pressure zone, often held in milliTorr ranges. Lastly, the skimmed
ions pass a third-stage orifice to enter a zone held near microTorr pressures, where they encounter ion optics and are passed
into the mass spectrometer. The pressure differences aid in moving the ions along and into the mass spectrometer, which
separates the ions according to their mass-to-charge (m/z) ratios. The ICP-MS has a mass range up to 240 atomic mass units.

Depending on the equipment configuration, analyte adducts can formwith diluents, with argon, or with their decomposition
products. Also formed are oxides and multiply-charged analyte ions, which can increase the complexity of the resulting mass
spectra. Interferences can be minimized by appropriate optimization of operational parameters, including gas flows (central,
intermediate, and outer gas flow rates), sample-solution flow, RF power, extraction-lens voltage, etc., or by the use of collision
or reaction cells, or cool plasma operation, if available on a given instrument. Unless a laboratory is generating or examining
isotopes that do not naturally occur, a list of naturally occurring isotopes will provide the analyst with acceptable isotopes for
analytical purposes. Isotopic patterns also serve as an aid to element identification and confirmation. Additionally, tables of
commonly found interferences -and polyatomic isobaric interferences and correction factors can be used, and are often
pre-programmed into an instrument.
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ICP-MS generallyoffers considerably better detection limits than ICP-OES, largelybecause of the extremely low background
noise that it generates. Thisability isa major advantage of ICP-MS for determination of very low analyte concentrations or
whene1iminationofmatrixjnterferencesjsrequired~JntheJattercase, some Interferences canhe avoidedsimpJyby additional
dilution of the sample solution. Insome applications,analytes can be detected below the parts per trillion (ppt) level using ICP­
MS. As a general rule, ICP-MS as a technique requires that samples contain significantly lesstotal dissolved solids than does
ICP-OES.

The selection of the analytical mass to use is critical to the success of the ICP-MS analysis, regardless of instrument design.
Though some masses are often considered to be the primaryones, because of their high natural abundance, an alternative
mass for a given element is often used to avoid spectral overlaps (isobaric interferences). Selection of an analytical mass must
always be considered in the context of the sample matrix, the type of instrument being used, and the concentrations to be
measured. Analysts could choose to start with masses recommended by the manufacturer of their particularinstrument and
select alternate masses based on manufacturer's recommendations or published tables of naturally occurring isotopes (7).

Optimization of the ICP-MS method isalso highlydependent on the plasma parameters and means of sample introduction.
Forward power, gas flow rates, and torch position may all be optimized to provide the best signal.When organic solvents are
used, it isoften necessaryto use a higherforward power setting and a lower nebulizerflow rate than would be used for aqueous
solutions. Additionally, when organic solvents are used, it could be necessaryto introduce small amounts of oxygen into the
central or intermediate gas to prevent carbon buildup in the torch or on the sampler cone orifice. The use of a platinum-tipped
sampling or skimmer cone may also be required in order to reduce cone degradation with some organic solvents.

7.1 Calibration

The mass spectral accuracy for ICP-MS detection must be in accordance with the applicable operating procedures. Because
of the inherent differences between the types of instruments available, there is no general system SUitability procedure that can
be employed. Analysts should referto the tests recommended by the instrument manufacturer for a given ICP-MS instrument.

7.2 Standardization

The instrument must be standardized for quantificationat the time of use. Because the response (signal vs. concentration)
of ICP-MS isgenerallyconsidered to be linearover a range of 6-8 orders of magnitude, it is not always necessaryto continually
demonstrate linearity by the use of a working curve. Once a method has been developed and is in routine use, it is common
practice to calibrate with a blank and a single standard. One-point standardizations are suitable for conducting limit tests on
production materials and final products, provided that the method has been rigorously validated for sufficient specificity,
sensitivity, linearity, accuracy, precision, ruggedness, and robustness. Anappropriate blanksolutionand standards that bracket
the expected range of the sample concentrations should be assayed and the detector response plotted as a function of analyte
concentration, which are normally performed by the instrument. The number and concentration of standard solutions used
should be based on the analyte in question, the expected concentrations, and the sample matrix, and should be left to the
discretion of the analyst.

The method of standard additions should be employed in situations where matrix interferencesare expected or suspected.
This method involves adding a known concentration of the analyte element to the sample solution at no fewer than two
concentration levels. The instrument response Is plotted against the concentration of the added analyte element, and a linear
regression line isdrawn through the data points. The absolute value of the X-intercept multiplied by any dilution factor is the
concentration of the analyte in the sample. In many instances, the instrument will perform this calculation automatically after
being programmed to use the method of standard additions.

7.3 Procedure

Follow the procedure for the detection mode and instrument parameters for ICP-MS, as directed in the individual
monograph. The specification of definitive parameters in a monograph does not preclude the use of other suitable operating
conditions, and adjustments of operating conditions may be necessary. Alternative conditions must be supported by suitable
validation data, and the conditions in the monograph will take precedence for official purposes. Because of differences in
manufacturers' equipment configurations, the analyst could begin with the manufacturer's suggested default conditions and
modify them as needed. Data collectedfrom a single sample introduction are treated as a single result. Data collected from
replicate sequential readingsfrom a single introduction of the appropriate standard or sample solutionsare averaged as a single
result. Sample concentrations are calculated versus the working curve generated by plotting the detector response versus the
concentration of the analyte in the standard solutions.With modern instruments, this calculation isoften performed by the
instrument.

8. GLOSSARY
Auxiliary gas: See Intermediate (or auxiliary)gas.
Axial viewing: Aconfigurationof the plasmafor AES in which the plasma isdirected toward the spectrometer optical path,

also called "end-on viewing."
Central (or nebulizer) gas: One of three argon gas flows in an ICP torch. The central gas is used to help create a fine

mist of the sample solution when solution nebulization isemployed. Thisfine mist isthen directed through the central tube of
the torch and into the plasma.

Collision cell: Adesign feature of some ICP-MS instruments. Collision cells"are used to reduce interferencesfrom argon
species or polyatomic ions and facilitate the analysis of elements that might be affected by those interferences.
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Cool plasma: Plasmaconditions used for ICP-MS that result in a plasma that is cooler than that normally used for an
analysis. Thiscondition isachieved by using a lowerforward power setting and higher central-gasflow rate, and is used to help
r~~u~~ is()~()piSil1!~rf~r~I1c:~sc:a ljSE!q9YClrg()r1 Clr1c:fSPfl1E! j:)pIYClt()fl1ic:jpr1s.

Coolant gas: See Outer (or coolant or plasma) gas.
Forward power: The number of watts used to ignite and sustain the plasma during an analysis. Forward power

requirements may vary, depending on sample matrix and analyte.
Intermediate (or auxiliary) gas: Gas used to "lift" the plasma off the surface of the torch, thereby preventing melting

of the intermediate tube and the formation of carbon and salt deposits on the inner tube.
Internal standard: An element added to or present in the same concentration in blanks, standards, and samples to act as

an intensity reference for the analysis. An internal standard should be used for ICP-AES work and must always be used for
quantitative ICP-MS analyses.

Lateral viewing: See Radialviewing.
m: The ion mass of interest.
Multiply-charged ions: Atoms that, when subjected to the high-ionization temperature of the ICP, can form doubly or

triplycharged ions (X++, X+++, etc.). When detected by MS, the apparent massof these ionswill be V2 or YJ that of the atomic mass.
Nebulizer: Usedto form a consistent sample aerosolthat mixeswith the argon gas, which issubsequently sent into the ICP.
Outer (or coolant or plasma) gas: The main gas supply for the plasma.
Plasma gas: See Outer (or coolant or plasma)gas.
Radial viewing: Aconfiguration of the plasma for AES in which the plasma isviewedorthogonal to the spectrometer optic

path. Also called "side-on viewing." See also Lateralviewing.
Reaction cell: Similar to Collision cell, but operating on a different principle. Designed to reduce or eliminate spectral

interferences. Used in ICP-MS.
Sampling cone: A metal cone (usually nickel-, aluminum-, or platinum-tipped) with a smallopening, through which

ionized sample material flows after leaving the plasma in ICP-MS.
Sequential: Atype of detector configuration for AES or MS in which discrete emission linesor isotopic peaks are observed

by scanning or hopping across the spectral range by means of a monochromator or scanning mass spectrometer.
Simultaneous: Atype of detector configuration for AES or MS in which all selected emission linesor isotopic peaks are

observed at the same time by using a polychromator or simultaneous mass spectrometer, offering increased analysis speed for
analyses of multi-element samples.

Skimmer cone: A metal cone through which ionized sample flows after leaving the sampling cone and before entering
the high-vacuum region of an ICP-MS.

Standard additions: A method used to determine the actual analyte concentration in a sample when viscosity or matrix
effects might cause erroneous results.

Torch: Aseries of three concentric tubes, usually manufactured from quartz, in which the ICP isformed.
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Thisgeneral chapter provides information regarding the theory and acceptable practicesfor the consistent analysis and
interpretation of X-ray fluorescence spectroscopic data. X-ray fluorescence (XRF) spectrometry isan instrumental technique
based on the measurement of characteristicX-ray photons caused by the excitation of atomic inner-shell electrons by a primary
X-ray source. The XRF technique can be used for.both qualitative and quantitative analysis of liquids, powders, and solid
materials. Although some vendors supply radioactive isotope-based source instruments, nearly all modern instruments use an
X-ray tube as the source.

2. PRINCIPLES OF. X-RAY FLUORESCENCE SPECTROMETRY

The X-rays produced by an X-ray tube include characteristic linescorresponding to the anode material, and a continuum
also known as Bremsstrahlung radiation. Both types of X-rays can be used to excite atoms in a specimen and thus induce X-rays.
The intensityof both of these types can be adjusted bythe voltage and current settings of the X-ray generator. These parameters
can be adjusted to optimize the flux of X-ray photons for each element of interest. Further adjustments, such as the addition
of filters in the primary beam, can be used to remove undesirable and potentially interfering tube spectral lines. Secondary
targets may be used to produce an excitation X-ray beam that differs from the primary X-ray tube spectrum, with the aim of
achievingoptimum excitation conditions. Numerous instrument designs with differentgeometricalconfigurations,for example,
secondary filters and polarization, are used to optimize X-ray detection and reduce background contributions.

Although many variationsexist,XRF instrumentation can be divided into two categories: wavelength-dispersive XRF (WDXRF)
and energy-dispersive XRF (EDXRF) instruments. The main distinguishingfactor between these two technologies isthe method
used to separate the spectrum emitted by all atoms in the sample according to X-ray photon energy.

The energy(or the wavelength) of the X-ray photon ischaracteristicof a given electron transition in an atom, and istherefore
qualitative in nature. The intensity of the emitted radiation is indicative of the number of atoms in the sample, and therefore
constitutes the quantitative nature of the technique.

3. PHYSICS OF X-RAY EXCITATION AND EMISSION

3.1 Ionization and the Photo-Electric Effect

. The emission of characteristic X-ray radiation resultsfrom an electron transition between two inner shellsof an atom, after
ionization. After, for example, the ejection ofan electronfrom the K-shell, the atom isionizedand the ion isleft in a high:.energy
state, E], with E] being equal to the energy required to remove the K-electron from the shell to a situation where it isat rest (no
remaining kinetic energy) at infinitedistance from the nucleus.This interaction between electromagnetic radiation (a photon)
and an atom resulting in an electron being excited iscalled the photo-electric effect. It is typically the largest contribution to
absorption of X-rays. E] thus corresponds to the binding energy of the electron, which is identical to the energy of the atomic
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level. The excited state has a very limited life span, and will decay rapidly by a transition of an electron from an outer shell to
the vacancy in the inner shell. The atom isstill ionized, with an electron vacancy in the other shell. Letthe energy state after
this transition be represented E2, corresponding to the binding energy of the electron to the transition. The

and can be released in two competing processes: the Auger effect,or the emission of a photon. ForXRF, obviously the latter is
of interest. The energy of the photon emitted is thus equal to LJE. The binding energies of the inner electrons are not affected
by the chemical state of the atom concerned. The atomic energy levels are unique (characteristic) to the element, thus the
energy difference between two given levels isalsoa characteristic.Therefore, the resultingX-ray photon iscalleda characteristic
photon. The energy of the characteristic photons isvarying in a systematicway with the atomic number Z of the elements, a
fact that can be represented using Moseley's law [1]:

Ephoton = k(Z - sF [2]

where k isa constant for a givenseries(as defined by the shellwith the initial electron vacancy)and s isthe screeningconstant. A
fairly complete tabulation of the energies of characteristic radiation can be found in the work by Bearden [2]. Assume that the
initial vacancywascreated inthe K-shell. Afteran electron transitionfrom,for example, the L3-shell, the atom still hasan electron
vacancy, but in the L3-shell, whilea photon with an energy Ecorresponding to

Ephoton= t, - Eu [3]

has escaped the atom. The vacancyin the L3-shell can subsequently be filled by an electron from the M5-shell (assuming that
this is a high-atomic-number element). This results in a vacancy in the M5-shell that can then decay further. At the end of this
cascade, the ion is back in the neutral state.

3.2 Scattering

The most important interaction between X-rays and matter is the photo-electric effect, described above. Twoother
mechanisms are coherent and incoherent scatter.

3.2.1 COHERENT SCADER

Coherent scatter is elasticscattering of electromagnetic radiation by a free, charged particle. It is also known as Thomson
scattering. Theelectricfieldofthe incident photon accelerates the charged particle.Thisparticlewill subsequentlyemit radiation
with the same energy as the incident photon, but travelling in a differentdirection.

3.2.2 INCOHERENT SCADER

Incoherent scatter of a photon is usually called Compton scatter. Compton scatter is inelasticin nature. Both momentum
and energy are conserved in the process. After Compton scattering, the electron has acquired considerable momentum (and
is excited from the atom), and a photon with a longer wavelength than the incident photon is emitted (see Figure 1). The
conservation of energy and of momentum leads to a simple relationship between the scattering angle c;P and the wavelength
difference ax between the incident and the Compton scattered photon:

!:J.'A. =0.00243· (1 - cosc;P) [4]

Equation [4J calculates the wavelength shift in nm. The peaks of Compton scattered radiation are typically broader than those
corresponding to characteristic radiation or coherently scattered radiation.The reason is that most X-ray fluorescence
spectrometers do not have a collimated incident beam. The incident angle on the specimen can thus varysignificantly; This
contributes to wide variation in total scattering angles c;P, leading to variation in !:J.'A..

~ + A~ = ~c - ~ =0.0243 (1 - ccs4»A
A~ =0.024 Afor 4>=90"

Figure 1. Compton scattering of an X-ray photon; c;P is the scattering angle (from Willis and Duncan [3] with permission).
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3.3 Conversion between Energy and Wavelength

Photons.exhibitawave~partkleduaJity[41.Theenergy,E,of the"particle"and thewavelengthlofthe "wave" are related
through Planck's constant, h:

E=!!.£ [5]·
..t

where Eis the photon energy; h is Planck's constant; and c is the speed of light in vacuum. By substituting these values in
Equation [5], and expressing photon energy Ein keV and wavelength A. in nm, the following isobtained:

E= 1.24 [6]
..t

This allows quickand easy conversion between energy and wavelength scales. Note that shorter wavelengthscorrespond to
higher energies.

Commonly, textbooksdesigned around WDXRF will usewavelength unitsfor the characteristic radiation. On the other hand,
when dealingwith EDXRF, the scaleofchoice isan energyscalewith keV as the unit. Photonenergy can be converted to photon
wavelength and viceversa using Equation [6]. The frequency of the electromagnetic radiation (which can be calculated using
ciAor from Elh) is not used when relating to XRF analysis.

3.4 The Electromagnetic Spectrum

The X-ray range is typically the spectral range between 0.01 and 10 nm, and it spans 4 orders of magnitude. In practice,
however, the range of X-rays commonly analyzed varies from about 0.04 tol nm.

The X-ray region of the electromagnetic spectrum can also be expressed in terms of the characteristic radiation of the
elements. Mostwavelength-dispersive X-ray spectrometers can be equipped to analyze characteristic lines between about
0.04 and 4.4 nm. This allows analysis of all elements inthe periodictable from carbon upwards(Z = 6).With dedicated analyzers,
the elemental range can be extended to include beryllium, although issues with limited specificity and sensitivity severely limit
the practical applications for the quantitative analysis of beryllium.

3.5 Selection Rules

Thetransitions inthe processdescribedabovearegoverned byquantum-mechanicalselection rules. XRF radiationisobserved
with reasonable probability onlyfrom those transitions where

t::..j =-1, 0, +1

and

M=-lor+l

where j and I are the usualquantum numbers. The correspondence between shelldesignations (K, L, M...) and the quantum
numbers n, I, and m isgiven in Table 7. This means that in transitionssuch as K+- L1 and L1 +- Ml, both shells with 1= 0 for
initial and final state are forbidden radiative transitions. These transitions, however, can be accompanied by the emission of an
Augerelectron.

Table 1. Correspondence between Shell Designations (K, L, M, N) and Quantum Numbers (n, I, m)

Quantum Numbers Number of Total
Electrons Number of

Number of Subshell to Fill Electrons
Shell n I m Orbitals Designation Subshell in Shell

K ,
° °

,
'5 2 2

2 ° ° 1 25 2

L 2 , -',0,' 3 2p 6 8

3 0 °
, 35 2

3 , ',0,-' 3 3p 6

M 3 2 -2,-',0,',2 5 3d '0 '8

4 ° °
, 45 2

4 , ',0,-' 3 4p 6

N 4 2 -2,-',0,',2 5 4d '0
32

-3,-2,-',0,',
4 3 2,3 7 4f '4
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After the initial vacancy has been created, the ion is in a highlyexcited state. After an electron transition, for example, K+­
L3, an energy equal to the difference in the binding energies (see Equation [3]) between the two shellsinvolved can be released.
I~t~~~~~e o~~a nei, t~isgi\,~s ris~~() t~~ ~rl1issi()r1(>f"~IlP~()t()l'l.e~()t()r1~rl1issi()nisLb()",,~Y~rl()I'lIY()n~. ()tt",,()c:()mp~ting
processes.The other is the emission of an Augerelectron. This is the process in which the energy is transferred to another
electron, which escapes the ion with a certain kinetic energy EKln• The kinetic energy can be calculated in much the samefashion
as the photon energy, using the energy levels from the shells involved. Ifthe energy released from the K+- L3 transition is
transferred to an L1 electron, the kinetic energy can be calculated from

EKln = EAuger = EK - ELI - Eu [7]

The kineticenergy of the Auger electron ischaracteristic because it is made up of characteristicquantities. The vacancies
created after the emissionof an Augerelectron can subsequently decay, either by other Auger electrons or by photons.

3.6 Fluorescence Yield

The fluorescence yield (symbolw) isdefined as the probabilitythat a vacancy isfilled through a radiative transition. Forthe
K-shell this is simply

where IK is the total number of K-shell X-ray photons and nK is the number of vacancies created in the K-shell. Forthe I-shell
and M-shell, a similardefinition appliesfor each of the subshells, but the number of primaryvacancies needs to be corrected
for the cascade effectsand the occurrence of Coster-Kronig transitions[5]. Theseare nonradiativetransitions between subshells
having the same principalquantum number. Data regarding valuesfor fluorescence yieldscan be found in the work by
Bambynek et al. [5] and Hubbell et al. [6].

3.7 Counting Statistical Error

The counting statisticalerror (CSE) is the uncertainty in the measurement of the number of photons, which issubject to a
Poisson distribution. The distribution of the number of photons can be approximated by a normal distribution, because the
number of photons counted is usually sufficiently large. The standard deviation (1N of an intensity measurement of N counts is
given by the square root of the number of counts:

Most measurements in XRF are now expressed as an intenslty, I, which issimply the ratio of the number of photons counted
divided by the measuring time, t. The counting statistical error on a measured intensitycan be calculated using

0",=~ [10]

This indicates that the counting statistical error-on an intenslty measurement becomes smallerwith longer measurement
times. Measuring longer on an XRF instrument (under otherwise constant conditions of measurement) reduces the relative
uncertainty on the measurement. Thisis generallyapplicable until the resultingCSE becomes comparable to the overall
instrumenterror. Forhigh-end instrumentation, the order of magnitude of this overall instrument error isabout 0.1% or better.
Performing measurements with a CSE significantly lowerthan the overall instrumentalerror will not lead to more preciseresults.
The CSE thus imposes a theoretical lower limitto the precisionof an X-ray measurement. The contribution of the instrumental
errors isadded to the CSE to obtain the total error on the measurement.

The intensity of a photon beam iscalculatedfrom the number of photons collected divided by the time taken for the
measurement, expressed in counts per second (cps) or kilocounts per second (kcps).

3.8 Detection limit

The lowerlimitofdetection (LLD) isdefinedas the concentration that will yielda positive intensityabove background intensity
with a given confidence level. Foranalysis near the detection limit, the intensityof the peak will be comparable to the intensity
of the background. Forexample, a net signal that is3 times larger than the CSE of the background will satisfy this criterionwith
99.7% confidence. This intensitycan then be converted to a concentration using the sensitivity,S, of the spectrometer for the
analyte considered:

LLD= kxCSE [11]
S

where k is a factor depending upon the confidence level chosen,S is the sensitlvlty (expressed as net intensity per unit
concentration), and C5E is the counting statistical error of the determination..Substituting Equation [70] where (1/ is the CSE of
the intensity of the background yields
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is intensity of the background radiation at the analytical lineconsidered. The LLD can be improved by the
following:

• Increasing the sensitivity, 5, of the spectrometer
• Decreasing the intensity of the background, IB
• Increasing the measurement time, t.
The third method, increasing the measurement time, seems to be an especially easyway to improve detection limits, but it

is limited because long counting times can make the method impractical. Hence, for a givenspectrometer configuration, any
increase in the sensitivity results in a similar increase of the background intensity. Quadrupling the sensitivity also leads to a
4-fold higher background intensity and an improvement of the LLD by a factor of 2.

3.9 Nomenclature of X-Ray Emission lines

There are differentnomenclatures in use involving the designation of the X-ray emission lines. The International Union of
Pureand Applied Chemistry (IUPAC) published a systematic notation for X-ray emission lines and absorption edges, based on
the energy-level designation. In practiceand in manypublications, Siegbahn'snotation isstill dominant. For the most important
characteristic lines, the correspondence between Siegbahn and the IUPAC notation isgiven in Table 2.

Table 2. Correspondence between Siegbahn and IUPAC Notation for the Most Important Characteristic Lines
K-series M-series l-series

Siegbahn IUPAC Siegbahn IUPAC Siegbahn IUPAC

Kal.2 or Ka K-l2.3 la, l3-MS Mal.2 Ms-N6•7

Kal K-l3 la2 l3-M4 Mp McN6

Ka2 K-l2 lPl l2-M4

KP, K-M3 lP2 l3-NS

KP1.3 K-M2.3 lYl l2-N4

KP2 K-N2,3 III lrMl

II l3-Ml

4. SAMPLE PREPARATION

With XRF it is possible to analyze most materials, irrespective of their physical state-whether they are liquids, powders, or
solids-with littleor no additional sample preparation. Asignificant advantage is the sample-size capacity: the XRF technique
can accommodate largesample masses (usually in the gram weight range), thereby minimizing analytical samplingerrors. This
enhances the degree to which the sample presented to the spectrometer is representativeof the bulkmaterial submitted for
analysis. A primary concern isthat the final sample surface isflatwhen it is placed into the measuring position.

Measurementscan be performedina variety ofenvironmental conditions including air, nitrogen, helium, and vacuum. Most
X-ray spectrometers typically usevacuum as the mediumof analysis, with the exception ofsome bench-top instruments.Llquld
samples are incompatiblewith vacuum environments, so helium, air, or nitrogen at near-ambient pressure is used. Air and
nitrogen readily absorb low-energy X-rays; therefore, their use isgenerally limited to the analysis of high-energyX-rays. Liquid
and powder samplesare commonlyanalyzed in helium, as this significantly lowers the absorption of the characteristic radiation
from the specimen, compared with the effects of air or nitrogen.

4.1 Liquid Samples

Liquid samples need to be placed into disposable sample cups beforebeing introduced to the spectrometer.Thesample cup
should be constructed with an appropriate supporting film known to be free of contaminant elements. Suitable films, such as
polyesteror polypropylene, mayhavea thickness as lowas 1.5 IJm. It isalsoimportant that the disposable cup isan appropriate
sizeso that it is not viewed by the spectrometer; this ensures that the signals measured are coming from the sample only, and
not from the sample cup.

Furthermore, it is important to understand the relationships among the sample matrix, elements of interest,and concept of
infinite thickness. Ingeneral, when analyzing samplescomposed of low-atomic-number elements (e.g., organic matrices), it is
important to use a thickersample than when analyzing for the same elements in a heavier(e.g., metallic) matrix. This ensures
that the intensityof the X-rays produced (and detected) isonlydependent upon the specimen's composition and not alsoon
the quantity of mass analyzed. The thickness at which the intensities are no longer dependent upon the thickness of the
specimen presented to the spectrometer is called the critical thickness (alsoknown as infinite thickness). The critical thickness
depends upon the energiesofthe emission lines considered, the samplematrix, and-to a lesser degree-also on the excitation
conditions. In many cases, it may not be possible to obtain infinitely thicksamples because of lack of sufficient material or
because the critical thickness may exceed sample cup depth; the latter can happen when analyzing liquids that are mainly
composed of water or organic compounds. In these cases, correction procedures are applicable. In many cases, a simple
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modification to the analytical procedure-ensuring that all samples analyzed are of constant mass-is sufficient to avoid
problems relating to non-infinite thickness.

ArlClcfcfiti()rlCllc()rlsicfef(jtiQOis YClCi(jtiQn of the density bet'Neensamples.and standards. The.analysis of samples that do not
satisfy the requirement ofcritical thicknesswill be further complicated by limitations imposed bythe geometry of the instrument.
The X-rays incident on the sample and the X-rays emitted from the sample form a complex shape in three dimensions that is
essentially a cone. The geometry is referred to as a wedge. This geometry limits the usefulness of traditional matrix correction
because these conventional methods assume a uniform X-ray sampling volume, as opposed to a cone. In most cases, the
difference between a cone-shaped geometry and the simpler geometry model is insignificant. Thiseffect is more pronounced
when measuring heavy elements in light matrix samples (such as organics). In these cases, it can have severe effectson the
calculated concentrations ifit isnot considered. However, it ispossibleto includea geometric model of the wedge with a matrix
correction technique referred to as the wedge effectcorrection [7].

Analternativesolution isto have an infinitely thin layerof sample, thereby removingany possiblesample interference(matrix
effects), as well as the geometrical effect described above. This is not always practical, and in practice it can be difficult to
prepare reproducible samples and standards.

4.2 Powder Samples

To ensure infinite sample thickness, loose powder samples may be simplyweighed and placed directly into a disposable
sample cup as described above. Forreasonsdescribed below, it isoften advantageous to lightly packthe powder, usingconstant
pressure and a clean tool. Variations in sample compaction due to manual pressingcan be compensated for by using the
Compton corrections, which can account for small variations in sample thickness and/or density. These powders can also be
ground to a finer particle size (ifrequired) and then pressed to produce a solid pellet.

Preferably, all non-homogenous solidsamples, such as coated tablets, should be ground using a grinding device. Similarly,
any homogenous and flat sample that has too small an area to cover the instrument optical aperture should also be ground.
Forsofter materials, a pestle and mortar may be sufficient, and for other materialsswing mills, ball mills, and/or cryogenic
grinding mills may be required. The analyst should ensure that the grinding means do not contribute traces of the analyte
elements; this can be ascertained easily by grinding/milling pure compounds and comparing the spectra. By convention, the
maximum powder (particle)sizeshould be 50 IJm or less. It is, however, more important to have a consistent particle sizefor
both standards and samples.This ensures the homogeneity of the sample and providesan accurate representation of the entire
sample, not just the near-surface layer. It isthen possibleto load a sample into a disposablesample cup, or to press the sample
into a pellet. The disadvantage of pressing a sample into a pellet is that it may be necessaryto blend a binder (e.g., wax or
cellulose) into the sample. The use of such a material must be considered as a possible source of contamination. A number of
different binders are available to improve the mechanical properties of the pellet. Anadvantage of pressing a sample is that it
removes air voids,which can absorb X-rays, and thus after pressing, the measurements typically show enhanced light element
reproducibility.

Furthermore, it is possible to directlymeasure a pressed pellet without a supporting film. It is important to note that
supporting films can result in signal attenuation, depending upon the element of interest. This effect iscommonly seen with
lighter elements such as sodium (Na), magnesium (Mg),and aluminum (AI). The other keyadvantage isthat the pelletensures a
flat surface that isavailable for reproducible excitation from all angles. In addition, pelletized samples can be measured in
vacuum conditions, and this reduces any photon absorption by air or any other gas such as helium (He). Some materialssuch
as lactose and cellulose are self-binding, thus there are no deleterious considerations when preparing a pellet except for the
additional time spent on sample preparation. It is important to note that standards and samples must be treated the same from
sample preparation through analysis. .

Becausethe majorityof pharmaceutical materials have an organic matrix, it is recommended to use a quantity of material
corresponding to a thicknessofabout 1.5 cm. Thiscan be used for both liquidsand loose powder samples(provided allsamples
and standards have a similar matrixcomposition). Furthermore,any minor sample thickness variations can be compensated for
by Compton ratio corrections.

5. INSTRUMENTATION

All spectrometers include a source (e.g., X-ray tube), some kind of source filtration mechanism, a sample chamber, and a
detector. In addition, wavelength-dispersive systems have a set of collimatorsand an analyzing crystal. These components,
and a few optional items, are discussed below and are further divided according to type of instrument. Adiagram of a
wavelength-dispersive spectrometer is shown in Figure 2. An energy-dispersive spectrometer is simpler in that the collimators
and the crystalshown in Figure 2 are not present, and the detector is pointed directlyat the sample.
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Analysing
crystal

Figure 2. Schematic diagram of a wavelength-dispersive XRF spectrometer, indicating the main components.

5.1 X-Ray Tube

The two most important components of an X-ray tube are the filament (used as a cathode) and the anode. The filament is
the source of electrons, which are accelerated to the anode material by a strong electricfield between filament and anode.
Upon impact with the anode, the electrons can gradually lose their kinetic energy, generating heat and a continuous spectrum
of X-ray radiation in the process.Alternatively, when the electrons ionizeatoms from the anode, the resulting vacancy can decay
by emitting characteristicX-ray radiation. The total spectrum of an X-ray tube thus consistsof the characteristic linesof the
anode element (which isdiscrete in nature) superimposed on a continuum. Note that the continuum radiation, scattered by
the specimen, is the main source of the background observed in XRF analysis.

5.2 Primary Beam Filter

Most X-ray spectrometers are equipped with one or more programmable beam filters. These filters are thin metal foils
(typically between 50 and 1,000 microns in thickness) that are mounted on a mechanical device that can move a particular
filter in the path of the primarybeam. The main purpose of the primary beam isto eliminatethe characteristiclinesof the X-ray
tube anode. Iffor example a rhodium anode tube is used, a significantpart of the incident rhodium X-rays will be scattered by
the sample. The fraction that is coherently scattered cannot be distinguished from rhodium lines that are created by atoms in
the sample. Insuch a case, to allowfor analysis of rhodium inthe sample, the primarybeam filterisused to prevent characteristic
linesfrom the X-ray tube from reaching the sample. Another application of beam filters isthe reduction of background incertain
energy ranges. The lower limitof detection can be improved in cases where the background intensity issignificant. However,
the use of primary beam filters also leads to a degradation of sensitivity, and care must be taken to achieve optimum setup
conditions.

5.3 Wavelength-Dispersive X-Ray Fluorescence Spectrometry

5.3.1 PRINCIPLE OF OPERATION-BRAGG'S LAW

As the name implies, the wavelength-dispersive spectrometers employ an X-ray monochromatizing strategy, using Bragg's
Lawof Diffraction, to split the X-ray spectrum into its individual components (or rather, narrow energy bands):

n,1 =2dsin8 [1 3]

where n isthe order of reflection; A. isthe wavelength of the photons considered; d isthe spacing of the crystallographic planes,
and 8 is the angle of incidence (and reflection) with respect to the crystal's plane. In the vast majorityof applications, the first
order (n =1) is used. Fordiffraction of photons with wavelength A. to occur, the angle 8 must be selected such that the product
of 2dsin8equals A.. Bragg's Law can be viewed as the requirement for positive interference of X-ray photons. Consider a
monochromatic and parallel beam of X-rays of a specific wavelength A. with electrical vectorsof equal amplitude in phase along
any point of the direction of propagation. This beam isincident on a crystalat an angle 8. The beam isscattered in alldirections.
However, constructive interference only occurs in those directions for which the phase relationship isconserved. Thishappens
at an angle 8 for incident rays 1 and 2 (see Figure 3), for which the path difference AB+ Be is equal to an integer number of
wavelengths A.. The integer n refers to the order of the diffraction. The most intense diffraction peaks-and thus the highest
measured intensity-can be obtained when n = 1 (first order). Higher-orderdiffractions with n = 2, 3, or 4 do occur, but the
efficiency is low.
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Figure 3. Geometry involving Bragg's law.

5.3.2 DISPERSION

I

II
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The dispersion of a WDXRF instrument can be calculated by differentiating Equation [13J as follows:

dO n
d:t =2dcosO

[14]

Dispersion, is a measure of the angular separation between peaks corresponding to two differentwavelengths. Alarger value
for the dispersion indicates a larger angular separation, thus a smaller (potential) overlap between photons of slightly different
wavelengths. Decreasing the 2d spacing isan obviousway to improve on angular dispersion; the 2d spacing is, however,
determined by the crystal used. Formost of the wavelength range, there are at least two crystals available; the one with the
smallerspacing offers the better angular separation, but typically this involves a loss of intensity. Well-defined crystals with
known 2d spacing are used as monochromators. Alistof commonly used crystals appears in Table 3.

Table 3. Commonly Used Monochromators in WDXRF
Crystal Name Reflection Plane 2d Spacing (nm) Element Range

liF(220) lithium fluoride (220) 0.2848 V-U

liF(200) lithium fluoride (200) 0.4028 K-U

Ge Germanium (111 ) 0.6532 P, S, CI

PEor PET Pentaerythritol (002) 0.8742 CI-AI

Thallium acid .
TIAP phthalate (1010) 2.575 Mg-O

layered synthetic
microstructure 3-12 Mg-Be

Dispersion onlydescribes the angularseparation between two peaks; it does not describethe width ofthe peak, which istypically
referred to as resolution (in other forms of spectrometry) and is calculated from the full width of the peak at half height. The
actual resolution from the detector system has no discernible influenceon peak separation.

The choice of crystal and angle of the detector relative to the crystal determine which elemental X-ray lines may enter the
detector. The main task of the detectors in WDXRF is reduced to counting photons with a known energy, as the use of the
monochromator crystal thus separates the selection of the wavelength of the photons from the actual counting.

5.3.3 DETECTORS FOR WDXRF

Gas-filled detectors: Gas-filled detectors consist of a cylindrical volume filled with a noble gas such as argon (Ar) or krypton
(Kr), and a wire running through the center of the detector (see Figure 4).
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Figure 4. Schematicdiagram of a flow counter.

An incoming photon (represented by its energy hv) can removean outer (valence) electron of one of the inert gas atoms.
Foran argon-filled detector:

The energy required for the ionization, ei' depends on the element; for argon (Ar), about 26 eV is required to create an
ion-electron pair.The total number of such primaryionizations, np, caused per incident photon with energy, E, can then be
calculated using

n =.5.. [16]
P e,

The electricfield between the wireand the outer body will cause the electrons to accelerate toward the anode wire. The
positive ions,on the other hand, will migrate toward the housing.The resulting electricfield givesrise to a cascade of ionization
events.The resultof thiscascadeeffectisasfollows: foreach ofthe individual electronsoriginally created bythe incident photon,
many more electrons are finally collectedat the anode wire (this is called the gas amplification factor and istypically around
104 to 106) , creating a voltage drop that isthen processed by the counting electronics.

The entrance window should absorb as few of the incoming photons as possible, because any photons absorbed into the
window are lostfrom the counting circuit, thus reducing the sensitivity. Large windowswith low attenuation for long
wavelengths can be made from stretched polymers, such as polyethylene or polyester, coated with a conductive materialat
the interiorof the counter to providefor a homogeneous electric field. Such thin windows need a mechanical support to
withstand the pressuredifference caused by the vacuum in the spectrometer chamber. The collimator is usually preferred as a
support because it will also reduce the amount of radiation that isscattered from the crystal or the multilayer.

On the other hand, the polymerwindows havesmall pinholes. Thesepinholesallowthe counting gas to graduallyleakaway.
Such detectors would have only a veryshort lifetime before the counting gas leakedaway or became so contaminated that it
would effectively render the detector useless. To compensate for the leaks, a constant flowof counting gas is used, the excess
of which isvented away out of the spectrometer chamber; such detectors are therefore called flow proportionalcounters (or gas
flowdetectors). Onlya fraction of this flow is leakinqinto the spectrometer chamber, whereas the remainder is leaving the
detector through a tube and isvented into the atmosphere. It isessential for the overall stability of the spectrometer that the
pressureand temperature of the gas are kept constant. Hence, most instruments are equipped with a gas-density stabilizer.

Gasflow proportional counters are the preferred counters for the detection of X-rays with very long wavelengths in
wavelength-dispersive spectrometers. The counting efficiency of the gas-filled detectors isdetermined by the absorption in the
entrance window and the capture efficiency (absorption of the incident radiation) of the counting gas for the wavelengths of
interest.The capture efficiency depends on the path length available within the detector, the composition of the counting gas,
and its pressure.The absorption properties of the window determine the efficiency of the detector at the long wavelengths,
whereas the absorption properties of the gas determine the efficiency at the shorter wavelengths. Considering the typical
dimensions, the nature of the gas, and the pressure, the absorption of the gas as function of the wavelength of the incident
photon can be calculated.Aroundwavelengthsof 0.2-0.3 nm, about halfof the incident photons are not absorbed, reflecting a
low efficiency. This is the main reason why sequential WDXRF instrumentation is equipped with more than one detector.
Scintillation counter: WDXRF instrumentsare generally fitted with a scintillation counter for the detection of shorter
wavelengthsfor which the gas proportional counter is less efficient. The operation of the scintillation counter is based on two
distinct stages: a scintillation crystal and a photo-multiplier tube (see Figure 5).
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Figure 5. Schematicdiagram of a scintillation counter.

In the firststage, the incoming photon isabsorbed by a "scintillator crystal". Ascintillator isa material that emits light when
it is excited by ionizing radiation, such as X-rays. Manydifferent scintillator materialsexist, with different properties regarding
radiation hardness, operating temperature range, decay times, optical properties, and other properties.The most commonly
used scintillator material inWDXRF instruments isa sodium iodide(Nal)crystal, doped with thaffium (TI). The scintillating crystal
isopticallycoupled to a "photo-multiplier", which consists of a photo-cathode and a series of dynodes. In the second stage,
upon impact by a photon, the photo-cathode releases free electrons. These are then accelerated toward a series of dynodes.
Ateach dynode, the impact of the electrons generates more electrons. If10 dynodes are used, the total amplification provided
is about a factor of 106•

The counting efficiency of the scintillation counter is largely determined by the thicknessof the sodium iodide thaffium
[Nal(TI)] crystal. The counting efficiency for a 3-mm-thick crystal is better than 99% for wavelengths of 0.05 nm and longer.
Thisallows the detection of high-energy photons such as Sn Ka. with high efficiency.

The production of light photons ishigher in the scintillation detector than the number of electron-ion pairscreated ina flow
counter; this should lead to a better resolution. However, this advantage is cancelled out by the lowyield of photo-electrons
by the photo-cathode, where lessthan 1 electron isfreed for every 10 incident light photons. Compared to the gas-filled
counters, the resolution of a scintillation counter isworse.

The use of the WDXRF technique (typically with power in the kW range) for organic matrixsample analysis islimitedbecause
heat generated by the X-rays may be sufficient to induce significant specimen alteration, such as browning or burning of the
sample surface. Furthermore, even ifthe sample is measured for a veryshort time by WDXRF, the heat imparted to the sample
surface may induce the lossof volatile elements [e.g., mercury (Hg) and selenium (Se)]. The WDXRF technique is, however,
perfectlysuited to measure inorganic materials that can withstand elevated temperatures. Examples of common inorganic
materials that are suitable for WDXRF measurement are calciumcarbonate (CaC0 3) and sodium chloride (NaCI).

5.4 Energy-Dispersive X-Ray Fluorescence Spectrometry

5.4.1 PRINCIPLE OF OPERATION

The energy-dispersive XRF technique typically involves simultaneous detection of photons of differentenergies that are
emitted by the atoms in the sample. The detector determines both the photon's energy and the intensity, which isthe number
of photons per unit of time. To provide adequate resolution for distinguishing between characteristic linesand overlapping
linesfrom other elements, most EDXRF instruments are equipped with a high-resolution detector and a multi-channelanalyzer
(MCA). The MCA essentially provides a histogram representation of the spectrum. High-end instruments use sophisticated
calculation (deconvolution) algorithms to identifythe peaks (l.e., to establish the presence of certain elements) and to obtain
intensitydata from the histogram. EDXRF istheoretically a simultaneoustechnique because it measuresthe complete spectrum
in a single counting phase. However, significantimprovementsin performance can be achieved by measuringthe sample using
two or more.different excitation conditions, each optimized for a certain energy range.

Compared to WDXRF, the design of an EDXRF spectrometer is much simpler because it lacks a high-precision goniometer
and the associated collimators. The positioning of the detector relative to the sample is very simple; the most obvious
requirement is that there should not be a direct path between the anode of the X-ray tube through the entrance window of
the detector onto the active body. Distances between the X-ray tube window and specimen, and between the specimen and
detector entrance window, can be small, in the order of 1-2 cm. Furthermore, as only limitedcollimation is required, the angle
of acceptance of the photons from the specimen can be quite large. Low-powerX-raytubes with ratings up to 50 Ware used.
Because of the inherent simplicity of their design, wide variation of systems with varying capabilities exists. Atypicalspectrum
on an energy-dispersive spectrometer is shown in Figure 6. The energy on the horizontal axis increases from left to right. The
peak shape is nearly perfect Gaussian.
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Figure 6. Energy-dispersive spectrum of a brass specimen. From left, the peaks are due to Cu Ka, Zn Ka, Cu K~, and Zn K~.

The horizontal axisisenergy and the vertical axisis in counts per channel. Thisspectrum was recorded at 75,000 cps with 50 kV
and an Ag primaryfilter to reduce the background. The full width at halfmaximum (FWHM) isabout 165 eVat the Cu Ka peak.

5.4.2 DETECTORS

The resolutionof the detector systemdetermines both the peakwidth (expressedas FWHM) and the peakseparation. Systems
may be equipped with gas-filled, solid-state, or semi-conductor detectors. The three most common solid-state detectors used
are the following:

• liquid nitrogen-cooled silicon-lithium drifted Si(li)
• liquid nitrogen-cooled germanium detectors, such as the LeGe and HPGe
• Detectors based on intrinsic silicon, such as the PIN (positive, intrinsic, and negative) detector and the SDD (silicon drift

detector).
The firsttwo types of detectors allowfor high photon-capture effkiency but require relatively bulky, well-insulated containers

(Dewar)for the liquidnitrogen. Thesedetectors are generallyrather large,which improvessensitivity, and thick,which improves
capture efficiency for high-energy photons. They are typically found on floor-standing equipment. Bench-top systems are
equipped with detectors that are based on intrinsic silicon. These types of detectors do not require cooling to temperatures as
lowas the other two categories; temperatures between _25 0 and -150 are acceptable. Peltier-cooling or electro-thermal cooling
issufficientto reach those temperatures. The detectors are smallerand thinner than their bulksiblings. Older equipment might
still be using so-called PIN detectors, but allof the newer equipment tends to be equipped with an SOD. The SODs have much
better resolution and can be used at much higher intensities than the PIN detectors, which are typically limitedto about 220 eV
at Mn Ka. The SDDs combined with state-of-the-art electronics have a resolution (expressed as FWHM) of better than 145 eV
at Mn Ka. Thisiscomparable to liquid nitrogen-cooled semi-conductor detectors. Aword of caution isrequired as the resolution
worsens with increasing count rate or intensity. Most manufacturers therefore specifyresolution at an impractical, low count
rate of 1,000 or 2,000 cps.

5.5 Polarized X-Ray Spectrometry

5.5.1 PRINCIPLE OF OPERATION

The most elaborate EDXRF spectrometers use polarization or a secondary target to modifythe spectral distribution of the
X-ray source; the aim is to reduce, or ideally eliminate, the intensity of the continuum background. Thiseffort is a logical
consequence of Equation [3J. Due to the fact that the major component of the background isscattered tube radiation, one
method of preventing radiation from the X-ray tube from reaching the detector system is the use of polarized radiation. These
systems have applications in the analysis of,for example, residuesof palladium (Pd) catalystinsome pharmaceutical ingredients.

5.5.2 POLARIZED RADIATION AND POLARIZING TARGET

The orientation of the electricfield vector, E, of the photons generated in an X-ray tube is random but always perpendicular
to the direction of propagation. Using a Cartesian coordinate system, with the z-direction coinciding with the direction of
propagation, the two components of the electricfield vector in the x-direction (denoted by Ex) and y-direction (Ey) are identical
and obey the following relationship:

The component along the axis of propagation, Ez iszero; this is because electromagnetic radiation isa transversewave. After
coherent scatteringin the yz plane, the field vector of photons traveling in the y direction, Ey, isalso reduced to zero. Thisbeam
of photons, allwith their electricfield vector parallel to the x-direction, isdirected at the sample and interacts in the usualway.
The photons cause ionizations and can be scattered, but they cannot be scattered in the direction along the x-axis, because
the electric field vector cannot have a component parallel to the direction of propagation. Ifthe detector is now placed
somewhere along the x-direction (still in the same frame of reference), the background issignificantly reduced because the
main contribution (Le., scatter from the incident radiation) is absent. The process is inefficient because there is no active
polarization; it is entirely achieved by suppressing one component of the electromagnetic wave, thereby significantly reduclnq
its intensity. Therefore, high-power X-ray tubes are used.
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!h~ LJs~ ofsec()llcJ9ry targ~ts in ~n~rgy:dispersivespectrQmetryhas been widespread for high-power instrumentatioA; The
aim is to reduce the background, thus improving the lower limitof detection. When electrons decelerate, they generate
Bremsstrahlung ofa continuous nature; however, photons do not generate Bremsstrahlung. The principle behind an instrument
equipped with secondary targets is to use a classic X-ray tube to provide a beam of X-rays (including the troublesome
continuum) and direct it at a secondary target, which is typically a metal. The radiation emanating from the secondary target
will consist of the veryintense characteristic radiation corresponding to the nature of the target and scattered continuum. The
intensityof the scattered background is relatively low, especially when the target material isa metal of medium-to-high atomic
number. There is no additional continuum created by the incident photons, but a tiny contribution to background radiation is
created by the high-energy photo-electrons. The radiation from the secondary target isdirected at the sample for excitation
purposes. The spectrum from the sample is composed of the characteristic linesfrom the elements present, the scattered
characteristic radiationfrom the secondary target, and the concomitantly scattered continuum from the tube. The latter
contribution isveryweak because it has been subjected to two scattering events, one at the secondary target and another one
at the sample. Ifthe instrument isequipped with a selection of secondary targets, then significantimprovements in the lower
limitof detection can be obtained. The two-step process requiresa higher-power X-ray tube to get the same fluxat the sample
when compared to direct excitation, so it is generally not incorporated into bench-top instrumentation. Currently, secondary
targets are often used in combination with polarization targets. This combination isstraightforward, because both types of
targets can use the same geometrical arrangement.

5.6 Total Reflection X-Ray Fluorescence Spectrometry

Another variety, total reflection X-rayfluorescence (TXRF, alsosometimes abbreviated to TRXRF), specializes in the analysis of
infinitely thin and extremely homogenous samples derived from liquids. Typically, TXRF instrumentation employs an X-ray
source, which is directed at the sample under a verysmall angle with respect to the surface. The detector is typically placed
above the sample at a 90° angle. The TXRF technique commonly uses internal standards (mixed into the unknowns) and
geometrical relationships to determine elemental concentrations.

6. QUALITATIVE XRF ANALYSIS

This section applies to both WDXRF and EDXRF.

6.1 X-Ray Spectra

Qualitativeanalysis by means of X-ray fluorescence is relatively simple because the characteristic linespectra of the elements
are simple and are not affected by chemical bonding; Le., these spectra are truly elemental. Forqualitative (and quantitative)
analysis, the main lines are those from the K- and L-series. The K-Iines resultfrom electron transitionsafter one of the K-electrons
has been expelled. Due to quantum mechanical selection rules, not all transitions are allowed. Transitions from the L-shell to
the K-shell are limitedto transitions involving .L2 and L3, as radiative transitions between the L1-shell and K-shell are forbidden.
These transitions are the most probable, leading to the most dominant line in the spectra. For most elements, the energy
difference between the L2-shell and L3-shell is rather small (in the order of a few eV), so the emitted lines are typically not
separated and simplyconsidered a doublet. Radiative transitionsfrom M-and N-shells to the K-shell are also occurring. These
give risetoa 'more complex part of the K-spectrum. In practice, however, only the K~1,3 doublet (resulting from transitions
between M3 and Kand M2 and K) isof importance. The relative intensity between the Kn and the K~ varies from 1 in 1,000 for
sodium (Na) to 1 in 6 for plutonium (Pu), with the Ka. always being the most intense line of the series.

The Ka.-Iine isgenerated by an electron transition from an electron in the L3 shell,following the removal of a K-shell electron.
The Ka.-Iine is the most dominant line in an element's series.The Kelectrons of an element, however, have the highest binding
energy of all electrons in the atom, and thus are only excited by high-energy incident photons. This isgenerallynot a problem
for the low-and middle-atomic number elements, but excitationof the K-Iines of elements with atomic numbers above 50, for
example, might not be possible, as the excitation potential is higher than the maximum operational voltage on most X-ray
tubes... .

Whereas the K-Iine spectra are typically limited to two lines only, the situation for the L-series spectra ls more complicated.
For lead (Pb), a total of 46 L-Iines are listed in Bearden [2]. Manyof these are weak, or are doublets. For qualitativeanalysis,
not all of these linesare to be considered. In all cases, it is important to realize that ifthe K~ is visible, then the Ka. must be
visible too and must have a higher intensity. .

6.2 Qualitative Analysis

Qualitativeanalysis typically consists of a few simple steps. After the spectra have been collected, the background is
subtracted. Thisbackground subtraction can be done in a separate step, or it can be done in conjunction with a peak search
algorithm. Afraction of these photons propagate in the direction of the analyzing crystal (WDXRF) or directlyto the detector
(EDXRF). Next, a peaksearch is performed, and finally, these peaksare identified, l.e., each isattributed to a particularelement.
Efficient algorithms for qualitative analysis lookfor the presence of each element, rather than trying to identify each peak. This
is differentfrom X-ray diffraction, where each peak is checked for a match with a phase. In this method, the peak search is
performed first. Then, for each element, the presence of the Ka.l,2-doublet is verified. Ifthis line isfound in the spectrum, then
the weaker linesof the same series (K~l 3and K~2) are investigated. Note that all characteristic lines in the same seriesshould
appear, except in cases where the intensity of a weaker line is similar to the intensity of the background. Forelements with
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higher atomic numbers where the K-Iines are not excited(or not detected due to limitations indetection hardware)the process
starts with the L-Iine spectra. The intensityratiosof, for example, Ka to K~ are listed in several databases [8,9]. The tabulated
ratiosare for the "isolated" atom; they reflect the intensities as obtained from an atom without any matrixeffects. These ratios
caffDeCofrecledqUite easilyfor matriX effects, .eveiiirithecaseofOverfappiilgliiles:OilIyelemeillslhafare preseilfaltface
levels (with intensities comparable to the standard deviation of the background intensity) are usually deemed "not present".
Note that, in principle, line interference between elements is not much of a problem in qualitative analysis; this isdue to the
fact that inqualitative analysis, manymore data pointsthat coveralternative lines are available. Hence, establishing the presence
of elements is not impacted as much as one would suspect. Also, in energy-dispersive spectrometry, where the lineoverlapis
most severe, adequate correctionscan be performed because the peak shape is rather well known.

7. QUANTITATIVE XRF ANALYSIS

7.1 Selection of Analytical Line

The characteristic emission spectra of most elementscontain several lines. The choiceofan analytical linefor a givenelement
is largely dependent on three factors: the concentration of the element in the sample, the potentially interfering lines, and the
excitation capabilities of the spectrometer. In most cases, the Ka emission lineof an element is preferred. When the excitation
of the K-Iines is not possible due to limitations of the tube and/or generator, the use of L-Iines, with their lowerenergy, is
necessary. Use of the La-line (when the Ka-Iine isnot excited)does not involve much of a detriment becausefor those elements,
the intensityof the L-Iines isquite high. Also, the detection efficiency of the L-Iine photons is then much higher than that of
the high-energy K-Iines of the same element. Forelements with high atomic numbers (i.e., Z larger than about 72), the L~
offers a verygood alternativeto the Laand these lines have comparable sensitivities.

In general, on a typical WDXRF instrument, all elements with atomic numbers up to 56 are measured on their Ka-Iine. For
elements with higher atomic numbers, the La-line isused. ForEDXRF spectrometers equipped with SDD-using generators (and
tubes) with a maximum voltage of at least 30 kV, K-Iines are available to measurefor elements up through about Z = 47; the
L-line spectra are used for all elements with higher atomic numbers. The exact point at which the switchover occurs between
the K-Iine and the L-Iine spectra depends on factors such as the application and the anode material of the X-ray tube used.

Quantification procedures are carried out using routine spectroscopictechniques involving the measurement of blanks and
standards ofvarying elementalconcentrations.The measured intensities are then correctedfor backgroundand for lineoverlap,
ifrequired. Ina number of cases, a straightforward linearrelationship between the intensityof the analyteand itsconcentration
can be established. This isespecially the casewith lowconcentrations in a constant matrix. In the more general case, however,
correctionsfor matrixeffects are required. Matrix effects are not the limiting factor in the precision of the final analysis, but they
must be accounted for in order to obtain an accurate measurement.

7.2 Matrix Correction Techniques

7.2.1 ORIGIN OF MATRIX EFFECTS

XRF is typically applied to condensed samples, without resorting to dissolution of the sample in an abundance of acids or
other solvents. Thus,the samplesremainconcentrated, incontrast to manyother techniques. Because of this,the XRF technique
is prone to matrixeffects, in that the relationship between the intensity of a particularanalyteand itsconcentration isgenerally
not as simple and straightforward as with diluted specimens. With the latter, this relationship between concentration and
intensity isoften expressed as a straight line. However, the presence of other elements at high concentrations can cause
deviationsof this straight-line relationship. The physics of X-ray emission and detection iswell understood and relatively simple
for bulk materials, and this provides a solid theoretical basis for a mathematical description of matrixeffects. Matrix effects can
thus be described accuratelyand correctly using a variety of mathematical techniques, and several methods have been
developed to address them. Two main matrix effects can be distinguished and are discussed below-absorption and
enhancement.
Absorption: Absorption as a matrixeffectoccurswhen the matrixelements and the analyteelement havedifferentabsorption
propertiesfor the characteristic radiation of the analyte.Ifthe massattenuation coefficient ofone or moreofthe matrixelements
is largerthan the massattenuation coefficient of the analyte, the matrixwill absorb more of the analyte radiation than expected
and the measured intensityof the analytewill be lower. This results in a concavecalibration curve. If, on the other hand, the
absorption of the matrix elements is lower, a higher intensity of the analytewill be measured and a convex calibration curve
will be observed. Absorption as a matrixeffectcan be large, reducing the intensity by as much as 100% (and more) or
"increasing" it by as much as 10%, depending upon the analyteand matrixelements. The magnitude of the absorption effect
depends on the wavelength of the analytical lineconsidered and the composition of the specimen. In a given specimen, the
absorption effectcan be significant for the characteristic lineof one analyteand rather insignificant for another. The absorption
effect can also differ significantly for the same analyte when measured on two differentcharacteristic lines.

The three processes that cause absorption are the photo-electric effect, the coherent scatter, and the incoherent scatter. In
general terms, photons with a given energy will be absorbed more with increasing atomic number of the absorbing element.
Also, the absorption by a given element decreases in a steady, smooth manner when the photon energy increases. However,
when the photon energy exceeds the binding energy of electrons in an innershell, the photo-electric effect(see 3.1 Ionization
and the Photo-Electric Effect) causes an increase in absorption. This leads to discontinuities in the absorption curve at energies
corresponding to the binding energy of the electron levels. These discontinuities are called absorption edges; the energy at
which the absorption edge occurs isequal to the binding energy of the electron shell concerned.
Enhancement: Enhancement asa matrix effectisthe process wherebythe characteristic radiation ofmatrixelements isabsorbed
by atoms of the analyte, subsequently causingcharacteristic radiation of the analyte.The intensity of the analyte is thus
enhanced, which leads to concave calibration curves. For a given analyte, all characteristic lines from the same series are
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enhanced to the same degree. This is because the root cause of the enhancement is the photo-electricabsorption of radiation
from matrix elements. The effect of enhancement is typically smallerthan that of absorption. It is most pronounced in alloys
of the first-row transiti?~el=r11=~t~/\t\'~=reit~~nr~a~~??~.ln r11~~}' (Jt~~r ~ppli<:Citi()r1s,tt1~~r1t1Cir1<:~I11~r1t ~ff~<:tissl11 Cill~r'~Llt
isstilf important enough to warrant consideration and correction.

7.2.2 FUNDAMENTAL PARAMETER METHODS

The physical processes involved in absorption and excitationin XRF are well understood and easy to model mathematically.
All entities required are listedin a varietyof tables and databases;The calculationswere previously tedious and time consuming,
but with the current computing power available, the calculation effort is no longer an obstacle. Fundamental parameter
methods are based on the underlying physical processesgoverning X-ray fluorescence, including the specifics of the
instrument's geometry, the anode material of the X-ray tube, the voltage on the tube, and the composition of the specimen.
The derivation of the equations is beyond the scope of this chapter, but is addressed by Criss and Birks [10] and Shiraiwa and
Fujino [11].

7.2.3 COMPTON CORRECTION

The useof Compton scattered radiationasa means to correctfor matrixeffects(aswellasfor variations insample preparation)
has been described by Reynolds [12] and Taylor and Andermann [13]. The Compton correction is based on the fact that the
intensityof incoherent (or Compton) scatter is inversely related to the mass attenuation coefficientof the sample. In practice, a
high-energy characteristic linefrom the tube anode is used. Measuring the intensity of the Compton scattered tube line thus
reveals informationabout the absorption properties at the wavelength of the Compton scattered line. Atfirstglance this seems
to be of limited use, but in the field of X-rays, valuesof the massattenuation coefficients for the same sample at different
energies/wavelengths are proportional. This relationship, and the fact that absorption is the major source of matrix effects,
explainswhy the Compton correction is a powerfulcorrection method in a varietyof matrices.

It is, however, not generallyapplicable and will fail in caseswhere there are significantabsorption edges between the
wavelengths of the Compton scattered radiation, at the wavelength of the analytical line used. The correction is based on the
relationship between Compton scatter and the sample's absorption properties, and it does not correct for enhancement.

"1.2.4 INFLUENCE COEFFICIENT ALGORITHMS

Matrix correction methods based on influencecoefficients have the general format:

c, =K,I, [1+ ~afCI] [18]

(based on Lachance and Traill [14]) where C, and Cj are the concentrations of the analyte i and the interfering element j,
respectively, and aij is the influencecoefficient, expressing the influence of interfering element i on the analyte i. All
concentrations are expressed as weight fraction. The summation in Equation [18J has n - 1 terms, for a sample consistingof n
elements or compounds; this isa simple yet essentialfeature of the algorithm. The same set of equations with n terms in the
summation would lead to a homogeneous set of simultaneousequations, from which only ratios rather than absolute values
could be derived. .

Because the sum of the concentrations of all elements (whether they are measured or not) in a specimen always totals 1,
one element can be eliminated. Most influence coefficient algorithms in software are based on this equation, however they
may differ in how the values of the coefficients are calculated. .

7.2.5 EMPIRICAL INFLUENCE COEFFICIENTS

Lachance and Trail! [14] indicate that the value of the coefficients should be calculated from theory, but they only providea
simple and limited method that fails to consider enhancement or the polychromatic nature of the incident beam. Therefore;
in many casesthe coefficients were determined usingmultipleregression methods. Manyearlyvariations on influencecoefficient
algorithms were based on regressiontechniques that were used to calculate the value of the coefficients. However, the use of
regression methods should be discouraged as they often lead to overly optimistic indications of precision and then often fail .
during validation. This is especially problematic if not enough certified reference materialsare used in the calibration.The
minimum number of standards used should be at least 3 times the number of parameters. Each of the influencecoefficients
whose value is determined by regression consumes one degree of freedom, as does the determination of slope and intercept.

The total number of parameters to be determined can grow rapidlyfor a single analyte. Forexample, assume that there are
three interferingelements, and thus with slope and intercept, a total of five parameters need to be determined. This requiresa
minimum of 15 independent and uncorrelated standard samples.Note that replicatesof the same standard sample do not count
as individual samples, but instead count as a single one; this isa common source of error. Also, care must be taken to ensure
that the standards are uncorrelated. Thisimplies that a seriesof dilutionsfrom a given standard cannot beused when empirical
influencecoefficients are to be determined. In a dilution series, two (or more) components A and B increase (or decrease) in
the same direction. Thus the effect of component A on the intensityof the analyte cannot be distinguishedfrom component
B's effects, leading to erroneous valuesfor the influence coefficients.
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7.2.6 THEORETICALLY CALCULATED INFLUENCE COEFFICIENTS

De.Ionqh [151wasthefirsttopubltsh·amethod·detaifingthecakulatfonofinfluence·coefficients; usingtheory only to
eliminatea compound other than the analyte.The algorithm isstill in common use today. The eliminated compound can be
the non-fluorescing matrix, such as cellulose, or the matrixwhen itsconcentration isnot certified. Note that the concentration
range over which the algorithm delivers precise results is rather limited when the matrix effects are severe. This is a direct
consequence of the fact that the values of the influence coefficient are calculatedfor a particular compositionof the sample.
Forroutine analysis involving relatively limited concentration ranges, the algorithm delivers excellentresults. Incontrast to the
situation where the valuesof influence coefficients are determined by regression (see 7.2.5 Empirical Influence Coefficients) it is
feasible to calibrate using dilution series.

7.3 Measurement Method Development and Calibration

7.3.1 OVERVIEW-

Once the elements of interest have been identified, the spectrometer measurement parameters must be set appropriately.
This involves determining the "ideal" measurementconditions for each element. The list of parameters to be selected for each
analyte can include, for example, the voltage and current on the X-ray tube, the crystal and the collimator (WDXRF), the type
of primarybeam filter(ifused), and other parameters. Forelements that are similar inatomic number, the settings will be quite
similar. The precision of XRF measurements is theoretically limited by the CSE. It has been shown that the CSE of a
measurement of N counts (photons) isgiven by the square root of N. It is a generally accepted practiceto determine the
measurement times that obtain an acceptable CSE for each element of interest. Sample preparation errorsand the CSE are the
largestcontributors to the total analytical precision. Once the measurement time has been established, it is important to ensure
that the background positionsand methods for peakfitting are also appropriate. .

After the net intensities of the elements of interest have been obtained from a suitablenumber of referencestandards, a
calibration can be performed. Forlowconcentrationsof analytes in an otherwise constant matrix, linearregression may be
appropriate. When evaluatingspecimenswith higherconcentrations of analytes, the calibration also involves correctionfor
matrixeffects. Thefact that the EDXRF technique is not capable of measuring the organicconstituents of an actual
pharmaceutical composition isof littleconcern. This iscertainlytrue ifthe compositionof the matrixisconstant, and ifthe total
content of measurableelements is low. Butifthese two conditions are not satisfied, the difference in scattering properties can
result in calculation errors if not corrected. Fortunately, there are numerous strategies that accommodate these differences,
such as the fundamental parameters method or the Compton correction method. The nature of matrixeffects, as well as
methods to correct for them, have been discussed above. The application of these methods to calibration and analysis of
unknownswill be discussed in the sections below.

7.3.2 CALIBRATION USING INFLUENCE COEFFICIENT ALGORITHMS

Calibration using influence coefficients is rather straightforward. Once the values for the coefficients have been calculated
for each of the standard samples, the summation

can be calculatedwhere for standard samples, the concentrations, Cj ' are known. Thevalueof M;for one standard sample will
be differentfrom the valuefor another standard sample,and it does not matter whether the difference issignificant or slight
(large or small). If adequate correctionsfor background have been made, calibration isthen represented by

C;= K;I;M; [20]

where the product of the measured intensity, I;, and the corresponding valuefor the matrixeffect,M;,are regressedagainst the
given, knownconcentration, C;, to determine the slope, K;. Thisequation assumes that the intensity, I;, is properlycorrected for
the background. In those cases where the intensity of the background isconstant between samples and standards, a slightly
modified equation can be used:

C, =B; +K;I;M; [21]

where B, isthe intensityof the background. Inthiscase, both Bj and K, are determined by regression analysis. Insituationswhere
the background intensityvaries significantly between samples, or between samples and standards, proper background
correction must be applied to the measured intensities, and the corrected intensities must be used for the calibration.

7.3.3 CALIBRATION USING COMPTON CORRECTION

Inthiscase, both the intensityofthe analyte, I;, and the intensityof the Compton scattered line, 10 are measured.The intensity
of the Compton is inversely proportional to the massattenuation coefficient [12], or

M1 =2. [22]
Ie
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Combining this with Equation [20J leads to

USP 43

The intensityof the analyte and the Compton line are measured on a suite of standard samples and regressed against the
analyte concentration to determine the valueof the slope of the calibration.Abackgroundfactor, BI, can be determined aswell.

7.3.4 CALIBRATION USING FUNDAMENTAL PARAMETER METHODS

The physical processes involved in absorption and excitation during XRF are well understood, and it is possible to calculate
the value of the matrix effect based on several factors: the composition of the sample, the type and settings of the tube, the
geometry of the spectrometer, and the fundamental parameters:

MI = f(C/, Cj, ... ,Cmtube, geometry, fp) [24]

Thisvalue of MI is calculated for each standard and for each analyte of interest, and then applied in the usual manner.

7.3.5 INTERNAL STANDARD METHOD

Analternative to the methods described above isthe internal standard method. Afixed quantity of an element s (other than
the analyte I) isadded to allspecimens. The element s ischosen such that it is not present in the specimens, thus ensuring that
its concentration is the same for allspecimens. In the absence of matrix effects, the measured intensityof its characteristic
radiation would also be constant. Anyvariation in its intensity (other than the variation resultingfrom the counting statistical
error) isattributed to the presence of matrix effects. The idea is to choose the internalstandard element s in such a way that
the intensity of its characteristic radiation is subject to the same matrix effects as the intensityof theanalyte element under
consideration. Both intensities-of the analyte and of the added element-increase (or decrease) in proportion to one another
depending upon the matrix effect. Equation [22J can be modifiedfor the internal standard element s:

c, =Ks/sMs [25]

In this equation, C,is a constant. Taking the ratio of Equation [20J and Equation [25J and solving for the only unknown, C/,
yields .

C. = KI MI Cs !L [26]
I KsMs t,

It isimportant to note that the terms of the firstfraction in Equation [26Jare either allconstants (KI, Ks' and Cs) or are proportional
to one another (M/MS>. Equation [26J can thus be reduced to

(I = Ktt [27]
s

where all of these constants are collated in a single variableKt.
The main challenge in applying this method isthe selection of the element to be used as the internal standard. This element

must not be present in the specimens (or at most, present atvery low levels that will not interfere with the analysis). Also, its
characteristicradiation must be subject to the same matrixeffectsas the analyte(s)of interest, and itsemission spectrum should
not cause interference. In particular,care must be taken to ensure that the analyte element and the internal standard are both
subject to (or both not subject to) enhancement by a matrix element. In the same fashion, when the analyte is in the presence
of matrix elements that strongly absorb the characteristic radiation of the analyte, the same should apply to the characteristic
intensity of the internal standard element.

When the samples are organic matrices typicalof pharmaceuticals, it is easy to satisfythe essential requirement that the
characteristic radiation of both the analyte(s)and the internal standard are subject to the same matrix effects. These organic
matrices do not exhibit characteristic radiation of their constituent elements, which makes it easier to find a suitable internal
standard element. Asimple guideline is to choose an element that is not present in the samples and that has an emission line
close to the one of the analyte's (With regard to either wavelength or energy). The characteristic lines themselves do not have
to be the same or even from the same series, and the method also workswhen the analytical line isa Ka and the line of the
internal standard is, for example, an L~. It must be noted that there is no requirement for the internal standard element to be a
pure element. Stable compounds that are easily soluble in a solvent can be used. The solvent is, in many cases, the same as the
base material of the specimens and the calibrationstandards. Ifmore than one internal standard element is to be used, it is
recommended that both elements/compounds are added in a single internal standard solution, to minimize errors.

7.4 System Suitability Criteria

Performancecharacteristics that demonstrate the suitability of an XRF method are similar to those required for any analytical
procedure. Adiscussion of the applicable general principles isfound in Validation of Compendial Procedures (1225).
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7.4.1 LIMIT OF DETECTION AND LIMIT OF QUANTITATION

with Inet representing the net count rate at the concentration, C; Ib as the count rate of the background; and tb as the background
measurement time. It is noteworthy that the detection limitwill improve with the square root of the measuring time.

The limitof quantitation can be estimated by calculatingthe standard deviation of NLT sixreplicatemeasurements of a blank
and multiplying by 10. Other suitable approaches may be used (see (1225».

7.4.2 LONG-TERM STABILITY AND DRIFT CORRECTION

Under standard operating conditions, instrumental drift of X-ray spectrometers is less than 1% relative and can be as small
as 0.1% relative for high-end instrumentation inwell-maintained laboratoriesover the same time period.Tomonitor instrument
drift,one or more stable sample(s)with reasonable intensities (to minimize the CSE) for the analytesof interestcan be measured
on a regular basis. It isnot necessaryto use in-typedrift correction samples. It iscommon to use glassysamplesand alloys. Most
instruments have drift correction routines within the software, and because XRF is a very robust technique, it may only be
necessaryto utilize a drift-monitoronce per month. However, it isrecommended that most laboratoriespracticedrift monitoring
more frequently.

7.4.3 ANALYSIS

Once a method has been established through the calibration procedure, a sample analysis may be performed. It isessential
to ensure that samplesand standards are treated inexactlythe same manner. Thisincludesspecimen preparation and specimen
presentation to the instrument. .

7.4.4 CALCULATIONS AND REPORTING

In the event that the free-pressed-pelletsample method is used (l.e., pressed without binder), the spectrometer results
represent final sample concentrations, and no further calculations are required. Similarly, both loose powders (i.e., pure, fine
materials)and undiluted liquids measured in disposable sample containers require no further calculation and the spectrometer
results represent final sample concentrations. Anymaterial that has been diluted, such as a liquidor pressed pellet, will require
additional calculation. Most modern XRF instrumentation comes with software packages that includecalculation functions that
accommodate dilutionfactors and automaticallyback-calculate sample concentrations. Fordiluted, pressed-pellet samples, the
reported units may be weight % or ppm. The actual units for the concentrations are of little importance, as long as care has
been taken to work with the proper conversionfactors. Ifa calibrationfor liquid samples is setup to deliver results in J.Jg/mL,
the final concentration of a given element can be calculated in J.Jg/g from the solution element concentration in J.Jg/mL.
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(1736) APPLICATIONS OF MASS SPECTROMETRY

1. INTRODUCTION

Massspectrometry (MS) is an integral part of modern pharmaceutical research and development in academic, industrial,
and clinical laboratories. Trace analytical measurement (both qualitativeand quantitative), specifically the demand for .
trace-mixture analysis, has increased the need for this powerful tool. In many cases, the analytical demands of trace-mixture
sample analysis has made MS the method of choice for qualitative and quantitative assays for target analytes such as proteins,
peptides, drug substances, metabolites, impurities, and degradation products. Because of its analytical capabilities, MS has
found widespread application in the pharmaceutical industry. Specifically within the compendial context, MS has been, or has
the potential to be, applied to both qualitative(identification tests) and quantitative measurements (assays).

Forqualitative tests, MS-based methods can provide molecular mass information via the detection of the molecular ion or
ions related to the molecularmassof the analyteas a firstlevel or step of identification. Avarietyof instrumental methods permit
molecular mass determinations for a wide range of materials, up to and including large biomolecules (e.g., proteins) and
polymers. Alongwith the molecularmass information, MS also can provide unique structural information via the generation of
fragment ions. The diversity of fragmentation approaches available in modern MS allows structurally significantfragmentation
approaches for a wide varietyof compendially relevant materials(e.g., small moleculesand peptides).

Molecular mass thus can become a surrogate for confirmationor can even be used for the identification of a targeted
compound, particularly when used in conjunction with an authentic standard or a chromatographic method. Advancedstudies
that involve one or two more dimensions of mass analysis also can be used to obtain specific structural detail (fragment ions
that correspond to structurallyunique portions of the target molecule)or more selectivity to enable powerfulapproaches for
quantitation. Moreover,higher resolutionmethods that feature massspectrometry and chromatography can routinelyprovidea
benefit to the scientific community. . .

. Modern analytical MS includesa diverse range of available instrumentation and experimental approaches. The specific mass
spectrometer, and, of course, specific chemistries (l.e., sample preparation, chromatography, and ionization) define the final
analytical procedure.

2. MASS SPECTROMETERS

The followinq sections describe the principles of MS, including the general layout of modern MS instrumentation used in
the pharmaceutical industry and the specific components (sample introduction, ionization, and mass analyzer). Thissection
also includes a briefdescription of the operational modes of a mass spectrometer, focusing on fragmentation production and
analysis.

2.1 Overview

Analytical measurements that use MS generally involve the following processes: sample preparation, chromatography or
sample introduction, ionization;and mass analysis and detection. The resulting output from the massspectrometer isdepicted
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in a massspectrum, a surveyof ions made in the ion source, and is represented in a graphic representation of mass-to-charge
ratio (m/ z) versus intensity.

lons~r~ sep~rate~by apr(Jp~rty (Jf rllass suc~ as »!z, vv~ere rr1 ist~~rllass (Jft~~i(Jrl arl~ ~ ist~~ rlurll~~r of c~arg~s (In t~e
ion. The method by whichionsare separated typically definesthe massspectrometer type. Regardless oftype, the massanalyzer
separates ions according to the mlz. The mass analyzer continuously acquires data across a predefined range of masses to
generate the resulting massspectra.

2.2 General Layout

Ageneral layoutof a massspectrometer platform for pharmaceutical analysis isshown in Figure 1. Samples are prepared
via a procedure defined for the specific sample and analyte.The resulting sample then is injected into the massspectrometer
via a chromatographic systemsuch as high-performance liquid chromatography (HPLC) or gas chromatography (GC) or via
direct injection. From the inlet, the discrete analytesare ionized for subsequent analysis by the massspectrometer. All mass
spectrometers requirefour components:

1. Sample introduction technique
2. An ionization source to charge the analyte
3. Amass analyzer to separate the analyteson a mass/charge (m/ z) scale
4. Adetector to measure the ions.

Separation Detection Mass Spectrometric Analysis

HPLC uv· Tandem
Mass Spectrometer

Figure 1. General MS system. HPLC =high-performance liquid chromatography; UV=ultraviolet detector. (Courtesy of
Milestone DevelopmentServices, Newtown, PA)

MS can be categorized by the dimensionsof mass analysis: "single-stage massspectrometers, hybridor tandem mass
spectrometers (MS/MS), and multiplestages of massanalysis (Msn). These massspectrometer formats are described in this
section.

2.2.1 SINGLE-STAGE MS

Asingle-stage mass spectrometer provides one dimension of massanalysis. As shown in the schematic in Figure 2,a single
massspectrometer can be viewedsimply as providing a survey of all ionsgenerated in the ion source. For example, ifa
1O-componentmixture isinjected into a chromatograph and each component isseparated with adequate resolution, then the
massspectrometer would providediscrete measurement of mass-to-charge of each of the 10 components. The resulting mass
spectrum of each component isgenerated for subsequent interpretation and assignment of molecular mass.
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m/z
Figure 2. One-dimensional MS scan. Q1 =single-stagemass spectrometer or a singlestage ofanalysis. (Courtesyof Milestone

Development Services, Newtown, PA)

2.2.2 TANDEM MASS SPECTROMETRY (MS/MS)

Asystem capable of carrying out two sequential m/z analysis events (i.e., a tandem mass spectrometer) provides increased
selectivity for detailed structure elucidation or quantitative analysis.

2.2.3 MULTIPLE STAGES (MS n )

A unique feature of some MS formats is the capabilityto perform multiple stages of MS and to generate further fragment
information. These mass spectrometers are capable of isolating (In ion of interest, inducing fragmentation, isolating a specific
product ion and then repeating this process on the resulting or selected product ion.

2.3 Sample Introduction

Several approaches can be used to introduce the sample into the mass spectrometer. The direct, infusion, and
chromatographic procedures are described in this section. .

2.3.1 DIRECT INTRODUCTION

Forsome sample types and applications, a direct insertionprobe isused to introduce the sample into the mass spectrometer.
The sample, usually a pure compound or relatively pure compound, isdissolved in an appropriate solvent. Asmall amount of
the sample (typically 1 J..IL or less)isdeposited onto the probe. Typically, the probe consists of a metal filament, such as platinum,
located at its tip. The metal filament is heated, and the sample is desorbed into the ion source of the mass spectrometer. The
probe then is removed from the mass spectrometer and is prepared for the next sample.

2.3.2 INFUSION INTRODUCTION

Sample introduction via infusion typically is done to provide a relatively long analysis time or perhaps to conduct a quick
surveyof a sample. Infusion introduction also can be done when analystsoptimize the instrumental conditions (source and
mass spectrometer operational parameters) for a specific analyte as well as to obtain greater numbers of spectra. This sample
introduction method may require more sample than conventional flow rates. However, infusion sample introduction iswidely
practiced for nanospray ionizationapplicationsfor the analysis of proteins and peptides as wellas during specialized nanospray
applications with small molecules in drug metabolism to determine structure or equimolar response ratios.

23.3 CHROMATOGRAPHIC INTRODUCTION

The use of chromatography methods for sample introduction into the mass spectrometer is perhaps the most common
approach.
2.3.3.1 Gas chromatography: GCproceduresare preferredfor nonpolar, volatile analytes(see Chromatography (621). Samples
contained in solvent are injected onto the injection port of the Gc. The sample isvolatilized, and a nonreactive, inert gas such
as helium carries the sample through the GC column, which is contained in a temperature-controlled oven. The combination
of carrier gas and heat moves the analyte through the column. Capillary GC columns are commonly used in pharmaceutical
applications. Molecules separate within the capillary column and are introduced directly into the ion source of the mass
spectrometer.
2.3.3.2 High-performance liquid chromatography: Apopular approach for sample introduction into the mass spectrometer
involves HPLC (see (621». HPLC procedures are preferredfor nonvolatileand thermally labile analytes, but are suitable for use
with any analyte that is readilyionizable in a solution environment with the appropriate chemical modifiers. Samplesare
prepared in solution and then injected onto the HPLC column. Analytes are separated based on the partitioning betWeen the
mobile phase and stationary phase and are introduced into the ion source of the mass spectrometer. The effluent is volatilized
in the ion source and ionization occurs. The subsequent ions then are introduced into the mass spectrometer for analysis.
2.3.3.3 Capillary electrophoresis: Capillary electrophoresis (CE), alsocalledcapillary zone electrophoresis(ClE), isa separation
method that exploitssubtle differences in the ioniccomposition of analytes to separate them based on electrophoretic mobility

www.webofpharma.com

https://nhathuocngocanh.com/



USP 43 General Information / (1736) 8511

in a conductive liquid. Details regarding the principles and use of this methodology can be found in Capillary Electrophoresis
(1053). During the past 15 years this separation method periodically has been used with MS as an alternative to LC-MS for
C:E!rtctinc:lcts$E!$ QtC:Qmpounds. However/with the widespread use.of HPLC in analytical andMSlaboratoriesrCE-coupledMS
methods often are superseded by LC-MS methods.

2.4 Ion Polarity

Ionization involves the process of converting the analyte into the gas phase and depositing a charge onto the molecule. The
final charge of the analyte determines the ion polarity to be used in the mass analysis. Generally, selection of the ionization
mode depends on the ability of the desired analyte to accept or lose a proton during the ionization process.MS can be performed
in the positive or negative ion polarity mode.

2.4.1 POSITIVE ION MODE

Many MS pharmaceutical analysesusethe positive ion mode. For example, compounds that contain a basic functional group
such as an amine (e.g., proteins and peptides) are excellent candidates for MS analyses in the positive ion mode because under
acidic conditions these compounds readily accept a proton to form positively charged ions.

2.4.2 NEGATIVE ION MODE

The negative ion mode is well suited for compounds that can easily lose a proton. Compounds that contain a carboxylic
acid, phosphate, or a sugar, for example, are good candidates for negative ion MS.

2.5 Ionization Procedures

A variety of ionization procedures can be used with a massspectrometer for pharmaceutical analysis.The various ionization
procedures are described in this section.

2.5.1 ELECTRON IONIZATION

Electron ionization (EI) is used mostly with GC applications when the analytes of interest are nonpolar and are easily
volatilized. Mass spectra produced by EI procedures are characterized by extensive fragmentation. Because EI typically produces
extensive fragmentation, EI is considered a hard-ionization mode. Massspectra are obtained when a 70 eVelectron beam enters
the source and impacts the analyte molecules present in the gas phase:

M + e- --+- M+'+ 2e-

Nearly all EI applications are conducted in the positive ion mode. These spectra are highly reproducible. Thus, EI spectral
libraries can be used to determine the structure and to confirm the identity of unknown compounds. Additionally, fragmentation
patterns have been extensively studied for electron ionization and can help determine structure of unknown compounds.

2.5.2 CHEMICAL IONIZATION

Chemical ionization (CI) procedures rely on electron ionization of reagent ions such as methane, ammonia, or isobutene.
The reagent ions react with the analyte molecules (ion-molecule reaction) in the source of the massspectrometer. In the positive
ion mode, analyte molecules are ionized via proton transfer and/or adduct formation, producing even electron molecular ion
species or adduct ions. Depending on the analyte, both positive and negative ion spectra can be obtained with CI procedures.
CI is considered a softer ionization (less fragmentation of the molecular ions) mode than EI although some approaches can
induce fragmentation depending on the CI gas chosen and the structure of the analyte molecule. CI is very useful for reactive
and unstable compounds where a molecular mass determination is desired. Representative CI ionization reactions for both GC­
MS and LC-MS methods follow.

Protonated molecule formation (GC-MS example):
CH4 + e- --+- CH4++ 2e-

CH4++ CH4 --+- CHs++ CH3

CH3++ CH4 --+- CzHs++ Hz
M + CzHs+--+- [M + H]++ CZH4

Protonated molecule formation (LC-MS example):

M + NH4+ --+- NH3 + [M + H]+

Adduct ion formation (LC-MS example):
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2.5.3 ATMOSPHERIC PRESSURE IONIZATION

Atmosphericpressure.ionization.(API)procedures atlow·thedirect introduction of samplesinto the mass spectrometer from· a
liquidinterfacesuch as an HPLC. The two most common formsofAPI used in pharmaceuticalanalyses are electrosprayionization
(ESI) and atmospheric pressure chemical ionization (APCI).
2.5.3.1 Electrospray ionization: ESI is a method that produces fine charged droplets of a liquid phase that carriesthe analyte
of interest. The liquid phase typically isa volatile combination of water and organic solvent (e.g., acetonitrileor methanol). A
small percentage of a reagent (e.g., 0.1% formic acid) also is included to increase the conductivity of the solution. ESI typically
is used with HPLC and involves the nebulizationof the sample delivered at flow rates.that rangefrom nL/min to mL/min to
produce a fine spray of droplets (radius= 0.5-1.0 IJm). Solventevaporation results in an increasedcharge concentration at the
droplet surface until ions are liberated directlyfrom the droplet. Ions are transported or focused directly into the mass
spectrometer, and the resulting spectra contain ions that are typically indicative of the molecularmass of the analyte.

ESI often isreferredto as a soft-ionization procedure because typically it does not resultinfragmentation of the analyte during
the ionization process. The development of this ionization technology was crucialfor the analysis of large biopolymers (e.g.,
proteins) because it allows the addition of multiple charges to a single molecule, thus bringing the m!z of the analyte into a
suitable mlz range for many types of mass analyzers. Forexample, Figure 3 shows the ESI charge state distribution for equine
heart apomyoglobin as analyzed on a simple single quadrupole instrument with an upper scan limit of mlz 2000. The seriesof
multiplycharged Ions allows the spectrum to be collected within the instrument's working mlz range. The abilityto calculate
the intact mass of the protein from a combination of all the charge states allows a more accurate average mass (see inset in
Figure 3) to be determined (within 0.1% on a simplequadrupole instrument). Thus ESI methods are critically important for the
analysis of large biomolecules.
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2.5.3.2 Atmospheric pressure chemical ionization: APCI procedures are used with HPLC and involve the nebulization and
heating of the sample to liberate neutral molecules. Acorona discharge produces reagent ions (e.g., H30+ or NH/) from the
mobile phase. The reagent ions react with analyte molecules via proton transfer or adduct formation. The resulting positive ion
spectrum typically contains [M + H]+ ions that are indicative of molecular mass and fragment ionsthat correspond to unique
substructure(s) of the analyte molecule. Negative ion spectra are generated when reagent ions (e.g., OH-or CH3COO-) react
with the analyte molecule to produce [M - H]- ions.

2.5.4 MATRIX-ASSISTED LASER DESORPTION IONIZATION

Matrix-assisted laser desorption ionization (MALO I) is a soft-ionization procedure used primarily for biomoleculesthat relies
on the addition of a chemical matrix dried with the analyte of interest. This matrix compound can absorb laserenergy at a
particular wavelength during the laserablation process. Bya mechanism that has not been fully elucidated, some of the ions
qenerated in the matrix can transfer protons to the analyte, and the resulting gas-phase ions are focused into the mass
spectrometer. Specific matrices have been empirically developed for variousclasses of analytes, including 3,5-dimethoxy­
4-hydroxycinnamic acid (sinapinicacid) and a-cyano-4-hydroxycinnamic acid for proteins and peptides and picolinic acid for
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oligonucleotides. Unlike ESI, MALDI typically produces lower charge-state ions, with singlycharged ions being the most
favorable.

2.5.5 AMBIENT IONIZATION PROCEDURES

Ambient ionization generallyrefers to a collectionof MS procedures that permit direct sampling and interrogation of analytes
from sample matrices or surfaces under ambient conditions with littleor no pretreatment. In recent years, the number and type
of ambient ionization procedures have rapidlyexpanded. Thisisevident from the proliferation in recent literature of acronyms
that represent various ambient ionization procedures. Ambient ionization has enjoyed broad application in fields that include
forensics; food safety; monitoring of environmental contaminants; polymers; fuels; detection of explosives and drugs of abuse;
molecular imaging of surfaces and tissues; profiling and characterization of metabolites, proteins, and biomolecules; as well as
monitoring of chemical reactions and processes.

Ambient ionization procedures typically produce analyte ions directlyfrom sample surfacesor require initial production of
analytes that subsequently are ionized by any of several processes. Therefore, ambient ionization procedures can be broadly
categorized as representing either direct or multistage ionization mechanisms. Directionization procedures generate analyte
ions from a sample solution or droplet in an electricfield, or desorb analyte ions by impinging a sample surface with charged
droplets or solvent ions, photons, or metastable atoms. Multistage ionization procedures initially produce analyte particle or
droplets with a liquid or gas stream, thermal desorption, irradiation or ablation with a laser, or nebulization. Analytes
subsequently react with a charged species or with metastable atoms generated by ESI, APCI, or photoionization to produce
analyte ions.

Table 1 isa representative, but not comprehensive, listing of ambient ionization procedures and illustrates the diversity and
similarity among variousapproaches.

Table 1. Ambient Ionization Procedures
Acronym Description Mechanisms

Atmospheric pressureglow discharge Thermal desorption, gas discharge
APGDDI desorption ionization ionization

APPela Atmospheric pressurePenningionization Similar to APCI

AP-TD/ESla Atmospheric pressurethermaldesorption/electrospray ionization Thermal desorption, ESI

ASApa Atmospheric pressuresolidsanalysis probe Thermal desorption

Desorption atmospheric pressurechemical
Thermaldesorption, APCIDAPCI ionization

DAPPla Desorption atmospheric pressurephotoionization Thermal desorption, photoionization

Gasdischarge
DARTa Directanalysis in real time ionization

Dielectric barrier Thermal desorption, gas discharge
DBDI dischargeionization ionization

DCBI Desorption corona beam ionization Thermal desorption, APCI

DESI Desorption electrospray ionization Similar to ESI

Electrode-assisted
desorptionelectrospray

Similar to ESIEADESI ionization

Supersonic spray
EASI Easy ambient sonicspray ionization ionization

EESla Extractive electrospray ionization Similar to ESI

Electrospray laser
Laser desorption or ablation, ESIELDla desorption ionization

Fused droplet
Similar to ESIFD-ESla electrospray ionization

Infrared laser-assisted
desorptionelectrospray

Laser desorption or ablation, ESIIR-LADESla ionization

Laser ablation
LAESla electrospray ionization Laser desorption or ablation, ESI

LD-APCla Laser desorptionatmospheric pressurechemicalionization Laser desorption, APCI

LD-ESla Laser desorption electrosprayionization Laser desorption, ESI

LDSPla Laser desorptionspray postionization Laser desorption or ablation

Laser diode thermal
LDTDa desorption Thermaldesorption

Laser electrospray mass
Laser desorption or ablationLEMsa spectrometry
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Acronym Description Mechanisms

Similar to ESI, surfaceextractionwith
LESN Liquid extractionsurfaceanalysis solventdroplet

L1AO-ESI" Laser-induced acousticdesorption electrospray ionization Laser desorption or ablation,similar to ESI

LPI-MS"
Liquid surfacePenningionization mass
spectrometry Similar to APCI

LSI Laser spray ionization Laser desorption or ablation

Matrix-assisted laser

MALDESI"
desorption electrospray
ionization Laser desorption or ablation

PAOI
Plasma-assisted desorption Thermal desorption, gas discharge
ionization ionization

SESI" Secondaryelectrosprayionization Similar to ESI

TOAMS" Thermal desorption based ambient massspectrometry Thermaldesorption

TO/APCI"
Thermal desorption/
atmospheric pressurechemical ionization Thermal desorption,similar to APCI

a Multistage ionization procedure.

3. MASS ANALYSIS

The method by which ions are separated typically defines the mass spectrometer type. Essentially, the mass analyzer is
responsiblefor filtering the ions generated during the ionization process. The various mass analyzers that typically are used in
the pharmaceutical industry are described in this section. .

3.1 Quadrupole

Aquadrupole massspectrometer consistsof a set offour parallel rods. When a combination of constant (DC) and alternating
(AC) voltage are applied to the opposing rods respectively, the resulting electricfields allow ions of a specific m/z to stably
transit the quadruple and to pass through to the detector. Quadrupole mass spectrometers are relatively low-cost instruments
and provide good qualitativeand quantitative analytical capabilities. Generally, quadrupole mass spectrometers are limited to
production of low-resolution mass spectra.

3.2 Magnetic Sector

Amagnetic sector mass spectrometer filters ions by the means of the application of a magnetic field. The magnetic field is
varied, and ions are deflected to follow a curved path so that ionswith different m/z ratios are separated.

3.3 Ion Traps and Ion Cyclotron Resonance

Most commercial mass spectrometers fall broadly into two categories: those that relyon continuous beams of ions being
sent to a detector for sequential m/z detection (like cars on a highwaydrivingfrom point Ato point 6), and those devices that
"trap" ions in discrete, repeating orbits (like cars on a race track).The latter devicesare broadly referredto as ion traps. The
orbital paths are complex and unique to each device. The ions can be trapped by static electricfields (DCvoltage), dynamic
quadrupole electricfields [radio frequency (RF) AC voltage], magnetic fields, or some combination of the types. Detection of
the ions may take place by sequential ion ejection (after trapping, by m/z) or by detection of all ions simultaneously [while
trapped, Le., by image current detection and subsequent Fourier transformation (FT) of the data]. Examples includethe popular
linearand 3D ion trap MS systems(RF AC voltage onlywith ion ejectionfor detection), the FT OrbitalTrapping MS (which uses
DCvoltage and a quadrupole field for trapping, with image current detection), and the lesscommon FT Ion Cyclotron
ResonanceMS (which uses a superconducting magnet to providethe primarytrapping field). The FT devices generally provide
v,ery high mass resolution(e.g., 105-106 at m/z 400) at reasonablescan speeds (1 Hz), and the RF-based devicesgenerallyoffer
fast scan rates (0.1 Hz) but lower resolution (103) . Lastly, the most popular FT equipment is now hybridized with a quadrupole
RF device (especially the lineartrap) to yield instrumentation with multiplexedexperiment capabilities (multiplesequential MS­
MS experiments with accurate m/z determinations for structure elucidation).

3.3.1 TIME-OF-FLIGHT

Atime-of-flight (TOF) mass spectrometer uses differences in transit time through a field-free drift region to separate ions.
Ionsgenerated in the ion source are pulsed into the field-free drift region (flight tube) by an electricfield. Lighter ions have a
higher velocity and reach the detector sooner. The TOF mass spectrometer has benefited significantly from the use of fast
electronics and fast computers to provide systemscharacterized by high speed, high sensitivity, and high resolution.
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4. MS/MS AND MSN SPECTROMETRY INSTRUMENTATION

Awide varietyof tandemMS instrumentsare available to the pharmaceutical research and development commUnity. Each
of the tandem instrumentshas some uniquefeatures that make it particularly suitedfor some specific applications, but this does
not preclude the use of other tandem instrumentsto meet a specific analytical need. The appropriate selectionof a tandem
instrument that issuitable to meet a specific need depends on the type of analysis required (e.g., quantitation or structural
elucidation), a variety of sample-specific factors (e.g., analyte concentration or the complexity of the matrix), and whether
sample fractionation is incorporated before the introduction in the massspectrometer (e.g., by LC-MS). A briefsummary of
some of the common types of tandem instrumentsfollows, highlightingsome of the typical applications.

4.1 MS/MS and MS" Spectrometers

4.1.1 TRIPLE QUADRUPOLE

The triple quadrupole mass spectrometer is usedfor both qualitative and quantitative analysis. Atriplequadrupole mass
spectrometer features a first stage of mass analysis (Q1)for the selectionof a precursor ion, followed by an RF-only collision
quadrupole region (Q2). Asecond stage of massanalysis (Q3) isused for product ion analysis. Mostquantitative LC-MS-based
analyses feature the use of triple quadrupole mass spectrometers. Furthermore, the triplequadrupole massspectrometer is
capable of providing all the most common qualitative scan modes: full scan, product ion, precursor ion, and neutral loss (see
Figure 4 and 4.2 MS/MSand MSnSpectrometry Operational Modes).

I
m/z

A. Full Scan

_._.-._._._ ..
_. -. -. _. -.' _.._._._._._._ ..
_._._._._._.~_._._._._._ .._._._._.-._ ..

B. Product Ion Scan

I

-------+. _._._._._._ ..------.. _.-.-._._._ ..-----.. _._._._._._ ..------.. _._._._.-._ ..-----.. _._._._._._ ..
-----.. _._._._._._ ..

C. Precursor Ion Scan

I

[M+H]+
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[M+H]+

m/z
D. Neutral Loss Scan Figure 4. Triple quadrupole MS. (A) Full scan-Q1 scans the ions produced in the ion source. This scan

also can be conducted with Q3. (B) Product ion scan-Q1 isset to select a specific molecularion produced in the ion source.
Fragmentation of the ion(s)selected in Q1 occurs in the collision cell (Q2). Q3 scans the resulting fragments. The product ion
spectrum contains all the fragments of the selected precursor ion(s). (C) Precursor ion scan-Q1 scans the ions produced in the

ion source. Ionsfragment in the collision cell (Q2). Q3 is set to select a specific product ion (derivedfrom the product ion
spectrum). The scan results in a spectrum that contains all precursor ions that generate the specific product ion. (D) Neutral
loss scan-Q1 scans the ions produced in the ion source, and ionsfragment in the collision cell (Q2). Q3 also scans, but at a
difference in mass equal to a selected neutral loss (as derived from the product ion spectrum). The scan results in a spectrum
that contains all molecular ions that generate a specific neutral lossfragment. (Courtesyof Milestone Development Services,

Newtown, PA)

4.1.2 TOF-TOF SYSTEM

Atandem configuration for TOF systems typically is used for the characterization and sequencing of peptides and other
biomolecules from fairly simple mixtures (e.g., proteolytic digestion of a single-protein therapeutic). These systems often are
configured for ionization by MALDI, which allows peptide sequence confirmation without the need for an initial separation.
The relative ease of use of such instruments and the robust fragmentation data collectedfor confirmationof peptides may allow
TOF-TOF instruments to be used for monograph identification testing in the future.

4.1.3 MAGNETIC SECTOR

Tandem configurationsfor magnetic sector instruments traditionally have been used for analysesthat require high resolution
and mass accuracy, such as structural elucidation of unknowns. However, because of greater resolution and mass accuracy
becoming available inother tandem MS platforms(e.g., ion traps and quad-TOF devices), magnetic sector instruments are now
lesscommonly used for these purposes. .' ' .

4.1.4 ION TRAP

The tandem configurationfor ion trap systems allows the isolation and fragmentation of ions in a time-dependent manner,
unlike other tandem instruments that have spatially distinct mass analyzers in the path of the ion beam. One advantage of the
trap-isolate-fragment-detect mechanism in an ion-trap instrument is the abilityto re-isolate product ionsfrom the initial
precursor ions for further fragmentation. This sequential fragmentation allowsmore detailed structural determination to assist
in elucidatingstructural unknowns. Forprotein and peptide applications, ion-trap instruments have been widelyused to identify
and sequence peptides and to characterize protein modifications (e.g., phosphorylation and glycosylation).

4.1 .5 FOURIER-TRANSFORM ION CYCLOTRON RESONANCE

Fourier-transform ion cyclotron resonance (FT-ICR)mass spectrometers, 'like ion traps, facilitate a time-dependent isolation
of ions. FT-ICRmass analyzers offer high resolution(typically 105-106) and can achievesub-ppm mass accuracy,which permits
determination of accurate mass and elemental composition for unknown compounds with a high degree of certainty. Ionscan
be selectively excited or ejected from the ICR cell by generation of a waveform that contains resonant frequencies of the m/z
valuesof the ions of interest. Several fragmentation procedures are available for achieving the structural characterization of
smalland large moleculeswith FT-ICRMS, includingcollision-induced dissociation (CID), electron capture dissociation (ECD),
and infrared multiphoton dissociation (IRMPD). Some commercial FT-ICR MS systems use a tandem ion trap to isolateand
fragment precursor ions, the product ions of which are subsequently transferred to the ICR cellfor detection or additional
fragmentation by other procedures. The high resolutionand mass accuracyof FT-ICR MS make this instrument particularly well
suited for the structural characterization of components that comprise highlycomplex mixturesof smalland large organic
molecules. FT-ICR MS also has been widelyused in the characterization of lipids and carbohydrates and in the characterization
and sequencing of peptides and proteins, including examination of unique features such as post-translational modifications.

, 4.1.6 HYBRIDS

Avarietyof hybrid tandem mass spectrometers have emerged to either enhance specific applicationsor to broaden the
overall utility of the instrument in a varietyof applications. Currently the most common hybrid instrument used for
pharmaceutical characterization is the quadrupole TOF (Quad-TOF) MS, which combines the scanning speed of a quadrupole
massfilterwith the resolving power and mass accuracy of the TOF mass analyzer. This combination iswellsuited for structural
elucidation because the improved resolution and mass accuracy of the TOF (by comparison with a quadrupole) allowa greater
degree of certainty in determining the probable elemental makeup of both the precursor and product ions. In addition, the
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use ofa quadrupole massfilter in this tandem configurationallows scanningfunctions like those outlinedfora triple-quadrupole
instrument (Figure 4), although additionalpostprocessingofthe data isrequired. An increasing number of hybrid configurations
have.heen. marketed to take advantage of the unique feature of the cembinationsforresolution,·mass accuracy; and
quantitation. Some of these configurations include Quadrupole-Trap,Trap-TOF, Trap-IRC, and orbital trapping mass
spectrometers.

4.2 MS/MS and MS" Spectrometry Operational Modes

A.2.1 FRAGMENTATION PRODUCTION MODES

Collision-Induced Dissociation (CID) or Collisionally Activated Dissociation (CAD) isthe processbywhicha selectedprecursor
ion undergoes collisions with neutralgas molecules ina collision regionto yield product ions. Fragmentation occursat relatively
low energies (1-100 eV) primarily at the site(s)of ionization to yielda fragment ion and a neutral molecule. Nitrogen, argon,
or helium typically is used as the collision gas with collision energies in the 10-50 eVrange.

Electron Capture Dissociation (ECD) and Electron Transfer Dissociation (ETD) are two distinct but relatedfragmentation
methods used primarily to fragment proteinsand peptides to generate c-and z-type ionsthat are useful fordetermining protein
sequence and characterization of protein modifications. Thefragmentation in each case relies on the introductionof either a
freeelectron(ECD) or a radical anion (ETD) intothe gas phaseof positively charged molecules to inducechemical fragmentation.
The advantage of these methods for proteins and peptides versus CID is that the chemicalfragmentation occurs almost
exclusively along the peptide backbone, thereby preserving the position and context of protein modification that often are lost
during CID.
4.2.2 fragmentation analysis modes

The most common MS/MS scan modes are described in this section.
4.2.2.7 Product ion: The product ion scan mode is illustrated in Figure 48 for a triple-quadropole(QQQ) instrument.

Application of the product ion scan mode is performed when the first massanalyzer(Q1) is held at a specific mlz. This ion,
typically the protonated molecule, [M+ H]+, isfragmented in the colllslon cell (Q2). The second mass analyzer (Q3) scans the
resulting product ions. Fora trapping devicesuch as an ion trap massspectrometer, ions of a specific m/z are isolated and are
collisionally activated, followed by scanning of the product ions. Ineither case, the resulting product ions' MS-MS spectrum
contains the diagnosticfragment ions indicative of the characteristic substructuresof the selected analyte.This scan mode
requires that a full scan massspectrum be obtained before the product ion experiment to determine the appropriate selection
of the molecular ion (typically [M+ H]+). The product ion scan mode isavailable in all mass spectrometers capable of MS-MS
operation. .

4.2.2.2 Precursor ion: The precursor ion scan mode is illustrated in Figure 4C.Application of the precursor ion scan mode is
performed when the first massanalyzer(Q1) is scanned and allows all ionscreated in the ion source to pass into the collision
cell(Q2). The second mass analyzer(Q3) is held at a specific m/z ratio that corresponds to a diagnostic or unique fragment
ion ofthe moleculeor class of molecules. The resulting precursorion MS-MS spectrum containsallmolecular ionsthat containa
diagnosticfragment ion. The precursor ion scan mode requires that the product ion experiment be performed to confirm the
diagnosticfragment ion(s). This scan mode can be used to screen for molecules that contain a specific substructural feature
such as a peptide residue.The precursor ion Scan mode isavailable on triple-quadrupole, magnetic sector, and some hybrid
instrumentation.

4.2.2.3 Neutral loss: The neutral lossscan mode is illustrated in Figure 40. Application of the neutral loss scan mode is
performedwhen both massanalyzers (Q1 and Q3) are scanned at the same rate.Thesecond massanalyzer (Q3) isoffset(lower)
from the first by a constant m/z difference. Molecular ions enter Q1 and fragment in the collision cell (Q2), and the resulting
fragment ions are detected after passage through Q3. Because of the offsetscan function described above, the resulting
spectrum presentsallmolecular ionsthat haveundergone the selected neutralloss. This scan mode alsorequires that the product
ion scan be performed to confirm the diagnostic neutralloss(es). Like the precursor ion scan mode, this scan mode is used to
screen for molecules with a diagnostic structuralfeature such as phosphate or glucuronide conjugation. The neutral loss ion
scan mode isavailable on triple-quadrupole, magnetic sector, and some hybrid instrumentation.

4.2.2.4 Msn: The Msn acquisition mode isessentially a sequential application of the product ion scan discussed in 4.2.2.7
Product ion. That is, it is used to further fragment product ionsfrom a previous product ion experiment. Thus it can be utilized
to obtain additionalstructural information for identification of analytes. This acquisition mode typically is available only on ion
trap or FT-ICR instruments.

5. QUALITATIVE ANALYSIS

MS isa powerful method and important tool for structure identification because of its ability to provide information about
the mass, elemental composition, and structuralfeatures of known and unknown molecularentities. In its simplestterms, an
MS separates and mass-measures ions related to the sample.Amassspectrometer separates, detects, and recordsthe presence
of ions, not neutral molecules. Forthe purposes of small-molecule organic MS, the charge state (z) typically is 1.

Awide range of mass spectrometers and ionization interfaces are available for specific types of MS measurements.Thusa
diverse range ofexperimentalapproaches can be employedforanygiven MS measurement needed. Someofthe morecommon
and applicableapproaches are presented in this section. The appropriatenessof a given MS experimental approach is
demonstrated by the respective validation data provided in the submission supporting a new monograph or monograph
procedure.
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5.1 The Mass Spectrum
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Themass spectrum ·typicatlyisdisplayed··asaplot·ofm/z ontheabscissavetsUsion Tntensity.astheotdinateandfreqUentty
is normalized to the most intense ion in the spectrum. Some characteristicfeatures in a typicalfull-scan mass spectrum include
(depending on ionization procedure) the molecular ion (e.g., M+), protonated or deprotonated molecules ([M+ H]+ or [M ­
H]-), or adduct ions (e.g., [M + NH4]+), all of which are indicative of the molecular mass of the analyte. Mass spectra may be
more or lesscomplex, depending on the specific analyte(s) and ions detected. EI mass spectra typically are rich in fragment
ions, but API and soft-ionization procedures may produce spectra that are sparse in fragment ions but often feature more
prominent or base peak ions that are indicative of MW. Therefore, the interpretation .ofmass spectra may be more or less
straightforward. Typically, the availability of any supporting informationabout the sample (e.g., origin, history, preparation,
stability, solubility) can greatly assistwith interpretation. Two primaryconsiderations merit initial discussion because of their
importance in the interpretation of mass spectra: resolution and mass accuracy.

5.1 .1 MASS RESOLUTION

In MS, resolution is the extent to which two ions of adjacent mlz can be distinguished from each other, and has been
expressed in differentways. Two adjacent peaks in a spectrum at values m and m - L1m may be separated by a valley, which
at its lowest point is a specified maximum amount of overlap between the peaks.The resolutionwould be expressed as m/
L1m. Forexample, the term "10% valley" describes a 10% amount of overlap between two peaks and isappropriate when the
peaks are of equal height and shape. In practice, however, adjacent peaks of equal height and shape are rarely observed.
Therefore, resolution also can be calculated by using the apparent width of a single peak at a given point in mass range as
L1m, and it often isexpressed as the measured width of a peak at half-height (full-width half-height maximum, or FWHM).
Resolution isan important factor inestablishingmassaccuracy,evaluating isotope patterns and abundance, determining charge
state of multiplycharged ions, and distinguishing nominallyisobaric interferences.

Nominalmassspectrometers instruments typically provide mass resolutionon the order of 1000, whereasfor high-resolution
mass spectrometry (HRMS) this can range from 5000 to 1,000,000. Improved resolution includesthe ability to separate and
distinguish isobaric interferences (analyteswith the same nominal mass but with different empirical formulae) and to mine
complex data sets more efficiently (using increased specificity). .
5.1.1.1 .Nominal resolution: Anumber of different types of mass spectrometers are capable of generating nominal resolution
massspectra. Probablythe most common mass spectrometer employed for nominal mass resolutionwork is the quadrupole
mass spectrometer. In a quadrupole mass spectrometer, ions pass through a set of four rods such that opposing rods ramp
through RF or DC, effectively scanning through the desired m/z range and allowing only a single m/z to pass at any given
instant. The net effect is to obtain nominal mass resolution (e.g., m/z 400 can be reliably distinguishedfrom m/z 399 and m!
z 401) and to obtain a spectrum that can define monoisotopic mass and associated isotopic clusterte.g., A+ 1 and A+ 2).·
With this type of mass spectrometer (nominal resolution), the primary information obtained is an indication of the molecular
mass of the analyte and, depending on the experimental approach used (e.g., EI ionization), ion fragments related to the
structure of the analyte.
5.1.1.2 High resolution: HRMS has important advantages for the identification ofanalytes.Thevariousformsofthis technology
allowdetermination of the mass of smallmoleculesto the third or fourth decimal place (i.e., approximately0.1 to 10 ppm mass
error).Thisprovidesan added degree of specificity (certainty) that, when combined with isotope ratio information and chemical
sense, results in elucidation of the analyte's empirical formula as a starting point for further analysis. Thus HRMS offers
advantages compared to nominal MS, for which nominal mass is the starting point. HRMS can be performed with a number
of different technologies, includingTOF-MS, as well as orbital-trapping MS and ion cyclotron resonance MS, where the latter
two approaches utilize Fourier transformation to process the raw data. These systems have different advantages, including
improved sensitivity for full spectrum data collection (versusscanning instruments like quadrupoles), as well as resolution, mass
accuracy, and calculation of the isotopic ratio intensities.

5.1.2 MASS ACCURACY

Massaccuracy is the comparison of an experimentallydetermined m/z to the true mlz ratio. Mass accuracy is influenced
by a number of factors, including mass resolution, signal abundance, calibrationtype and algorithms, choice and number of
calibrants used, interferencessuch as chemical noise, and lineardynamic range inherent with a particulartype of mass
spectrometer. Mass accuracy may be expressed as millimass unit (0.001 IJ) differential or ppm. Mass accuracy, as ppm, isgiven
by the following:

mmeas = measured value
mtrue =calculated or true mass

Although resolutionand accuracymay not be directlycorrelated, HRMS typically allows improvedassignment of exact mess,
Inpractice, high resolutionand high massaccuracyare both necessaryto minimizeerror introduced into the mass measurement
by isobaric interferences. Sufficiently high resolutionand mass accuracy together can facilitate assignment of elemental
composition to ions in a mass spectrum, assisting with confirmation or elucidation of structure, respectively, for known or
unknown compounds.
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When interpreting the mass spectra of unknown compounds, analysts typically can differentiate unknowns into two broad
categories.

The first category, representing the situation more commonly encountered, can be described as known unknowns or
compounds for which supportive information may be available or can be determined by comparison with standards, related
substances, metabolites, synthetic impurities, or intermediates. Inthis case, the objectiveisverification of a compound's identity
by demonstrating its consistencywith a standard material by using predetermined criteria. This objective often is achieved by
the direct comparison of mass spectral features of an unknown with either a concurrently analyzed standard or an archived
library standard mass spectrum generated with similar instrumentation and conditions. Forhigh-resolution accurate mass
spectra, confirmation of identity may include the verification of elemental composition. Characteristic fragmentation patterns
obtained under consistent conditions also can be used for the confirmation of identity by providinga fingerprint that indicates
functional groups, substituents, and structural differences or modifications. The importance of chromatographic separation
(i.e., demonstration of retention characteristics that are similarto a standard) also should be considered as part of an overall
identification confirmation.The importance of chromatographic separation is particularly evident with the identificationof
various structural isomers or enantiomers for which MS alone may not provide sufficient distinction.

The second category comprises true unknowns or compounds for which no or very limited information about structure or
background isavailable and presents the most complex cases for spectral interpretation. True unknowns are encountered less
frequently and often necessitate the combination of multiple spectral procedures in order to achieve a complete structural
elucidation. Fortrue unknowns, any relevant information (e.g., origin, preparation, matrix, solubility, other compounds ifthe
sample is a mixture) can aid interpretation.

The first step in the interpretation of mass spectra isthe determination of monoisotopic mass.This peak is highly dependent
on the ionization procedure employed, analytical conditions, and characteristics of the moleculesfrom which the ions are
formed. There are prominent differences between EI and API massspectra, which, for purpose of this discussion, generally result
from hard- and soft-ionization procedures/respectively. EI forms primarily an odd-electron radical molecular cation, M+', and
API and other soft-ionization procedures typically produce characteristic even-electron protonated [M+ H]+ or deprotonated
[M - H]-molecules.

The Nitrogen Rule can be useful in identifying the molecular ion peak: it states that an odd-electron ion containing either
no nitrogen or an even number of nitrogen atoms will be observed at even nominal mass and that an odd-electron ion with
an odd number of nitrogen atoms will appear at odd nominal mass because nitrogen has an even integer mass (14) and an
odd valence (3). Thisrule holdsfor allcompounds that contain carbon, hydrogen, oxygen, nitrogen, sulfur, and the halogens,
as well as phosphorous, boron, silicon, sulfur, and alkaline earth metals. Applied to even-electron ions (e.g., [M + H]+ or [M­
H]-), the Nitrogen Rule states that an even-electron ion containing either no nitrogen or an even number of nitrogen atoms
will be observed at odd nominal mass and that an even-electron ion with an odd number of nitrogen atoms will appear at even
nominal mass.

The formation of molecularadducts can assistwith determining and verifying mass in both positive and negative ionization
modes. Some common adducts observed in positive ion mass spectra are [M+ Na]', [M + K]+, and [M+ NH4]+ adducts. Adducts
with other inorganic or organic cations, such as Li,Ag, Cs, H20, acetonitrile, methanol, isopropanol, and smallorganic
protonated or quaternary amines, also can be generated. Adducts present in negative ion mass spectra include those formed
with Cl, Br, and formic or triflouoroacetic acid. Multiple adducts are not uncommon in either positive or negative ionization
mode mass spectra from API and other soft-ionization procedures and can include combinations of protonated or deprotonated
molecules accompanied by additional protons, multiple inorganic or organic cations, or anions. Forsome applications, it may
be desirable to deliberately produce adducts by the modification of the sample solution, matrix, or mobile phase to induce
characteristic fragmentation or to denote components in a mixture with common or unique structural features. Dimeric or
polymericanalyte ions [2M + H]+ or [2M - H]- may be observed respectively in positive or negative ion API mass spectra, often
with high analyte concentrations. Analogous dimeric adducts with Na, K, and other inorganic cations also can be formed and
observed and can provide verification of the MW. Overall, adduct formation and ultimately the presence of adduct ion peaks
in mass spectra are highlydependent on ionization procedure, ionization source conditions, type of mass spectrometer or
analyzer, sample matrix, mobile phase composition, and the analyte itself.

The relative intensity of mass spectral peaks can provide information about molecularand ion structure. The most intense
peak in a mass spectrum is referred to as the base peak and represents 100% relative abundance in normalized mass spectra.
In EI mass spectra, the base peak mayor may not represent the molecular ion. However, with API and softer ionization
procedures, [M + H]+ or [M - H]- often appear as a prominent peak in the mass spectrum. The relative intensitiesof peaks in EI
mass spectra, and to some extent in API and other mass spectra, can indicate ion stability.

5.3 Elemental Composition and Structure

Each molecule has a specific elemental formula or composition that by itselfdoes not suggest anything about the structure
of the molecule, because completely different molecules can have identical empirical composition. The mass spectrum of an
analyte indicates its monoisotopic mass, but the larger the mass, the greater the number of possibleempirical formulae or
combinations of atoms that could produce that same nominal m/z signal.

5.4 Isotope Patterns

The relative intensity and position of isotope cluster peaks in a mass spectrum provide orthogonal information to the m/z
data. Isotopes represent variants of a given element with the same number of protons and a different number of neutrons. The
number and relative abundance 'of isotopes are unique to each element and together comprise the isotope pattern for a
particular molecule in a massspectrum. The relative abundance of each isotope also isa function of the number of each element
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in a molecule. Natural isotopic abundances depend on the source or provenance of a material and are influenced by variations
of the isotopic abundances of its constituent elements. Because a unique elemental formula isconsistently indicated by each
p~ak~()ir1cicJir1g \'\lith th~ 111/2'ClllcJr~ICltiy~at>lll1gan~~Qt~a~b iSQtQP~ in Cl mclecuiar fcrmula.the resullingisQtQpic fingerprint
can be a powerfultool for the prediction of elemental composition.

Chlorineand bromine are examples of elements that produce prominent and easily recognizable isotope patterns in a mass
spectrum. Chlorineatoms are characterized by the isotopes 35CI:37CI (approximately 3:1) and bromine atoms by unmistakable
doublets (79Br:81Br =approximately 1:1) that enable easy identification of ions containing these atoms in a mass spectrum.
Combinationsof multipleCI or Br atoms ina moleculeyieldcharacteristicisotope peaksthat differ bytwo units and have relative
abundances that can be calculated. Forsome types of HRM5 (TOF in particular), the relative intensities of the isotopic cluster
can be carefully defined. Because the relative intensityof the isotope cluster isexactlya function of the elemental composition
of the molecule (that is easily calculated), isotope fitting of experimental data to theoretical intensitycan help provide the
correct formula. ,

Figure 5 presents the isotopic pattern in the molecular ion region for n-butyl benzenesulfonamide collected using E51 with
different mass spectrometers, each having different mass resolution. With nominal mass(l.e., quadrupole mass spectrometer)
resolution, one can clearly see the A+ 1 (m/z 215) and A+ 2 (m/z 216) peaks of the [M + H]+ ion at m/z 214. The major
contributor to the A+ 1 peak resultsfrom the occurrence of versions of the moleculecontaining BC, and the major contributor
to the A+ 2 peak, is naturallyoccurring 345. With a higher-resolution mass spectrum, the more accuratelycalculated relative
abundances of the'A+ 1 and A+ 2 peaks could be used to estimate the number of carbon and sulfuratoms in the molecule,
respectively. An examination of the FT-ICRmass spectrum illustrates the additional isotopicinformation that can be obtained
under even higher-resolutionconditions. This spectrum clearly shows that the A+ 1 peak, seen as one peak with the other two
mass spectrometers, also has contributions from other isotopes. At resolutionsafforded by ICR or orbital-trapping mass
spectrometers, the variouscontributors to the A+ 1 peak can be observed, and one would get a more accurate estimate of the
atoms present.
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Figure 5. Partial ESI massspectrum of n-butylbenzenesulfonamide under differentmass resolution conditions.

Examination of isotope peaksalso can reveal information regarding the charge state of an ion. Forexample, the difference
between the Aand the A+ 1 isotope peaks is 1 m/z for a singly charged ion, a mass difference of 0.5 m/z denotes a doubly
charged ion, and a mass difference of 0.3 m/z denotes a triply-charged ion. Thus, the correct charge state can be determined
when onlyone peakor one set of isotopepeaksispresent,whichsupportsthe determination of MW and elementalcomposition.
Because accurate mass and isotopefitting are orthogonal data that each separatelycan greatly reduce the number of possible
empirical formulaefor a given nominal mass, the information used together can reduce experimentaldata to a singleor limited
set of possible choices.

5.5 The Monoisotopic Ion

The monoisotopie ion isan important feature of a massspectrum, and recognizing this ion isvaluable in determining the
elemental composition of a molecule or ion, particularly with accurate mass measurements. The monoisotopicmassof an ion
or molecule isthe exact mass calculated using the massof the most abundant naturally occurring isotope of each constituent
element. Therefore, the monoisotopicion is represented by the isotopic peak composed of the most abundant isotopesof its
elements. Importantly, MS observes the monoisotopicmassof the analyte, not its molecular weight (Le., the average including
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contributions from heavy isotopes). Recognizing the monoisotopic ion peak can be straightforward, and some singlycharged
ions and elements present simple or easily recognizable isotope patterns. However, the combination of multiply charged ions
and multiple elements t~at~()II~cti~ely c()rltri~ute to complex is()t()pe patt~rrls ()ccasic)Ilally c:arlll1ake qeterll1ioatioo Of t,,~
monoisotopic ion peak quite chatlenging, particularly with polymers and biomolecules. In such cases the benefit of
instrumentation that offers higher resolving power is readily apparent. .

5.6 Fragmentation

Fragmentation of an organic molecule in a mass spectrometer and examination of the ions produced in the fragmentation
process can providedetailed information about unique structuralfeatures such as functional groups, substituents, and
connectivity. Fragmentationgenerally is the dissociation of an activated analyte ion. Observedfragmentations are quite diverse
and can range fromsimpleevents such as loss ofwater or ammonia to highlycomplex pathways that involve adduction, multiple
rearrangements, and atom migration. In MS, fragmentation ishighlydependent on the type of instrumentation and operating
conditions. Primary considerations include ionizationsource, collision zone conditions, and type of mass analyzer. To some
extent, controlling these factors permits the selection and optimization of conditions that are conducive to generating desired
or structurallydiagnostic fragmentation.

EI fragmentation results entirelyfrom unimoleculardissociation that occurs in high vacuum. Formation of a radical molecular
ion (M+') in an electron beam (typically 70 eV) is accompanied by redistribution and accumulation of energy into different
vibrational modes, and as a result the molecular ion may undergo fragmentation. Fragmentation typically occurs by bond
cleavage and produces an even-electron cation and a neutral odd-electron radical. The converse also can occur, albeit less
frequently: an odd-electron radical cation is observed with an even-electron neutral fragment loss. Fragment ions can further
dissociate to generate additional fragments. Generally, fragmentation of odd-electron ions may produce either odd-electron
or even-electron ions, but even-electron ions fragment to other even-electron ions. The probabilityof cleavage of a particular
bond in a moleculecan be correlated with bond strength and the relative stabilityof the resultingfragment ions. Some general
principles applywith regard to the presence offragment ion peaksobserved in EI massspectra and can assistwith interpretation.
These principles have been thoroughly discussed in numerous texts on the topic and are not discussed here.

API and soft-ionization procedures predominantly produce ions such as [M + H]+ or [M - H]- that exhibit limited
fragmentation. API and other softer ionization procedures achievefragmentation by activating ions in a varietyof ways,
depending on the type of instrumentation. .

5.7 Biomacromolecules

Structuralelucidationof biomacromoleculesusing MS offers a number of challenges that are not common among traditional
drug substances described previously in the chapter. To start with, biomacromolecular therapeutics encompass many
compounds withverydifferentchemical properties that range from proteins and peptides to a varietyofglycoconjugates, lipids,
and even DNA and RNA complexes. To further complicate the matter, the molecular mass of biomacromolecules can range
from under 1000 in the case of some bioactive peptides and lipids to well over 100,000 for vaccines, antibodies, and heparin
complexes. Furthermore, many of these biologically derived substances exhibit considerable heterogeneity and thus may not
be characterized as a single drug substance but instead as a mixture that is monitored for consistencyfrom batch to batch
using a varietyof analytical methods.

Thissection providesguidance about MS characterization of biomacromolecules. Because of the complexityof this broad
classof compounds, this section focuses on a few types of compounds to illustratethe benefits of MS, then comments briefly
about how MS can be implemented for other biomacromolecular compounds.

5.7.1 PEPTIDES AND PROTEINS

Details of the processfor characterizing proteins and peptides are provided in Biotechnology-Derived Articles-Peptide Mapping
(1055) and are only summarized in this section to provide context.
5.7.1.1 Spectral interpretation: Massspectral evaluationof proteins and peptides typically encompasses MS data collected
on the intact compound(s) to establish the overall mass of the protein followed by tandem MS to generate information about
the primaryamino acid sequence of the protein or to characterizesites of protein modification. Interpretationof fragmentation
spectra to generate the sequence information isa critical component of this approach, and thus some guidelines for the spectral
interpretation of peptide fragments are provided in 5.7.1.2 Database searching. Primary and secondary MS-based approaches
have emerged as the standards for sequencing proteins by fragmentation and are known as bottom-up and top-down
sequencing.

5.7.1.1.1 Bottom-u~Thisapproach encompasses fractionation of individual peptides generated by proteolyticdigestion
and sequencing of. the peptides by tandem MS. The complete protein sequence then is recapitulated by piecing together the
individual sequences. To get complete coverage of the protein, it is necessaryto do separate digestionswith multipleproteases
with different cleavage specificities to get overlapping sequence coverage to rebuild the overall sequence. Thisapproach is
currently the most common MS-based approach used to characterize protein therapeutics.

5.7.1.1.2 Top-down-Advances in MS-based technologies and particularly ECD and ETD fragmentation offeranother
approach for sequencing proteins, whereby the intact protein isfragmented to generate sequence information without prior
need to digest the protein into smaller peptides. Current challengeswith this approach include the need for purified proteins;
difficulty in getting complete sequence coverage, particularly for larger proteins; the need for considerably larger quantities of
proteins than for the bottom-up approach; and a requirement for a high-resolution instrumentwithECD or ETD capabilities.
However, during the development of proteins therapeutics the availability of large quantities of purified protein is a likely
scenario, and with thecontinued advancement of MS technologies, top-down proteomics may offera direct option for
characterization ofsome proteins therapeutics in the future.
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5.7.1.2 Database searching: Because of progressin whole-genomesequencing and the computing power of predictive
algorithmsfor the annotation of all possible genes, mRNAs, and proteinsfrom genomic information, the characterization of
unknown protein and peptide therapeuticsrarely requirescomplete de novosequence evaluation. Instead,the compound can
be initially identified by digestion and sequencing by peptide fragmentation. This is possible becausevarious fragmentation
strategies(e.g., CID and ETD asdescribed previously) producegas-phasefragment ionsfromprotonated peptidesthat represent
consistent cleavagepositions along the peptide backbone.The Roepstorff nomenclaturefor general peptide fragmentation
along the peptide backbone isshown in Figure 6A. Peptidefragments that maintain a charge on the C-terminus are the x, y,
or z ions, and those that maintain a charge on the N-terminus are known as Q, b, or c ions. By optimizing the fragmentation
energies and the collision gas to target onlya singlefragmentation event per protonated peptide molecule, analysts can use
the collective fragmentation spectra from a given peptide to produce a set of fragment ionsfrom the same series (i.e., b ions
or y ions) that varyby the residue massof each amino acid. In this manner they can derive the sequence. Aschematic of a
peptide fragmentation profile witha completeset of y ionsisshown in Figure 68.Thecompleteset of y ionsallows the sequence
to be determined from the massdifference between the ionsthat correspondto residue masses for each amino acid. With the
development of complete databases of many genes, transcripts, and proteins, a variety of commercially available computer
algorithms have been developed to match the fragmentation masses with protein sequences in databases, along with false
discovery rates and confidence probabilities. As a result, confirmation of protein sequencesfor known proteinscan be fully
automated for data collection and evaluation.

+

OH

Figure 6A. Peptidefragmentation nomenclature.
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Figure 6B. Peptidefragmentation sequence.

5.7.1.3 De novo sequencing approaches: When a protein iscompletelyunknown, MS-based fragmentation can be used to
generate sequence information as described. The primary challenge is the inability to always get complete, unambiguous
sequence information for some peptides by MS fragmentation because of the inability to assign all amino acidsfrom a given
fragmentation spectrum without a template of known sequences. Incasessuch as these, a combinationofchemical sequencing
usingEdmandegradation and MS maybe necessary. Alternatively it maybe necessary to digest and sequence the protein with
multiple proteases in order to generate overlaying sequences to ensure the reliability of the overall sequence assignments. .
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5.7.2 GLYCOCONJUGATES

The.anaJysis of drug substances in this· class is·disEussedin Glycoprotein·andGlyean Analysis-General Considerations (1084).
Thus this section addresses only the application of MS to the characterization of protein glycosylation.

Many biopharmaceuticalsare glycoproteinsfor which glycosylation plays critical roles in maintaining function, stability, and
solubility. The most common glycosylations are N-linked and O-Iinked glycosylation in addition to other glycosylation
modificationssuch as GPI anchors. N-glycosylation refers to glycan modification on the asparagine side chain, and
O-glycosylation occurs to the side chains of serine and threonine. MS analysis of protein glycosylation can be performed on
three different levels: intact proteins, peptides, and glycans. This section provides a briefoverviewof glycoprotein analysis.
5.7.2.1 Intact protein analysis: Forproteinswith smallsizeor relatively simpleglycosylation, direct MS analysis of intact protein
providesa mass profile that reflects the protein's primarysequence and major modifications, includingglycosylation. This type
of experiment usually is performed using TOF analyzers or analyzers with higher mass resolution equipped with ESI or MALOI
ionization. MALOI forms mainlysinglycharged ionsand requires MS analyzers with a wide m!z range for measurement of intact
protein mass (e.g.,TOF). ESI-MS iscommonly used, because it leads to the formation of multiplycharged protein ions in the
m/z range of 700-5000, resulting in better mass accuracy in protein mass measurement «100 ppm when coupled with a
high-resolutionmasssepctrometer). MS analysis in many casescan resolve protein peaksby their glycoform distributionbecause
of the mass differences (e.g., hexose 162 Oa, HexNAc 203 Da, and N-acetyl neuraminic acid 291 Da), The mass information
can lead to identification of the monosaccharide composition of the glycoforms. The intensity of the intact protein peaks can
be used to roughly estimate the glycoform distribution on the protein. Formonoclonal antibodies modified mainlyby neutral
N-glycans, quantification of glycosylation distribution by intact protein analysis appears to be comparable with measurement
using glycan separation methods. Antibodies containing multiple glycosylation sites can be enzymatically cleaved into major
domains before MS analysis to gain more specific information about the position of the glycosylation on the intact protein.
5.7.2.2 Peptide analysis: Forproteins with complicated glycoforms and multiple glycosylation sites, site-specific glycosylation
information usually is desirable and isachieved by using a bottom-up proteomics approach via analysis of peptides generated
by enzymatic digestion. The peptides are separated by reversed-phase LC followed by ESI-MS/MS analysis. MS-MS
fragmentation can be performed using C10or ETO. InCIO-MS/MS, the peptides can be identified to be glycosylated peptides
by the detection of oxonium ions in the peptide MS-MS spectra [e.g., m/z 163 (hexose), 204 (HexNAc), 292 (sialic acid), and
366 (hexose-HexNAc)]. However, CIO-MS/MS spectra ofglycosylated peptides usually are dominated with fragmentation from
the glycan with minimal fragmentation between the amino acid residues of the peptide backbone, thus hampering the ability
to identifythe protein sequence. ETO-MS-MS spectra of glycosylated peptides contain mainlyfragmentation between the
amino acids (e.g., c- and z-type peptide backbone cleavages),whilethe attached glycans remain intact. ETO-MS-MS provides
information about peptide sequence, glycosylation site, and the glycan mass of the glycosylated peptides. CIO-and ETO-MS­
MS may be used alternatively in the same LC-MS analysis of complicated protein digests, which may provide the information
necessary for identification of sequence, glycosylation sites, glycan mass, and glycan branching. O-glycosylated peptides also
can be analyzed by using similar approaches. Peptide glycosylation can be identified by observation of oxonium ion such as
m!z 204 in CIO-MS-MS, and the peptide sequence is identified by ETO-MS-MS when the O-glycanmoieties remain attached
to the peptide.
5.7.2.3 Glycan analysis: N- and O-glycans can be enzymatically or chemically released from proteins followed by MALOI-MS
or ESI-MS analysis either directlyor after derivatization with chemical tags for enhancement of their ionization.

The direct MALOI-MS analysis of released glycans can be performed in both positiveand negative mode for the detection
of neutral and acidic glycans, respectively. The commonly used matrices include 2,5-dihydroxybenzoicacid (OHB) and 2',4',
6'-trihydroxyacetophenone. The neutral glycans usually are detected as [M + Na]' in positive ion MALOI-MS. ESI-MS analysis
of glycans suffers from poor ionization of the glycans and thus are used only following chemical derivatization. Forexample,
derivatization of released glycansfrom glycoproteinscan be performed on the reducing end of glycans by reductiveamination
using fluorescent tags such as 2-aminobenzamide. The labeled glycans are analyzed using hydrophilic interaction
chromatography followed by ESI-MS analysis in positive ionization mode. The molecularmassof the glycanscan be determined,
and subsequent MS-MS analysis can provide structure informationabout the glycans. Permethylation isanother important
glycan derivatization method that neutralizes acidicglycans and allows both neutral and acidic glycansto be detected by MS
in positive ion mode. MS/MS spectra of glycans contain ions from two major types of cleavages, as illustrated in Figure 7.
Glycosidic cleavage occurs at the bonds between two sugar rings and results in B, C, Y, and Z ions, which provides important
information regarding monosaccharide sequence and glycan branching. Cross-ring cleavages (shown in Figure 7 by dashed
lines) involve rupture of two bonds on the same sugar ring and lead to A and X ions that assist in identification of the type of
sugar linkages in the glycans.With increasing understanding of glycanfragmentation, the identification of glycanfrom its MS­
MS spectrum now is possiblevia database searches using recentlydeveloped computational algorithms..
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5.7.3 VACCINES

Vaccines present a unique challenge because often they includecomplex mixtures of proteins, polysaccharides, and lipids
in the form of intact bacteriaor viruses, outer membrane vesicle preparations,or combinationsof recombinantproteins.General
information regarding bacterial vaccines isavailable in Vaccines for Human Use-Bacterial Vaccines (1238). Qualitycontrol of
such mixtures typically relies on characterization by SDS-PAGE, SEC, amino acid or monosaccharide compositional analyses,
RP-HPLC, and other analytical methods. However, to date MS has not been used as a primary QC method even though it is
frequentlyusedforconfirmation of identityand characterization of impurities. Because of the manyadvantagesof MS described
in this chapter and itswidespread use in the characterization of biotherapeuticsand vaccines that contain complex protein
mixtures, MS and MS-MS offerthe ability to identify product and impurity simultaneously, and likely will be adapted in routine
QC environments in the future. Additionally, when a complication occurs (e.g., discrepancybetween assays, activity changing
afterformulation, or posttranslational modification), the quantitation of the recombinant protein (within a complex proteome)
or keyantigen in a complex protein vaccinevia a highly specific procedure such as MS may be desirable. The use of isotope
dilution MS-MS in combination with multiple reactionmonitoringscans can provide highly specific and accurate quantitation
of protein in complex samples.

5.8 Monograph Methods for Qualitative Identification

The discussions in this chapter and in Mass Spectrometry (736) covering the qualitativecapabilities of MS provide strong
technical justification for its use as part of a compendia! identification strategy for a wide range of molecular classes. The
structural information content (e.g., molecular mass, empirical formula, structurallysignificant fragmentation, and
characterization of biomolecular modifications such as glycosylation) has been and will be an integral part of identification
strategies. One or more specific aspects of massspectralinformation can be combined to increase the specificity and reliability
of the proposed test. Developmentof the MS portion of the compendial identification test should strive to provideunique and
complimentaryinformation for usewithother identification tests intended inthe monograph. Methoddevelopment alsoshould
consider the availability of a referencestandard for successful massspectrometric identification.

6. QUANTITATIVE ANALYSIS

MS is useful for the quantitative determination of actives or impurities in a drug substance or a drug product because of its
selectivity and sensitivity. Theformer typically comes into playwhen target compounds resideincomplexmatrices(e.g., natural
or formulated), and the latter is a benefitwhen low-level impurities must be measured. Selectivity is achieved in MS-based
methods by the combination of well-characterized attributes of the target compound, including molecular mass, intrinsic
ionization characteristics, and fragmentation with additional data such as chromatographic retention time. In addition to
chromatographic selectivity, use of a chromatographic inlet helps isolatethe target compound from other chemical entities
within the sample that could create problematicartifacts (e.g., ionization suppression) ifthey were introduced concomitantly.

This general approach to sample analysis (Le., chromatographycoupled with MS) typically introducesthe target compound
into the massspectrometer as a well-defined peak (ideally, Gaussian) that can be reproducibly integrated for optimal
quantification. While other forms of sample introduction (e.g., flow injection and direct-insertion proceduressuch as MALDI)
potentially can be employed and may be necessary in some applications, chromatographic introductionsystemsare more
common and are preferredfor MSquantification.

Although various massspectrometer types can be used, the quadrupole and tr.iple quadrupole, in particular, are most
commonlyemployedfor quantitative analysis. These instruments providea combination of specificity, sensitivity, stability, and
linear response, which isessential for accurate measurement of target compounds, particularly within complexformulations.
Forthese reasons, the balance of this quantification discussion emphasizes the use of chromatographic separations in concert
with quadrupole MS detection.
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6.1 MS Quantitation Overview

Employing a chrornatoqraphle inlet, analystsfntroduce a sample solutionvia injectiononto an appropriate chromatographic
column, and a flowing carrierstream (gas or llquld mobile phase) advances the target compound(s) and other matrix
components through the column at various rates that are determined by strength of the carrier (gas characteristics for GCi
organic, along with mobile-phase modifiers, for HPLC), temperature, and affinity for a stationary phase (see (621». Pressurized
or near-atmospheric-pressure chromatographic effluent is passed through an appropriate interface into the vacuum
environment of the mass spectrometer. In this manner, chemical components within the sample enter the mass spectrometer
as chromatographic peaks that are subject to ionization as defined by the chosen ionization mode and according to the
propensity of each chemical to become ionized under those experimental conditions.

In the case of single-quadrupole MS detection, the mass analyzeris set to pass to the detector an ion with an m/z value that
ischaracteristicof the target compound. Inthis selected ion monitoring (SIM) mode, a chromatographic profile for a singleml
z value iscreated. Thisoverall processyieldsa chromatographic peak at the retention time expected for the target compound.
When integrated, the area under this peak leadsto a measureof target compound concentration inthe original sample. Accuracy
in an MS-based quantitative assay isachieved by the proper use of a well-characterized reference standard and, ideally, an
appropriate internal standard, as described in 6.2.1 Internal Standards.

Formany analyses, the combination of chromatographic separation and SIM MS analysis will providesufficientselectivity to
yieldan analysis, which issufficiently free of chemical interferenceto meet the measurement need. However, in some situations,
it may be necessaryto utilize the additional selectivity provided by tandem MS detection that commonly is provided by a
triple-quadrupole instrument. The need can be particularly acute in Category /I analytical procedures for which a trace impurity
must be measured within a complex formulation.

The relative benefit of MS/MS detection is illustrated in the extreme example presented in Figure 8. The antitussive
dextromethorphan (Dex) is present in a plasma extract at 100 pg/mL. Thisextract isfirstanalyzed by LC-MS using ESI-SIM at
mlz 272 (protonated molecule). In this experiment the SIM chromatographic peak corresponding to Dex is barely discernible
above the relatively high background noise. Alternatively, a triple quadrupole can be employed to set up a selected reaction
monitoring (SRM) detection scheme for added selectivity. SRM is a special case of product ion MS-MS in which the second
mass analyzer is tuned to pass only a selected fragment ion corresponding to Dex (m/z 147 in this example). A marked
enhancement in selectivity, and therefore signal-to-noise ratio, isevident and typically leads to improved performance for
quantitative analytical methods.
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Figure 8. MS (SIM) versus MS-MS (SRM) for quantitative methods.

6.2 Quantification Considerations and Procedures

Methods suitable for Category I and Category /I applications require the use of a referencestandard for each target
compound. Quantification of a target compound in an appropriately prepared test sample isachieved by relating its MS
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response (e.g., SRM-derived chromatographic peakarea) to that of similarly prepared referencestandards spanning the required
concentration range (see Mass Spectrometry (736), Validation and Verification of Mass Spectrometry AnalyticalProcedures).

Foroptimal accuracy and precision, internal standards should be employed at a consistent concentration in both the test
samples and reference standards. Internal standards compensate for small sample-to-sample differences in dilution volume or
lossof materialduring sample processing.Theyalsocompensate for analysis-to-analysis fluctuationsin MS response or sensitivity
drift over the course of batch analyses, both of which occur in all MS-based methods. In practice, selective detection schemes
are set up to monitor both the target compound (analyte) and its corresponding internal standard. The key instrumental
measure for each standard and test sample is, therefore, a ratio of the analyte-to-internalstandard chromatographic peak areas.
Internal standards can be either structural or stable-isotope-Iabeled analogs of the target compound. The former may be
adequate and often has the advantage of lower cost and availability. The isotopically labeled (e.g., 2H, BC, or 15N) alternative
offers superior method performance, because it is essentially identical to the analyte in chemical and physical properties, with
the exception ofgreater molecularmass.The only requirements are that the isotopiclabelsare not subject to chemicalexchange
during storage or sample preparation, are retained in the MS ionization process, and provide a sufficient molecular mass shift
(typically 3+ Da using multiple labels) versus the analyte to ensure negligiblecross-talk (interference) between analyte and
internal standard signals (because of natural isotopes and variable mlz resolution across different mass analyzers). In addition,
care must be taken to ensure that the internalstandard contains inconsequential levels of unlabeledtarget compound impurities
that potentially could bias results. Suitability of the internal standard is confirmed after successful completion of the analytical
procedure validation.

6.2.2 DATA ACQUISITION

Foraccurate integration of analyte and internal standard chromatographic peaks, the data acquisition parameters (e.g.,
sampling rate, scan range, or masses monitored) must provide a sufficient number of intensitysamples acrossthe peak width.
The number of samples may varydepending on method performance requirements (see Table 1 in general chapter (736») and
practical considerations related to chromatography conditions, mass spectrometer type, and the number of analytes and
internal standards monitored. Forexample, for single-analyte assays on quadrupole-based instruments, analyte and internal
standard SIM or SRM detection schemes are alternately sampled throughout the analytical run. With modern quadrupole
instruments, dwell times of 100 ms or lessper sampling point are readily achieved and should result in at least eight samples
across each peak (this is the suggested minimum for good quantitative representation of the peak).

6.2.3 CALIBRATION

Acalibration curve iscreated by plotting analyte-to-internalstandard peak area ratios versusconcentration for the reference
standards analyzed. Forthe somewhat narrow calibrationrange requiredfor Category Iand Category II measurements, a simple
(nonweighted) linearfit issufficient to define this response versusconcentration function. However, 1lx or l/x2 weighting also
can be used, as well as nonlinear (e.g., quadratic) functions, as supported by appropriate and provided validation data.

The calibration concentration range isselected based on instrument sensitivity and the required method performance
attributes. In general, the lowest concentration should yield sufficient signal for reproducibility, and the highest concentration
ideallyshould be within the linear response range of the MS system. In extreme cases, the upper end of the linear response
range may result from limitations of the mass analyzeror detector (e.g., as with TOF and ion trap MS instruments, but much
lessso with quadrupole mass analyzers). More often, lossof linearity resultsfrom diminishing ionization efficiency at higher
concentrations. This is a common consideration with, for example, electrospray ionizationwhere high analyte concentrations
may increasingly deplete available ionizing adduct ions, leading to a less-than-proportional increase in detected signal with
increasing concentration. This so-calledself-suppression phenomenon can be somewhat compensated by the use of a
stable-isotope-labeled internal standard that co-elutes with the analyte and, therefore, experiences similar proportional
suppression. However, best-method performance is achieved when calibration falls within the linear range.

6.2.4 TEST SAMPLE PREPARATION

The scope of acceptable sample preparation procedures for quantitative MS analysis is broad and depends on many factors,
including the analyte chemical class, the composition and complexityof the matrix, the target analyte concentration, and the
type of analytical instrumentation available. Ifappropriate, the preferred approach issimple dissolution followed by internal
standard addition and then dilutionto a target concentration withinthe calibrationrange. Thissimplicity minimizes the potential
for analyte recoveryissues and contamination or other procedural errorsthat may compromise the robustnessof more complex
methods. Provided sufficient instrument sensitivity, optimal method performance typically isachieved with greater dilution
factors (lower analyte concentrations in the prepared sample). Thisapproach not only avoids self-suppression issues but also
minimizes the potential for ionization suppression due to co-eluting matrix components.

More complex sample preparation procedures may be required to address issues related to the chemical class or
concentration of the analyte, as well as the nature of the matrix. In such cases, the use of an internal standard
(stable-isotope-labeledstandards in particular) is almost essential to ensure adequate method performance. Forbest results,
the addition of the internal standard should take place at the earliestpractical stage of sample preparation (e.g., immediately
following test sample dissolution). .

Forexample, procedures such as liquid-liquid and solid-phase extraction may be required to enrich (concentrate) target
compound(s) for greater assaysensitivity or for isolation from high levels of ionization-suppressing components within the
matrix (e.g., salts or other excipients). Chemical derivatization of certain functional groups of a target compound may be
desirable to stabilizethe sample (e.g., for GC-MSanalysis), improve method chromatographic performance, or enhance
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intrinsicsensitivity for detection (e.g., for ESI). Although such procedures add complexity, they are acceptable provided the
overall analytical procedure can be properlyvalidated.

A. special case ()f c()ll1ple)( sall1plE! prE!paratiQO that may be required for quantification of macromolecularcompounds such
as vaccinesand biotherapeutics involves the intentional degradation of the target molecule(s) into smallerentities that are more
amenable to quantitative MS analysis. Forexample, partialdegradation of a protein therapeutic may be achieved by hydrolytic
(chemical) or enzyme-based (e.g., tryptic) digestion to yield peptide fragments that are characteristic of the protein. These
smaller molecules can be analyzed by using principles described in this section (including the use of stable-isotope-labeled
internal standards of each targeted peptide), and the resultscan be correlated to determine the concentration of the original
target protein. Further, by measuring multiple peptides derived from the protein of interest, analysts can achieve qualitative
(identity) verification of the protein by means of the same method. Of course, this indirectapproach usually requires some
degree of isolation and qualitative identification of the macromolecule to ensure that the subsequent quantitative measure of
the representative peptides is relevant.

7. EMERGING MS APPLICATIONS

7.1 Drug Product Authentication and Contamination Detection

Counterfeit and contaminated or adulterated pharmaceutical materialsare a threat to patient safety, consumer confidence,
and product securityand are therefore of concern to pharmaceutical manufacturersand regulatoryagencies. Becauseincreases
in the incidence ofcounterfeited and contaminated pharmaceutical materialshaveelevated concerns about public health safety
and product security, numerous measures have been employed to detect counterfeit and contaminated drug products and to
ensure supply chain integrity. Because of its sensitivity and specificity, MS isan effectiveanalytical tool for broad application in
the determination of authenticity, source, or contamination of drug products. Approaches includeverifying the identity of the
active ingredient(s), determining and comparing impurity profiles, and isotopic characterization.

7.1.1 IDENTIFICATION AND/OR VERIFICATION OF THE ACTIVE INGREDIENT

Counterfeit drug products may contain multiple or different active ingredients or no active ingredient at all. GC-MS, LC­
MS, or direct-infusion MS procedures can providea verification of the presence or absence of an active ingredient or the identity
of other active ingredients that may be present. Counterfeit drug products containing multiple active ingredients or very high
levels of a singleactive ingredient (superpotent samples)typically are ofgreater concern to human safetythan those that contain
littleor none. Incasessuch as these, MS can provide positive, unequivocal proof of identity, as well as quantitative information
sufficient to pursue those responsible for producing the counterfeit products.

7.1.2 IMPURITY PROFILING

Impurity profiles can indicate contamination of a drug product or can distinguish an authentic product from a counterfeit.
Impurity profiles serve as fingerprintsfor a drug substance or formulated product from a particularsource. Hyphenated
techniques such as LC-MS and GC-MS can be used to resolve and identifyprocess-specific impurities that are characteristic
of a particular synthetic route, which can be useful indetermining the originand distribution of counterfeit materials.Variations
in the impurity profile of the authentic materialand changes in the profile with time and processconditions must be considered
when analysts use impurity profiles for identification or as indicatorsof potential contamination. Withsuspect counterfeit
products, similarity of impurity profiles may not necessarily indicate a suspect sample is authentic. Insuch cases, additional
investigation using orthogonal procedures may be necessary.

7.1.3 ISOTOPIC CHARACTERIZATION

Stable isotopes of elements such as carbon, nitrogen, hydrogen, and oxygen occur naturallyin pharmaceutical products and
raw materials. Isotopicratiosprincipally depend on starting materialsand processes used to produce drug substances and drug
products and can be highlyspecific for a given batch. Therefore, isotope ratios can define an isotopicfingerprint for a given
material, and observed differences in specific isotope ratios between batches can be used to authenticate materials or indicate
potential contamination. Isotope ratio mass spectrometry (IRMS) isa powerful tool for pharmaceutical authentication or
detection of potential contamination in drug products and raw materials. IRMS affords a high level of specificity, accuracy, and
precision in the determination of certain elemental (e.g., carbon, nitrogen, oxygen, and hydrogen) isotope ratios in drug
substances or products. Because specific isotope ratios can be influenced by multiplefactors such as location, climate, process
differences, and source and qualityof raw materials, IRMS isable to provideinformationthat isnot onlyuseful inauthenticating a
drug product but also in indicatingthe originofa drug product or material.Thisisparticularly important indetermining whether
distributed counterfeit drug products obtained at discrete locations originate from the same manufacturing process or when
linking a diverted product with its original manufacturing site. Figure 9 illustrates subtle but notable differences between
authentic drug product samples from three global manufacturing sites and overt differences between authentic and three
counterfeit drug products. Additionally, IRMS approaches authentication from a postproduction perspective and does not
involve marking or altering the drug product, as may be required by other pharmaceutical authentication technologies.
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Figure 9. Bivariate plot of stable isotopic composition (813C versus815N) of authentic drug product from three global
manufacturing sites (Sites 1-3) and three counterfeit drug products (C1-C3).

(1761) APPLICATIONS OF NUCLEAR MAGNETIC RESONANCE
SPECTROSCOPY

PRINCIPLES' OF NMR

Nuclear magnetic resonance (NMR) spectroscopy is an analytical technique based on the magnetic properties of certain
atomic nuclei. NMR is similarto other types of spectroscopy in that absorption of electromagnetic energy at characteristic
frequencies provides analytical information. NMR differs from other types of spectroscopy because the discrete energy levels
between which the transitions take place are created by placing the nuclei in a magnetic field of strength Ho. Although the
initial field strength of the applied field is Ho, when the sample is inserted into the magnet, the field strength throughout the
sample becomes 80, defined as follows:

in which JJs is the magnetic susceptibility of the sample.
Atomic nucleibehave as ifthey were spinning on the nuclearaxis. The angular momentum, Po, of the nucleus ischaracterized

by a spin quantum number (/). The maximum observable component of the angular vector, p, is

p = Ih/2rc =ill [2]

in which h is Planck's constant and h is modified Planck's constant.
Table 1 shows the values of I as a function of the mass number and the atomic number.

Table 1. Nuclear Spin Values as a Function of Mass and Atomic Numbers
Mass Atomic Nuclear Spin

Number Number (I)

Odd Even or odd 1/2, 3/2, 5/2 ...

Even Even 0

Even Odd 1,2/3 ...

The angular momentum creates a magnetic moment, u, which is parallel to and directlyproportional to p.

'u =yp =y/h [3]

where y is the magnetogyric ratio and isa constant for all nuclei of a given isotope, regardlessof their position in a molecule.
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Nuclei that have a spin quantum number If. 0, when placed in an external uniformstatic magnetic field, align with respect
to the field in (21 + 1) possibleorientations. Thus,for nuclei with 1= 1/2, which includesmost isotopesof analytical significance
(Table 2), t~~r~ ar~ tvve> pe>ssil:>l~ ()ri~otatiQOS, cQrresPQnding to two different energy states. The energies of these two states
are ± ~Bo, and their separation is

with more nuclei populating the lower energy state (-~Bo) than the higher energy state (+~Bo)' The populations are in
accordance with the Boltzmann distribution:

N)N_ = exp(-ElkT) [5]

where N+ and N_are the populations of the high and low energy states, respectively; k isthe Boltzmann constant; and T is the
temperature in K.

Anuclear resonance is the transition between these states, and upward as well as downward transitions are possible. In a
static magnetic field the nuclear magnetic axis precesses (Larmor precession)about the Boaxis. The precessional angular velocity
is often referred to as the Larmorfrequency, 0)0' and is related to Bo:

E = hv = 2,uBo

= 2r1hBo

= rhBo

V= rBo/21C

{Oil = rBo [6]
Ifenergy from an oscillating radio-frequency (rt) field is introduced, then resonance isachieved when the rffrequency isthe

same as the precessional angular velocity. Although the probabilityof an upward transition is equal to that of a downward
transition, more upward transitions take place than downward transitions because N_ isgreater than N+. Hence, an overall
absorption of energy takes place. As shown in Table 2, the resonance frequency of a nucleus increases in direct proportion with
the increase of the magnetic field strength.

Table 2. Properties of Some Nuclei Amenable to NMR Study
Resonance Frequency

(MHz) at

Natural Abundance
Nucleus I (%) Sensitivity 1.4093 P 7.0463 T 11.7440 T

lH 1/2 99.98 1.00 60.000 300.000 500.000

Be 1/2 1.108 0.0159 15.087 75.432 125.721 .

19F 1/2 100 0.83 56.446 282.231 470.385

31p 1/2 100 0.0663 24.289 121.442 202.404

118 (3/2) 80.42 0.17 19.250 96.251 160.419

aT =tesla: 1.4093 T=14.093 kilogauss.

NMR isa technique of high specificity but relatively lowsensitivity. The basic reasonfor the lowsensitivity isthe cornparatlvely
smalldifference in energy between the upper and lowerenergy states (0.08 Joules at 1.5 to 2.0 Tfield strength), which results
in a population difference between the two levels of only a few parts per million. Another important aspect of the NMR
phenomenon, with negative effects on sensitivity, is the long lifetime of most nuclei in the excitedstate. Long lifetimes affect
the design of the NMR analytical test, especially in repetitive pulsed experiments. Simultaneousacquisition of the entire range
of resonant frequencies instead of frequency-sweptspectra can give increased sensitivity per unit time.

All characteristics ·of the signal-chemical shift, multiplicity, Iinewidth,coupling constants, relative intensity, and relaxation
time contribute analytical information. The analytical usefulness of NMR arisesfrom the observation that the same types of
nuclei, when located in different molecularenvironments,exhibit different resonance frequencies.The reasonfor this difference
isthat the effective field associated with a particularnucleus isa composite of the external field provided by the instrument and
the field generated by the circulationof the surrounding electrons. The latter field isgenerallyopposed to the external field and
lowersthe overall fieldstrength at the nuclearsite. The phenomenon istermed shielding. Hence, the more shielded nucleihave
lower Larmor frequencies.

It is not convenient to accurately measure the absolute valuesof transition frequencies, as isdone with other spectroscopic
procedures. However, it isconvenient to accurately measure the difference in frequenciesbetween two resonance signals.The
positionofa signal inan NMR spectrum isdescribedby itsseparation from another resonancesignalarbitrarily taken asstandard.
This separation iscalled chemical shift, which may be expressed in units of magnetic field or in frequency units that are readily
interconyerted by the equation for the resonance condition, Equation 6. Thisequation shows that when the separation is
expressed in frequency units, it is directlyproportional to the field strength. It is more convenient, therefore, to express the
chemical shift in terms of the dimensional unit 0, which is independent of the field strength, and is defined by
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wherevss is the test substance resonance frequency, in Hz; V/tSis the reference resonance frequency in Hz; and Va is the
instrument frequency, in MHz. When v» is expressed in units of MHz, then Equation 7 is expressed in units as parts per million
(ppm). Hence, it is common to use the unit ppm to express the chemicalshift difference between the resonance peak of the
test substance and that of the reference. .

By using this equation, one can use (with appropriate caution) the chemical shift of any known species (such as the
residual 1H-containing species in a deuterated solvent) as a chemical shift reference. Thisequation, now in common use, is
applicable to nearlyall nuclei. .

Tetramethylsilane (TMS) isthe most widelyused chemical shiftreferencefor proton and carbon spectra. It ischemically inert,
exhibits only one peak (which ismore shielded than most signals), and isvolatile, which allowsready specimen recovery. Either
2,2,3,3-d4 sodium 3-(trimethylsilyl)propionate (TMSP) or sodium 2,2-dimethyl-2-silapentane-5-sulfonate (DSS) is used as an
NMR reference for aqueous solutions. The resonance frequency of the TMSP or DSS methyl groups closely approximates that
of the TMS signal. Where the use of an internal NMR reference material is not desirable, an external reference may be used,
such as a reference standard in a separate NMR tube.

Conventional NMR spectra are shown with shielding increasingand chemical shiftdecreasing from left to right because less
shielded nuclei have higher Larmor frequencies than do more shielded nuclei. Resonances on the leftare said to be deshielded
(i.e., they show lower electron density). Resonance peaks appearing at the right are termed more shielded (i.e., they show
greater electron density) than those appearing at the left. Resonances from the more shielded and the lessshielded nucleioften
are inappropriately called the high-field or upfield peaks and the low-field or downfield peaks, respectively, as a result of the
outdated method of acquiring data by sweeping the magnetic field. Today, the overwhelming majorityof spectra are acquired
on a pulsed Fouriertransform (FT) spectrometer, which sweeps neither the magnetic field nor the transmitter frequency.
Therefore, it is more appropriate to refer to resonances at the leftside of the spectrum as high-frequency or deshielded
resonances and those on the right as low-frequencyor shielded resonances.

The coupling between two nuclei can be described in terms of the spin-spincoupling constant, 1, which is the separation
(in Hertz) between the individual peaks of the multiplet. When tWQ nuclei interact and cause reciprocalsplitting, the measured
coupling constants in the two resulting mutiplets are equal. Furthermore, 1is independent of magnetic field strength.

Coupled spin systems are usually referred to as weak or strong. These terms depend on the separation of the Larmor
frequencies of the coupled nuclei compared to the coupling constant between them. Both of these valuesare easily measured
from the spectrum. Fora weakly coupled system, the separation expressed in Hz(ilv) is large compared to 1, which is always
expressed in Hz. Thus, the ratio of the two is dimensionless. Fora weakly coupled system, the ratio is large. Typically,
spectroscopists consider a ratio above 10 to be weak. Only weakly coupled spin systems produce first-orderspectra, which are
comparatively easy to analyze. The number of individual peaks that are expected to be present in a multiplet and the relative
peak intensitiesare predictable. The number of peaks is determined by 2 nl + 1, where n is the number of identical nucleion
adjacent groups that are active in splitting and 1is the spin of those nucleicausing the splitting. Forprotons this becomes (n
+ 1) peaks. In general, the relative intensityof each peak in the multipletfollows the coefficientof the binomialexpansion (0 +
by'.These coefficients can convenientlybe found by use of Pascal's triangle, which produces the following relative areas for the
specified multiplets: doublet, 1:1; triplet, 1:2:1; quartet, 1:3:3:1; quintet, 1:4:6:4:1; sextet, 1:5:10:10:5:1; and septet,
1:6:15:20:15:6:1. Two examples of first-order spectra arisingfrom weak coupling are shown in Figure 1.
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Figure 1. Diagrammatic representation of simple spectra resultingfrom weaklycoupled spin systems.

Coupling may occur between 1H and other nuclei, such as 19F, 13C, and 31P. This type of coupling can frequently be observed
between nuclei separated by 1-5 bonds. .

Magnetically active nucleiwith I;::: 1, such as 14N, possess a nuclear quadrupole moment, which produces line broadening
of the siqnalsfrom neighboring nuclei.
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Another characteristic of an NMR signal is its relative intensity, which has wide analytical applications. In carefully designed
experiments, the area or intensityof a signal is directlyproportional to the number of protons that give rise to the signal. As a
r~sLJlt,. f\J MBC:ClD Q~ .LJ~~d fQ[quantitation (see QuantitatbLe Analysis in this chapter and in Nuc1earMagneticResonance
Spectroscopy (761), Qualitative andQuantitative NMRAnalysis. NMR spectra may contain spinning side bands, peaksthat appear
symmetrically located around each signal.These signalsare due to the failure to optimize the off-axis (x and y) shims. The
homogeneity of modern superconducting magnets, coupled with computer shimming techniques, reduce the need for sample
spinning and completely eliminate these sidebands.
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NMR SPECTROMETERS

Introduction

NMR spectrometers have evolvedsince the first commercial instrument, a Varian HR-30 that operated at 30 MHz, was
produced in 1952. Initially NMR spectrometers used a data acquisition technique known as continuous wave (CW), which was
based on sweeping the magnetic field. The limitations of a CWspectrometer include low sensitivity and long analysis time.

Today's spectrometers operate at frequencies up to 1 GHz and apply an rf pulse to the sampleto produce a time-domain
signal known as a free induction decay (FID), which isthen Fourier transformed into a frequency-domainsignal.Thistechnique
is known as FT NMR spectroscopy. Current NMR spectrometers are composed of several keycomponents: the magnet, the
probe, the console, and the computer.

The instruments are described by the approximate resonance frequency of the 1Hresonance, e.g., 600 MHz, or by their field
strength, e.g., 14.1 T.

The Magnet

Until the early1970s, NMR magnets were either ferromagnetic-core electromagnets or permanent magnets that operated
at field strengths of1.41-2.35 T,corresponding to 1Hresonancefrequenciesof 60, 80, 90, and 100 MHz. ThefirstNMR magnets
based on superconducting magnets were introduced in the 1960s and allowed access to much higher field strengths that
currently are as high as 23.5 T (1 GHz).

The superconducting magnet is the most expensivecomponent of an NMR spectrometer and can cost up to several million
dollars. These magnets consist of miles of Nb3Sn or NbTi wire.When these materialsare wound into a solenoid that is immersed
in liquidheliumat 4.2 K, they become superconducting. That is, an electrical current can be induced in them by an energizing
power supply, and that current will persistfor many years even after the power supply is removed. This essentially constant
electrical current is used to generate high static magnetic fields that can be several times higher than those obtained with
ferromagnetic-core magnets. Ensuring that the superconducting coil is immersed in liquid helium at all times is the only
maintenance needed to sustain these high fields.

Figure 2 contains a diagram of a typical superconducting magnet. The superconducting solenoid is immersed in a
liquid-helium Dewarat 4.2 K. Thisunit is itselfcontained in a liquid-nitrogen Dewar at 77.4 K. Each Dewar is surrounded bya
vacuumed space and reflective film coating to prevent outside heat of the laboratory from entering the helium Dewar.The
central core or room-temperature bore providesroomfor the stackthat contains the shimcoilsfor room-temperature shimming.
Finally the probe is inserted into the stack. Samplesare injected or ejected from the probe by means of a jet of filtered and dried
air or nitrogen.
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Figure 2. Schematic representation of a superconducting magnet.

An important recent advance in magnet technology has been the construction of shielded magnets with strayfields that can
extend only one or two meters from the center of the magnet in three dimensions, thereby making magnet siting a far easier
task than it was with unshielded magnets.

In addition to the main solenoid, the helium Dewaralso contains several other superconducting coils that are used to shim
the main magnetic field as a first step in attaining very high field homogeneity. Furthershimming is accomplished by 20-
30 shim coils in the room-temperature shim stack that is inserted in the bore of the magnet. These coils operate at ambient
temperature and are used to generate small magnetic fields that oppose and cancel inhomogeneities caused by the
surroundings, the probe, or the sample itself. Computer software has taken over a large amount of the tedious job of shimming
the magnet homogeneity, a critical taskfor obtaining good NMR data. Using the locksignalfrom the sample, spectroscopists
can generate a field map for each of the shim coils. Using this map, the computer then calculates the amount of current that
should be applied to each of the shim coils to maximizethe magnet homogeneity. Typically this operation takes less than a
minute for shimming the on-axis (Z7 to Z6) shim coils. The off-axis (x/y) inhomogeneities can be compensated for in a similar
manner but usually in a longer period of time (15-20 minutes) because of the larger number of off-axis coils.

The Probe

The NMR probe may be the most important part of the instrument. The probe consistsof one or two rf coils. Each coil,which
is inductive (L), is in a circuit that contains several tunable capacitive (C) elements. These elements are adjusted to enable the
probe to transmit and receiveat the Larmor frequency, Vo' Fora given nucleus, the probe tuning isdetermined by [v=1I
(21t(LC)1/2) ] . A pulse of rf at the Larmor frequency results in an applied magnetic field (B7) . To induce a transition, B7 must be
applied perpendicular to the static field generated by the magnet superconducting coil.The rf coil not only transmits the
excitation pulse but is also electronically switched to receivethe rf signal from the sample.

The most common NMR sample tube is the 5-mm (od) NMR tube. However, probes have been designed in many forms.
Some probes can accommodate 10- or 20-mm tubes forsamples that are not in limitedsupply,such as petroleum and polymers.
Forlimited amounts of precioussamples, probes have been made to accept tubes as smallas 1 mm, which can accommodate
solutions as small as 5 J..IL. Also, flow probes are available to obtain data directlyfrom a liquid chromatography effluent.

Probesare available in a large number of coil configurations.The most common probe usually contains a broadband observe
coilthat is tunable over a wide range of frequencies (31p to l09Ag), a decoupler (lH) coil, and a coil tuned to deuterium (2H) for
field-frequency lock. Usually, the decoupler coil is double-tuned for both lH and 2H. Probe configurations can include as many
as four channels for multidimensional workwith biological macromolecules. .

The probe can come in a format where the X-nucleus observe-coil (e.g., Be) iswound closest to the sample for highest
sensitivity, and the decoupler coil (lH) isfarther away. The inverseconfiguration isalso available to provide the maximum
signal-to-noise(SIN) ratio for 1H, the detected nucleus in two-dimensional (2-D) indirect heteronuclear experiments, such as
heteronuclear single-quantum coherence spectroscopy (HSQC) and heteronuclear multiple-bond correlation (HMBC) where
the X-nucleus is indirectlydetected via the 1Hfrequency. Recentadvances in probe technology have resulted in a single probe
combining the sensitivity of the direct and inversedetection probes described above. Another advancement in probe design is
the cryogenically cooled probe wherein the rf coilsand their preamplifiers are held at closeto liquidheliumtemperatures (20 K).
Because rf electronics generate lower noise levels at colder temperatures, SIN ratios can be increased by at least a factor of four
in these probes. Because the SIN ratio of a spectrum isgiven by n1/2, where n is the number of acquisitions, an enhancement
by a factor of four to the initial SIN ratio translates to a savings of 16 in time or to a four-fold reduction in sample size.
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Probescan also be equipped with gradient coilsthat can applya magnetic fieldgradient in the z onlyor x, y, and z directions.
These gradients are used to study diffusion or, more commonly, to be integral parts of pulse sequences because they provide
a~ e~icient ll1eans f()r s~lectin9 specific c()hE!rE!I1CE!S in k[) E!)(peri l11E!nts,

In addition to the electronic coils, probes usually come equipped with a heater coil that enables variable temperature work
from -100° to +150°. Probesalso have gas outlets to allowsample insertion and ejection from the probe as well as sample
spinning.

Forsolid-state samples the probes come with cylindrical rotors that are filled with the sample and capped. The entire rotor
can then be oriented at an angle of 54.74° (known as the magic angle) relative to the magnetic field directionand spun at rates
up to 70 kHz. Rapid rotation at this angle helps remove the chemical shift anisotropy and dipolar coupling so that the very
broad resonances observed in the solidstate can be reduced considerably.

The Console and Computer

The NMR console has the primaryfunction of generating the various Larmor frequencies required for a given experiment,
amplifying and transmitting these frequencies to the probe, and detecting the resultingsignals that are transmitted from the
probe so that they can be used to create an NMR spectrum. Inaddition to these primaryfunctions, the console performs many
more operations, all of which are computer-controlled. Figure 3 contains a schematic diagram illustrating the various
components of the current majorityof spectrometer consoles.
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Figure 3. Schematic diagram of an NMR spectrometer.

Thecomputer continually controlsthe signalto the lock transmitter (A) so the resonanceof the lock material can be detected
in the lock receiver to maintainfield/frequency control.Thecomputer alsocontrolsthe frequencysynthesizer (8) that generates
the various frequencies that are closeto the Larmor frequencies of the observed or perturbed nuclei. Fora specific experiment,
the computer triggers the pulse programmer (C), which, in turn, sends timing signals (pulsewidth, phase, and shape) to the
observer transmitter (D), the decoupler (E), and the gradient amplifier (F), depending on which of these units are needed for
that experiment. Once the observed nucleusin the probe (G) isexcited by a pulsefrom the observedtransmitter, the resultant
rf signal isamplified inthe preamplifier (H). Thenthe signal ismixed(J) with a local oscillator (1) to generate a lowerrf frequency,
calledthe intermediatefrequency(IF) that isfurtheramplified (K). Asecond mixingstage, thistimewitha differentlocal oscillator
(L), results in an audio signalthat isthen detected inquadrature (M) before being amplified (N), converted (0) from an analog
to adigital signal, and stored in the computer. After the signal is processed to create a spectrum, the digital data can be
converted back to an analog signal in a digital-to-analog converter (P) and printed.

The output from the phase-sensitive detector (M) isthe free induction decay (FlO), which is a time-domain signal, f(t).
Whentwo detectors are used (M) withtheir reference frequencies shiftedfrom each other by90°,frequencies that are positive

with respect to the reference can be distinguished from those that are negative. This system is referred to as quadrature
phase-sensitive detection (QPO). Each detector producesan FlO, but they will always be 90° out of phase with respect to each
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other. One FlO iscalled the real FlO, and the other is called the imaginary FlO. The Fourier transform that is performed in this
case iscalleda complex Fourier transform.The combination of the realand imaginaryFIOs yieldsthe frequency spectrum, F(m).

F(m) = [, f(t)exp-iOJI dt [8]
In addition to the Fourier transform process, the computer isalso used for post-acquisition processing of the data. The

frequency-domain spectrum that results from the complex Fourier transform can then be phased, baselinecorrected to remove
distortions, integrated to obtain peakareas,and peak pickedto providechemicalshiftinformation. Thecomputer isalsocapable
of providing spectra calculated from chemicalshift and coupling values, curve-fitting resonances, and deconvoluting complex
overlapped peaks. Finally, the digital data can be converted to their analog form by a OAC (0) and printed.

RELAXATION

NMR includes two types of relaxation: Spin-Spin Relaxation, sometimes referredto as Transverse Relaxation, or T2 Relaxation,
and Spin-Lattice Relaxation, sometimes referred to as Longitudinal Relaxation, or T1 Relaxation. At least two mechanisms
contribute to Transverse Relaxation: lossof signal due to 80 inhomogeneity and the natural relaxation that would take place
even in a perfectlyhomogeneous field. The combined effects of these two mechanismsproduce a new time constant for the
relaxation, which is referred to as T2*.

Spin-Spin Relaxation (Transverse Relaxation)

Afteran rf pulse, the component of Mo in the (x,y) plane, Mxy, will gradually decay toward zero. The process isfirst order,
and as it isinother types offirst-orderprocesses, the instantaneous rate ofdecay of Mxy isdirectlyproportional to itsdisplacement
from equilibrium.Thefurther Mxy isdisplacedfrom zero, the faster it decays, and as it approaches zero it decays more and more
slowly. Hence, Equation 9 applies.

dMxy/dt oc (-Mxy) [9]

The process is analogous to the decay of a radioactiveelement. However, spectroscopists do not speak of the rate of decay
of an FlO in terms of its half-life. Instead, they speak of its 1Ie-life, that is, how long it takesfor the FlO to decay to a valuethat
equals 1Ie of its original value at time zero. Standard mathematical manipulations of Equation 9 yield

Mxy= Moexp(-tIT/) [10]

where Mo isthe equilibrium distribution given by Equation 9, and T/ isthe rate constant for the decay. T/ isa measure of how
fast the signal decays, not how long it takes to decay. The rate of decay isfastest immediatelyafter the pulse because then it is
furthest from itsequilibrium position, zero. Ifthe rate remained constant at this initial rate, then the signalwould be completely
decayed after one T2*. .

Table 3 was prepared from Equation 10. It shows the percentage of Mxy remaining as a function of time after a 90° pulse. In
Table 3 time is given as the number of T2*s.

where !:J.Vl/2 is the width of the peak at its half-height.

4.0

1.85.0

0.0 0.5 1.0 1.5 2.0 3.0

Table 3. Percent of Mxy Remaining as a Function of Time, in Units of T2*

100.0

Time/T/

% Remaining

M xy asymptotically approaches zero, and it would take infinitely long for complete decay, but the decay is normally
considered to be complete when the time has reached 3 to 5 times T2*. Hence, these times are commonly used as acquisition
times. Ifacquisition times that are shorter than 3 times T2* are used, the FlO is truncated and subsequent Fouriertransform
leads to visible baselineartifacts.

The decay of the FlO produces the peak width in the final spectrum. The faster the decay, the broader is the line.The
mathematical relationship is:

Spin-lattice Relaxation (longitudinal Relaxation)

Afteran rfpulse, nucleiare excited from the low-energystate into the high-energystate. The nuclei will eventuallyrelaxback
to establish the Boltzmann distribution (see Equation 5), and this process is called spin-lattice relaxation. The recoveryprocess
isfirst-order, and as it is in other types of first-orderprocesses, the instantaneous rate of growth of Mz isdirectly proportional
to its displacement from equilibrium. The farther Mz is displaced from Mo, the faster it grows back, and as it approaches Mo it
grows back more and more slowly. Hence, Equation 12 applies. '
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Note that T1 is a measure of how fast Mz grows back to Mo-it is not how long it takes to grow back. Table 4 was prepared
from Equation 73 and shows the percentage of recoveryof Mz as a function of time after a 90° pulse. In this table, time isgiven
as the number of T,s.

Table 4. Percent Recovery of Mz as a Function of Time, in Units of T,

Time/T! 0.0 0.5 1.0 I 1.5 T 2.0 I 3.0 I 4.0 I 5.0

I % Recovery 0.0 39.3 63.2 I 77.7 r 86.5 I 95 I 98.2 I 99.3

As Mz asymptotically approaches Mo, it takes infinitely long for 100% recovery.. However, recoveryis normally considered to
be complete when it has reached 99%. Hence, relaxation delays of 5T, are commonly used in pulse sequences. The rate of
return to Mo isfastest immediatelyafter the pulse because that iswhen Mo isfarthest from its equilibrium position. Ifthe rate
remained constant at this initial rate, then full recoverywould be achieved after one T1•

TIP ANGLE

During an rf pulse, a magnetic field (B1) is applied to the sample. The magnetization vector M precessesabout B1

according to

0)1 = -e, [14]

where 0), is the precessional frequency and B1 is the strength of the magnetic field applied to the sample. During the time that
the pulse is applied, M precessesto an angle (n) given by the precessional rate multiplied by the width of the pulse, in time,
(PW). Then,

PW X 0)1 = a. = PW x rB1 [15]

Tip angles typically are expressed in units of degrees or in radians. Forexample, a 90° pulse issometimes referred to as a rt/
2 pulse. .

Optimum Tip Angle or Ernst Angle

Time averaging to improve the SIN ratio is accomplished by a delay-pulse-acquire sequence that is repeated as necessary.
Suppose that during the first pulse, Mo precesses 30° about B1 before the pulse is turned off.At this time the magnitude of Mz
is Mocos 30°. At the end of the pulse, Mz will begin to grow back toward its equilibriumvalue, Mo. Typically, the secondpulse
is applied before Mz reaches Mo, driving Mz down even farther awayfrom Mo. Consequently, Mz begins to grow back faster
because it is even farther awayfrom its equilibriumvalue. After6-10 pulses, Mz will grow back an amount that is equal to the
incremental displacement caused by each succeeding pulse and will reach a new equilibriumor steady state. Each succeeding
pulse continues to tip this new steady-state value of Mz by 30°, resulting in signal intensity for each pulse.

The position of the steady-state equilibriumlsdetermined by three factors: the T" the tip angle, and the time between pulses.
On the one hand, for a given T, and time between pulses, if the tip angle .is too large then the steady-state value of Mz will be
close to the origin, affording only a smallsignal. On the other hand, ifthe tip angle is too small, e.g., 5°, then the steady-state
value will be large, but with a small angle the value of Mzsin SO will also be small, again affording a smallsignal.The optimum
angle isfrequently called the Ernst angle, which is given by:

cos o.opt = exp(-PR/T,) [16]

o.opt=arc cos[exp(-PR/T1) ] [17]

where PR is the time between pulses,or pulse-repetition time. This time is the sum of the acquisition time used to collect the
FlO plus any relaxation delay used. This angle providesa reasonably large steady-state value combined with a reasonablylarge
angle and will produce the best SIN ratio per unit time. The value of T1 to be used in Equation 17 should be for the longest
relaxing nucleus in the molecule.

RELAXATION DELAY
. . .

Surprisingly, the optimum SIN ratio per unit time isobtained when no relaxation delay is used for a given T1• That iswhen
PR equals to AT, the acquisition time. However, because the nuclei in most molecules do not have the same T1 values, the
relative intensity relationship will be lost.
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Fortypical quantitation experiments, a relaxationdelay is used and should be at leastfive times the longest T1 expected for
of the nucleiinthe molecule; and the pulsewidth should be set to 90°. Furtherdetailsare providedinthe section Quantitative

RESOLUTION

In NMR spectroscopy the typicaldefinition of resolution is the ability to distinguish between two closely spaced resonance
peaks in a spectrum. The industrystandard for measuring resolution is to measure the width of a single peak, in units of Hz, at
the half-height of the peak.

The uncertainty principledetermines the best resolutionthat can be achieved in an NMR spectrum. The maximum resolution
possible,or the minimum separation that can be observed between two frequencies, !1v, ina spectrum isequal to the reciprocal
ofthe acquisition time, AT, of the FlO.

D.v= 1/!1t= 1/AT[18]

The time set by the spectrometer operator should not exceed the required AT, because this would result in the collectionof
only noise after the signal has decayed to near zero. Collecting this noise does not improve the resolution.

POSTACQUISITION DATA PROCESSING

The final appearance of the spectrum can usually be improved by applying a varietyof mathematical procedures to the FlO
before the Fourier transform is performed. The two most common procedures are multiplying the FlO by a mathematical
function, generally known as a window function; or appending zeros to the end of the FlO, generally known as zerofilling.

Window Functions

Two types are generally used: one for increasing the resolution and another for increasing the SIN ratio.

INCREASING THE RESOLUTION

The decay of the signal produces a peak width in the spectrum, and ifthis decay can be removed, then the resonance peak
would consist of a single point, i.e., an infinitely narrow peak.The decay of the signalcan be represented byexp(- tIT2*). Hence
the full equation representing the decaying signal is

A(t) =Aoexp(- tIT/)cos(rot + 0) [19]

Ifthe FlO is multiplied by an increasingfunction that exactly cancels the decay, then the peak width will be removed. This
can be achieved by multiplying the FlO by exp(tIT2*). Then Equation 19 becomes

A(t) =Aoexp(O)cos(rot + 0) =Aocos(rot + 0) [20]

Unfortunately, the application of this function as described above will also disproportionately increasethe noise power at
the tail of the FlO. The SIN ratio in the final spectrum isso poor that this function is not used without modifications. Typically,
the beginning of the FlO, where the SIN ratio is better, is multiplied up but then the tail of the FlO, where SiN ratio is poorer,
is multiplied down. Two commonly used functions that accomplish this are the Gaussian function and the transform of
reversed-added FIOs (TRAF) functionfor resolution.The latter issometimes given the name TRAFR by instrument manufacturers.
It affordsthe same resolution enhancement as the Gaussian function but with much lessdegradation in overall SIN ratio.
Numerous other window functions have been proposed though not always widely used. It should also be noted that in the
quantitative experiments increasingthe resolution should be used with caution because it may change the accuracy of signal
integration in the spectrum.

INCREASING THE SIN RATIO

The overall SIN ratio in the spectrum can be increased by weighting the points at the beginning of the FlO more highlythan
at the tail. This is because the SIN ratio is the highest in the beginning and the lowest at the tail. The weighting is often
accomplished by multiplying the raw FlO by a function that decreases with time. A popular function that gives the greatest
increase in the SiN ratio iscalled the matchedfilter. Itweights each point in the FID by an amount proportionalto the SIN ratio
at that point. Afunction that accomplishesthis must match the decay. Hence, the FlO is multiplied by exp(- tIT/).

The penalty for the use of the matched filterisa loss of resolutionthat equals a doubling of the peakwidth. When the original
decay is multiplied by the matched filter, then the new decay isgiven by the following:

exp(- tIT2*) x exp(- tIT2*) =exp(- 2tlT2*) =exp(- t10.5 Tz*) [21]

The FlO then appears to have decayed with a T2* equal to one-half of the original, and according to Equation 17 and 18 the
peak width will double. Multiplying the FlO by a steeper decay in an attempt to weight the beginning points eore resultsonly
in lessof an increase in SIN ratio and a greater increase in peak width.
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Anotherfunction that accomplishesthe same increasein SIN ratio, but without any change in resolution, isthe TRAF function
for sensitivity, which issometimes given the name TRAFS by instrument manufacturers.

Spectroscopistscan improve the overall appearance of the spectrum considerablyby appending zeros to the end of the FlO
before the Fourier transform isperformed. Thisprocess results in placing more points on everyresonance peak in the spectrum.
The most common procedure isto append a number of zeros equal to the number used to collect the FlO. Adding more zeros
will result in only a veryslight further improvement.

Although all of the peaks are better defined with zero filling, the resolution is not increased. Forexample, in a case where
the separation between two lines iscloser than the peak widths, only a single broadened line will result. Zero filling will not
resolvethese peaks-it will only place more points on an already broadened line. Only an increase in the acquisition time of
the signal or the use of a window function could resolve the peaks.

Zero filling has a beneficial effect on quantitation. Integration of a digital spectrum isaccomplished by taking the intensity
at a given point and adding to it the intensity at successive points. Ifthe number of data points is insufficient to depict the
actual peak shape, the resultant integral of that peak will not be accurately determined. Therefore, zero filling until each peak
is represented by at least 7-10 data points results in a more accurate integration. To obtain reliable peak representation and
quantitative peak integration there should be at least 4-5 data points above the full width at half height of a peak.

GENERAL PROCEDURE FOR STRUCTURE IDENTIFICATION

NMR spectroscopy is a powerful technique for structure identification because of its specificity of detecting certain nuclei
such as lH, BC, 31p, and 19F. Typically, a routine identification test can be performed by lH NMR spectroscopy in a short period
of time for simple molecules. The basisfor identification is provided by a comparison of the signalsfrom the test sample with
the expected signalsfrom a qualified reference standard. A positiveidentification can be concluded when the chemical shifts,
multiplicities, and coupling constants of the spectrum of the test sample match those of the reference standard or, in the case
of a USP monograph, the values listed in the monograph.

Data may be made unacceptable for analysis ifincorrect sample preparation or poor adjustment of spectrometer parameters
leads to poor resolution, decreased sensitivity, and spectral artifacts. It is preferable that the operator be familiar with the basic
theory of NMR and operation of the spectrometer. Frequent checks of instrument performance are essential.

The procedures discussed here refer specifically to 'H and BC NMR, but they are applicable, with modification, to other
nuclei. The discussion assumes that the NMR spectra are obtained from solutions in suitable solvents.

Selection of Solvent

Oeuterated solventsare usually used to prepare solutions for NMR analysis because they are readily available, have greatly
reduced' Hsignalsfrom solvents in ' Hspectra, and have the added advantage of providinga locksignal. Selecta solvent whose
residual' H signalswill not interfere with signals of the analyte. Ifa residual' Hsolvent peak might interfere with any signals
from the sample solution and another solvent is not possible, then the 2H isotopic purity of the solvent should be as high as
possible. Some solvents (e.g., 020 or C0300) have labile protons that can enter into fast exchange reactions with the labile
protons in the analyte. Thismay eliminate resonance signalsfrom -COOH, -OH, and -NH2structural groups. The most
commonly used solventsfor proton and carbon NMR ar~ listed in Table 5 along with their residual' Hand BCchemical shifts
as well as the multiplicities of these resonances caused by coupling to deuterium.

Table 5. Solvents Commonly Used for lH/13C NMR Chemical Shifts
Residual'Hille Signal (0"' b)

Solvent and Multiplicity

lH Be

CDCI3 7.27 77.23 (3)

CDpD 3.35,4.78 49.15 (7)

206.68 (1)
(CD3) 2CO 2.05 29.92 (7)

D20 4.7c -
(CD3) 2S0 2.50 39.51 (7)

C6D6 7.20 128.39 (3)

Dloxane-cr, 3.55 66.66 (5)

178.99 (1)
CD3C02D 2.05, 11.65 c 20.0 (7)
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163.15 (3)
34.89 (7)
29.76 (7)

(0" b)
Multipliciity

2.77, 2.93, 8.05

Table 5. Solvents Commonly Used for lH/13C NMR Chemical Shifts (continued)

Solvent

a Chemical shifts were measured at 295 K>.
b 0 in ppm relative to TMS at 0 ppm.
C Labile hydrogen.

Sample Preparation

For USP procedures, directions are usually given in individual monographs. The solute concentration depends on the
objectiveof the experiment. Typically, NMR sample solutions are prepared so that they contain from a few to 50 mg/mL.
Detection of minor contaminants may require higher concentrations. In some cases such as polymers, even higher
concentrations can be used. The solutions are prepared in separate vials and are transferred to the NMR tube. The volume
required depends on the size of the NMR tube and on the geometry of the probe. The level of the solution in the tube must
be high enough to extend beyond the coils when the tube is inserted in the instrument probe.

The NMR tubes must meet narrow tolerance specifications in diameter, wallthickness, concentricity, and camber. The most
widelyused tubes have a 5- or 1O-mm outside diameter (00) and a length between 15 and 20 cm, but 1- and 3-mm (00)
NMR tubes are becoming more common, and tubes as large as 20 mm (00) have been used.

Procedure

The NMR tube is placed in a probe located in the magnetic field. Although samples traditionally have been spun to average
the nonradial field gradients, the quality of the shim coils no lonqer makes spinning a requirement, and, in the case of many
2-Dexperiments, the sample should not be spun. The magnetic field's homogeneity isoptimized by shimming, a function that
is largely being taken over by the computer in most modern spectrometers. Probe tuning isoptimized for the frequency being
observed and is matched to the impedance of the spectrometer.

Thecomputer servesto control alloperations of the spectrometer from running the pulseprogram to storing and processing
the data. The experimental setup involves selecting valuesfor a large number of variables, including the spectral width to be
examined, the duration of the excitation pulse (PW), the time interval over which data will be acquired (A7), the number of
transients to be accumulated, and the delay between one acquisition and the next (relaxation delay). The acquisition time for
one transient is on the order of seconds. The number of transients isa function of the specimen concentration, the type of
nucleus, and the objective of the experimentand can varyfrom a few for most 1Hexperiments to several thousand for BC
spectra. Atthe end of the experiment, the signal (FlO) isstored in digitizedform inthe computer memory and may be displayed
on the monitor. The signal can be processed mathematicallyto enhance either the resolution or the sensitivity, and it can be
Fourier-transformed into a frequency-domain spectrum, which can be further analyzedto obtain peakpositions(chemicalshifts)
and intensities.

Structure Elucidation by NMR

The simplestcase of using NMR spectroscopy to elucidate an unknown structure isto obtain a match with a spectrum from a
referencestandard or from a database. The informational content of an NMR spectrum issufficient for deducing structures of
organic moleculeseven when qualified reference standards or spectra are not available. Relatively simple structures can be
identified using chemical shifts,coupling patterns, and intensitiesobtained from one-dimensional (1-0) 1Hand BCspectra. For
more complex structures, spectroscopists may have to obtain two-dimensional (2-D)spectra from experiments that have been
developed to determine homo- or heteronuclear connectivities.

Two-dimensional spectra are characterized bytwo frequency axes.The intensity, which ismathematicallyanother dimension,
is not considered to be a dimension in 2-D NMR because it is not an axis that spreads out the chemical shift. All modern 2-D
experiments consist of at least two pulses separated by a time period, labeled t l , the evolution period, and a period of time
used for collectingthe signals, labeled t2, the detection period. ACOrrelation SpectroscopY (COSY) sequence is the simplestof
all and isshown in Figure 4.
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Figure 4. Pulse sequence for a COSY experiment.

Aseries of such sequences isperformed usingan incremental increase in the evolution period. Fourier transforms of the FIDs
produced during each of the t2 detection periodsare stacked, a second Fourier transform is performed along this t, new axis,
resulting in a plot of amplitude along two frequency axes, F2 and Fl'

The next simplestaddition to the COSY sequence isanother pulse.The Nuclear OverhauserEffect SpectroscopY (NOESY)
sequence isan example and isshown in Figure 5.

) ) )

L m-

Figure 5. Pulse sequence for a NOESY experiment.

The evolution period isagain the time between the firsttwo pulses and is incremented as in the COSY experiment.The time
between the second and third pulses isfixed and is not incremented. This period of time is labeled !m and iscalled the mixing
time. Cross-polarization occurs during this period.

TheCOSY and NOESY sequences describedabove are the two simplest2-Dexperimentsto perform.Manyother experiments
havebeen developed and contain a verycomplicatedseries of pulseswith different pulsewidths, time delays, gated decoupling,
and pulsed field gradients. Some of these experiments are described below.

Strategies for Establishment of Homonuclear Connectivities

Assigning signalsbased on chemical shifts, spin multiplicity, and coupling constants serves as a starting point for structural
elucidation. Structureelucidation issimplified ifone can establish molecular connectivity between homonuclearspins.This can
be done using correlationsvia bonds (scalar coupling, sometimes referred to asJcoupling) or via spatial (dipolarcoupling)
interactions. Thissection describes NMR techniques that can be used for the study of homonuclear connectivity. Popular
experiments in this category are COSY, total correlated spectroscopy (TOCSy), NOESY, and rotating frame Overhausereffect
spectroscopy (ROESY). .
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COSY

c:<?sy has ~ec()l1lC= a r()LJti"c= .2:[)1HI\JMR ~xp~rim~nt that can qui<::kly provide the proton-pmton connectivity forspin systems
connected by two or three chemical bonds. In a COSY spectrum, the contour plot typically shows diagonal and off-diagonal
cross-peaks. The diagonal peaks correspond to the places in 2-D space where chemical shifts of the same nucleus in the
1-D 1H NMR spectrum intersect. The off-diagonal cross-peaks occur in 2-D space where the chemical shift of one nucleus
intersects the chemical shiftof a different nucleus to which it is coupled. The COSyspectrum enables the identification of
scalar-coupled spins that are in geminal or vicinal positions. Generally, one starts the assignment process by selecting a
resonance in the COSy spectrum that has already been identified in the 1-D 1H NMR spectrum. Then, the off-diagonal peaks
between this resonance and any others determine the resonances of the neighboring protons to which it is coupled. The
neighboring protons identified in this way then serve as the next points to examine for cross-peaks to other protons, and so
forth. The process continues until all coupled spin systemsare identified.

Thus, a COSY experiment can provide useful information about proton-proton connectivityfor various fragments of the
moleculesunder examination.The relationshipbetween these fragments may be difficult to establish because of an interruption
of the coupling between the two fragments. For instance, iftwo segments are connected through quaternary carbons or
heteronuclei, the verysmall four-bond coupling between two protons on the two separate fragments usually cannot be detected
by COSY. Basic COSY experiments are usually processed using magnitude mode, which resultsin broad bases to the peaks.The
diagonal peaks may be so broad that spin systems with closechemical shifts may not be observable because the broadness of
the diagonal peakswill cause them to overlap the off-diagonal peaks.Anexample of a COSY experiment, specifically a gradient,
or gCOSY, is shown in Figure 6.
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Figure 6. Partial COSyspectrum of sucrose. Dotted lines show how two off-diagonal (f3, f4 and g2, g3) contours are used
to determine which nuclei are coupled to each other.

Avariety of COSy experiments have been devised to improve upon the original experiment. Perhapsthe most important
change has been to use gradients to acquire a gCOSY spectrum. The classic COSY experiment usesa 90° pulse to generate
transverse magnetization and relies on elaborate phase cycling to cancel unwanted signals over many scans, resulting in long
experiment times. In a gCOSY experiment, which requiresa probe capable of a pulsed field gradient (PFG), a magnetic field
gradient pulse dephases any coherent magnetization in the xy plane. Ifa second gradient pulse of the proper strength isapplied
in the opposite direction, itwill cause any dephased double-quantum magnetization to refocus. Hence,only those signalswill
be received.The strengths of the gradients can be used to select single-, double- or triple-quantumcoherences.

The gradient pulses in a gCOSY experiment can be used to prevent the refocusingof magnetizations that cause the artifacts
in the classic COSY experiment. Hence, instead of requiring a minimum of eight phase-cycled acquisitions for each data
increment in the second dimension, a gCOSY spectrum requiresonly a single acquisition per increment. Forsamples that are
sufficiently concentrated to produce an acceptable SIN in only one acquisition, this greatly shortens the experimental time.

Phase-sensitive COSyexperiments have been developed to overcome the problem of overlapwith closely spaced chemical
shifts. Aphase-sensitive COSyresultsin pure absorptive peakswith narrower peaksthan are generated bythe classic-magnitude
COSY. These narrower peaks allow better resolution of resonances that are close to diagonal peaks.

Double-quantum filtered COSY (DQF-COSY) was developed to overcome the problem caused by intense signalsfrom
functional groups such as methyls. The singlets from these groups do not provide useful connectivityinformation, but their
intensity often limits the dynamic range of the experiment, making it difficult to observe other weaker signals. The pulse
sequences of DQF-COSY detect the spin systems that have only double-quantum transitions. Isolated singlets are not selected
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and thus are filtered out of the final 2-D spectrum. In addition, a reduction in the overall intensity of the diagonal signals is
achieved with an increase in the intensities of off-diagonal signals.

TOCSY HOHAHA-HOMONUCLEAR

The 1H_l H TOCSY experiment is closely related to COSYbut differs because it yields correlations for every spin in a coupled
network. This is especially useful when multiplets overlap or there is extensive strong coupling. For example, consider the
network -CHa-CHb-CHc-CHd-CHe-, where each CHn stands for a spin that is coupled through three bonds to the adjacent
spin. A COSYspectrum would show correlations for each adjacent pair of hydrogens. On the one hand, the Hb resonance would
show connectivities to Ha and Hc but not to Hd. A partial correlation is revealed for each CHn. On the other hand, a TOCSY
spectrum would show all off-diagonal contours for every spin in this network. That is, for every peak in this coupling network
there would be off-diagonal contours corresponding to CHa, CHb, CHc, CHd, and CHe. Thus, a TOSCYspectrum, such as the
one shown in Figure 7, affirmatively identifies all of the spins within the same coupling network. This pattern is easily recognized,
especially when there is extensive overlap with other coupled networks. However, a TOSCYexperiment cannot establish
connectivity between separate networks that are interrupted by heteronuclear atoms, quaternary carbons, or a carbon bearing
only exchangeable protons. A TOCSYexperiment is useful for the study of large molecules with many separated coupling
networks such as peptides, proteins, oligosaccharides, and polysaccharides.
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Figure 7. Partial TOCSY spectrum of sucrose showing two sets of contours corresponding to all the coupled nuclei in the
glucose and fructose rings in sucrose. The contour for the fl resonance falls within the glucose spin system and has no coupling.

NOESY

The NOESYexperiment gives correlations between protons that are close to each other in space even though they may not
be connected by bonds. These through-space correlations are made via spin-lattice relaxation. Dipole interactions between
protons close in space generate NOE transfers, and the magnetization is aligned along the z axis (80) , producing positive or
negative intensity changes that yield cross-peaks that are not normally observable in a COSYspectrum. The sign of the NOESY
peaks depends on the size and mobility of the molecule under study. Used in combination with other techniques, a NOESY
experiment can establish spatial relations for particular spins and can provide critical information about ring structures and
conformations.

The ROESYexperiment is similar to a NOESY experiment insofar as it also provides correlations between protons that are
close to each other in space, whether or not they are connected via bonds. A ROESY spectrum yields through-space correlations
via spin-spin relaxation in the rotating frame. The ROESY experiment utilizes a spin-lock sequence as a mixing time during
which NOE transfer occurs among all components of the spins locked in the xy plane. In contrast to a NOESY experiment, in
which NOE transfer occurs while magnetizations are aligned along the z axis (80) producing positive or negative intensity
changes, the ROESY experiment depends on NOE transfers occurring in the rotating frame under the influence of a 87 magnetic
field. This always results in positive signals no matter how large the molecule or whether its motion is fast or slow. Therefore, a
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ROESY experiment frequently will provide through-space correlations when the same correlations in a NOESY experiment
cannot be detected because of molecule mobility.

... '-".... ...,ILI ..... NATURAL ABUNDANCE DOUBLE QUANTUM TRANSFER EXPERIMENT

The Incredible Natural Abundance Double Quantum Transfer Experiment (INADEQUATE)usesa double quantum coherence
to provide information about BC nuclei directly coupled to other BC nuclei. Thus it provides the same sort of information that
is available using a COSYexperiment for proton couplings. Becauseof the low probability of two BC nuclei being attached to
each other (only 1 in 10,000 molecules), this technique is usually one of last resort .. The ever-increasing sensitivity of
cryogenically cooled probes used in modern instrumentation makes this experiment practical in some cases.

Strategies for Establishment of Heteronuclear Connectivities

Although homonuclear ' H-' H connectivity is one important aspect of structure elucidation of organic molecules, the
establishment of heteronuclear connectivities is equally important, although somewhat more difficult to obtain given the lower
abundance of most heteroatoms. If one has partial assignments in either the 1H or BC spectrum, the knowledge of this
connectivity leads to a much fuller assignment of both spectra. Heteronuclear 2-D spectra do not exhibit a diagonal as is seen
in homonuclear correlations. Rather, cross-peaks occur at the point of intersection of the' Hand BC chemical shifts in the 2-D
space as shown in Figure 8.

HMQC

Figure 8. Partial' H/BC HSQCspectrum of sucrose showing contours that indicate the one-bond correlation between a given
hydrogen and the carbon to which it is attached.

Heteronuclear 2-D spectra are designed so that'H is the detected nucleus and are usually acquired using inverse- detection
probes because the 1H coil is wound closer to the sample than the broadband coil. This results in a better filling factor and a
greater sensitivity for the 'H coil. It should be noted that a newer configuration of coils has been developed that provides the
same sensitivity but does not utilize the inverse-detection coil arrangement. Typical heteronuclear 2-D experiments include
Heteronuclear Single Quantum Coherence (HSQc), Heteronuclear Multiple Quantum Coherence (HMQC), and Heteronuclear
Multiple Bond Correlation (HMBC) experiments.
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The 2-D HMQC experiment provides information about correlation between protons and their attached heteronuclei via the
heteronuclear scalar coupling. The sequence selects double quantum coherence transfer between scalar-coupled spins
(13C_1H).

HSQC

HSQC spectroscopy is also an inverse chemical shift correlation experiment that yields the same information as HMQC, i.e.,
the identification of directly bonded hydrogen-carbon interactions. The correlation between heteronuclei is detected via the
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selection of single quantum coherence transfer using the insensitive nuclear enhancement by polarization transfer (INEPT)
sequences. The main advantage of using this sequence instead of the HMQC sequence is that the F1 domain does not contain
(myprotOl1=protOl1 COljplil1gs. Hence, the resolljtiol1 is improved.

An interesting modification of this sequence isan edited HSQC experiment. This is a phase-sensitive experiment that not
only gives one-bond correlations between hydrogen and carbon but also gives methyl and methine correlation peaks that are
180° out of phase with methylene resonances.

HMBC

HMBC spectroscopy isa modifiedversion of HSQC and issuitablefor determining long-range (> 1-bond) 1H_13C connectivity.
Long-range heteronuclear correlation spectroscopy can yieldsignalsfor those nuclei that are separated by 2-4 bonds..This
experiment, in conjunction with the other 2-D experiments discussedabove, allows one to define the structure of a molecule
in great detail.

QUANTITATIVE APPLICATIONS

NMR isone of the most useful techniques for quantitative analysis in chemistry. Ifappropriate experimental conditions are
chosen, the relative intensitiesof resonances are proportional to the population of the nuclei causing those resonances. NMR
experiments can be designed for relative or absolute quantitation, either with an internal standard or without one.

Experimental Design for Quantitative NMR

Designfor quantitation involves the elimination or precise measurement of differences in intensities due to spin-lattice
relaxation and NOE. The spin-lattice relaxation time (TI ) for all resonances used in the procedure can be measured with an
inversion recoverypulse sequence. Ifa 90° pulse is used for excitation, quantitation at the level of 99.3% may be achieved
with a recycle time, T, (the sum of the relaxation delay and aquisition time), of 5 x TI , and improved to even higher levels by
using longer recycle times or shorter pulses.The general equation for the degree of quantitation, Q, ofa resonance as a function
of the pulse angle, a, and T" and T, is given by:

1 _e-TrlT1

Q= ~~
1 - [e-TrlT1

• cos(a)]
If a 45° excitation pulse is used, with a T, = 5Tt , Q = 0.998. However, the accuracy of quantitation in the final spectrum

depends not only on the Q values of the resonances but also on the accuracy of the integration method and on the SIN ratio
in the spectrum. Hence, Q valuessomewhat lessthan unity may be warranted and other angles and recycle times should
be used.

The minimization of systematic quantitation bias should be sufficient for the intended use of the procedure. Alternatively,
quantitative procedures may be developed using conditions for which Q is not unity for some or all resonances, provided the
value of Q is precisely known and corrected for, .

Forquantitative methods using heteronuclei, the possibility of differential NOEs should be avoided by using a T, at least 5
times the longest TI value and by using inversegated decoupling (decoupler gated on only during the acquisition time).
Preferably, 90° pulses should be used. Forquantitative methods, relaxation agents are often used for shortening the TI values
of heteronuclei.

The reproducibility of an NMR method depends on a variety of acquisition and processing parameters, all of which should
be described in the procedure. These include pulse angle, acquisition time, relaxation delay, spectral width, number of points
in the FlO, number of acquisitions, number of points used (ifany) for zero filling, line broadening, baselinecorrection, integral
breaks, and temperature. Forbest reproducibility, integral breaksshould be specified to 0.01 ppm for 1H NMR methods and
to 0.1 ppm for BC methods.

Quantitativeanalysis, as wellas detection of trace impurities, has markedly improved with modern instrumentation. Stronger
magnetic fields and improved probe technology have enhanced the sensitivity of NMR procedures in recent years.

SOLID-STATE NMR

The analytical usefulness of solid-state NMR spectroscopy for studying solid materials lies in the fact that the same types of
nuclei in different solid-state environments exhibit different resonance frequencies. Applications of this technique in
pharmaceutical analysis range from solidform (polymorph, solvate) identification and quantitation in bulkdrug substances to
physical/chemical profiling of dosage forms. The technique has the unique ability to probe electronic environments of specific
nuclei in the solidstate over a large timescale without the requirement of single-crystal substrates or even homogeneous
samples. Methods and procedures presented herein are directed at observing BC, the most popular NMR nucleus for solids.
The concepts may be equally applied to other relevant spin-1 /2 nuclei such as low-natural-abundance 15N as well as
high-natural-abundance 31 P.

Cross-Polarization Magic Angle Spinning (CPMAS) NMR Technique

The basic principles of NMR are the same for solution and solid-state measurements, but conventional solution-phase 1-0
NMR data acquisition techniques do not normally produce detectable spectra for solid samples because of low sensitivity and
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extensive line broadening. The sensitivity of the solid-stateexperiment is lowfor BC based on its 1.1% natural abundance and
long spin-lattice (TI ) relaxation times. Line broadening arises primarily from dipole-dipole interactions and chemical shift
a~isotr()p}' (C::S,A.), vvhic~ are ~()t a\lerag~q t() 2:~r() gecalJse ()f tb~ fb<~q ()ri~f1tati(m Qf mQI~clJl~s ina packeq sQliclSClmpl~ YS the
rapid molecular tumbling of the molecules when they are in solution. Ifnot averaged, CSA results in the simultaneous
observation of all different orientations of moleculeswith respect to the applied magnetic field. CSA patterns may span the
width of an entire liquid spectrum. Three modifications to standard solution methods-cross-polarization (CP), magic angle
spinning (MAS), and high-power 1Hdecoupling-are routinely used in combination to obtain high-resolution solid-state NMR
spectra.

CROSS-POLARIZATION (CP)

CP addresses the low sensitivity associated with collecting NMR spectra of dilute spin-1 /2 nuclei such as Be. CP is a
double-resonance procedure wherein abundant 1Hand rare BC spins are brought into resonance by simultaneouslyapplying
two spin-locking rffields (BIHand BId, the magnitude of which will satisfy the Hartmann-Hahn matching condition,

yHBIH= YeBle [23]

Duringthis contact time, polarization transfer occurs allowingthe rare BCspins to take on the magnetization and relaxation
behavior of the abundant "H spins, leading to a sensitivity enhancement (up to four-fold based on the ratio of the lH and BC
magnetogyric ratios)and a reduction in the pulse repetition time. Reducing the pulse repetition time allows a greater number
ofaquisitionsto be accumulated per unit time, whichyieldsa better SIN ratio. Ininstanceswhere it may be difficult or impossible
to record CPspectra because of weak BC_1H coupling or short spin-lattice relaxation times in the rotating frame (TlrH), direct
polarization (Bloch decay) may be the only approach to recording solid-state NMR spectra.

MAGIC ANGLE SPINNING (MAS)

Line broadening in solid-state NMR iseliminated or averaged by both MAS and high-power lH decoupling. MAS involves
mechanically rotating the sample at an angle of 54.r (the magic angle) relative to the static magnetic field in order to simulate
rapid moleculartumbling in solution. Rotating a solidsample at the magic angle to minimize line broadening requires that the
sample be spun faster (in Hz) than the width of the CSA. Highspinning rates are possible with current MAS probe technology,
but complications can arise with CP and may require techniques such as ramped-amplitude CP (RAMP-CP) and
variable-amplitudeCP (VACP) to improve the efficiency of magnetization transferfrom lH. Additionally, MAS can raisethe
sample temperature significantly if it is not controlled, and pressures at the periphery of the rotor may be thousands of times
the ambient pressure. These stresses may induce phase transformations, loss of solvent, and other effects.

SIDEBAND SUPPRESSION

As shown in Figure 9, slower spinning rates can be used to avoid compromising the solidsample, but when CSA is
incompletelyaveraged, spinning sidebands will appear in solid-state NMR spectra. These artifactsare separated from the
centerbands by integer multiplesof the spinning rate (in Hz) and can be readilyidentified as the peaks that shift in spectra
acquired at differentspinning speeds. Splnninqsideband manifoldscontain useful information but can interferewith the signals
of interest and may be particularly problematic when one uses higher field instruments. The total suppression of spinning
sidebands (TOSS) procedure is commonly used to eliminate spinning sidebands from solid-state NMR spectra.

10 kHz

5 kHz

2 kHz

static

iii iii Ii' iii i' iii iii , , i .. iii iii

250 200 150 100 50 0 [ppm:

Figure 9. BC CPMAS NMR spectra of polycrystalline a-glycinecollected at different sample spinning (MAS) rates. Spinning
sidebands appear in solid-state NMR spectra when the sample spinning frequency is less than the width of the CSA pattern.
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HIGH-POWER 1H DECOUPUNG

Hiqh-power'H decoupling isused to further reduce the linebroadening from dipolarcOlJpling to lJ-i spins illthe solid state.
Specialized hardware is required to deliver the rf power needed for 1H decoupling in solids, an rf power that istwo orders of
magnitude greater than that required to removescalarcoupling in liquids. CW decoupling iscommonly used in solid-state
NMR, although two-pulse phase-modulated and small phase incremental alteration (SPINAL-64) decoupling are increasingly
used to improvethe sensitivity and resolution of dilute spin spectra.

Typically only lH-BC heteronucleardipolar interactions are significant when one acquires solid-state BC NMR spectra of
organic materials. Homonuclear BC_BC dipole-dipole and scalarcoupling interactions are negligible. Because of their low
natural abundance, the probability that two BCnuclei are in close proximity isverysmall. However, homonuclear BC_BC
dipolar coupling can be a concern for BC-Iabeled substrates.

EXPERIMENTAL SETUP

The basicsetup fora CPMAS experimentwill necessarily includemagicangle setting,shimming,pulsecalibration, Hartmann­
Hahn matching, and spectral referencing, each of which is typically conducted on standard samples.Accurate measurement
of the pulse lengths and associated rf power levels is essential for solid-state NMR experiments. Setting up the magic angle,
shimming a CPMAS probe, and measuring its sensitivity for differenttuning ranges are parts of probe setup and performance
assessment. Shimming a solid-state NMR probe for MAS is more complicated than that for a solution probe because shim
gradients are designed for the vertical orientation of solution NMR tubes. Solid-state NMR probes have no 2H lockchannel, so
shimmingmust be performed manually. Because of the intrinsically broad peaks, shimmingis not nearly as critical insolid-state
NMR as it is in solution NMR.

Standard compounds used for setting the magic angle and optimizing pulse lengths and the associated rf power levels for
CPare listed in Table 6. KBr is commonly used for magic angle adjustments, observing the 79Br resonance and adjusting the
sample spinning angle to maximize (to 10 ms and beyond) the duration of the rotational echo train in the FID. Liquid samples
can be used to shim solid-state NMR probes, although solid adamantane iscommonlyused for this purpose. Adamantane,
glycine, and hexamethylbenzene(HMB) are commonly used forHartmann-Hahn matching and testing sensitivity. Typically,
the referencesample for testing sensitivity is permanently packed into a rotor to ensure that the same amount of sample
is used.

Table 6. Standard Samples Commonly Used for Setting Up CPMAS Experiments
Setup Procedure Nucleus Standard Sample(s)

Setting the magic angle 79Br KBr

Shimming BC adamantane

Pulsecalibration "H, BC adamantane, HMB

Hartmann-Hahnmatching lH/BC adamantane, HMB

Sensitivity HC HMB, adamantane, a-glycine

Solid-state NMR spectrometers are generally used without field/frequency locking, so the resulting chemicalshifts are less
accurate than those for solutions. Calibration of the chemical shiftcan be done usingeither·a primary or secondary standard.
Spectral referencing istypically performedbysample replacement (externalreferencing). Standardcompounds commonlyused
for spectral referencing in solid-state NMR are listed in Table 7. Note that glycine is polymorphic, so its crystal form should be
ensured before its use in referencing spectra.

Table 7. Reference Compounds Commonly Used for Solid-State NMR
Chemical Shift
in ppm from

Nucleus Primary Standard Secondary Standard(s) Primary Standard

HMB 17.35 (CH3)
adamantane 38.48 (CH2)

BC TMS a-glycine 176.45 (carboxyl)

NH41SN03 -5.1 (N0 3)
1sNH4CI -338.1

lSN nitromethane a-glycine.1sN -349.5

31p 85% H3P04 CaHP04 • 2H20 (brushite) 1.4

29Si TMS tetratrimethylsilylmethane -1.4

19F CF3CI perfluorobenzene -166.4

General Test Procedure

Spectrometer performanceshould be demonstrated firstfor a referencesampleas described in Cross-Polarization MagicAngle
Spinning (CPMAS) NMR Technique, Experimental Setup. The magic angle, pulse lengths, and associated rf power levels for CP
that are establishedusingthe reference compounds are sample independent. Toobtain a CPspectrum of the sample, onlythe
recycle delay needs to be chosen, followed by the contact time. When quantitativesignal intensities are not required, an
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optimum recycle delay, i.e., one that affords the best SIN ratio, is 1.2 TIH, and the contact time isgenerallythat which provides
the optimum SIN ratio or that which best shows the features of most interest. Forquantitative CP, a recycle delay of at least
fi\l~ till1~s tb~ 1()llg~st !ZH ()f a b~t~r()g~I1~()LJ~ mixture i~ ~uggested to ensure full relaxation,and a full analysis of the CPsignal
as a function of contact time must be conducted. See the subsection Quantitative Analysis.

SAMPLE PREPARATION

Sample-handling procedures used in solid-stateNMR are substantiallydifferentfromthose used in liquid NMR. Solid samples
are packed in ceramic rotors that are capped with fluted drive tips specifically designed for MAS. Fine powders are typically
tamped into MAS rotors, although solid plugs, e.g., whole tablets, can be cut to fit the exact inner dimensionsof the rotor and
can be inserted directly into the rotor. Crushing or grinding may be used to reduce the sample to a fine powder, but caution
should be used in order not to induce phase transformations. Depending on the compressibility of the powder and the rotor
volume, 40-400 mg of material is typically required to fill a sample rotor.

Physical Characterization

Specific components in heterogeneous systems can be searched based on unique nucleior different NMR relaxation
properties. The identification of crystalline and amorphous materialscan be accomplished by comparison of the solid-state
NMR spectrum of the sample preparation with that of a referencestandard. Chemicalshifts and relative peak intensitiescan be
used in the comparison. Amorphous materialsgenerallygive good MAS spectra with broader peaks than those seen for
crystalline materials. Highly crystalline samples typically give BC Iinewidths of the order of a few tens of Hz. The shape of the
signalsgenerally is between Lorentzian and Gaussian, a fact that should be recognized in deconvoluting overlapped spectra.

Relaxation

Relaxation parameters of interest in solids include spin-lattice relaxation (Tz), spin-lattice relaxation in the rotating frame
(TIp), spin-spin relaxation (T2) , and cross-relaxation (Ttl.). In organic solids, "H spin diffusion is generatlyefficientso that pure
compounds normally give single valuesfor each of the relaxation times, TI and TIp. ForCPexperiments, TZHis used to establish
the recycle delay between acquisitions. TIHrelaxation times can be measured using either progressive saturation or inversion
recovery pulse sequences. In CPexperiments, Tcpand T'pH characterize the magnetization build-upand decay, respectively. T,pH
is measured via the BCsignal using a delayed contact CP pulse sequence that has a variable delay time before the CPcontact.

Quantitative Analysis

To quantitativelyassesssolid-state NMR spectra under CPconditions, extra measures must be taken. Inaddition to ensuring
that the sample spinning axis is precisely set to the magic angle (54.r) to minimize CSA broadening, the temperature and spin
rate must be carefully controlled and the MAS probe properly tuned. Suggested recycle delays of 5T'H are allotted between
successive pulses to ensure that the magnetization has returned to its full equilibrium value. Both Tcpand T'pH relaxation must
then be accounted for in the selection of the contact time. Typically, the CP contact time chosen is that which provides
maximum sensitivity for the signals of interest. Quantitative analysis can be performed using either internal or external
referencing methods. The use of internal standards can compensate for variability in sample volume and B, inhomogeneity
throughout the sample.

By properly setting data acquisition parameters (recycle time, pulse widths, contact time, Hartmann-Hahn match, and
decoupling power for each chemical system),signalscan be obtained that are proportional to the number of nuclei producing
them. Forquantitative analysis, integrated signal intensities should be used rather than peak heights because linewidths in
solid-statespectra often vary. When spinning sidebands are not eliminated by MAS, the intensityof the spinning sideband
manifold must be added to the centerband intensity.

Spectral Editing

Akeystep in the analysis of any NMR spectrum is the assignment of individual resonances to unique phases and, in some
cases, to specific atoms in the molecule. Special pulse sequences are available and may assistin simplifying CPMAS spectra and
assigningsignals. Dipolardephasing, also known as nonquaternary suppression or interrupted decoupling, yieldsspectra that
typically contain signals only from quaternary and methyl carbons. Spectral subtraction of dipolar dephasing spectra from
normal CPspectra or short contact time CP may be used to produce subspectra that contain signalsfrom methylene and
methine carbons only. Polarization-inversion techniques can be used to identifymethylene and methine carbons.

LOW-FIELD NMR

Low field NMR (LF-NMR), sometimes referredto as time domain NMR (TD-NMR), experiments are performed by measuring
relaxation, relaxometry, or diffusion. Instrumentation for these applications is based on low-field permanent magnet
technologies that operate in the 2-25 MHz frequency range. Inexpensive stationary bench-top and portable TD-NMR
spectrometers are commerciallyavailable. Typical bore sizes are 10-50 mm in diameter. Arecent development in spectrometer
design uses a mobile mouse probe as an alternative to a stationary magnet. Thisdesign allows analysis of samples of
unrestricted size. .
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MostTD-NMR applicationsare based on simple pulsingsequences, including FlO, Hahn-echo, Carr-Purcell- Meiboom-Gill,
and solid-echo acquisition. The choice of pulse sequence depends on the physical and chemical properties of the sample as
well as the information that is desired from the experiment. These systems can be used to measure Ionqitudlnal.tspln-lattlce,
T1) and transverse (spin-spin, T2) relaxation times. Diffusion properties of compounds can be exploited using pulsed field
gradient (PFG-NMR) experiments.

The classical application of relaxometry isfor the determination of food product components based on differences in
longitudinal and transverse relaxation times of water, fats, and proteins.

Relaxivity

The magnitude of a substance's capacity to enhance the relaxation rate of a nucleus is referred to as relaxivity, expressed in
units of sec1rnM". An example of such a substance commonly used in NMR spectroscopy is paramagnetic chromium
acetylacetonate. Paramagnetic species are used in the medical industryas contrasting agents for magnetic resonance imaging.
The relaxivity of a substance isdetermined experimentallyby measuring the spin-lattice relaxation time (T1) of a test substance
and plotting 1/T1 against the concentration in units of mM (rnrnol/L). The slope of the curve is the numerical relaxivity.

(1771) OPHTHALMIC PRODUCTS-PERFORMANCE TESTS

INTRODUCTION

Thischapter provides informationon performance tests to assessdrug releasefrom finished ophthalmic products. These tests
are applicable to products that have an extended-release mechanism (beyond 1 day); the dissolution/drug release rate is rate
limiting for absorption and is expected to provide a controlled therapeutic response. Examples of such products include
intraocular matrix-type and polymer-based bioerodible implants, non-bioerodible intraocular matrix and reservoir implants,
intraocular injectable suspensions/colloidal systems, intraocular in situ-forming depots and gels, punctal plug-based delivery
systems, non-biodegradable drug releasedevices (e.g., drug-coated stents, drug-coated contact lenses), biodegradable and
non-degradable ocular inserts/bioadhesives (for cul-de-sac or conjunctival-sac applications), and other such dosage forms. For
products having a localized and immediate response when applied to the eye (e.g., topically applied dosage forms, including
dispersed systems, having veryshort residencetime for absorption), a dissolution/drug releasetest may have no practicalvalue.

Application of a dissolution/drug release test to assess performance as a surrogate for in vivotesting should be considered
only with appropriately validated in vivo-in vitro correlations (see In Vitroand In Vivo Evaluation of Dosage Forms (1088».
Dissolution/drug release tests are used as a quality control tool for specific product attributes (e.g., burst releasefrom
matrix-type, biodegradable, polymericsystems),These tests may have the ability to distinguish between different lots of a drug
product having one or more formulation and/or process changes.

Changes may be related to the drug substance(s) or excipientspresent inthe formulation, physical and/or chemical attributes
of the finished formulation, critical manufacturing variables, shipping and storage effects, aging effects, or other formulation
and/or process factors critical to the performance of the ophthalmic product. Such changes may affect the performance
characteristicsof the dosage form when applied to the eye. Considerationshould be givento whether processingor components
are intended to provide for prolonged exposure to any part of the eye and whether a dissolution/drug release test could be
used to demonstrate this effect. .

PERFORMANCE TESTS (DISSOLUTION/DRUG RELEASE)

Depending on the design and release mechanism of the dosage form, the dissolution/drug release test can be developed
using any apparatus described in Dissolution (711) or Drug Release (724). Novel dosage forms may require the use of
noncompendial equipment and/or conditions. Anydissolution/drug release test should be discriminative for the intended
critical quality attributes of the product and should be properly validated (see The Dissolution Procedure: Development and
Validation (1092». The test conditions should reasonably mimicthe method of administration of the product and in vivo
conditions to establish, ifpossible, an in vivo-invitro correlation that can be used to predict in vivoperformance of the product.

(1782) VIBRATIONAL CIRCULAR DICHROISM SPECTROSCOPY­
THEORY AND PRACTICE

1. INTRODUCTION
2. DEFINITION OF VIBRATIONAL CIRCULAR DICHROISM
3. VCD INSTRUMENTATION
4. MEASUREMENT OFVCD SPECTRA
5. QUALITATIVE AND QUANTITATIVE ANALYSIS

5.1 Ensure That Signs and Intensities AreCorrect
5.2 Determination of the Noise Level at Each Point in the Spectrum
5.3 VCD Baseline Accuracy
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5.4 VCD Baseline Absorption Artifacts and Single-Enantiomer Measurement Capability
5.5 VCD Measurement Stability and Noise Level Reduction

7. CALCULATION OFVCD SPECTRA
8. COMPARISON OF MEASURED AND CALCULATED SPECTRA

8.1 Degree of Confidence of Correct Assignment
9. DETERMINATION OF ENANTIOMERIC EXCESS
10. CONCURRENT USE OFVCD FOR ABSOLUTE CONFIGURATION AND EE

10.1 Chiral Raw Material Identification
10.2 Chiral QualityControl

1. INTRODUCTION

USP 43

Chirality isa ubiquitousaspect of the worldof three spatialdimensions. Molecules that possess sufficient structural complexity
so that their mirror-image structures are non-superimposable are termed chiral. Forchiral pharmaceutical molecules, two
important structural measurescritical to their physical characterizationare absolute configuration(AC) and enantiomeric excess
(EE), also termed enantiomeric purity. The AC of a chiral moleculespecifies its three-dimensional structure in space and
distinguishes it from its mirror-imagestructure. Structures related by mirrorsymmetry are known as "enantiomers". The AC
of a particular enantiomer iscritical to its action as a pharmaceutical agent because mirror-image structures, i.e., enantiomers,
have different therapeutic effects, both desired and undesired. The EE of a sample specifies, usually as an excess percentage,
the relativeamounts of enantiomers. An EE of 100% isa pure enantiomer (100% enantiomeric purity),0% isa racemic mixture
with equal amounts of enantiomers and no excess,and -100% specifies a pure sample of the opposite enantiomer with respect
to the EE definition.

The principalchapter that addresses molecularchirality in the U5P-NFisOptical Rotation (781). The optical rotation (OR) of a
sample isthe measure of the angle of rotation of a plane of polarized light by a chiralsample at a particularwavelength, typically
in the visible or near-UV region. The AC and EE of any sample are determined by a measure of its OR ifthe measurement has
been previously calibrated using a sample of known AC and EE. The sign of the OR determines the larger enantiomer amount,
and the magnitude of the ORdetermines the EE, where 100% EE corresponds to the maximum OR possible for the chiral
molecule under consideration. Although OR isa simple,well-established method for determining AC and EE relative to their
known calibrations, not all moleculeshave measurable OR, particularly with limitedsample quantities in which the presence of
chiral impuritiescannot be determined by an OR measurement. The ORissimply a number with no structural information
about the sample molecule.

In the past severaldecades, the AC of an unknown chiral molecule has been determined using the Bijvoet method of
single-crystal X-ray crystallography. The Bijvoet method requiresa single high-puritycrystal of the moleculewith a single chiral
phase. Analysis by this method is not always possible, for example, for noncrystallizable liquids or insoluble solids, and in many
cases analysis using the Bijvoet method requires lengthy efforts and time to achieve crystallization.

Thischapter presents a technique for the determination of AC that relies on vibrationalcircular dichroism (VCD), a procedure
that is now widelyused throughout the pharmaceutical industryfor chiral moleculesfor which the AC is unknown. The
technique involves comparing the measured VCD spectrum for a chiral molecule to the quantum chemistrycalculationfor the
same molecule. Ifthe measured and calculated VCD spectra show agreement on the principal features and their signs, this
means that the AC of the physical sample isthe same as the AC of the structure used in the calculation. If the signs are opposite,
the AC of the sample is the opposite of that used in the calculation.

As described below, statistical methods have been developed for assessing the degree of confidence that the AC has been
correctlydetermined by the VCD method. Usually the AC of a chiral molecule is specified by connecting its structural chirality,
labeled with Ror S for chiral centers or Por M for chiral axes, to the sign of its measured OR as (+) or (-). Once the ACof a
molecule has been determined by VCD, for example, (S)-(-),.a-pinene, its VCD spectrum can become a reference standard of
the AC of this molecule, and the AC of any subsequent sample of this molecule can be determined by comparison to itsVCD
referencestandard. Animportant advantage of determining AC byVCD isthe spectral richness of a VCD spectrum that supports
the simultaneous determination of the structural identity of the molecule and its absolute chirality. In contrast to OR, every
chiral molecule has a VCD spectrum, because all molecules have infrared (IR) absorption bands, each one of which acts as a
chromophore for a VCD spectrum. VCD also issensitive to molecularconformations. As demonstrated below, informationabout
the conformation of a chiral molecule is obtained as a bonus from the VCD determination of AC, but AC is the principal
informational content of chiral pharmaceutical molecules. Anextensive body of literature describing the AC of bioloqical
molecules has been created during the past 30 years and can be used as a basisfor determining secondary and higher-order
structural states of biological drug substances. Stereospecific methods using VCD can be developed to characterize the .
production, formulation, and stabilityof biopharmaceutical products.

Thischapter also presents a method for the determination of EE using VCD. EE determination with VcD takes advantage of
the fact that the magnitude of a VCD spectrum, measured as the circularpolarizationabsorbance difference for a constant
parent IR absorbance spectrum, isdirectlyproportional to EE with no offset. Thus, the maximum relative sizeof a VCD spectrum
isobtained for an EE of 100%, iszero for an EE of 0% (racemicmixture), and is maximum with opposite signs (all positiveVCD
bands are negative and all negative VCD bands are positive) for an EE of - 100%. The advantage of VCD EE determination is
that the EE of any molecularsample can be determined by a single VCD measurement once the relative size of VCD for 100%
EE (or any %EE value) is known for that molecule. Separation of enantiomers with ~hiral chromatography is not needed.
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2. DEFINITION OF VIBRATIONAL CIRCULAR DICHROISM

LtA = the difference in the IRabsorbance
AL = sample absorbance A for left circularly polarized (LCP) radiation
AR = sample absorbance A for right circularly polarized (RCP) radiation

Unpolarized IRabsorbance intensity is defined as the average of LCPand RCP intensities:

A =(AL + AR)/2

The IR intensities of enantiomers are identical, whereas enantiomers have equal and opposite-signed VCD intensities.

3. VCD INSTRUMENTATION

The measurement of a VCD spectrum and its parent mid-IR spectrum is based on Fourier transform-IR (FT-IR) absorption
spectroscopy. The optical-electronic layout for the measurement of VCD using an FT-VCDspectrometer is illustrated in Figure
1. The output beam of an FT-IR spectrometer is optically filtered and then linearly polarized before passagethrough a
photoelastic modulator (PEM). The zinc selenide (ZnSe) PEM, typically used for VCD measurement, changes the polarization
state of the beam between LCPand RCP at a frequency of 37 kHz. A sample solution in a standard IRcell is placed in the beam,
and a liquid nitrogen-cooled detector of mercury-cadmium telluride (MCT) detects the transmitted beam. The detector
produces signals in two frequency ranges: 1) IDo in the range of 1-4 kHz, represents the FT-IR interferogram; and 2) lAO centered
at 37 kHz, represents the FT-VCD iriterferogram. The FT-IR interferogram may be directly Fourier-transformed to yield the IR
spectrum. After synchronous demodulation (using a lock-in amplifier or purely numerical processing) with a reference at 37 kHz,
the VCD interferogram can be Fourier-transformed to yield the VCD spectrum. Both the IRand VCD spectra are presented in
dimensionless absorbance units, A, and hence the ratio of the VCD to the IR intensity for any band in the spectrum yields the
dimensionless anisotropy ratio for that vibrational transition. Figure 1 illustrates the minimum setup for VCD measurement, but
technically advanced instruments usetwo PEMs to increase baseline stability and two sources to increase signal quality or reduce
sample measurement time. Measurement of VCD in other spectral regions, for example the hydrogen-stretching or near-IR,
can be carried out with appropriate changes in sources, polarizers, filters, PEM, cells, and detectors.

Pholoelestic
Modulalor

(PEM)

4. MEASUREMENT OF VCD SPECTRA

!
Lock-ln i

VCDIJ~\u~:;~ !1...> .•..•..':···1'·' :=JIAC 1. ." •.y" . + __1

IR....-----
loa

Process&Display

Figure 1. Diagram illustrating the typical features of an FT-VCD spectrometer for the measurement of the IRand VCD spectra
of a chiral sample.

Figure 2 shows the IR and VCD spectra for (+)-R- and (-)-S-a-pinene as a neat liquid measured at 4 crrr ' spectral resolution
for 1 h. Also shown are the stereostructures of the two opposite enantiomers (+)-R- and (-)-S-a-pinene. This figure shows that
the IRspectra are nearly identical (superimposed dash and solid traces) for these enantiomers and that IR is therefore blind to
chirality. By contrast, the corresponding VCD spectra have intensities that are equal in magnitude with opposite signs for each
band in the spectrum. The two stereostructures for a-pinene are presented in a form that makes clear their mirror symmetry,
and it follows that mirror-symmetric pairs of chiral molecules have mirror-symmetric VCD spectra about the zero baseline. The
VCD baseline for these spectra is offset slightly above zero and can be baseline corrected as discussed below. Inspection of the
intensity scalesfor the IRand VCD spectra reveals that the VCD intensities are approximately four orders of magnitude smaller
than the corresponding IR intensities. Finally, each band in the IRspectrum has a corresponding VCD band. The richness of the
resolved spectral bands in the VCD spectrum, each one representing what has traditionally been called a chromophore in
electronic circular dichroism (ECD), gives VCD its exceptional combination of structural richness and stereochemical
specificity.
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Figure 2. IR (lower)and VCD (upper) of (1 S)-(-)-a-pinene (dash) and (1 R)-(+)-a-pinene (solid). To the leftare presented the
quantum chemistry-optimized stereostructures of (1 S)-(-)-a-pinene (upper) and (1R)-(+)-a-pinene (lower). The IR and VCD

spectra were measured at 4 crn' spectral resolution, and the VCD spectra were averaged for 1 h.

Sampling requirements for VCD are similar to those needed to obtain a good IR spectrum. Ideally, as shown in Figure 2,
analystschoose a combination of path length and sample concentration to obtain an average IR absorbance valueA in the
range between 0.2 and 0.8 and concentrations between 0.1 and 1.0 M, depending on the molecularweight of the sample.
Typical path lengths for organic solventsare in the range of 50-100 IJm, and sample quantities needed are typically 5-10 mg,
although amounts as small as 2 mg are possible. Typical solventsfor VCD measurement of organic molecules are deuterated
solventsthat have reduced solventabsorption in the mid-IR region. Besides hydrogen-freesolvents,such ascarbon tetrachloride
(CCI4) , other commonly used solventsfor VCD are deuterated chloroform (CDCI3) and deuterated dimethyl sulfoxide
(DMSO-d6) ·

IR and VCD spectra can be plotted either in absorbance units, as A and LlA, that reflectthe sampling conditions, or in molar
absorption coefficients, e and L1e, that remove the concentration and path-length dependence of the intensityto give a
molecular-level property that can be compared quantitativelyto calculated IR and VCD intensities. The conversion between
these two sets of quantities is given by:

A = eC x I

A = IR absorbance
s = molar absorption coefficient
C = concentration (mol/l)
I =path length (cm)

and

LlA = L1eC x I

LlA = difference in the IR absorbance
L1e = difference in molar absorption coefficient

A useful dimensionless measure of the intrinsic strength of a VCD band is the anisotropy ratio,.deflnedas g = LlA/A = L1e/e.
Including the spectral frequency dependence of IR and VCD, the measured spectra are expressed respectively either as A(v) and
LlA(v)or as e(v) and L1e(v).

VCD spectra require baseline correctionsfor instrumentation and solvent intensity. Deviations from a perfectlyflat baseline
with zero offset must be removed before a final calibrated VCD spectrum is complete. Solvent baselinecorrection can be
achieved. for VCD spectra by subtraction of the VCD spectrum of the solvent in the same sample cell. Ifthe opposite enantiomer
or racemic mixture of the sample isavailable, baselinecorrection can be achieved as one-half the difference between these two
equal and opposite VCD spectra in the case of enantiomers or as simplesubtraction in the case of the racemicmixture. Baseline
deviations are caused by the unavoidable presence of linear birefringence in the optical elements of the instrument and the
sample cellthat can become important for allbut the largestVCD intensities. An example of a baseline-corrected VCD spectrum
is presented in Figure 3, along with the corresponding IR and VCD noise spectrum. The spectrum of this sample of neat
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(-)-(S)-a-pinene was collected for a period of 1 h at 4 em:' spectral resolution in barium fluoride (BaF l ) with a path length of
75 IJm. The noise spectrum is less than 1 x 10-s absorbance (A) units across the spectrum. The IR, VCD, and noise spectra
presented in Figure 3 may be taken as a validation standard for the performance of a mid-IR FT-VCD instrument, as described
in Vibrational CircularDichroism Spectroscopy (782).
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Figure 3. IR absorbance A (bottom), baseline-correctedVCD (middle), and VCD noise spectrum (top) for (-)-(1 S)-a-pinene
as a neat liquid averaged for 1 h at 4 crn' spectral resolution and in a 75-lJm path-length barium fluoride cell.

5. QUALlTAT,VE AND QUANTITATIVE ANALYSIS

5.1 Ensure That Signs and Intensities Are Correct

Qualitative analysis can be carried out with VCD by comparing the VCD spectrum of an unknown to a reference spectrum
of that molecule to identifycommon features and to confirmthat the VCD spectrum of the sample is a close match to the
reference spectrum. .

Quantitativeanalysis using VCD involves measuring the VCD intensityof the sample moleculeand comparing it to a standard
reference spectrum for that molecule. In this way, the concentration and the %EE of the sample can be determined as follows.
The intensityof the IR spectrum relative to the IR standard of the sample determines the concentration for measurements with
the same path length. After normalizing the IR intensity of the unknown sample to the standard, the relative intensitiesof the
VCD determine the %EE of the sample. Such comparisons need to be carried out with allsampling conditions being the same,
including the solvent and instrument spectral resolution.

To determine that the VCD intensitiesare correct, the uncalibrated VCD intensitiesmust be calibrated. This isaccomplished
by placing a multiple-wave plate in the sample position, followed by a polarizerthat iseither parallel or perpendicular to the
instrument polarizerin Figure 1. Measurement of the VCD spectrum of this multiple-wave plate set-up for two settings of the
wave plate and polarizer that differ by 90° produces two sets of curves that have crossing points. The curve connecting the
crossing points follows the shape of a first-order Bessel function and represents unit VCD intensity. Dividing this curve into the
uncalibrated VCD spectrum produces a VCD spectrum with the correct calibrated intensities. The two calibration curves and
their crossing-point curve are illustrated in Figure 4.
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Figure 4. Calibration curvesfor VCD intensitygenerated by placing a multiple-wave plate and a polarizerin the IR beam and
connecting the crossing points with a curve representing unit VCD intensityfor maximum VCD intensity at 1200 crn'.

5.2 Determination of the Noise level at Each Point in the Spectrum

Acritical factor in quantitative analysis using VCD isthe degree of accuracy of the spectrum as given by the VCD noise level
and baselinestabilityof the measurement. The noise level depends on a number offactorssuch as the D* value of the detector,
the amount of radiation passing through the sample from the source, and the amount of absorption of the sample. The noise
level isobtained by dividing the VCD measurement into two halves. Addition of these halves givesthe VCD spectrum, including
noise, whereas subtraction eliminates the VCD features and leavesthe equivalent noisespectrum. Anexample of a VCD noise
spectrum is given in Figure 3, which shows, from bottom to top, the IR, VCD, and VCD noise spectra for a measurement of
(-)-S-a-pinene. The VCD noise level can be reduced by increasing the measurement time through co-addition of the spectra,
as desired. .

5.3 VCD Baseline Accuracy

Asecond critical factor in the measurement of a VCD spectrum isthe characteristics of the VCD baseline, namely its location,
straightness, and stability. The VCD zero intensity line between positive and negative VCD intensitiesneeds to lieas close as
possibleto the electronic zero of the measurement (zero of spectral display). Due to the sensitivity of the VCD intensityscale,
some offset of the baselinefrom electronic zero almost always occurs, as discussed above in reference to the need for baseline
correction of-the VCD spectra of a-pinene in Figure 2 and as carried out for Figure 3. Use of a-pinene as a validationstandard is
advantageous, because a-pinene has an unusually large intensityand thus, its. spectrum isrelatively easyto measure on a regular
basis. a-Pinene can also be used as a measure of the baseline of a VCD measurement relative to the electronic zero of the
measurement. Thisisillustratedin Figure 5, where the VCD spectra of (-)-a-pinene (dash)and (+)-a-pinene (black)are presented
along with the VCD spectrum of a racemic mixture [equal quantities of (-)-a-pinene and (+)-a-pinene, hence cancellingthe
VCD intensity]of a-pinene (gray). The VCD spectrum of the racemic mixture of a-pinene is the VCD baselinefor this
measurement. Atypical standard for baselinequality isdeviationsfrom electroniczero of <1 0% of the maximum separation of
positiveand negative VCD intensityof the neat a-pinene spectrum, or approximately1 x 10-4. The baseline illustrated in Figure
5 satisfies this standard to within 5%. The baselineat 1350 cm-' isslightly above electroniczero and has maximum excursions
awayfrom electroniczero of <0.00005, or 5 x 10-5 at 1170 ern", which can be compared to the maximum positiveand negative
intensityvalues of (-)-a-pinene of +5 x 10-4 at 1220 cm-' and a negative peak valueof -4 x 10-4 at 1130 crn'.
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Figure 5. VCD spectrum of R-(+)-a-pinene (black), S-(-)-a-pinene (dash), and racemic(gray) a-pinene as a neat liquid for a
60-min measurement in a 75-lJm path-length bariumfluoride cell.
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5.4 veD Baseline Absorption Artifacts and Single-Enantiomer Measurement Capability

For tests of baseline accuracy and stabiHty, the sample camphor in carbon tetrachloride solution isused as a qualification
standard and providesa more stringent test than a-pinene, because the VCO spectrum of camphor isapproximately one-fifth
the magnitude, relative to the IR absorbance spectrum, of that of neat a-pinene. The VCO spectra of both enantiomers, as well
as two measures of the VCO baseline, are provided in Figure 6. It is clear, as in Figure 2 and Figure 5, that the VCO spectra of
enantiomers, in this case (+)-camphor and (-)-camphor, are equal in intensityand opposite in sign relative to the VCO baseline
to within the noise level of the measurement. The two VCO baselines provided are both zero VCO measurements. The VCO .
spectrum of racemic camphor [equal mixture of (+)-camphor and (-)-camphor] is the true VCO baselinefor the individual
(+)-camphor and (-)-camphor spectra, even ifthere are offsets(artifacts) due to absorption bands in the IR spectrum of
camphor. The absence of such artifactsto within the noise level of the measurement isdemonstrated by the congruence of the
VCO spectrum of the racemic mixture and that of the solvent, carbon tetrachloride. Because carbon tetrachloride has no
significant level of absorbance in the region of the spectrum displayed, the agreement of these two baselines within the noise
level demonstrates the absence of baseline artifacts in the VCO spectrum of racemic camphor, and therefore, for the VCO
measurement of either of the two enantiomers of camphor.

Achieving a VCO baselinethat isfree of absorption artifacts isusually done by optical alignment of the VCO instrument such
that the baseline is as close as possibleto the true electronic zero of the instrument of the measurement. In Figure 6, the VCO
baselinecan be seen to wander above and below zero across the spectrum, but in this case, the deviations from the electronic
zero are small (approximately2 x 10-5) and <20% of the positive and negative maximum VCO intensities of the spectrum
(approximately 1 x 10-4) . Thisvalue of deviation is consistent with the maximum baseline magnitudes discussed above for
a-pinene and displayed in Figure 5, because a-pinene has a much larger (approximately 5x) VCO spectrum, relative to its IR
spectrum, than camphor. The baselinesfor camphor in Figure 6 are noisierthan that of a-pinene in Figure 5, because the VCO
spectrum scale issmallerand the measurement time is20 min instead of 1 h. As in Figure 3, the VCO baselinecan be corrected
by subtraction of an appropriate baselinespectrum, racemicor solvent. InFigure 7, the baseline-corrected VCO spectra for both
enantiomers and the racemic mixture have been obtained by subtraction of the VCO spectrum of the solvent carbon
tetrachloride. Asa result the VCO zero baseline and the instrument electronic zero are the same to within the noise level, and
the mirror symmetric properties of these spectra are even more apparent. ThisVCO test verifies that by subtracting the VCO
spectrum of the solvent, an accurate VCO spectrum of camphor can be obtained using only one enantiomer, either the (+)-or
(-)-enantiomer, and hence, the instrument possessesa single-enantiomer VCO measurement capability.

.0002

.~ .0001
e
~
.5
o
§?
'0

~
:98 -.0001

- RacemloCamphor
-. S(-) Camphor
- R(+)Camphor
--- CC/•

Overlay01enanUomers, racemicand solvent

0.9Mso/ullonCamphorIn eCI•• lO0l'm cell. 20 min acqulsllion

90010001300 1200 1100

Frequency (cnr")
140~

-.0002 f-----r---,------r---,-----,----i
1500

Figure 6. VCO spectrum of R-(+)-camphor (black), 5-(-)-camphor (gray dash), and racemic camphor mixture (gray) as a
0.9 M solution in carbon tetrachloride. Also provided with the same cell and path length is the VCO spectrum of pure carbon
tetrachloride (blackdash). The sampling conditions were a spectral collectiontime of 20 minwith a 1OO-lJm path-length barium

fluoride cell.
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Figure 7. Solvent baseline-correctedVCO spectrum of R-(+)-camphor-carbon tetrachloride (gray), S-(-)-camphor-carbon
tetrachloride (black), and racemic camphor-carbon tetrachloride mixture (dash) of the VCO spectra shown in Figure 6.

5.5 VCD Measurement Stability and Noise level Reduction

Comparison of VCO measurements of camphor for 20 min to that measured over a period of 4 h in blocks of 20 min permits
evaluation of instrument measurement stabilityas well as the reduction of noise level over time. In Figure 8, 12 such 20-min
VCO spectra measured in 4 h are presented to show the stabilityof a VCO spectrum over time. It is clear that there are no
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deviations of VCO spectra outside the noise level of anyone 20-min spectrum, and hence, there is no long-term drift in the
VCO baseline over this time period.
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Figure 8. Superposition of 12 20-min VCO spectra of R-(+)-camphor under the conditions of Figure 6 and Figure 7.

Ifthe 12 blocks of 20-min VCO spectra in Figure 8 are averaged, the resulting4-h VCO spectrum can be compared to a
20-min VCO spectrum of the same sample to demonstrate the noise reduction that isachievedupon signalaveraging, provided
there are no other systematicnoise sources in the VCD spectrometer. In this case, the noise reduction should be a factor of the
square root of 12, or approximately 3.5. Thus, the signal-to-noise ratio should improve by a factor of 3.5. Such a comparison
is provided in Figure 9.
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Figure 9. Comparison of the 4-h average of 12 20-minVeD spectra [R-(+)-camphor 240 min (gray)] to one 20-min
measurement of camphor [R-(+)-camphor 20 min (black)], under the conditions of Figures 6, 7, and 8, showing improvement

in signal-to-noise ratio with increased collection time.

The noise level can be visualized directly on a 5x more sensitivescale to better evaluate the noise levels by comparing the
noise spectrums, as illustrated and described in Figure 3, for the 4-h and 20-min VCD measurements. This is presented in Figure
7O.
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Figure 10. Comparisonof the VCD noisespectra of R-(+)-camphor for one 20-min measurement [R-(+)-camphor noise(gray)]
versusa 4-h measurement [R-(+)-camphor noise (black)] under the conditions of Figures 6, 7, 8, and 9, where the intensity
scale has been expanded to accommodate noise spectra that are 5x enlarged for better viewing from the noise levels in the

previousfour figures.

6. DETERMINATION OF ABSOLUTE CONFIGURATION

The IR and VCD spectra of a sample are measured in solution in a matter of minutes to hours without the requirement of
prior crystallization or high sample optical purity.The AC of an unknown sample isdetermined by comparison of its measured
VCD spectrum to a VCD quantum chemistrycalculation of the same molecule, where the AC used in the calculated VCD
spectrum is chosen arbitrarily. If the signs of the bands in the measured VCD spectrum match those in the calculated VCD
spectrum, the AC of the sample is identical to that used in the calculation. Ifthe signs are opposite, then the sample has the
opposite AC compared with that calculated. Anexample of the determination of the AC of a pharmaceutical molecule is
shown in Figure 77. The AC of mirtazapine,which issold in racemicform, isdetermined by comparison of the measured IR and
VCD spectra of the (-)-enantiomer to the calculated IR and VCD spectra of the R-enantiomer. The close match in VCD signs­
vibrationalfrequencies, intensities of the observed and calculated spectra, and IR frequencies and intensities-demonstrates
clearly that the AC of mirtazapine is (-)-R. Also shown in Figure 77 is the stereospecific quantum chemistrycalculated structure
of R-mirtazapine.

Vibrational circular dichroism
(VCD) is used to identify
unambiguously the absolute
configuration of Mirtazapine as
(-)-R and solution conformation
as shown above
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Figure 11. Comparison of the measured (observed) and calculated IR and VCD spectra of mirtazapine, allowing assignment
of its AC to (-)-R. Reproduced in part with permissionfrom John Wiley &: Sons.
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Ifthe AC of a molecule has previously been established, for example, by X-ray crystallography, a VCO calculation of the
molecule is not necessary (but could be performed as a check of the X-ray assignment), and the measured VCO spectrum of
tbe mc>lecLJle may be taken CiS a referencestandard for the ACof the molecule, supported, for example, by USP. Fora molecule
with unknown structural chirality, the determination of its AC by VCO requires a comparison of the measured and calculated
IR and VCO spectra, e(v) and Lle(v), as shown in Figure 77. The keypoint of the comparison iscorrelating the major VCO bands
to determine whether they have the same or opposite signs. The IR spectrum is a guide in the process. Seeing a dose
correspondence between the calculated and measured IR spectra provides confidence that a good vibrational force field has
been calculated and the most important vibrational bands are correlated. Ifa corresponding correlationof the signsof the major
VCO bands can be made, as in Figure 77, then the AC has been determined.

When the measured and calculated VCO spectra are compared, the magnitudes of the corresponding intensities are not
critical. What isimportant isthe relative intensities of the bands in the two spectra, and infact, that the comparison of measured
and calculated spectra can be made using different sets of intensitiesfor e(v) and Lle(v) for the calculated spectra and A(v) and
LlA(v)for the measured spectra. In general, an exact match of the measured and calculated band frequencies is not expected
because of several limitationsof the calculations. Examples of these limitations include the assumption of the harmonic
approximation when some anharmonicity is present in the measured spectra, the need to ignore the effectsof solvent
interactions with the chiral solute molecule, limitations in the size of the basis set used for the quantum calculation, and the
choice of density functional required for the density functional theory (OFT) calculation.

7. CALCULATION OF VCD SPECTRA

To determine the AC of a moleculewith unknown chirality using the VCO method as an alternativeto, or supplement to,
X-ray crystallography, analysts conduct a quantum chemistry calculationof the IR and VCO intensities of the molecule. Since
the late 1990s, commercial OFT software has been available and can be used effectively by a trained user because it does not
require special expertiseor extensiveexperience iii quantum chemistry calculations. Forexample, VCO calculations are now
part of some undergraduate chemistrycurricula. The following steps are required to perform a OFT calculation of IR and VCO:

1. The stereospecificstructure of the molecule isentered through a visual graphics interface.
2. The quantum chemistry program then automaticallyperforms the following steps:

A. The geometry is optimized to a minimum energy conformation.
B. Aforce field iscalculated that determines the vibrational modes of the molecule, with 3N-6 modes for a molecule

with N atoms.
C. Atomic polar tensors that yield the IR spectrum are calculated.'
O. Atomicaxial tensors that yield the VCO spectrum are calculated.

3. The output of the calculation consists of a table where for each mode i there isa frequency, Vi' IR intensity (dipole
strength), Di, and VCO intensity(rotational strength), Ri•

4. Commercially available programs calculate the IR and VCO spectra for the molecule using the following steps:
A. A line shape, f(v), is applied to each dipole and rotational strength value, D,and Ri, centered at each vibrational

frequency, Vi'

B. Summation of these normal mode line-shaped intensitiesautomatically produces the final calculated IR and
VCO spectra e(v) and Lle(v) that can be compared directlyto the corresponding measured IR and VCO spectra.

Another important factor that often isencountered in the assignment of the AC of pharmaceutical molecules and natural
products (because of the structural complexityof these types of molecules) is the presence of more than one important
conformer under the measurement conditions. The fractional populations of different conformerscan be predicted by using
their relative calculated energies in the Boltzmann distribution. The lowest-energy conformer has the highest fractional
population and so on, to increasingly less-populatedconformers with higher relative energies. To calculate the VCO, one must
calculate the IR and VCO of each important conformer and then add these spectra together, weighted by the fractional
Boltzmann population. Usually, one can ignore the spectral contributions of conformersthat account for lessthan a few percent
of the total population.

Programsfor calculating VCO and IR spectra to the level of accuracy sufficient for comparison to measured IR and VCO are
available commercially from a varietyof sources. First, one needs a program for evaluating and finding the geometry of all the
lowest-energy conformations of a chiral molecule. Avarietyof programs using molecularmechanics are available for this
purpose. Second, one needs a full quantum chemistrysoftware program for calculatingthe ab initio force fields, vibrational
frequencies, and VCO and IR intensities for each of the lowest-energy conformers. Acommon chemical model of sufficient
accuracyfor AC determination isOFT, using a basisset minimum of 6-31 G(d), and a choice of hybridfunctionals, such as B3LYP
or B3PW91. Higher-level basis sets and alternative choices of hybrid functionals may be made. Finally, one needs a software
method for comparing measured and calculated VCO and IR spectra to assess the degree of spectral agreement between the
measured and calculated spectra, and hence the level of confidence that the correct assignment of AC has been predicted.
Additional details are described below.

InFigure 72, the AC of the bioactiveenantiomer of the analgesic (S)-(+)-ibuprofen isdetermined by comparing the measured
and calculated IR and VCO spectra. The'calculated IR and VCO are the sums of the IR and VCO conformer spectra, one for each
conformer, weighted by the fractional populations 0.37, 0.36, 0.12, and 0.07, plus smallercontributions from another eight
conformersthat have a total contribution of0.08. Clearly, there are two important conformersthat are nearlyequallypopulated,
and the basicfeatures of the finallR and VCO spectra are determined by these spectra. As a resultof this analysis, not only has
VCO been able to confirmthe AC of (+)-ibuprofenas 5, but two dominant solution-state conformershave been identified, along
with two additional less-populated conformers.
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Figure12. On the top are displayed the measured (observed; +) and calculated (5) IR and VCD spectra of (+)-ibuprofen
(above) and the stereostructure of (S)-ibuprofen (below). On the bottom are displayed the stereostructures, relativeenergy

(RE), and percentage Boltzmann population (BP) for the four most important solution-state conformers.

8. COMPARISON OF MEASURED AND CALCULATED SPECTRA

To provide an unbiased statistical measure of the degree of similarity between measured and calculated IR and VCD spectra,
an analytical method based on a convolution algorithm has been developed. The degree of similarity, or congruence, between a
measured and a calculated spectrum can be calculated and used to determine a degree of confidence that the AC determined
by visual inspection is correct.

8.1 Degree of Confidence of Correct Assignment

The results of the use of such statistical measures are shown in Figure 13. The degree of similarity (the total neighborhood
similarity, TNS) of the measured and calculated IR is 92.5, where 100 is a perfect match. The same TNS measure for the VCD
is 82.2. BecauseVCD bands can be either positiveor negative, a more refined analysis is carried out for VCD, and only regions
of sign agreement are compared for each enantiomer. In this case, the value of the signed neighborhood similarity (SNS) for
the S-enantiomer is 92.8, and for the R-enantiomer it is only 12.1. Clearly, the analysis confirmsthe visual agreement of the
measured VCD spectrum (uppersolid line) and the calculated VCD spectra (lower solid line) for the S-enantiomer versus the
R-enantiomer (dashed line). An additional numerical comparison is calculated as the enantiomeric similarity index (ESI), which
equals SNS(S)-SNS(R). The result (black dot) is then plotted against a database of 89 prior correct VCD assignments, where
the axes are SNS (vertical) and ESI (horizontal). The closer a statistical point is to the upperright-hand cornerof the plot, the
higher the similarity of the comparison and the higher the degree of confidence. The upper right-hand corner of the plot is
defined as 100% spectral similarity. The degree of confidence isa statisticalmeasure that isset to be 100% confidence for points
clustered in the upper right-hand region of the plot. Statistical measures such as these eliminate the reliance on only visual
judgment for the comparison of measured and calculated VCD spectra and provide a statistical basisfor assigning a degree of
similarity between the measured and calculated spectra.
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Figure 13. Output of a commercial program for comparison of measured (observed) VCD and IR spectra with calculatedVCD
spectra of both enantiomers and the calculated IR spectrum. Statistical data are explained in the text.

9. DETERMINATION OF ENANTIOMERIC EXCESS

After AC, the next most important property of a chiral sample is the EE, as described in 1. Introduction. Forenantiomers
labeled Rand 5, the EE for the R enantiomer isdefined as EE = (NR - Ns)j(NR + Ns) and %EE =EE x 100%. Here, NR represents
the number of moles of the R enantiomer present in the sample; for a solution, NR can represent the concentration of the R
enantiomer. Thus, %EE for the R enantiomer can varyfrom +100% to -100%.

VCD spectra also can be used to determine the EE of a sample once the sample has been calibrated by a single IR and VCD
measurement of a sample with a known EE. VCD scales linearly with EE with a maximum VCD intensityfor a given IR intensity
at 100% EE, one-half VCD intensityfor the same IR intensityat 50% EE, and zero VCD for the racemic mixture of 0% EE. These
points are illustrated in Figure 14 for 11 measurements of R-(+)-a-pinene for which the %EE decreases from 100% to 6.7%. The
IR spectra are identical, but the VCD spectra grow smallerlinearly as EE is reduced by the addition of measured amounts of the
opposite enantiomer to the sample cell.The degree of accuracyof this determination of %EE was slightly>1%, as indicated in
the plot of actual prepared EE versusVCD predicted EE, using a partial least-squareschemometric analysis as presented in Figure
15.
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Figure 14. Superposition of 11 YCO (upper) and IR (lower) spectra of a 3.1 M solution of (+)-(R)-a.-pinene in carbon
tetrachloride for samples with %EEvalues of 100.0%, 88.2%, 77.8%, 68.4%, 60.2%, 52.4%, 45.5%, 33.3%, 23.1 %, 14.3%,

and 6.7%. Reproduced in part with permission from John Wiley &: Sons.
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Figure 15. Plot and corresponding table of actual versus YCO predicted values of %EEusing partial least-squares (PLS)
chemometric analysis that achieves a root-mean-square deviation (RMSO) of 1.15 and a standard deviation error of

cross-validation (STOEV) of 1.21.

10.1 Chiral Raw Material Identification

Currently, there is no routine, real-time chiral measurement for material identification (10). Chiral drug substances must
comply with the USP-NF monograph tests that typically rely upon nonchiral test procedures such as mid-IR spectroscopy
(Mid-Infrared Sp~str~;s~pr>~~~) ~Q9~i~~!r.,f(~re~Sp~stc()scoeY-:The0'Y~~~~C~E~{S~(] 854». In practice, near-IR (for additional
information, see ~~t:Yg9ll~lt1ft;q(gq?$pg€tfQ~CQPY;·.Tt1gQryq(1qRrqc;tic.e(la.~q) ~ ;(c.NJ LlyfaY}2,o~())) is used in many manufacturing facilities.
For near-IR analysis of solids, analysts commonly use fiber-optic probes and then confirm the raw material by comparison of
the measured spectrum against that of the USP Reference Standard. To determine the AC and EE of a chiral materlal.anatysts
must make a separate optical rotation measurement, which requires large amounts of sample in a 1O-cm path-length cell, where
uncertainty errors are possible for materials with small OR values.

A single measurement of the YCO spectrum and its associated IR spectrum in the mid-IR or near-IR region of a raw material,
either as a crystalline solid or insolution, simultaneously contains information for the three critical measures: 10, AC, and EE.
By comparison to a USPReference Standard, the simultaneous measurement of IR and YCO spectra of a test material identifies
the sample and the presence of impurities and separates impurities into achiral (lR only) or chiral (IR and YCO). The signs of
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the VCD identify the AC of the dominant enantiomer, and the ratio of the VCD to the IRgives the EE, as described above.
Typical VCD accuracy for EE determinations is in the range of 0.1%-1 %.

10.2 Chiral Quality Control

VCD can be used as a chiral measure for characterization of raw materials for process analytical technology (PAT) during
development, synthesis, formulation, and final production of drug substances and drug products. VCD also can be used to test
the interaction between formulated chiral drug substances and excipients. Currently, there are no protocols for monitoring EE
asa quality control measure in the pharmaceutical industry. Because ofthe importance of chirality asa critical measure of sample
integrity, there is a need for the incorporation of a new technology, such asVCD, to ensure the desired level of chiral quality
of pharmaceutical products from discovery through to final formulation.
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(1787) MEASUREMENT OF SUBVISIBLE PARTICULATE MATTER IN
THERAPEUTIC PROTEIN INJECTIONS

INTRODUCTION

Parenteral products are designed and manufactured to minimize particulate matter, which is differentiated into two broad
categories: visible and subvisible. The absolute limit of visibility, or detectability, depends on the test conditions and the nature
of the particulate matter. This general information chapter covers subvisible particles in the range of 2-100 IJm. Particles larger
than 100 IJm are generally considered visible particles (see Visible Particulates in Injections (790». .

Foreign and particulate matter are undesirable in the final product. These undesired particles arisefrom two sources: extrinsic
orforeign matter and intrinsic or product-related matter. Extrinsic matter cannot be associatedwith product or process. Intrinsic
particles,may be a byproduct of the assembly of the product or result from change over time. A third category, inherent matter,
describes a physical state or particles that are an expected attribute of the product. The aim of this chapter isto provide additional
information to support Subvisible Particulate Matter in Therapeutic Protein Injections (787), which has limits for:51 O-lJm and
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:525-~m particle content. Because the monitoringofthe sub-1 O-~m population maybe an important product qualityparameter,
collection of data in the 2-1O-urn range (e.g. 2-5 urn and 5-10 urn) is recommended. This chapter will focus on enumeration,
characterization, and when possible, identification of inherent particles, distinguishing them from extrinsic and intrinsic
particles. The chapter does not cover formulations that are suspensions or emulsions, or those that contain adjuvantsor similar
intended particle components. However, foreign and particulatematter should be minimized in the final drug product, and
the strategy and methods utilized are ultimately determined by the manufacturer.

Extrinsic Particles

Materials that are not part of the formulation, package, or assembly process, but ratherareforeign and unexpected. Examples
of extrinsic particles include materials from biological sources(e.g., fibers, insect parts, pollens, and vegetative matter), from
processand building materials (e.g., cellulose, lint, minerals, glass, plastics, rubber, metal,and paint),and from personnel(e.g.,
epithelial cells, clothingfragments, and hairs).

Intrinsic Particles

Materials occurring in the final product that arisefrom sourceswithin the formulation ingredients, assemblyprocess, or
packaging. Theirassociation with the production processand/or package-related sourcescan be indicative of systemic
problems. Forexample,silicone oil isan important manufacturing and product component that mayaffectparticlecounts and,
in excess, isconsidered intrinsic. The incidenceof silicone oil-related particles may correlatewith processing sequences or
formulation component sources.Detection,identification, and measurement ofsilicone oil-related particles are discussed further
in another section of this chapter. Intrinsic particles can be similar in some ways to extrinsic particles such as rubber, metal,
plastic, and glass, but may arise because of insufficient cleaningof processing equipment. Intrinsic particles can alsoarisefrom
changes in the product over time. These changes may be related to ionicor organic extracts, instability of the active
pharmaceutical ingredient (API), formulation degradation, or product-package interaction. Intrinsic particles may promote
protein, and one should be aware of this possibility. .

Inherent Particles

Materials that are expected from the drug substance and other formulation components, and thus represent a potentially
acceptable characteristic of the product. Inthe context oftherapeutic protein injections, the primary sourceof inherent particles
is proteinaceousaggregates formed either solely by interactions of the protein with itself or in combination with other
formulation ingredients.The presence of proteinaceousparticles should be assessed forprocessconsistency and product quality.
Identification and characterization of the aggregates are critical for distinguishing them from extrinsic and intrinsic particles.
The toolsand techniques discussedin this chapter are applicable to allsources but are especially useful for the characterization
of protein aggregates. .

Heterogeneous particles consistof more than one chemical entity. Theyare classified as either extrinsic or intrinsic based on
the nonproteinaceouscomponent that presents the greatest risk.

Historically, test methods contained in Particulate Matter in Injections (788) were developedfor detection and control of
extrinsic and intrinsic particlecontent and rely on lightobscuration (La) and/or microscopic determinationof particles that are
between 10- and 25-~m thresholds. These sizes were selected to allow consistent measurement of subvisible particlecontent
and allow determination of product acceptability fromthe perspective of patient safetyand processconsistency. The membrane
microscopic method was developed firstand was used onlyfor large-volume (>100 mL) products. Later, improvements in the
microscopic method and development of an automated lightextinction(obscuration)method providedan efficient and robust
means of tracking particulatecontent in a varietyof products with differentfill volumes. Evolution of analytical application is
typical ofthe compendialstandard-setting process, where methods are updated to reflect technological advances,patient safety
considerations, and regulatory requirements.

Since (788) became official, the varieties of dosage forms and the numbers of therapeutic protein products have increased
markedly. The La method described in (788) has some technicallimitations when usedfor analyzing certain particle types (e.g.,
those that have low contrast in the product medium and/or may change shape/size during analysis, as is typical for inherent
particles in therapeutic protein injections). Other (788) limitations for therapeutic protein products relate to sample handling
and low product volumes. These considerations have led to the development of Subvisible Particulate Matter in Therapeutic
Protein Injections (787).

OBJECTIVE

This chapter was written to describe strategiesfor identifying and characterizing extrinsic and intrinsic particlepopulations,
compared with inherent proteinaceous particle population(s), in therapeutic protein injections. Information about specific
methods that can be used for these purposes, as well as their advantages and limitations, isdiscussed; the information applies

.to therapeutic protein injection products and their dilution or infusion solutions. The overarching goal is to provide
comprehensive guidance on use ofa broad arrayofanalytical methods, one or more ofwhich maybe used beyond the methods
described in (787) and (788). This is expected to achieve enhanced or orthogonal characterization of therapeutic protein
products during development and support, root cause analysis for nonconformance investigations, stability studies,and others.
This includes methods that allowassessment of a variety of characteristics of the inherent protein aggregates including
morphology, conformation,reversibility/dissociation, and covalentmodification. Guidanceon samplehandlingand preparation
isdiscussed in general terms.
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ExtrinsiC ahd ihtrinsiC partiCles shOuld be minimized in all parenteral producE. However, protein-related particles may be
inherent to therapeutic protein products. Inherent particlesshould be understood and controlled. These inherent particles are
known and expected, arising from the association of protein molecules that can be present in a continuum of sizes, ranging
from nanometers (dimers) to hundreds of micrometers (multimers and visible particles). The distribution of particle size is
affected by amino acid sequence, solution conditions, sample handling history, and other factors. The specificphenomenon of
protein association that gives riseto particlesis called aggregation. The terms "proteinaceous particles" and "aggregates" are
used interchangeably in this chapter.

Because multiple potential sources of particlesexist, it is important to identify the particles and determine whether they are
extrinsic, intrinsic, or inherent. Once this has been accomplished, it is possibleto develop and apply appropriate control '
strategies. Ifdeviationsoccur, particleidentity will guide the root cause analysis, risk assessment, correctiveactions, and control
strategy.

Proteinaggregates inherent in therapeutic protein products may consist of a heterogeneous population, and therefore size
alone does not adequately describe them. When aggregate populations are being compared across products, labs, etc., it is
important to consider other characteristics such as morphology, the ability to dissociate, the protein conformations (or
higher-order structures) within the aggregates, and the chemical modifications present (7). These are summarized in Table 7
[adapted from (7)]. It is important to realize that the results obtained depend on the technique and methodology used, and
this information must be included in any description of protein aggregate characterization. The tools availablefor aggregate
characterizationare described later inthis chapter. Thetools used and the characteristics analyzedshould be thoughtfullychosen
based on the protein being studied. A more detailed description of attributes that should be considered during aggregate
characterization follows.

Sizeisthe particleattribute that has been monitored historically and remainsa primary descriptor. When measurements are
reported, they should include the size range measured and technique used. Thus, subvisible particlescould also be described
as aggregates/particles between 1 and 100 IJm based on: the equivalent circular diameter, determined using LO; the longest
chord, using light microscopy; the equivalent sphericalvolume,using electrical zone sensing; or other relevant dimensions
obtained using other available technologies. The sample preparation, determination method, and algorithms applied are all
important factors to include when presenting the results.

The abilityof any aggregate species to dissociate (l.e., revert to the monomeric state) and the conditions required to
accomplish this are also important characteristics to consider. Sample preparation could affect the results obtained ifthe
aggregates are dissociable; therefore, understanding this aspect of the aggregates iscritical when selecting techniques for
counting, measuring, and characterizingthem. The dissociability of protein aggregates can be assessed by diluting the
aggregates into the formulation bufferor other solutionsand then re-analyzing them with the original technique. This can also
includesimplyreturning the sample to the original conditions and assessing how much of the aggregate has dissociated.Ability
to dissociate is thus a characteristicof protein aggregates that can inform sample handling and preparation (e.g., dilution
conditions) for particle counting. The ability to dissociate may also apply to intrinsic and, to a lesserextent, extrinsicparticles
species.

The structure and conformation of protein molecules in the aggregates can be investigated by using several biophysical
techniques. Thefindingsmay help in investigations and troubleshooting. It isalsouseful to knowabout the presence ofchemical
modifications such as oxidation, dearnidatlon, cross-links, or fragments in the aggregate. Conformation of protein molecules
within protein aggregates, as well as their state of covalent modification, may help explainthe potential biological impact of
the inherent particle.

Morphology of the particlescan serve as another descriptor and also help identify their source. More specifically,
characterization of morphology may allowone to distinguish between particles that are inherent to the therapeutic protein
product and those that are extrinsic or intrinsic. Proteinaceousas well as many intrinsic and extrinsic particles are generallyof
irregularshape, whereas silicone oiland air bubbles tend to be spherical.The morphologyof protein aggregates alsoconstitutes
important data that can facilitate comparisons acrossstudies and over time.

Table 7 provides an overview of protein aggregate characteristicsto consider, which can be used to classify them.

Table 1. Description of Categories of Protein Aggregates (1)
Category Classification

<100 nm (nanometer)'
100-1000 nm (submicrometer)

1-100 IJm (subvisible)
Size >100 IJm (Visible)

Reversible (revert to initial state when returned to original conditions)
Irreversible (do not dissociate under conditions tested)

Dissociable (dissociate under specific conditions tested, e.g., dilution, changes in buffer, etc.)
Dissociability Dissociable under physiological conditions ,

Reversible
Irreversible
Dissociable

Dissociable under physiological conditions
Reversibility Dissociable under defined (list) conditions

Native
Partially unfolded

Unfolded
Secondaryitertiary Inherently disordered
structure Ordered (e.g., amyloid)
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Table 1. Description of Categories of Protein Aggregates (I) (continued)

Category Classification

Cross-linked (reducible and nonreducible)
Intramolecular modification

Oxidation
Deamidation

Covalent modification
Fragmentation

No modification

Number of monomeric subunits
Aspect ratio

Surfaceroughness
Internal morphology

Morphology
Optical properties

Heterogeneous (e.g., protein-silicone oil)

Silicone Oil

Astandard lubricant in pharmaceutical products and packaging. In excess, it may contribute to elevated particle counts in
products. Assessing the effectof siliconeoilon particlecounts in therapeutic protein injections, where relevant, iscritical to the
overall particle control strategy. In parenteral manufacturing, silicone oil is used primarily to facilitate packaging component
handling, alleviate adherence of rubber parts, allowfree stopper flow in the bowl/hopper, and promote tracking onto the
waiting, filled container. Silicone oil is also used as a lubricant to decrease glide force and allow plunger stopper movement in
glass, pre-filled syringe presentations. Forparenteral container preparation, controlled stages of washing, rinsing, siliconization,
and sterilization are routine. The tumbling of closures(e.g., vial stoppers) with a measured amount of silicone has been a routine
process for uniformly coating surfaces before use. Application of a known amount of an accepted lubricant, rendered sterile, is
common.

Even when applied judiciously, silicone oil can migrate from the product-contact surface to the fill-over time during product
transport, storage, and use. Silicone oil droplets can contribute significantly to the subvisible particle counts of the product,
specifically, particles in the <1 O-I-/m range in the case of-therapeutic protein injections.The particle count depends on the
amount of silicone oil, and in some cases small amounts of silicone oil can have a significanteffect on particlecounts (2).

Within therapeutic protein products, protein may become adsorbed to siliconeoil droplets. Agitation resuspends and
rearranges the oilymatrix into different particleforms and sizes. Thesizerange of the siliconeoildroplets in protein formulations
may be similar to inherent protein particles, but the morphology and optical properties of the two substances differ. Silicone
oil inaqueous solution istypically spherical,with a higher refractive indexthan that of protein aggregates and a regular decrease
in contrast from the outside to the center of the particle.This is unlike protein aggregates, which are typically amorphous and
translucent and have a refractive index verysimilar to the protein monomer background of the drug formulation. These
distinctions can be used to develop algorithms for differentiating silicone oil particlesfrom protein particles. It is also possible
to monitor changes in one population and distinguish them from changes in the other.

Because silicone oilservesa function in the product, particlecounts arising from the oilare considered intrinsic and generally
will vary over time. However, poorly controlled application processescan lead to excessive amounts of silicone oil. Careful
design, control, and application of the silicone.oil are recommended to obtain proper functionalitywith the minimum amount
needed for the shelf life of the product.

PARTICLE STANDARDS

Analysis of particle size distribution depends on the instrument used and its method of calibration. Some available particle
standards (count and size)are polystyrene latex beads, mono-disperse silica or polymethylmethacrylate (PMMA) beads, and
polydisperseglass beads. All of these standards are spheres, with a refractive index and density that are distinctly differentfrom
those of therapeutic protein products. Because typical protein particles have irregular morphology and low optical contrast,
there are currently no standards available to consistently mimicthe morphology and parameters of protein particles.

Protein particles have a refractive index that is quite close to that of the matrix solution. Thisdifference in refractive index
isa critical parameter for detection of protein particlesby methods that relyon light interaction to measure sizedistribution. It
is important to establish standard reference materialsthat mimicthe properties of protein particles(3). The development of

~ standards that better resemble protein particlesiscurrentlyan activearea of research.Thesestandards should serveas surrogates
for the actual protein particles in that the surrogate's properties mimicthose of actual proteins for the detection method of
choice. Thisapproach is necessary because standards using proteins are limited by the following factors: (a) storage and
transport should be at temperatures close to -800 to achieve acceptable stability; (b) any non-ambient technique may affect
the standard; and (c) protein particlesare themselvesquite variable, making itdifficult to have a singleprotein that would match
all applications.

SUBVISIBLE PARTICLE MEASUREMENT AND CHARACTERIZATION TECHNOLOGIES

Thefollowing sections review the advantages, limitations, and appropriate usesof each methodology (see Table 2) that allow
assessment of a varietyof characteristics of all particles, especially for the inherent protein aggregates, includingsize and
distribution,.size and morphology, and characterization.The methodology selected will affect reported particlesize because of
instrumental measurement principles, mode of measurement, particle characteristics, preparation, and handling. It can also be
affected by the algorithms applied to estimate size,volume, and count. Thus with any size measurement, the method used
should be specified. Also, the units should be clearly stated, because sizecan be provided using various parameters, usually
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circular diameter (ECD), longest chord, equivalent spherical diameter (ESC), Feret's
The list in Table 2 is not meant to be all inclusive.

Table 2. Methodologies Useful in Measuring Properties of Subvisible Particles

Section I: Size and Distribution

Technique Principle of Operation Range

Lightobscuration
The sizeof the particlein the product fluid isdetermined by the amount of light that it blocks
when passing between the source and the detector. 1-300 11m

Electrical sensing zone (Coult- The sizeof the particlein the product fluidor selected electrolyteis measured in terms of the
er) change in resistance as the particlepassesthrough a microchannel (orifice). 0.4-1600 11m

Laser The sizeof the particles in product fluidor dilutionisdetermined by measuringthe angle of the
diffraction scattered light. 0.1-3500 11m

Section II: Size and Morphology

Technique Principle of Operation Range

Light Photon imaging of substances directly in product fluidsor mounts, or of isolatedspecimens
microscopy on substrates 0.3 11m to 1 mm

0.7-100 11m for sizedistribu-
Digital image capture of the particles'magnifiedimage in streaming product fluid, revealing tion; 4-100 11m for morpholo-

Flow imaging analysis size, shape, and optical properties gy

Electron microscopy(EM):
ScanningEM, scanning trans-
mission EM, and transmis- Electron imaging of specimen isolates on substrates. Highvacuum or near-ambient pressures is

Atommsion EM required.

Section IIJ:Characterization

Technique Principle of Operation Range

Fourier Transform Infrared
(FTIR) microspectroscopy Photon imaging of isolatedspecimenson substrates 10 11m to 1 mm

Dispersive-Raman microspec-
troscopy Photon imaging of isolatedspecimenson substrates, or in product fluidsor fluid mounts 0.5 11m to 1 mm

Electron microscopy(EM) with A to mm for imaging;
energy- 1 11m to
dispersive X-ray spectrometry 1 mm for elemental composi-
(EDS) X-ray photon emission from specimensenergized by a focused electron beam tion

Electron microscopy(EM) with A to mm for imaging; 0.5 11m
electron energy lossspectro- Inelastic scatteringfrom specimensenergized bya focused e-beam; e-Ioss ischaracteristic of the to 1 mm for elemental com-
scopy (EELS) source element; complementary to EDS position

Time-of-Flight Secondary Ion
MassSpectrometer
(TOF-SIMS) Identification of particles according to their massspectra profile 11m to near mm

Stainingassay Visible staining to gain qualitative confirmation of unknown materials 0.3 11m to 1 mm

The accuracy of equipment used to determine particlesizedistribution is verified by calibration with reference particlesof
known concentration and size traceable to the International Systemof Units.

The concept of three-dimensional particle size iscritical to understanding how particlestandards interact with the various
types of measurement equipment and how to compare the resultsacross methodologies. Different techniques use different
measurements and algorithms to determine size (e.g., volume equivalent diameter, surface equivalent diameter, and drag or
Stokesdiameter).

SIZE AND COUNT DISTRIBUTION

Light Obscuration (working range 1-300 urn)

PRINCIPLE OF OPERATION

The sample is passed between a light source and a sensor. Counts are generated when individual particles pass between the
two, disrupting the light, which yieldsa voltage spike. The height of each voltage spikedepends on the sizeof the particle
causing it. The particle size to be recorded isgenerated from a size-voltage response calibration curve constructed using
monosphere, certifiedreferencesizestandards (typically polystyrenebeads). LO tabulates particlesizeas the diameter ofa circle
having an equivalent cross-section. The product may be sampled directlyfrom the container, pooled from severalcontainers,
or prepared as a dilution (see general chapters Globule Size Distribution in Lipid Injectable Emulsions (729), (788), Particulate
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Matter in OphthalmicSolutions (789), and Methodsfor the Determination ofParticulate Matter in Injections and OphthalmicSolutions
(1788».

• Primary USP-NF method with large archive of historical data
• Particles directly observed in solution
• Measurements are straiqhtforward and quick
• Capable of unit-unit sampling; analyzesalmost entire sample
• Easily implemented
• Medium-to-high sample throughput.

LIMITATIONS

• One sensor head cannot cover the full working range
• Tabulates particlesize as the diameter of a circle having an equivalent cross-section
• Dilution of the sample may be required and may change sample properties
• Upper limits for particle load that can be measured depend on sensor used and potential for coincidence counting
• May underestimate subvisible protein particlesformed in formulation because of low contrast
• Medium should be transparent for laser light
• Sensitive to air bubbles, and some degassing techniques can change sample properties
• Destructive, i.e., sample cannot be reused.

Electrical Sensing Zone (Coulter Principle) (working range 0.4-1600 urn)

PRINCIPLE OF OPERATION

The sample isdiluted into an electrolyte solution and drawn through a small aperture, passing between active electrodes,
interrupting an electricfield. Response is based on the displacement volume of the electrolyte, and thus size is reported as the
equivalent sphericaldiameter (the diameter of a calibrationstandard sphere of the same volume as the particle).The response
is unaffected by particle type (e.g., variations in color, hardness, opacity, refractive index).

ADVANTAGES

• Determines particle size in terms of equivalent sphericalvolume
• Not affected by optical properties of the solution
• Orthogonal technique to light-based methods, Le., LO
• Medium-to-high sample throughput for ~ single orifice.

LIMITATIONS

• Low particle concentration required
• Each orifice has limited measuring range (2%-60% of orifice diameter)
• Near the lower end of the working range, electrical noise may be hard to distinguish from true particle counts
• Forbroad particlesizedistribution, more than one orifice may be necessary, which will involve reduced sample throughput
• Sample must be diluted in electrolytesolution ifthe formulation bufferdoes not have sufficientconductivity; the dilution

may alter sample properties
• Smaller orifices require higher conductivityof medium and can require significantly increased buffer concentration
• Destructive, i.e., sample cannot be reused.

laser Diffraction (working range 0.1-3500 urn)

PRINCIPLE OF OPERATION

Laser diffraction detects particles passing through a laser beam as they scatter light at an angular distribution of intensity
that depends on the size of the particles. Therefore, it is possible to calculate particle sizedistributions if the intensity of light
scattered from a sample is measured as a function of angle. Thisangular information needs to be compared with a scattering
model (Mie theory) to calculate the size distribution.

ADVANTAGES

• Brief analysis time (up to 30 s)
• Analytical samples can be retrieved .
• Limited sample preparation
• Scattering pattern allows molecular mass calculation
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• High sample throughput
• Large dynamic range.

LIMITATIONS

USP 43

• Intensity is directly proportional to size,which can lead to misinterpretation of the population
• Analysis relies on a theoretical fit that requires refractive index and other optical factors
• Medium should be transparent for laser light
• Assumes particles are spherical and not interacting with each other
• Low concentration of particles required; dilution may be necessaryand may change sample properties
• Complications can occur when comparing data from one instrument vendor to another
• Particle-particle interactions and occasionally multiple scattering may yield apparent size resultsthat differ significantly

from actual particle size
• Poor resultsfor polydispersions when small and large particlesare presented simultaneously
• Forexact molecular weight calculation, monodisperse particlesare required.

SIZE AND MORPHOLOGY

light Microscopy (lM) (working range 0.3 JJm to 1 mm)

PRINCIPLE OF OPERATION

Optical or light microscopy involves passing light through a seriesof lensesafter it istransmitted through or reflectedfrom
the prepared sample. The light isdetected directly by the eye, imaged on a photographic plate, or captured digitally. Samples
can be analyzeddirectlyor after filtercapture. Lightmicroscopycan be combined with static imaging analysis, thereby allowing
digital imagesto be captured and further deconvolved usingthe softwaresystemsin image analysis. When using image analysis,
one may select certain parameters to screen out unwanted artifactsor particlepopulations (circularity, aspect ratio, and others)
and then begin studying the selected population set (see Optical Microscopy (776), (788), (789), and (1788».

ADVANTAGES

• Directobservation of particles in product fluid and filter capture
• Visualization, counting, sizing, and morphological characterization of particles are readily obtained
• Directobservation of particle may provide immediate recognition and identification
• Can be coupled with spectroscopic analyses (infrared, Raman) to identify chemical composition
• Particle identificationcan be enhanced via image database search and comparison
• Only smallsample volume is needed for direct observation
• Membrane filtration is secondary to the (788) LO method.

LIMITATIONS

• Time consuming
• Low sample throughput
• Limited depth of field at high magnification can affect sizing accuracy
• Only a small sample volume is analyzed, so sampling must be done carefully
• Forfilter-captured samples, protein particles can pass through membranes and may present as amorphous background
• Forfilter-captured samples, potential existsfor sample preparation artifacts
• Difficult to visualize particleswith low optical contrast; must use phase, differential interference contrast microscopy,

polarized light microscopy, and other methods
• Destructive, i.e., sample cannot be reused for filter-captured samples.

Flow Imaging Analysis [working range 0.7-100 urn (size) and 4-100 JJm (morphology)]

PRINCIPLE OF OPERATION

This method captures digital images of materialswithin a flowing sample stream and uses post-collection analyses of the
stored images. As in optical microscopy, which is essentially a static image analysis system, dynamic image analysis or flow
microscopy captures multiple separate images, in this case using a dynamic, flowing system. Dynamic image analysis uses the
components of illumination, objectivelens,and focusing lensof a microscope,and adds a closedfluid pathway within a defined
dimensionalflowcell, plus camera and processorfor acquisition and analysis. Thus, the method providesin situ conditionswith
realistic views of the particles. Visualization of the particles of gas, liquid, semisolids, or solidswith this technique aids the
interpretation of other in-suspension measurements that cannot visualize the particles being studied. The particlesare moving
and arelikely tumbling, and this must be accounted for in the system design or data consideration. Increasing the system
magnification and pixel resolution and reducing the flow celldepth will augment the qualityof the captured image. An
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additional advantage of dynamic flow microscopy is the abilityto apply size and feature analyses to the particle image. Also,
any number of additional algorithms may be applied to study the collected image set as necessary. Particle image clarity,
contrast, and shape may indicate possiblesource or type of particle, and with sufficient comparator data, mathematical filters
can be applied to analyze and quantify different popUlations in a sample. Thisapproach has been used to help distinguish
silicone oil from protein aggregates.

ADVANTAGES

• Directobservation of particles in product fluid (in situ)
• Analysis of captured digital images allows visualization, counting, sizing, and characterizationof particles
• Retained images may be further analyzed by different algorithms
• Actual particle images facilitate understanding of contamination sources and product nature
• Compared to LO or membrane microscopy(MM), increased sample volume and reduced analysis time
• Morphology and relative refractive index of particlesapparent, easily calibrated
• Technique can be used with image databases to identifysome particles
• High repeatability, high resolution, and good selectivity
• Medium-to-high sample throughput.

LIMITATIONS

• Minimum particle size necessary
• Results dependent on algorithm used to select, classify, and size particles
• Difficult to visualize and appropriately quantify number and size of particleswith low optical contrast, such as

translucent proteins
• Dilution of sample may be required and may change sample properties
• Destructive, i.e., sample cannot be reused.

Electron Microscopy (working range Angstroms to mm)

PRINCIPLE OF OPERATION

In EM, a beam of electrons is used to illuminatethe samples and produce a magnified image. The practicalspatial resolution
limitof EM for biological samples is approximately 1 nm, which greatly exceeds resolution requirements for typical >0.1-l..Im
particles in protein solutions. ForEM analysis, subvisible particlesshould be either individually isolatedor captured on a suitable
filterand then mounted onto special grids or stabs for observation in the microscope.Traditional EM operates in high vacuum
(about 10-6 Torr).Sampledryingand coating isa required preparation step. Newertechnologiesallowexamination of uncoated,
as-issamples (environmental or wet EM). Detection techniques are divided as follows: (a) scanning electron microscopy (SEM),
which may use secondary electron or back-scattering signals; (b) transmission electron microscopy(TEM), which visualizes
electrons penetrated through sample; and (c) scanning tunneling electron microscopy(STEM), which combine SEM and TEM
principles(see also Scanning Electron Microscopy (1181»).

ADVANTAGES

• Visualization, counting, sizing, and morphological characterization of particlesare readily obtained
• Directobservation of particle may provide immediate recognition and identification
• High repeatability, high resolution, and good selectivity
• Informationabout chemicalcomposition ofobject can be obtained using energy-dispersive spectroscopy (EDS) or electron

energy lossspectroscopy (EELS) (see below)
• Enhanced depth of field compared with photon methods
• Image analysis and building permits quasi-3D imaging of particles.

LIMITATIONS

• Time-consuming preparation and analysis
• Low sample throughput
• Possible changes in structure and size may arise from sample preparation and high-vacuum operation
• Specialized sample preparation requirements may exist, depending on the nature of the sample
• Contrast staining with heavy metals salts may be required for enhancing protein samples
• Protein particles are flexible and can pass through membranes
• Destructive, i.e., sample cannot be reused.

CHARACTERIZATION

Characterization of the protein active ingredient includes not only size distribution assessment but also determination of the
chemical nature of the primaryprotein as well as conformation, aggregation, and self-associated species (see Table 1). The size
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of the fundamental particle-aggregate is important; however, the nature of the solidsand the association with other species
are similarly important.

Fourier-Transform Infrared (FTIR) Microspectroscopy (working range 10 IJm to 1 mm or greater)

PRINCIPLE OF OPERATION

When light interactswith a substance, the light can be reflected, absorbed, or scattered. Infrared spectroscopy determines
the vibrational propertiesof matter, typically inthe 200-4000 crrr' range, by analyzing the interactionwith lightwhiledetecting
the absorption of photons. In addition, the use of microscopy-based instruments, thus microspectroscopy, allows selection o.f
individual particlesor domains of interest, with the benefit of filters and polarizers for microscopes and the abilityto capture
an image, along with vibrational or other imaging data. Vibrational spectroscopy techniques are particularly useful for analysis
of particles in protein solutions.

Particles can be isolated individually or captured on a membrane filterand then analyzed using FTIR microscopy. Because
the infrared signalfrom water interferesstrongly with protein bands, these samples usually require thorough drying before
analysis. Typically, FTIR microscopes can operate in either image mode or spot mode. In image mode, the infrared signals are
collected from individual pixels in the pre-defined area. However, spot mode usually provides higher signal-to-noise ratio,
because the combined infrared signal is collected from the area defined by the aperture size. Manyorganic compounds have
unique infraredsignatures. Spectra collectedfor an individual particlecan be analyzed by performing an infraredspectra library
search or by comparing the particle's spectra resultswith those of suspected materials. .

ADVANTAGES

• Microspectroscopy has the same sample advantages as LM
• FT instruments excel compared with dispersive spectrometers (grating monochromator) for particleanalysis
• Provides rapid chemical identification and classification of particles, manuallyor automatically, in comparison with

spectral databases
• Identification, structure, and composition can be derivedfrom spectral data
• Provides some information on protein structure
• Nondestructive; samples can be reused.

LIMITATIONS

• May have the same limitations as LM
• FTIR providesstrong absorption for common materials, such as silicones, water, and glass,which may interfere with or

hinder sample analysis
• Identification depends on availability of information on possible components in spectral libraries
• Particle size limitis dependent on instrument resolution (-10 urn for FTIR)
• Process of particle identification becomes time consuming, if not available in a database
• FTIR is not sensitive to many inorganic materials or other molecules that do not possess a dipole moment
• Certain detectors are not sensitiveto inorqanlc materials.

Dispersive-Raman Microspectroscopy (working range 0.5 IJm and greater)

PRINCIPLE OF OPERATION

As with infrared spectroscopy, Raman spectroscopy is the study of how light interacts with a substance. Adefined,
monochromatic photon source (laser)isfocused on the sample, thereby producing reflectance, absorption, and scatter, probing
the same vibrational states probed by infrared microspectroscopy. Specifically, Raman spectroscopy is the study of the
inelastically scattered photons (Raman scattering). Photons are also scattered elastically (Rayleigh scattered) with no change in
wavelength, but are of use only to mark the laserexcitation energy. Avirtual excitation state isattained, which then relaxes
to a base vibrational or rotational state, emitting energy characteristicof a functional group such as molecularand related
atoms. Lower (Stokes) and higher (anti-Stokes) shiftsare recorded due to interaction with the electron cloud of the functional
group bonds. Lasers are used because onlya verysmall proportion of Raman-scatteredphotons (onlyabout 1 in 106-108) exhibit
wavelength shift. Raman microspectroscopycombines a light microscopewith a coincident laserand white light pathway. The
microscope, with the benefit of filters and polarizers, aids in selection of individual particles or domains of interest to allow
capturing of an image, along with vibrational spectra.

Fourier-Transform Raman isgenerally complementary to dispersive Raman, and in using longer wavelength excitation yields
littlesample fluorescence. One important advantage of Raman microscopycompared with infrared isthe abilityto analyze
aqueous samples directly, often in glass sample holders. Individual particlescan be analyzed in situ, and in some cases directly
in the container, ifit does not interferewith the Raman signal.Similar to the infraredanalysis, unknownspectra can be analyzed
either by a spectral library search or by matching the spectra of individual reference compounds.

Ramanspectroscopy theory and techniques are further described in Raman Spectroscopy (1120).

ADVANTAGES

• Same sample advantages asLM
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• instruments excel over Fourier-Transform spectrometers for particle analysis
It chemical identification and classification of particles, manually or automatically by comparison with spectral

• Identification, structure, and composition can be derived from spectral data
• Provides some information on protein structure
• Good lower size limit; instrument resolution is -0.5 IJm for dispersive-Raman technique
• Raman analysis viablefor many organic and most inorganic compounds
• Identification uses Raman shift data, known for molecular categories and functional groups
• Nondestructive; samples can be reused
• Glass and plastic packaging have weak Raman spectra, thus interference from packaging is minimized.

LIMITATIONS

• Same limitationsas with LM
• Specimen fluorescence may hinder data collection
• With sensitive samples, there can be laser-induced changes (heat, light)
• Many organic species yield no Raman shift; that is, there is no molecular polarization
• Identification may depend on the information available in proprietary and public spectral libraries.

Electron Microscopy (EM) with Energy-Dispersive X-Ray Spectrometry (EDS or EDX) (working
range for qualitative analysis, 0.1- to 3-tJm particles; for semiquantitative analysis, >3-tJrn

particles)

PRINCIPLE OF OPERATION

Energy-dispersive X-ray spectrometry (EDS or EDX) is based on characteristic X-ray photon emission generated from a
specimen through interaction with a high-energy source, such as an electron beam. Typically, an elemental intensity is plotted
against X-ray emissionenergy, which correlateswith the content of atomic valence shell transition energies. Current instrument
technology uses thin-window and windowlessdetectors positioned near the sample in EM systems, which improves detection
and signal-to-noise ratio for all elements, especially lighter elements, e.g., Z < 11 (sodium). Immediate, qualitative elemental
composition is attained for solid specimens (see also (1181) for general EM and related EDS background information).

ADVANTAGES

• Complementary to EM and available for most commercial electron microscopes
• Determines elemental composition of the sample

o Rapid qualitative collection for small particles
o Semiquantitative analysis (1 % LDL .and ±20% RSD) possible in controlled experiments

• Most useful during survey investigation of particle origin
• Involves manual elemental screening and/or search of databases
• Elemental mapping can assist in protein particle visualization.

LIMITATIONS

• Not all instruments are equipped for determination of light elements (e.g., Z < 11)
• Quantitative analysis entails measuring line intensitiesfor each element in the sample and for the same elements in

calibration standards of known composition
• Strong background may be contributed by filter membrane material and sample coating.

Electron Microscopy (EM) with Electron Energy Loss Spectroscopy (EELS) (working range 0.5 urn
to 1 mm)

OPERATION PRINCIPLE

Electron energy loss spectroscopy (EELS) measures the vibrational motion of atoms and molecules on and near the surface
by analyzing the energy spectrum of low-energy electrons back-scattered from it.

ADVANTAGES

• Used in conjunction with transmission electron microscopy
• Determines elemental composition of the sample, especiallylight elements (e.g., Z < 11)
• Can provide information about chemical bonding
• Qualitative and quantitative analyses are possible
• Has lower detection limits than in EDS.
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LIMITATIONS
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• Strong background
• Quantitative analysis entails measuring line intensities for each element in the sample and for the same elements in

calibration standards of known composition.

Time-ot-Flight Secondary Ion Mass Spectrometer (TOF-SIMS) (working range IJm to near mm)

OPERATION PRINCIPLE

Time-of-Flight Secondary Ion Mass Spectrometer (TOF-SIMS) is a surface-sensitive analytical method that uses a pulsed ion
beam [microfocused cesium (Cs)or gallium (Ga)] to remove molecules from the very outermost surface of the sample. The
particlesare removedfrom atomic monolayerson the surface(secondaryions).These particles are then accelerated into a "flight
tube", and their mass isdetermined by measuring the exact time at which they reach the detector (Le., time-of-flight).

ADVANTAGES

• Surveys of all masses on material surfaces; these may include single ions (positiveor negative), individual isotopes, and
molecular compounds

• Elemental and chemical mapping on a submicron scale
• High mass resolution, to distinguish species of similar nominal mass
• Highsensitivity for trace elements or compounds, on the order of ppm to ppb for most species
• Surfaceanalysis of insulating and conducting samples
• Depth profiling (in the near surface environment, on the order of individual atomic layers to lOs of nanometers)
• Nondestructive analysis
• Retrospective analysis, for post-data acquisition analysis and interpretation of stored images and spectra

LIMITATIONS

• Generally does not produce quantitative analyses(semi-quantitative at best)
• Optical capabilities typically limited, making it difficult to find grains or specific regions of interest for analysis
• Charging may be a problem insome samples, although charge compensation routinesare generallysufficient to overcome

these problems
• There is commonly an image shiftwhen changing from positive to negative ion data collection mode, making it difficult

to collect positive and negative ion data on exactlythe same spot.

Staining Assay (working range 0.3 IJm to 1 mm)

OPERATION PRINCIPLE

Staining methods utilize reagents to provide specific reactions, such as visible staining or fluorescence, which provide
qualitative confirmation of an unknown materialscategory or identity. Generally conducted via microscopical methods;
microscopy advantages and limitations apply.

ADVANTAGES

• Directobservation of staining effectsupon particles in product fluid and by filter capture
• Visualization, counting, sizing, and morphological characterizationof particles are readily obtained
• Directobservation of particle may provide immediate recognition and identification
• Can be coupled with spectroscopic analyses(infrared, Raman) to identifychemical composition
• Surfaceanalysis of insulating and conducting samples
• Particle identification can be enhanced via image database search and comparison
• Only small sample volume is needed for direct observation

LIMITATIONS

• Low sample throughput
• Limited depth of field at high magnification
• Only a small sample volume is analyzed, so sampling must be done carefully
• Forfilter-captured samples, protein particlescan pass through membranes and may present as amorphous background
• Forfilter-captured samples, potential existsfor sample preparation artifacts
• Difficult to visualize particleswith low optical contrast; must use phase, differential interference contract microscopy,

polarized light microscopy, and other methods
• Destructive; that is, sample cannot be reused for filter-captured samples
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PartiCles in therapeutic: protein products generallyhave continuous size dlstrlbutlons With exponentiallyhigher numbers of
the smaller«10 IJm) particles. Information generated from analysis of inherent protein particles can be used for guiding
development efforts and to facilitate communication and understanding of this important quality attribute of therapeutic
protein products. A rational strategy should be developed for characterizing protein aggregates or particles. The categories in
Table 7 provide a guideline for differences observed between types of protein aggregates, recognizing that size distribution
analysis of these species is important, but it isnot the only informativecharacteristic Describing the characteristics of the protein
aggregates in the manner shown in Table 7 can help define the population and/or characteristics that may be the most
important for assessment of the effect on product quality.

To obtain a comprehensive characterizationof the particle distribution, a varietyof analytical techniques must be applied.
There are a number of techniques available to measure and characterize particles, each with its advantages and limitations.
Multiple methods are needed because they differ in their abilityto analyzespecific attributes of the particle. By using orthogonal
methods, one can better ascertain the nature of the particles(extrinsic, intrinsic, or inherent), the sizedistribution, and other
aspects that may allowdifferentiation between particles. Informationabout the particlecharacteristics can be used to performa
risk assessment around the presence of aggregates and to help identifypotential mechanisms of formation. This knowledge
about the particles' characteristicscan also be used during formulation and process development to inform choices of the
formulation and process steps, which can help in reducing the overall particle content of the drug product.

Acomprehensive strategy for assessing subvisible particles involves multiple phases from development through
commercialization and during marketing. Particle measurement/characterization may begin as earlyas candidate selection,
with the use of high-throughput techniques to predict particulate-formingtendencies of the molecules under consideration.
This involves using small amounts of material and providing a relativeranking of aggregation propensity.

Early Development

Atthis stage, the focus ison understanding the typical particle profile for the product, includingthe sizedistribution and the
characteristics of the aggregates most commonly seen in the drug product. The particle sizeand count in the 1- to 100-lJm
range should be monitored at the time of manufacture and during stability.

Late Development

Atthis stage, the focus ison understanding the drug product and comparability between lots, as well as the linkagebetween
particlesize analysis and formulation, manufacturing, and use. Particle size and count in the 1- to 100-lJm range should be
monitored in clinical batches. Enhancedcharacterizationof aggregates and particles, includingpivotal product batches, should
be performed. Quantitative and qualitative data.about the subvisible particlesformed under storage, use, and stress conditions
should be collected, and risk mitigation strategies created. When the final method for monitoring the product's particle size
and count is chosen, control strategies for inherent and intrinsic particlesshould be established. The overall control strategy
developed may include action limits beyond which an investigation may be warranted.

Marketing

Atthis stage, one should collect data over commercial batches to align with the overall control strategy, which may include
the sub-1 o-pm (1- to 1O-pm) range. Use quantitative as well as qualitative analysis during the management changes for the
post-marketing life cycle.When an investigation occurs, the knowledge obtained during development can be used to design
mitigationstrategies. Stability studies are also part of life cycle management, and are addressed later in the Application section.

Overall Perspective

In-depth characterization of aggregates during development, coupled with correlation of resultsfrom these tests to those
used for product release (such as LO), may provide the basisfor a rational, overall control strategy. Aggregates are usually
present in a continuum of sizefrom oligomers to particlesthat are hundreds of mic:rometers. If a correlation (or mathematic:al
relationship) can be demonstrated in the counts of particlesfrom oligomers through the >25-lJm sizes assessed as part of the
compendial method, it might be possible to rely on the LO determination of the>10- and >25-lJm particlecontent to reveal
the effectof changes and trends in manufacturing on 1- to 1O-lJm particles. In this situation, the overall control strategy would
be used to establish action limits for particles>10 IJm, whichwhen exceeded would trigger an investigation, including the
characterization methods discussed in this chapter.

SAMPLE CONSIDERATIONS

Certain aspects of sample handling and volume require special consideration. Handling and degassing procedures need to
be developed and applied to avoid artifactssuch as false positives attributable to bubbles, or aggregates generated during the
sample preparation steps. Under certain circumstances, dilution of samples may be necessaryto obtain reliable results. Aspects
of sample handling are described in (787). .
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Akey focus during development of aprotein drug product is to gain knowledge about the nature, source, and number of
inherent particles/aggregates present in the therapeutic formula, as well as their stability and overall effects on product quality,
safety, and efficacy.

Proteinaggregates in the 1- to 1O-um sizerange mayalsocarrya risk of potentiating immunogenicityagainst the therapeutic
activity(4,5). From a product-development perspective, changes in the concentrations of proteinaceous subvisible particles,
particularly in the 1- to 1O-urn range, can be an early and sensitive indicatorof potential issues with product stability(6,7).
Apartfrom stability, particles in these size ranges should also be measured as part of the risk assessment exerciseto improve
understanding of how variousstressors and conditions of useaffectthe product. Theseconditions could includethermal, freeze/
thaw, light, transport, dilution/admixture, and use characteristics. Particle counts in the 1- to 1O-~m range tend to be
significantly (orders of magnitude) greater than those in the 2:1 O-prn range. This makes the 1- to 10-l..Im range useful for the
purpose described above, because changes can be easier to observe. However, the counts also tend to be quite variable, and
thus the abilityto discern trends requires proper controls, adequate sampling, and good technique.

Detailed characterization of subvisible particles, especially inherent particles, provides information that can support the
formulation and product development program, leading to a robust process and commercial control strategy. On the other
hand, although characterization alone may not reveal possiblecorrelations between an immune response and aggregates/
particles, the use of multiplemethods applied to multipledrug product lotshelps informthe definition of product quality,which
can be linked to safety and efficacy data obtained from clinical trials. This knowledge isalso useful in life cycle management,
such as movement of product between manufacturing sites, changes in presentation (liquid to lyophilized; vial to prefilled
syringe), and changes in strength.

To illustratethese points, two examples are presented below; they show waysthat complementary techniques can be used
to gain product knowledge.

Example 1: Comparison of Drug Product Configurations

Not all drug products are formulated as liquids. In one case of a lyophilized drug product filled in glass vials, a liquid
formulation in a prefilled syringe configuration was developed to facilitate patient administration. Acomparison of subvisible
particle counts by La was expected to show that the particlecount of the reconstituted lyophilized formulation was higher
than in the llquidformulation, but the opposite resultswere observed, with the liquid formulationcontaining significantly higher
levels of particles>2 urn [-130,000 particles per container (ppc) compared to -30,000 ppc]. These samples were then assessed
by the MM method, and the resultswere more consistent with the expected outcome: for particle sizes >5 I..Im, the lyophilized
formulation contained -70 ppc compared to -14 ppc for the liquidformulation. Analysis was then performed using flow
microscopy to understand the discrepancy in results between the MM and La methods. Flow microscopysupported the La
results, with the liquid formulation showing higher numbers of particles>2 urn (-600,000 ppc) compared to the lyophilized
formulation (-150,000 ppc). Examination of the structure of the particles revealed a different morphology in the liquid
formulation, with a predominant number of the particlesexhibiting a spherical shape, consistent with the presence of silicone
oil droplets from the prefilled syringecontainer. These resultswere confirmed by testing a sample of the liquid formulation that
had not been exposed to the prefilled syringe(the source of the silicone oil), which showed <20,000 ppc. Once the silicone oil
droplets were accounted for, the number of remaining particlesin the liquid formulation in the prefilled syringewas lowerthan
in the lyophilized formulation, consistent with the MM results.

Example 2: Selection of Filling Technology

Filling processescan affect product qualityby introducing physical stresses such as adsorption, shear, friction, and cavitation,
which may lead to protein aggregation. Certain drug product filling pumps may shed extrinsic particles that can lead to
heterogeneous nucleation-induced aggregation.

The effect of using a stainless steel displacement piston pump on the subvisible particulate content of solutionswas
investigated using multiple techniques to analyze the particulates in solution (8). Coulter counter analysis of a buffersolution
passed through the pump revealed that the pump shed particles in solution, with the pumped solution containing>13,000
particles per mLin the 1.5- to e-prn range. Elemental analysis confirmed that the particleswere stainless steel. Analysis of the
particle sizedistribution in this solution,performed using a laserdiffraction particlesizer, showed that most of the particleswere
between 0.25 and 0.95 I..Im. Incubation of stainless steel nanoparticles with a solution of MAb-Y led to increases in both the
number of particles and the particlesizedistribution over time. Characterization of the particles by FTIR spectroscopy showed
that the protein adsorbed onto the metal particlescontained a slightlyperturbed secondary structure compared to the protein
in solution. It was concluded that the metal particlesserved as nucleation sites for protein aggregation. In this case, selection
of a different type of filler may be warranted to mitigate protein aggregation.

Acomparison of the effectof differentpump types on subvisible particulateformation in a solution of MAb-Z was performed
(9). Flowmicroscopyshowed that piston pumps, made of either stainless steel or ceramic, produced particles in the size range
of 1-1 00 prn at levels approximately100-foldhigher than the control samples. Examination of the microscopic images of these
particles revealed that the particles were translucent, suggesting they were protein based. Incubation of the protein solution
with shed particlesfrom the piston pumps did not lead to a significantincrease in either the particle sizedistribution or particle
counts for these solutions, indicating that extrinsic particlesdid not serve as nucleation sites for the protein. In this case, the
formation of particlesin the solutionwasconsidered to be from shear stresscaused during the pumping operation. These results
were supported by examination of other filler types (peristaltic, time-pressure; and rolling diaphragm), which produced
solutions with significantly lower particle load.
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This chapter provides strategies for describing, characterizing; and identifyingthe particle content in therapeutic protein
injections, including extrinsic and intrinsic particle population. Information regarding specific methods that can be used for
these purposes, as well as their advantages and limitations, isdiscussed. A rational, comprehensive control strategy can be
developed on the basisof an in-depth characterization of aggregates during development, coupled with correlation of results
from these tests to those used for release.Aggregates are usually present in a continuum of sizes,from oligomers to particles
that are hundreds of micrometers. Correlation in the counts of particlesfrom oligomers through the >25-~m size, assessed as
part of the compendial method, may make it possible to rely on the LO determination alone to reveal changes and trends in
manufacturing. Inthis situation, the overall control strategy would be used to establishaction limits for particles>10 urn, which
when exceeded would trigger an investigation, including the characterization methods discussed in this chapter.
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(1788) METHODS FOR THE DETERMINATION OF PARTICULATE
MATTER IN INJECTIONS AND OPHTHALMIC SOLUTIONS

INTRODUCTION

It isthe intent of USP general test chapters Injections and ImplantedDrugProducts (1) and Particulate Matter in Injections (788)
that systems, packaging, and formulation be selected and developed (or refined)with regard to commercial product cleanliness
and stability. Process streams, equipment, filling lines, pumps, staging tanks, fill lines, personnel gowning and behavior, and
environmental quality all may contribute particulate matter to the filled product. Insufficient cleaning of product components
and inappropriate selection of both container/closure systemsand formula components may contribute to immediate and even
long-term generation of particles.All of these contributors to particulate matter and final product quality may be evaluated by
the methods in (788) or variations thereof.

The requirements of (788) should be considered for all parenteral preparations unlessspecifically exempted by chapter (788)
or by monograph. What about dose forms for which (788) cannot be directlyapplied? Alternatemethods and/or evaluation of
process streams, vehicles, or components should be considered. Forexample, sterilesuspensionswith known active ingredient
solidsand light obscuration for the detection of extraneous matter are impossibleto differentiatefrom product solids. For
suspended solidsabove the nominal porosityof the (788) membranes, membrane microscopic assaywill have significant
interferencefrom the solids. Only direct (788) evaluation of container/closure rinsates, and product vehicle is possiblefor these
suspension systems by the (788) methods. One may explore alternate methodologies such as

1. particle determination of product treated with solvent to dissolve all product solids, or
2. use of centrifugation to separate product solidsfrom the vehicle, or
3. use of selected screens or sievesto separate product solids from the product vehicle to minimize product solids

interference.
Due diligence using (788) methods, variationsof (788), and alternate method strategies for the investigation of best product

design occurs during development and may be continued in selected evaluations during commercial production.
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Methodology for the determination of particulate matter in injections iscontained in USP (788), which has been harmonized
with the European Pharmacopoeia and the Japanese Pharmacopoeia. Sections on instrument standardization for light
o~scurati()n al1cl ()ther lTleth()cl detailsvver~ exclLJd~d from the harmonized chapter. Chapter (789) Particulate Matter in
Ophthalmic Solutions has not been harmonized. Chapter (1788) includes important instrument standardization and calibration
information applicable to (788) and (789); it also includes recommendations for sample handling, laboratory environment,
operator training, and general advice applicable to the microscopic method.

Chapter (1) requires injections to be essentially free from particulate matter that can be observed on visual inspection. The
term "essentiallyfree" has been difficult to define because particle detectability is influenced by their number and size, among
other factors. The absolute limitof visibility, or detectability, is equivocal and depends upon the test conditions and the nature
of the particulate matter. The lowerend of the visible range certainlycrossesover sub-visible detection capabilities in (788) and
(789). Literature reports visibility extending to 50-/...Im, 100-/...Im, and 150-/...Im size(see References 7 and 2), and membrane assay
can isolate and size particles to 1000 um and larger.

Chapter (788) specifies limits for the sub-visible particulatematter content in injections in two sizethresholds. Likewise, (789)
establishes particle content expectations for ophthalmic solutions in two (Light Obscuration, or LO) or three (Membrane
Microscope, or MM) size thresholds. The tests described in (788) and (789) are physical limittests performed for the purpose
of enumerating sub-visible particles (particulate matter) within specific size ranges (see Figure 7).

Size domains considered in USP <1>, <788>, <789>

ISub-visiblel
)0

Figure 1. Increasing Probability of Visual Detection.

Chapter (788) states, "Particulate matter consists of mobile undissolved particles, other than gas bubbles, unintentionally
present in the solutions." Using the (788) test methods, any semi-solid to solid material (and even immiscible liquids) that
trigger LO detector response above a selected size threshold will be tabulated.

There are two general categories of particulate matter sources: extrinsic and intrinsic. LO and MM methods will detect and
tabulate particles of both categories. Extrinsic material is additive, foreign, and unchanging, and not part of the formulation,
package, or assembly process.

Examples of extrinsic material includefibers, cellulosic matter, vegetative matter, corrosion products, paint/coatings, and
building materials such as gypsum, concrete, metal, and plastic. Extrinsic particlesare additive and generally non-changing
over the life of the product, unless byfragmentation, swelling (hydration), or degradation. Fragmentsof rubber, plastic,metal,
and glassare examplesof extrinsic particulatematter deposited in the product during assemblyor not removed in the container
preparation process. However, ifthese typically extrinsic types have come from the specific package and/or process in a more
consistent or chronic manner, then one may consider their presence to be an intrinsic variety, with a similar level of concern.

Intrinsic material isassociated with the package, formulation ingredients, and processor assembly process. Intrinsic material
may also be extraneous material carried by the package or process and insufficiently removed. Intrinsic material may indeed
change upon aging, due to concentration change, degradation, and acceleration of reaction.

Intrinsic sources are inherent in the product and process-formulation, package, and commercial assemblysteps. Intrinsic
sources represent a varietyof phenomena yielding unwanted substances, such as: (a) extraction, (b) leaching, (c) degradation
of ingredient (activeor excipient), (d) change of ingredient by precipitation/salt form/crystalline form, (e) change of package
physical integrity, (f) change of impurity level, (g) change of micellarassociation, (h) oligamerization, and (i) package- and
process-related materials not removed during product assembly. Combinations of all of the above and physical phenomena
such as aggregation, sedimentation, and coalescence by matrix (oils, semi-solids) may bring smallerparticles«10 urn) into the
detection zone of the test method (~1 0 urn), Intrinsic sources of detectable particulate matter are of great concern, since the
substance may be present, however, not evident until particlesform over time, even long after lot release.

The intrinsic categorization should be recognized as different from inherent formulation character. Solution properties such
as a slight haze or faint coloration of high concentration formulas and protein formulations are typical examples of an inherent
characteristicof the product fluid, and while the condition may cause difficulties in inspection or LO assay, are not
particle-related.

Certain solution formulations may not be easily analyzed by LO. The LO method may encounter problems with a product
that does not have clarityand a viscosity approximating those of water. Further, formulation characteristics such as color, high
viscosity or inherent formulation properties, such as shear-induced changes, may generate erroneous LO data. Similarly,
products that produce air or gas bubbles when drawn into the LO sensor, such as bicarbonate-bufferedformulations may
generate erroneous data. Forthese product types the MM method may have to be used. Documentation demonstrating that
the LO procedure isincapableof testing the test article or produces invalid resultsmay aid regulatoryfiling strategy. It isexpected
that most test articles will meet the requirements on the basisof the LO test alone; however, it may be necessaryto assaysome
test articles by the LO method followed by the MM method in order to reach a conclusion.

There may be a desire to test lowervolumes of certain products, due to limited sample, high product cost, low container
volume, or due to specialfluid delivery characteristics. Examples include biopharmaceuticals, low-volume parenteral and
ophthalmic products and formulations in novel packages intended for specific medical targets. The expectation is limits
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compliancefor these products; however,one may employ methods validated bythe manufacturer to demonstrate conformance
with the test limits. Special low-volume "sippers" for LO sampling and the pooling of multiple containers may be necessaryfor
these package presentations. Consider this example: a lcw-volurne (1OO-J..IL) product is packaged in a pre-filled sterilE! syringe.
The nature of the package allows simple delivery of the solution product and may be used for direct sampling, but the 100-J..IL
volume precludes the pooling of the larger volumes (-25 mL) for the LO method. Directsampling to a small membrane for
microscopical counting and evaluating single and pooled package particle content may be the optimal means to collect data.
Also in this example, careful statistical evaluation of the batch population using smallsample volumes (but not doses) will be
necessaryto validate product acceptability.

LIGHT OBSCURATION PARTICLE COUNT TEST

Test Apparatus

The apparatus isa liquid-borne particlecounting system that uses a light-obscurationsensor with a suitable sample-feeding
device to deliver controlled aliquots of sample for analysis. Suspended particles in the sample fluid flowing between a light
source and sensor produce changes in signal that are correlated to particle dimension. Due to the nature of the detection and
counting system, air bubbles and immiscible liquidsmay block sufficient light to be recorded along with the target suspended
particles. Theseartifactsmust be diminishedthrough proper preparation techniques. Solutions with excessive immiscible liquids
may not be amenable to LO analysis. Avarietyof suitable devices of this type are commercially available. It is the responsibility
of those performing the test to ensure that the operating parameters of the instrumentation are appropriate to the required
accuracy and precision of the test result, the artifacts and interferences inherent in certain products and with certain methods
of preparation are eliminated or accommodated. Anexample isa protein formulation that may form shear-induced semi-solids
due to mixing and counted as "particles." Adequate training must be provided for those responsiblefor the technical
performance of the test.

It is important to note that for Pharmacopeial applications the ultimate goal isthat the particlecounter reproduciblysizeand
count particles present in the materialunder investigation.The instruments available range from systemswhere calibrationand
other components of standardization must be carried out by manual procedures to sophisticated systems incorporating
hardware- and software-basedfunctions for the standardization procedures. Thus, it is not possible to specifyexact methods
to be followed for standardization of the instrument, and it isnecessaryto emphasize the required end resultof a standardization
procedure rather than a specific method for obtaining this result. Thissection is intended to emphasize the criteria that must
be met by a system rather than specific methods to be used in their determination. It is the responsibility of the user to apply
the various methods of standardization applicable to a specific instrument. Critical operational criteriaconsist of the following.

SENSOR CONCENTRATION LIMITS

Use an instrument that has a concentration limit(the maximum number of particlesper mL) identified by the manufacturer
that is greater than the concentration of particles in the test specimen to be counted. The vendor-certified concentration limit
for a sensor is specifiedas that count level at which coincidence counts due to the simultaneous presence of two or more
particles in the sensor viewvolume compose lessthan 10% of the counts collected for 10-J..Im particles.

SENSOR DYNAMIC RANGE

The dynamic range of the instrument used (range of sizes of particlesthat can be accuratelysized and counted) must include
the smallest particle size to be enumerated in the products.

Instrument Standardization Tests

The following discussion of instrument standardization emphasizes performance criteria rather than specific methods for
calibrating or standardizing a given instrument system. Thisapproach is particularly evident in the description of calibration,
where allowance must be made for manual methods as well as those based on firmware, software, or the use of electronic
testing instruments. Appropriate instrument qualification is essential to performance of the test according to requirements.
Since different brands of instruments may be used in the test, the user is responsiblefor ensuring that the counter used is
operated according to the manufacturer's specific instruction; the principles to be followed to ensure that instruments operate
within acceptable ranges are defined below. The following information for instrument standardization helps ensure that the
sample volume accuracy, sample flow rate, particle size response curve, sensor resolution, and count accuracy are appropriate
to performance of the test. Conduct these procedures at intervals of not more than six months.

SAMPLE VOLUME ACCURACY

Since the particle count from a sample aliquot variesdirectlywith the volume of fluid sampled, it is important that the
sampling accuracy isknownto be withina certain range. Fora sample volume determination, determine the dead (tare) volume
in the sample feeder with particle-free water.' Transfera volume of particle-free water that is greater than the sample volume
to a container, and weigh. Using the sample feeding device, withdraw a volume that is appropriate for the specific sampler,
and again weigh the container. Determine the sample volume by subtracting the tare volume from the combined sample plus
tare volumes.Verify that the valueobtained iswithin 5% of the appropriate sample volumefor the test. Alternatively, the sample
volume may be determined using a suitable Class Agraduated cylinder (see Volumetric Apparatus (31». [NoTE-Instruments of

, Passed through a filter of 1.2-J.lmor finer nominal pore size.
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this type require a variabletare volume. This is the amount of sample withdrawn before counting. Thisvolume may be
determined for syringe-operated samplers bysetting the sample volume to zero and initiating sampling, so that the onlyvolume
of solution dravvn is the tare. Subtract the tare volumefrom the total volume of solution drawn in the sampling cycle to
determine the sample volume.]

SAMPLE FLOW RATE

Verify that the flow rate iswithin the manufacturer's specifications for the sensor used. This may be accomplished by using a
calibrated stopwatch to measure the time required for the instrument to withdraw and count a specific sample volume (Le.,
the time between beginning and ending of the count cycleas denoted by instrument indicator lightsor other means). Sensors
may be operated accurately over a range of flow rates. Perform the Test Procedure below at the same flow rate as that selected
for calibration of the instrument.

CALIBRATION

USP (788) specifies the use of dispersions of spherical particlesof known sizes between 1a urn and 25 urn in particle-free
water. More options follow:
Manual method: Calibrate the instrument with a minimum of three calibrators,such as near-mono-size polystyrenespheres
having diameters of about 10, 15, and 25 urn, in an aqueous particle-free vehicle. The calibratorspheres must have a mean
diameter of within 5% of the nominal diameters and be standardized against materials traceable to National Institute of
Standards and Technology (NIST) standard reference rnaterials.? The total number of spheres counted must be within the
sensor's concentration limit. Prepare suspensions of the calibrator spheres in water at a concentration of 1000-5000 particles/
mL, and determine the channel setting that corresponds to the highest count setting for the sphere distribution. This is
determined by using the highest count threshold setting to split the distribution into two bins containing equal numbers of
counts, with the instrument set inthe differential count mode (moving window half-countmethod). Use onlythe central portion
of the distribution in this calculationto avoidincludingasymmetrical portions of the peak.The portion of the distribution,which
must be divided equally, isthe count window.The window isbounded by threshold settings that will definea threshold voltage
window of ±20% around the mean diameter of the test spheres. The window is intended to include all single spheres taking
into account the standard deviation of the spheres and the sensor resolution,while excluding noise and aggregates of spheres.
The value of 20% was chosen on the basisof the worst-casesensor resolution of 10% and the worst-casestandard deviation
of the spheres of 10%. Sincethe thresholds are proportional to the cross-sectional area of the spheres (and all particles) rather
than the diameter, the lower and upper voltage settings are determined by the equations:

VL =0.64Vs

in which VL is the lowervoltage setting, and Vs is the voltage at the peak center, and

Vu =1.44Vs

in which Vu isthe upper voltage setting. Once the center peak thresholds are determined, use these thresholds for the standards
to create a regression of log voltage versus Io.g particle size, from which the instrument settings for the 10- and 25-f.Jm sizes
can be determined.
Automated method: The calibration (size response) curve may be determined for the instrument-sensorsystem by the use of
validated software routines offered by instrument vendors; these may be included as part of the instrument software or used
in conjunction with a microcomputer interfaced to the counter. The use of these automated methods isappropriate ifthe
vendor supplies written certification that the software provides a response curve equivalent to that attained by the manual
method and ifthe automated calibration is validated as necessary by the user.
Electronic method: Using a multichannel peak height analyzer, determine the center channel of the particle counter pulse
response for each standard suspension. This peak voltage setting becomes the threshold used for calculation of the voltage
response curvefor the instrument. Thestandard suspensions used for the calibrationare run inorder, and median pulsevoltages
for each are determined. These thresholds are then used to generate the size response curve manuallyor viasoftware routines.
The thresholds determined from the multichannelanalyzerdata are then transferred to the counter to complete the calibration.

SENSOR RESOLUTION

The particle size resolution of the instrumental particle counter is dependent upon the sensor used and may varywith
individual sensors of the same model. Determine the resolution of the particle counter for 1O-~m particles, using the 1O-~m
calibrator spheres. The relative standard deviation of the sizedistribution of the standard particles used is NMT 5%. Acceptable
methods of determining particle size resolution are (1) manual determination of the amount of peak broadening due to
instrument response; (2) using an electronic method of measuring and sorting particlesensor voltage output with a
multichannel analyzer; and (3) automated methods.
Manual method: Adjustthe particlecounter to operate in the cumulative mode or total count mode. Refer to the calibration
curve obtained earlier, and determine the threshold voltage for the 1o-urn spheres. Adjust 3 channels of the counter to be used
in the calibration procedure as follows:

Channel 1 is set for 90% of the threshold voltage.
Channel2 isset for the threshold voltage.
Channel 3 is set for 110% of the threshold voltage.

2 ASTM standard F658-00aprovides useful discussions pertaining to calibrationprocedures applying near-monosize latexspheres.
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Drawa sample through the sensor, observing the count in Channel 2. 'Whenthe particlecount in that channel has reached
approximately 1000, stop counting, and observe the counts in Channels 7 and 3. Check to see ifthe Channel 7count and
Channel 3 count are 1.68 ± 10% and 0.32 ± 10%, respectively, of the countin.Channel 2. Ifnot, adjust Channell and Channel
3 thresholds to meet these criteria. When these criteria have been satisfied, draw a sample of suspension through the counter
until the counts in Channel 2 have reached approximately 10,000, or until an appropriate volume (e.g., 10 mL) of the sphere
suspension has been counted. Verify that Channel 7 and Channel 3 counts are 1.68 ± 3% and 0.32 ± 3%, respectively, of the
count in Channel2. Record the particlesizefor the thresholds just determined for Channels 7, 2, and 3. Subtract the particle
sizefor Channel2 from the sizefor Channel 3. Subtract the particle sizefor Channel 7from the sizefor Channel 2. The values
so determined are the observed standard deviationson the positiveand negativeside ofthe mean count for the 1O-lJm standard.
One commonly used method for calculating the percentage of resolution of the sensor is the following:

% resolution=(100/0) x [(SObs)l- (SStd)2]V2

in which SObs is the highest observed standard deviation determined for the sphere standard; SStd is the supplier's reported
standard deviation for the spheres; and 0 is the diameter, in IJm, of the spheres as specified by the supplier. The resolution is
NMT 10%.
Automated method: Softwarethat allows for the automated determination of sensor resolution isavailable for some counters.
Thissoftware may be included in the instrument or used in conjunction with a microcomputer interfaced to the counter. The
use of these automated methods isappropriate ifthe vendor supplieswritten certification that the softwareprovidesa resolution
determination equivalent to the manual method and ifthe automated resolution determination is validated as necessary by
the user.
Electronic method: Record the voltageoutput distributionof the particlesensor usinga multichannelanalyzerwhilesamplinga
suspension of the 1O-pm particle sizestandard. To determine resolution, move the cursor of the multichannel analyzer up and
down the electric potential scalefrom the median pulse voltage to identify a channel on each side of the 10-lJm peak that has
approximately 61% of the counts observed in the center channel. Use of the counter size response curve to convert the mV
valuesof these two channels to particlesizesprovides the particlesizeat within one standard deviation of the 1O-urn standard.
Use these values to calculate the resolution as described under Manual Method.

PARTICLE COUNTING ACCURACY-SYSTEM SUITABILITY

Determine the particle counting accuracy of the instrument, using Method 7 [for sensors requiring the moving window
half-count (MWHC) method for calibration], Method 2 (for multichannel sensors), or Method 3 for any instrument (manual
comparison to membrane microscope method).
Method l-MWHC instruments

Procedure: Prepare the suspension and blank using the USP Particle Count RS. With the instrument set to count in the
cumulative (total) mode, collect counts at settings of 2:10 IJm and 2:15 IJm. Prepare the blank and suspension sample in the
same manner. Degas the mixture by one of three means: by sonication (at 80-20 watts) for about 30 s, by allowing to stand,
or by vacuum. Gently stir the contents by hand-swirling or by mechanical means, taking care not to introduce air bubbles or
contamination. Stircontinuously throughout the analysis. Withdraw three consecutive volumes directly from the container.
Historically, these have been volumes of NLT 5 mLeach, due to instrument limitations and the desire to maximizesample
volume. However, where desired, volumes may be utilized that meet the standardization criteria and address the sensitivities
of the formulation. Obtain the particlecounts, and discard the data from the first portion. [NOTE-Complete the procedure .
within 5 min.] Repeat the procedure, using the suspension in place of the blank. From the averages of the counts resultingfrom
the analysis of the two portions of the suspension at 2:1 0 IJm and from the analysis of the two portions of the blank at 2:1 0 IJm,
calculate the number of particles in each mLby the formula:

o, -PB)/V

in which Ps isthe average particlecount obtained from the suspension; PB isthe average particlecount obtained from the blank;
and Vis the average volume, in mL, of the 4 portions tested. Repeat the calculations, using the resultsobtained at the setting
of NLT 15 IJm.

Interpretation: The MWHC instrument meets the requirements for Particle Counting Accuracy if the count obtained at 2:1 0
IJm and the ratio of the counts obtained at 2:1 0 IJm to those obtained at 2:15 IJm conform to the values that accompany the
USP Particle Count RS. Ifthe instrument does not meet the requirements for Particle CountingAccuracy, and adequate test
volumes remain, repeat the procedure with them; if insufficient volumes remain, prepare new suspension and blank, and then
repeat the procedure. Ifthe resultsof the second test are within the limits given above, the instrument meets the requirements
of the test for Particle Counting Accuracy. Ifon the second attempt the system does not meet the requirements of the test,
determine and correct the source of the failures, and retest the instrument.
Method 2-Multichannel instruments

Procedure: Useone of three standards: (1) a dilution of the USP Particle Count RS; (2) commercial preparation of standard
calibrator spheres of nominal diameter 15-30 IJm in a suspension containing between 50 and 200 partldes/rnt, certified by
the manufacturer; or (3) a laboratory-prepared suspension of standard calibrator spheres having a nominal diameter of 15-30
IJm, containing between 50 and 200 particles/mL. Use of non-USP standards 2 and 3 isacceptable when they are compliant
with USP standardization criteria: fivesuccessive counts are NMT ±1 0% of stated concentration.

Degas the suspension by one of three means: by sonication (at 80-120 watts) for about 30 s, by allowlnq to stand, or by
vacuum. Gently stir the contents by hand-swirling or by mechanical means, taking care not to introduce air bubbles or
contamination. Stir continuously throughout the analysis, and perform five counts on 5-mLvolumes of the suspension, using
the particle counter 10-lJm size threshold. Obtain the mean cumulative particle count/mL.
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Interpretation: The instrument meets the requirements for Particle Counting Accuracy ifthe count obtained at ~10 IJm
conforms to the valuesthat accompany the USP Particle Count RS. Ifthe instrument does not meet the requirements for Particle
CountingAccuracy, repeat the procedure. Ifthe resultsof the second test are within the limits given above, the instrument meets
the requirements of the test for Particle CountingAccuracy. Ifon the second attempt the system does not meet the requirements
of the test, determine and correct the source of the failures, and retest the instrument.
Method 3-Alternate manual method

Procedure: Preparea suspension of standard calibratorspheres having a nominal diameter of 15-30 IJm, containing between
50 and 200 partkles/rnt., Degas the suspension by one of three means: by sonication (at 80-120 watts) for about 30 s, by
allowing to stand, or by vacuum. Gentlystir the contents by hand-swirling or by mechanical means taking care not to introduce
air bubbles or contamination. Stir continuously throughout the analysis and perform five counts on 5-mLvolumes of the
suspension, using the particle counter 1O-lJm size threshold. Obtain the mean cumulative particlecount per mL. Pipet a volume
of this suspension containing 250-500 particles into a filterfunnel prepared as described for Microscope Particle Count Test,
FiltrationApparatus, below. Afterdrying the membrane, count the total number ofstandard spheres collected on the membrane
filter. Thiscount should be within 20% of the mean instrumental count per mLfor the suspension.

Test Environment

Specimens must be cleaned to the extent that the level of particlesadded by testing has a negligibleeffect on the outcome
of the test.

Cleanse glassware, closures, and other required equipment, preferably by immersing and cleaning the items using warm,
nonionic detergent solution. Rinse in flowing tap water, and then rinse again in flowing filtered water. Organic solvents may
also be used to facilitate cleaning. [NOTE-These steps describe one way to clean equipment; alternatively, particulate-free
equipment may be obtained from a suitable vendor.] Preferably, the test specimen, glassware, closures, and other required
equipment are then finally rinsed with filtered water, using a hand-held pressure nozzle with final filteror other appropriate
filtered water source within an environment protected by high-efficiency particulate air (HEPA) filters. While conducting the
assay, non-shedding garments and powder-free gloves are worn within the HEPA environment. Perform the test in an
environment that does not contribute any significantamount of particulate matter.

To collect blank counts, use a cleaned vessel of the type and volume representative of that to be used in the test. Place a
50-mL or more volume of filtered water in the vessel, and agitate the water sample in the cleaned glassware by inversion or
swirling. [NOTE-A smallervolume, consistent with the article to be counted, can be used.] Degas by the same method to be
used for the product samples, by one of three means; sonication (at 80-120 watts) for about 30 s, by vacuum, or by allowing
to stand. Swirl the vessel containing the water sample by hand or agitate by mechanical means to suspend particles.

As described in (788): Determinethe particulate matter in 5 samples of filtered water, each of 5 mL. If the number of particlesof
70-fJm or greater sizeexceeds 25 for the combined25 mL (NMT 7/mL), the precautions taken for the tests are not sufficient.

It isrecommended that when utilizing the test for the (789) method, the blank test should be considered failed, ifin addition,
the number of particlesof 25 IJm or greater in size exceeds 3.

Test Procedure

TEST PREPARATION

Prepare the test specimens in the following sequence. Outside of the unidirectional airflow cabinet to be used for the test,
remove outer closures, sealing bands, but not the sealing closure. Ifshedding is noted to be an issue, remove or tape over the
product labels as well. Place the samples in the test cabinet, and rinse the exteriors of the containers with filtered water as
directed under Test Environment. Protect the containers from environmental contamination until analyzed.Afterproper mixing,
open and withdraw, pour or otherwise sample the contents of the containers under test in a manner least likely to generate
particles that could enter the test specimen. Contents of containers with removable stoppers may be poured out directly after
removing the closures.Sampling devices having a needle to penetrate the unit closure may also be employed. Products
packaged in flexible plastic containers may be sampled by cutting the medication or administration port tube or a corner from
the unit with a suitably cleaned razor blade or scissors. Dry or lyophilized products may be constituted using their internal
diluent, by removing the closure to add supplied product diluent or by injecting filtered water via hypodermic syringe. Iftest
specimens are to be pooled, remove the closure and empty the contents into a clean container.

NUMBER OF TEST SPECIMENS

USP (788) provides the sampling plan according to product volume. Forall products, regardlessof volume, comprehensive
experience regarding the integrity and consistency of the batch is gained throughout development allowing the proper
sampling plans to be applied in commercial production that ensure sample selection is representative of batch quality. All
batches must have sampling plans that accommodate desiredstatisticalmeasures of batch qualityand facilitate process control.

PRODUCT DETERMINATION

Depending upon the dosage form being tested, proceed as directed under the appropriate category below.
liquid preparations -

Volume in container less than 25 mL: Prepare the containers as directed under Test Preparation. Mix and suspend the
particulate matter in each unit by inverting the unit 20 times. [NOTE-Because of the smallvolume of some products, it may be
necessary to agitate the solution- more vigorously to suspend the particles properly.] Open and combine the contents of 10 or
more units ina cleaned container to obtain a volume of NLT 25 mL. Degas the pooled solution by one ofthree means: sonication
for about 30 s, or by vacuum, or by allowing the solution to stand.
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Gentlystir the contents of the container by hand-swirling or by mechanical means, taking care not to introduce air bubbles
or contamination. Remove four portions, that conform to the volumes utilized in the 1ST, and count the number of particles
~1 0 urn and 25 urn, Disregardthe result obtained for the first portion. [NoTE~For low-volume products, a pool of 15 or more
units may be necessaryto achieve a pool volume sufficient for four 5-ml sample aliquots. Smaller sample aliquots (i.e., <5 ml)
can be used ifthe assayresultobtained with the smalleraliquots isvalidated to givean assessmentof batch suitabilityequivalent
to that obtained with the 5-ml aliquots specified above.]

Volume in container25 mLormore: Preparethe containers as directed under Test Preparation. Mix, and suspend the particulate
matter in each unit by inverting the unit 20 times prior to opening the container for degassing. Degas the solution by one of
three means: by sonication for about 30 s, or by vacuum, or by allowing the solution to stand. When sampling, ensure that the
counter probe can be inserted into the middle of the solution. Gently stir the contents of the unit by hand-swirling or by
mechanical means. Remove four portions, each of NlT 5 ml, and count the number of particles~1 0 urn and 25 urn, Disregard
the result obtained for the first portion.
Dry or lyophilized preparations: Prepare the containers as directed under Test Preparation. Open each container, taking care
not to contaminate the opening or cover. Constitute as directed by the labeling, according to the Test Preparation. Alternately,
depending on the experiment, use:

• filtered water or
.• an appropriate laboratory-filtered diluent ifsuitable.

Replace the closure, and manually agitate the container sufficiently to ensure dissolution of the drug. [NOTE-For some dry or
lyophilized products, it may be necessaryto let the containers stand for a suitable interval, and then agitate again to effect
complete dissolution.] Afterthe drug in the constituted sample is completely dissolved, degas the solution by sonication for
about 30 s, or by exposing to vacuum, or by allowing the solution to stand. When sampling, ensure that the counter draw or
sipping probe can be inserted into the middle of the solution. Gentlystir the contents of the unit by hand-swirling or by
mechanical means to mixand suspend any particulate matter. Proceed as directed for the appropriate unit volume under Liquid
preparations, and analyze by Withdrawing a minimum of four portions, each of NlT 5 ml, and count the number of particles
~1 0 urn and 25 urn. Disregard the result obtained for the first portion.
Products packaged with dual compartments constructed to hold the drug product and a solvent in separate
compartments: Prepare the units to be tested as directed under Test Preparation and according to product insert directions.
Mix each unit as directed in the labeling, activatingand agitating so as to ensure thorough mixingof the separate components
and drug dissolution. Open and degas the units or pooled specimen to be tested by one of three means: sonication, or by
vacuum, or by allowingthe solution to stand. Proceed as directed for the appropriate unit volume under Liquidpreparations,
mix and suspend the particulate matter present in each unit by inversion or swirling or by mechanical means. Analyze by
withdrawing a minimum of four portions, each of NlT 5 ml, and count the number of particles2:10 urn and 25 urn, Disregard
the resultobtained for the first portion.
Products labeled "Pharmacy BulkPackage Not for Direct Infusion": Proceed as directed for Liquidpreparations where the
volume is25 ml or more. Calculate the test result on a portion that isequivalent to the maximum dose given in the labeling.
Forexample, ifthe total bulk package volume lsl 00 ml and the maximum dose volume is10 ml, then the average lO particle
count/ml would be multiplied by 10 to obtain the test result based on the 1O-ml maximum dose. [NOTE-For the calculations
of test results, consider this maximum dose portion to be the equivalent of the contents of one full container.]

LO Calculations

Note that the particle limits must be reported as all particles2:10 urn and all particles2:25 urn. Ifthe instrument has been
configured to count in differential bins, such as 2:1 0-25 urn, 2:25-50 urn, 2:50 urn, etc., all bins2:10 urn must be added to yield
total 2:1 O-um count: all bins 2:25 urn need to be added to yield total count 2:25 urn,

Forexample, the analyst has counted the test samples in eight bins: a) 2:10-15 urn, b) 2:15 lJm-25 urn, c) 2:25lJm-40 urn,
d) 2:40 lJm-75 urn, e) 2:75 lJm-100 urn and f) 2:100 urn. They would then calculate Pl>-lO as:

P l>- 10 = P~10-IS um + P~IS-2S um + P~2S-40 um + P~40-7S um + P~7S-100 urn+ P~100 um

POOLED SAMPLES

Average the counts from the two or more aliquot portions analyzed. Calculatethe number of particles in each container by
the formulas:

Pr.l0Vr/VAn

PUS Vr/VAn

in which Pr.l0 is the average particle count per threshold obtained from all portions analyzed and Pr.2S is the average particle
count per threshold obtained from all portions 2:25 urn analyzed. Vr is the volume of pooled sample, in ml; VA is the volume,
in ml, of each portion analyzed; and n is the number of containers pooled.

INDIVIDUAL SAMPLES

Average the counts obtained for the 5-ml or greater aliquot portions from each separate unit analyzed, and calculate the
number of particles in each container by the formulas:
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Pr.2S V/ VA

in vvhich Pr.l0 is the average particlecount per threshold obtained from all portions analyzed; and Pr.25 is the average particle
count per threshold obtained from allportions 2:25 IJm analyzed. Vis the volume, in mL, of the tested unit; and VA isthe volume,
in mL, of each portion analyzed.

INDIVIDUAL UNIT SAMPLES

Average the counts obtained for the two or more 5-mLaliquot portions taken from the solution unit. Calculatethe number
of particles in each mL of product solution taken by the formulas:

Pr.l0/V

Pr.25/ V

in which Pr.l0 is the average particlecount per threshold obtained from all portions analyzed and Pr.25 is the average particle
count per threshold obtained from all portions 2:25 IJm analyzed. Vis the volume, in mL, of the portion taken.

Foralltypes of product, ifthe tested material has been diluted to decrease the viscosity, the dilutionfactor must be accounted
for in the calculation of the final test result. Forall test results, the particle count 2:10 IJm represents all threshold bin counts.

MEMBRANE MICROSCOPE PARTICLE COUNT TEST

The microscope particulate matter test may be applied to both large-volume and small-volume parenteral injectionsand to
ophthalmic solution products as well. This test enumerates essentially solid" particulate matter 2:1 0 IJm in these products, after
collection, rinsing and drying on a micro-porous membrane filter. Since a wide range of test aliquots may be utilized, particle
counts may be determined on a per-volume or per-container basiswithout dilution or extrapolation.

In the performanceof the membrane microscope assay, one estimates the size of retained solidsviewed at 100x
magnification, tabulating them into specific size categories. In this process, one may encounter materialson the membrane
surface that do not appear solidor substantial, showing littleor no surface relief such as a "stain" or discontinuityon the
membrane. Chapter (788) advises not to attempt to sizeor enumerate such semi-solid particles, due to historical comment
from LVP terminal sterilization manufacturers that encountered stain-like brown residues after heat sterilization of Dextrose
solutions. However, if not sampling a carbohydrate solution or similarly-performing formulation, recognizing the presence of
such material adds a measure of formulation robustness. Consistent evidence of such materialsmay be indication that further
development research iswarranted to understand their content. The nature of these materialsand subsequent decisionto count
or investigate must be based upon product formulation experience. Interpretation of microscopical enumeration may be aided
by testing a sample of the solution by the LO particle count or a validated, alternate method.

The Test Apparatus isdescribed in (788). Additional comments are:
• Use a compound binocularmicroscope that correctsfor changes in interpupillary distance by maintaining a constant tube

length.
• The objective must be of 10x nominal magnification, a planar achromat or better in quality, with a minimum 0.25

numerical aperture.
• The objective must be compatible with an episcopic illuminator attachment.
• The eyepieces must be matched. In addition, one eyepiece must be designed to accept and focus an eyepiece graticule.

The microscope must have a mechanical stage capable of holding and traversing the entire filtration area of a 25-mm or
47-mm membrane filter.

• Two illuminators are required. Both illuminators must be of sufficient output to provide a bright and even source of
illumination and may be equipped with blue daylight filters to decrease operator fatigue during use.

• The USP graticule as described in (788) is used.

Stage Micrometer

Graduated in 10-lJm increments, utilized each day-of-use. Forinitial calibration, utilize a stage micrometer that iscertified
by NIST to verify the USP graticule installation. Thereafter,for dailycalibration/verification, one may utilize a commercial stage
micrometer graduated in 10-lJm increments to verify proper setup.

Filtration Apparatus

Usea filterfunnel suitable for the volume to be tested, generally having an inner diameter of about 16 mm for 25-mm
membranes or about 37 mm for 47-mm membranes. The funnel is made of plastic, glass, or stainlesssteel. Use a filtersupport
made of stainlesssteel screen or sintered glassas the filtration diffuser. Asolvent dispenser capable of delivering solventsfiltered
through a membrane filterat a range of pressuresfrom 10 psi to 80 psi.

3 Soft particlesand semi-solid substances may also be retained.
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As described by (788); however, finer pore size selections will have smoother surfaces, facilitating the microscopical
examination; however, may impede more viscous sample fluid during the assay.

Test Environment

Following discussion is recommended operational detail to enhance the conductance of the MM assay.
It is ideal to use two unidirectional airflow hood (UAFH) or other unidirectional airflow enclosures, one for "wet" sample

preparations, and the other an enclosure for the microscope counting phase. The UAFH having a capacity sufficient to envelop
the area in which the analysis is prepared. The UAFHprovides HEPA-filtered air which typically contains NMT 100 particles (0.5
um or larger) per cubic foot. A blank determination is necessary at the beginning of each test sequence to verify minimal
contribution from the background, equipment and personnel operations. What is the definition of a test sequence? Should it
be one per shift, one per product family, one per seriesof filtrations (manifold) or one per sample?Any of these definitions may
be suitable, dependent upon the operational needs of the lab system. The ability to clean glassware between samples, the
number of different products being run, and the volume of samples through the lab will determine the appropriate control.
However, consider the blank to be a system suitability check, and if it fails, all samples run prior to it up to the previous blank,
are suspect.

To determine the blank count, duplicate the sample preparation process, in regard to the apparatus and membrane types.
Assemble a clean filtration apparatus with a fresh membrane, rinse the interior with filtered water to drain, then deliver a 50-mL
or more volume of filtered water to the filtration funnel while applying vacuum, and draw the entire volume of water through
the membrane filter. Remove the membrane from the filter funnel base, and place onto a holding device aswill be used for
test specimens; typically atop a strip of double-sided tape on a microscope slide or in a commercial membrane holder or Petri
dish. After allowing the membrane to dry (it must be counted dry), examine the entire filtration area microscopically at a
magnification of 1OOx. If NMT 20 partlcles zt 0 urn and NMT 5 particles :::25 urn or larger are present within the filtration area,
the background particle level is sufficiently low for performance ofthe microscope assay for (788). If particle load exceeds these
limits, repeat the procedure.

There is value in further limiting the background for both (788) and (789) testing in regard to good laboratory practice, and
more specifically in regard to the (789) :::25 urn and :::50 pm limits, which may be considered more restrictive than injectable
limits in consideration of total particle content allowed for the (usually) small unit volumes. Compare total particle load for a
small SVI, small LVI versus a 5-mL ophthalmic product in Table 1.

Table 1. Comparison of Total At-Limit Load for Selected Products
Ophthalmic

Size Blank SVI, LVI, Product,
Limit Count 5mL 125 mL 5mL

3000 1500 250
;:::10 IJm 20 particles particles particles

300 250 25
;:::251Jm 5 particles particles particles

Not 10
;:::501Jm defined . N/A N/A particles

Therefore, in smaller volume (789) applications and in low-particle count injectable product, the laboratory should strive for
consistent and lower blank counts such as NMT 5 :::1 0 urn, NMT 1 :::25 urn and none :::50 urn per blank.

Throughout the operational procedure (in the HEPA environment), it is preferable to use powder-free gloves, and
low-shedding clothing. Prior to conducting the test, clean the work surfaces of the unidirectional flow enclosure with an
appropriate filtered solvent. Glassware and equipment should be rinsed successivelywith a warm, residue-free solution of
detergent, hot water, filtered distilled or deionized water, and isopropyl alcohol. [NOTE-Prior to use, passthe distilled or
deionized water and the isopropyl alcohol through membrane filters 0.2-~m or finer nominal pore size.] Perform the rinsing in
the unidirectional airflow enclosure. Allow the glassware and filtration apparatus to dry in the unidirectional airflow enclosure,
upstream of all other operations. Preferably, the enclosure is located in a separate room that is supplied with filtered
air-conditioned air and maintained under positive pressure with respect to the surrounding areas.

MICROSCOPE PREPARATION

The microscope optical alignment and illumination are critical for success of this method. Although it is not difficult to
differentiate a 1O-prn from a 25-~m particle at 1OOx with reflected light, the decision regarding the boundary at each size
category will be difficult with poor equipment, maintenance or optical alignment. Also operator fatigue is caused by poor
microscope alignment. We will have to make decisions such as "is this particle 9 pm or 11 urn?" and "is that particle 24 urn or
26 urn?" Optimized system resolution, that is, the ability to discern discrete points of minimal separation, relies upon good
optical systems, aligned well. Factors including instrument cleanliness, resolution, e.g., objective N.A.,4 focus of both eyepieces
and the graticule will play significant roles in attaining best images. In consideration of optimizing the use of the binocular
compound microscope, it is best to utilize operators familiar with the instrument, and comfortable with alignment. The operator
conducting the method should align the optics and illumination for their use, with supervisory/trainer approval.

4 N.A. is numerical aperture, an indicator of optical light-gathering capability, and thus resolution. High N.A. correlatesto high resolution.
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It isrecommended to start with alignment of the microscopefor a typicaltransmitted illumination observation usinga known
sample. Anyspecimen familiar to the operator will suffice; however, a common particlecount reference standard suspension
such as the USP Particle Count RS isa recommended selection, since it isalso utilized in method system suitabilityevaluation. A
drop of the USP Particle Count RS is placed between a glass microscopeslideand coverslipand viewed microscopically.s With
appropriate interpupillary distance and a comfortable sitting position at the microscope, the operator examines the fields of
suspended spheres. One should observe the smallstandard spheres crisply in a combined field (with ease) for both eyes. One
attains crisp focus and ease of viewafter separate focal adjustment of each eyepiecefocus for a single point on the specimen.

Rotate the graticule in the right microscopeeyepiece so that the linear scale is located at the bottom of the field of view,
bringing the graticule into sharp focus by adjusting the right eyepiece diopter ring whileviewing an out-of-focusspecimen.
Focus the microscope on a specimen, looking through the right eyepiece only.Then, looking through the left eyepiece, adjust
the left eyepiece diopter to bring the specimen into sharp focus.

When the operator is not comfortable using the microscope or does not attain an equivalent crispfocus for each eye in a
merged field of view, the counting will become a difficult experience and fatigue and flawed sizecomparison will result.

Nothing is better for preparing the operator for counting particlesthan to examine a test membrane as a positive control.
Seasoned microscopists may not require this step, but for new operators or individuals conducting many different types of
methods in the modern laboratory, familiarization isa prudent exercise.Afilter membrane of the type being used for the
method, such as a 25-mm color-contrast, plain 0.45-lJm nominal pore size, containing particles, is a good choice. Thismay
be a sample from previous method that contains a variety of particle types, or one prepared for familiarization. This positive
test control will contain natural particles (flakes, threads, equant particles, various colors/opacity, a range of sizes, etc.) to
effectively refresh the operator's sensitivity and facilitate microscope and illumination alignment for optimal viewing.

One would examine the membrane preparation, locate a typical array of particles and first bring the illumination into good
alignment:

1. Adjustthe external, incident illumination at an oblique angle (10°-20° to the method) so that an even ellipseof reflected
light isvisible on the membrane and an even illumination evident through the eyepiece field of view (even acrossthe
full field). Shadows will be evident from larger particles, such as those with z axis>51Jm (z axis is the microscope
optical axis).

2. Adjustthe internal episcopic brightfield illuminatorto yield an even illumination at a high setting on the transformer
control, but more importantly, when dialing down the illumination one observes the evident shadow from the larger
particles. In this manner, the high reflectivity of flat, glassy particles(findone) and the distinct shadows of more equant
(x:y:z~ 1:1:1) particles isevident.

USING THE CIRCULAR DIAMETER GRATICULE

The USP graticule is specifically fabricated for each microscope. The relative error of the graticule used must be ±2% and is
initially measured with an NIST-certified stage micrometer. To accomplish this, align the graticule micrometer scale with the
stage micrometer so that they are parallel. (Compare the scales, using as large a number of graduations on each as possible.)
Read the number of graticule scale divisions, GSD, compared to stage micrometer divisions, SMD. Calculate the relative error
by the formula:

1OO[(GSD - SMD)/SMD]

A relative error of ±20/0 isacceptable and verifies good alignment, focus and proper magnification. Thereafter, a day-of-use
verification by the microscope operator with the NI,ST stage micrometer or commercial stage micrometer is sufficient to
demonstrate proper setup.

The basic technique of measurement applied with the use of the circulardiameter graticule is to count all particles10 IJm
and larger, further categorizing in 2:10 IJm and 2:25 IJm. The circularzone or graticulefield of view is a useful zone for active
sizing and counting. Particles are compared to the linearscale and/or circles to determine their size in equivalent circular
diameter. This is conducted by transforming mentally the image of each particle into a circle and then comparing to the 10­
and 25-lJm graticule reference circles. The sizing process is carried out without superimposing the particle on the reference
circles; particlesare not moved from their locations within the graticule field of view(the large circle) for comparison to the
reference circles. Compare the area of the particle being sized to that of the black or transparent circles. Use the area of the
clear graticule reference circles to sizewhite or transparent particles. Usethe area of the black reference circles to size dark
particles. The intent of comparing particles to an equivalent circulardiameter iscorrelation to the LO particle sizing
methodology, for which many manufacturers have extensive databases. In practice, particles with nearly circularareas will
correlate wellwith the graticule circle diameters. Forparticleswith one long axis, such as rods and needles, the conversion to
circulararea will produce more significantbias to smallerestimated sizes. It may be simpler, and most conservative, to count
particles in longest chord. To use an extreme example, the total count of mono-dispersions of fine needle crystals would vary
greatly dependent upon the size determination utilized.

Inorder to properlyfocus the ocular lensesand attain balanced single-field view, each operator must bring the USP graticule
lines into sharp focus by adjusting the eyepiece diopter ring (it helpsto have an "infinite" view, or out-of-focusspecimen). Next,
focus the microscope on a specimen, through this same eyepiece, and then looking only through the other eyepiece, adjust its
diopter ring to bring the specimen into sharp focus. The USP graticule and specimen particlesare now in focus on a
well-balanced illumination field.

Preparation of Filtration Apparatusand Test Preparations are covered by (788). Further, prepare the test specimens in the
following sequence. Outside of the unidirectional airflow cabinet to be used for the test, remove outer closures, sealing bands,
and remove or tape over labels. Rinse the exteriors of the containers with filtered water as directed under Test Environment.
Protect the containers from environmental contamination until analyzed.

5 The microscope objective requires a defined coverslip thickness, nominally 170 IJm, or No. 1 Y2.
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Within the HEPA cabinet, open and withdraw, pour, or otherwise sample the contents of the containers under test in a
manner least likely to generate particles that could enter the test specimen. Contents of containers with removable stoppers
may be withdrawn directJyby removing the-closures. Samplingdeviceshaving a needle to penetrate the unit closure may also
be employed. Products packaged in flexible plastic containers may be sampled by cutting the medicationor administration
port tube or a corner from the unit with a suitably cleaned razor blade or scissors.

Forall products, regardlessof volume, comprehensive experience regarding the integrity and consistency of the batch is
gained throughout development, allowingthe proper sampling plans to be applied in commercial production that ensure
sample selection is representative of batch quality. All batches must have sampling plans that accommodate desired statistical
measures of batch quality and facilitate process control.

PRODUCT PARTICLE COUNT DETERMINATION

Depending upon the dosage form being tested, proceed as directed under the appropriate category below.
liquid preparations: Thoroughly mixthe units to be tested by inverting 20 times. Open the units ina manner consistent with
the generation of the lowest possiblenumbers of background particles. Forproducts lessthan 25 mL in volume,one may open
them and drain to the filtration barrel individually, or combine the contents of 10 or more units in a cleaned container.
[NOTE-When pooling containers, these must be included in the blank determination step.] Filter large-volume injection units
individually. Small-volume injection units having a volume of 25 mL or more may be filtered individually.

Transferto the filtration funnel the total volume of a solution pool or of a single unit, and apply vacuum. If the volume of
solution to be filteredexceeds the volume of the filtration funnel, add, stepwise, a portion of the solutionuntilthe entire volume
isfiltered. It isprudent to maintain the liquidvolume in the filtration funnel above one-halfof the funnelvolume between refills,
especially ifthe partial count procedure is to be used (see Enumeration of Particles, PartialCountProcedure, below). [NOTE-This
is necessary in order to ensure even distribution of particleson the analytical membrane.] After the last addition of solution,
begin rinsing the walls of the funnel by directing a low-pressure stream of filtered water in a circularpattern along the walls of
the funnel, and stop rinsing the funnel before the volume falls below about one-fourth of the fill level. Maintain the vacuum
until all the liquid in the funnel isgone.

Remove the filtration funnel from the filtration base while maintaining vacuum, then turn the vacuum off, and remove the
filter membrane with non-serrated forceps. Placethe filter in the prepared holder and labelwith sample identification. Allow
the filter to air-dry in the unidirectional airflowenclosure with the cover ajar.
Dry or lyophilized preparations: Prepare the containers as directed under Test Preparation. Open each container taking care
not to contaminate the opening or cover.Constitute as directed by the labeling,according to the Test Preparation. Alternatively,
depending on the experiment, use:

• filtered water or an appropriate laboratory-filtered diluent ifsuitable.
Products packaged with dual compartments constructed to hold the drug product and a solvent in separate
compartments: Activate each unit as directed in the labeling, agitating the contents sufficiently to ensure thorough mixing of
the separate components, and then proceed as. directed for LiquidPreparations.
Pharmacy bulk packages or multiple-dose containers: ForProducts Labeled"Pharmacy Bulk Package-Not for DirectInfusion"
or for multiple-dose containers, proceed as directed for Liquidpreparations, filtering the total unit volume.

Calculate the test result on a portion that isequal to the maximum dose given in the labeling. Considerthis portion to be
the equivalent of the contents of one full container. Forexample, ifthe total bulk package volume is100 mL and the maximum
dose listed is 10 mL, the microscope total unit volume count test resultwould be multiplied by 0.1 to obtain the test result for
the 1O-mL dose volume. [NOTE-For calculation of the test result, consider this portion to be the equivalent of the contents of
one full container.]

Enumeration of Particles

The microscope test described in this section isflexible in that typical artifacts such as air and immiscible liquids do not
interfere with the final count. The method has a broad size detection and counting range, ifapplying the partial count
procedure. This method may be used where all particleson an analysis membrane surface are counted or where only those
particleson some fractional area of a membrane surface are counted.

TOTAL COUNT PROCEDURE

The microscope method can be tedious (boring), imprecise (poor agreement within and between labs), and particle sizing
can be inaccurate for non-sphericalor equant particleshapes. Operatorfatigue ispromoted by poor ergonomicfit (chair height),
by poor or imbalanced ocular focus and by excessive eye movement. Restricting the eye movement to a field-defining graticule
such as the USP counting graticule restricts eye movement to the central one-third field of view.This significantly limits eye
movement and thus fatigue.

Sample size is an important consideration in counting precision. Care must be taken to sample many containers within a
batch for good representation of the particle distribution. Accordingly, the portion of the individual package sampled is key.
Particles may float or settle. Sampling only the first 25 mLof an LVP or sampling without adequate and recent mixing isa
mistake,and will lead to seriousunder-counting. Samplingwhole, well-mixed containers with the particles in suspension isthe
best approach.

Counting the isolatedparticlesisan important parameter. Counting all of the particlesretained on the membrane iscertainly
the best approach, and then the simple problem is determining the correct sizefor placement into the threshold bins, 10 urn
and 25 IJm. Thiswill be increasingly important for methods utilizing additional bins for population determination, such as 5
urn, 50 1J1n, 100 urn, etc. Note that the particle limits for (788) and (789) must be reported as all particles ~1 0 IJm and all
particles~25 urn. Ifthe lab method has been configured to count in several bins, such as ~1 0-25 IJm, ~25-50 IJm, ~50 urn,
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etc., all bins 2:10 IJm must be added to yield total 2:1 o-prn count; all bins 2:25 IJm need to be added to yield total count 2:25
IJm. Using a number of narrow size bins may be beneficial in product improvement effortsto separate particle groups.

1/1 perforfllance of a toted count, the graticule field of view (GFOV) is defined by the large circleof the graticule, and the
verticalcrosshair isused as a counting target. Scan the membrane in paths that cover the effective filtration area (EFA), adjoining
but not overlapping previousscan paths. Repeat this procedure, tabulating particle counts minimally in the 2:10 IJm-25 IJm
and 2:25-lJm thresholds, moving across the membrane until all particles on the membrane within the EFA are counted. Record
the total number of particlesthat are 2:1 0 IJm-25 IJm and the number that are 2:25 IJm or larger.

For large-volume products, calculate the particle count, in particles per mL, for each unit tested by the formulas:

P'f:~10/V

P'Q25/ V

in which P'Ql0 is the total particle count obtained from all portions analyzed, P'Q25 is the total particle count obtained from all
portions :::25 IJm analyzed, and V is the volume, in mL, of the solution tested.

Forexample, the analyst has counted the test samples in four bins: (a) :::10-25 IJm, (b) :::25 IJm-50 IJm, (c) 2:50 IJm -100
IJm, and (d) 2:100 IJm. They would then calculate as:

Forsmall-volumeproducts, calculate the particle count, in particles per container, by the formulas:

P'Ql0/n

P'Q25/n

in which P'Ql0 is the total particle count obtained from all portions analyzed, P'Q25 is the total particle counl obtained from all
portions :::25 IJm analyzed, and n is the number of units pooled (1 in the case of an individual unit).

PARTIAL COUNT PROCEDURE

When encountering a membrane full of particles, the task of properly counting allof them isdaunting. Consider that an SVP
with an at-limit content of small particles, sampled in a 10-vial pool would have 30,000 10-lJmparticleson the membrane .

. Partial or statisticalcounting of the membrane effectivefiltration area may be the only means to attain reasonable results. Partial
counting should not be used to reduce count times, just as a means to estimate the total load on a high-count isolate. A
field-defining device, such as grids on the membrane surface or an ocular graticule field of view have been used reliably. An
ocular graticule providesa sharp boundary for area definition. Gridded membrane lines are rather broad and have ink-spatter
that may be taken for particulate matter.

Which portions and how much of the EFA should be counted? In consideration of 25-mm membranes, the EFA is 16-mm
diameter using typicalcommercial filtration funnels, and thus (pi x (2)= 201 mrn-, Based upon earlierproposals from the HIMA
committee and discussion by Draftz (see Reierence 3), acceptable confidence intervals (Poisson distribution, 2 standard
deviations) dictate that for samples with lessthan 1000 particles, the imprecision of statistical counting is objectionable. Full
count is recommended for such samples. Forsamples with more than 1000 particleson the isolate membrane, using a 25-mm
membrane, a reasonable estimate of particle population is attained using 20 GFOV. Ifa smaller confidence interval about the
result is desired a larger number of fields and particles may be counted.

For47-mm membranes the EFA is37 mm. These largerdiameter membranes may be selected forformulations needing more
membrane surface area (having slow flow characteristicsthrough 25-mm membranes) the EFA = (pi x (2)= (pi x 18.5 mrn-) =
1075 rnrn-, Thus, for 47-mm membrane EFAs, many more GFOVs must be counted to attain similarconfidence. Using 100
GFOVs for partial counting of 47-mm membranes providessimilarstatistical confidence to the 20-GFOV/25-mm approach.
Accordingly, when a particle load of 1000 or less is present, a full count is recommended.

When a partial count of particles on a membrane is to be performed the analyst must first ensure that an even distribution
of particles is present on the membrane. This is assessed by rapid scanning at 50x to qualitatively scan for heterogeneity or
clumps of particles. Ifheterogeneity isobserved, one should perform a full count on the membrane. Next, count the 1O-lJm or
larger particles in one GFOV at the edge of the filtration area as well as one in the center of the membrane. The number of
2:1 O-prn or larger particles in the GFOV with the highest total particle count must not be more than twice that of the GFOV
with the lowest particle count. Fully count the membrane failing these criteria.

To perform a partial count of the particles on a membrane, include all particles2:10-25 IJm and 2:25 IJm within the GFOV
and those that are in contact with the right side of the GFOV circle. Do not count particlesoutside of the GFOV. Ignore those
that touch the left side of the GFOV circle. The dividing line between right and left sides of the GFOV circle is the verticalcross
hair and is a useful counting line. [NOTE-Make the best possible judgment on particle sizewithout changing the membrane
position, microscope magnification or illumination.]

Start at the center edge of the filtration area and begin counting adjacent GFOVs. When the other edge of the filtration area
is reached, move one GFOV toward the top of the filter and continue counting GFOVs by moving in the opposite direction.
Movingfrom one GFOV to the next can be accomplished by one of two methods. One method isto define a landmark (particle
or surface irregularity in the filter) and move over one GFOV in relation to the landmark.Asecond method is to use the vernier
on the microscope method to move 1 mm between GFOVs. To facilitate the latter, adjust the microscope x- and y-method
positioning controls to a whole number at the starting position at the center right edge of the filtration area, then each GFOV
will be one whole division of movement of the x-method positioning control. Ifthe top of the filtration area is reached before
the desired number of GFOVs is reached, begin again at the right center edge of the filtration area one GFOV lower than the
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first time. This time move downward on the membrane when the end of a row of GFOVs is reached. Continue as before until
the number of GFOVs is complete.

For large-volume products, extrapolate the total count of particles per mL by the formulas:

Pr. 7oAr/ApV

Pr.2sAr/ApV

in which Pr.70 is the total particle count obtained from all fields of view and all size thresholds; Pr.2S is the total particle count
obtained from all fields of view and all sizethresholds ~25 IJm; Ar is the filtration area, in rnm-, of the membrane (inner filtration
barrel diameter); Ap is the partial area counted, in rnrn-, based on the number of graticule fields counted (GFOV area x number
of GFOV counted); and V is the volume, in mL, of solution filtered.

For a solution pool (for small-volume product units containing less than 25 mL) or for a single unit of a small-volume product,
extrapolate the total count of particles per unit by the formulas:

Pr.l0Ar/Apn

Pr.2SAr/Apn

in which Pr.IO is the total particle count obtained from all fields of view and all size thresholds, Pr.2S is the total particle count
obtained from all fields of view and all size thresholds ~25 IJm, and n is the number of units counted (1 in the case of an
individual unit). For all types of product, if the tested material has been diluted to decrease viscosity, the dilution factor must
be accounted for in the calculation of the final test result.
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1. SCOPE

1.1 Introduction

USP 43

This chapter provides guidance on the inspection of injectionsfor visible particles. The terms particle, particulates, and
particulate matter are equivalent and do not have different meanings when used in this chapter. Particulate matter is defined
in Particulate Matter in Injections (788) as "mobile undissolved particles, other than gas bubbles, unintentionallypresent in the
solutions." Visual inspection is a probabilistic process and the specific detection probabilityobserved for a given product for
visible particleswill vary with differences in product formulation, particle characteristics, and package design. The methods
discussed in this chapter are also applicable to the detection of other visible defects not the subject of Visible Particulates in
Injections (790), but critical to a qualified, comprehensive inspection process. These include, but are not limitedto, container
integrity defects such as cracks, misplaced stoppers, or incomplete seals, any of which may compromise the sterility of the
product. Additional container defects (1), as well as other product characteristicssuch as fill level, discoloration, or claritymay
also be detected during visual inspection, and nonconforming units should be rejected using the methods described in this
chapter. Inspectionfor these other qualityattributes often occurs at the same time as the inspection for particles. The primary
focus of this chapter is a manual reference inspection method; however, semi-automated and automated methods are also
discussedand permitted by the pharmacopeia.

1.2 Related Chapters

Injections and Implanted Drug Products (1) providesan overviewof injectable dosage forms and the quality tests associated
with them. Another chapter, (790), has been added to the USP-NFto providea cleardefinition of routine inspection procedures
for injectable products; the goal isto complywith the expectation that products be essentially free of visible particulate matter.
Additionally, information on the detection of subvisible particulates is provided in Subvisible Particulate Matter in Therapeutic
Protein Injections (787), (788), and Particulate Matter in Ophthalmic Solutions (789). Measurement of Subvisible Particulate Matter
in Therapeutic Protein Injections (1 787) and Methodsfor the Determinationof Particulate Matter in Injections and Ophthalmic
Solutions (1788) provide additional supporting information on measurement methods for subvisible particles.

1.3 Defect Prevention

Although this chapter focuses on detection and removal of product units that show evidence of visible particles, the need
for preventing such contamination should not be overlooked. No inspection process, manual or automated, can guarantee
complete removal of all visible particulate matter or other visible defects; thus, prevention of such defects isan important
consideration. Good process and product design, along with environmental control, are necessaryto ensure the reliable
production of products with a low particle burden. To ensure the control of defects throughout the process, manufacturers
should consider an inspection life-cycle approach (2). Thisapproach begins with developing quality attributes based on
incoming component specifications, followed by component-level acceptance testing. It extends to component preparation
and product-filling procedures, followed by 100% in-processinspection of filled product, and concluding with final acceptance
sampling and testing of the finished product. The life-cycle approach must extend to purchased, ready-to-usecomponents
such as containers or closures,where there is no opportunity for subsequent particle removal after receipt and before filling to
secondary packaging (e.g., trays, tubs, covers, and bags). Stability and retention sample inspection, customer complaint
evaluation, and in-house investigative procedures support this integrated approach. The inspection life-cycle iscomposed of,
and supported by, sub-cycles involving qualification, maintenance, personnel training, categorization of the fill particlesfor
subsequent defect characterization (and possible identification) by forensic analytical methods, and the use of standards and
defect samples within each of the critical areas. Thefinal element of the life-cycle isa feedback loop of trending and data review
from each of these process areas, resulting in a mechanism that supports continuous process improvement.

2. BACKGROUND

2.1 Inspection Process Capability

Visual inspectionof lnjectlonsls necessary to minimize the introduction of unintended particles to pati~ntsdDring the delivery
of injectable medications. Such inspection also offers the opportunity to reject containers whose integrrtyhas been
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compromised, such as those with cracksor incomplete seals, which pose a risk to the sterility of the product. The desire to
detect these defects, despite their very lowfrequency and the randomness of their occurrence, has resulted in the longstanding
expectation that each finished unit will be inspected (100% inspection).Althoughzero defects is the goal and this should drive
continuous process improvement, zero defects is not a feasiblespecification for visible particlesgiven current packaging
components, processing capability, and the probabilisticnature of the inspection process.

The detection process isprobabilistic: the likelihood of detection isa cumulativefunction of visible attributes such as particle
quantity, size, shape, color, density, and reflectivity. Understanding human performance is therefore critical to establishing
visual inspection criteria. Individual receptors in the eye have a theoretical resolution of 11 IJm, but typical resolving power is
reported as 85-100 IJm (3). Analysis of inspection resultspooled from several studies (4-6) conducted with standards prepared
with single spherical particles show that the probability of detection (PoD) for a seeded sample with a single 50-lJm particle
in a clear solution contained in a clear 1O-mL vial utilizing diffuse illumination between 2,000 and 3,000 lux isonly slightly
greater than 0%. The detection probability increasesto approximately 40% for a seeded standard with a 100-lJm particle and
the threshold for routine, reliable detection (~70% PoD) of individual visible particles isoften near 150 IJm in diameter (4) and
typically exceeds 95% for particlesthat are 200 IJm and larger. The PoD for fibers of similar length is less than that discussed
for sphericalparticlesabove, with reliable detection often commencing at or above 500 IJm. Thus, ina qualified visual inspection
system, the vast majorityof nonfibrous particlesthat might go undetected and be introduced into the pharmaceutical supply
chain will be smaller than 200 IJm. Changes to the container (e.g., increasing size and opacity), formulation (e.g., color and
clarity), fill level, and particlecharacteristics beyond size (e.g., color, shape, and density) will all affect the PoD that can be
achieved for a specific product and package (6).

2.2 Patient Risk

Acomplete reviewof the medical literature is beyond the scope of this chapter, but the effect of particleson the patient
must be considered. A number of reviews on this subject are available (7-73). The clinical implications of particulate matter in
injectionsare determined by many factors, including the size and number of particles, the composition of the material, the
potential for microbiological contamination, the route of administration, the intended patient population, and the clinical
condition of the patient. Forexample, an otherwise healthy individual receiving a subcutaneous or intramuscular injection
containing sterile, inert particulateswould likely experience no adverse effector at worst would develop a smallgranuloma. On
the other hand, a critically ill premature infant receiving a particle-laden infusion directlythrough an umbilical catheter might
suffer considerable pathophysiologicsequelae (74,75).

Garvin and Gunner were among the first to report a concern about the effects of particles in human patients (76,77). For
obvious ethical reasons, there isa lackof controlled clinical studies on the effectsof particlesin human patients. Some anecdotal
information about human patient safety may be obtained by examining case reports of intravenous drug abusers (78-20). In
these cases, solid oral dosages are often ground up and injected as a slurry; pulmonary foreign body emboli and granulomas
were observed in these patients (27). Unfortunately, the clinical risks to human patients posed by small numbers of particles
are difficult to inferfrom these observations due to the extreme number of insolubleparticles and the uncontrolled conditions
in which they were administered.

Numerous animal studies have been conducted to determine the fate of intravenous particleswith different sizesand
composition (22-25). Moststudies have focused on subvisible particleswith a diameter of <50 IJm. In these studies, a massive
infusion of particles has been accompanied by histologicevidence of injury to pulmonary capillary endothelial cells (26),
microscopicthrombi in the pulmonary capillaries (27), pulmonary microscopic granulomata (28), and hepatic inflammatory
effects (29). Although useful for understanding the pathophysiologic response to particulate matter, the large number of
particles used in these studies (e.g., 109 particles/kg per injection) provides little insight into the risk to humans posed by small
numbers of macroscopic particles. Arterial embolization using materialssuch as polyvinyl alcohol (PVA), collagen-coated acrylic
microspheres, and gelatin spheres also provides some insight into the potential human pathophysiologic implicationsof
non-target embolization of extraneous-particle intravenous infusions. In these cases, massive particle loads moving from the
arterial injection site into the venous circulation were also reported (30-34).

In a reviewof the hazards of particle injection, it has been found that the primary contributor of particulate matter in vials
is the rubber closure due to coring, a risk that is present with almost every injectionfrom this presentation. In addition, case
reports have documented injury associated with infusion of significantquantities of precipitated admixtures or therapeutic use
of particlesfor embolization (74,75,35). Despite the administration of an estimated 15 billion doses of injectable medicines
each year (36), no reports of adverse events associated with the injectionof individual visible particles have been found.

Ultimately, the safety considerations related to particulate matter in injections must be assessedfor each drug product,
intended patient population, and method of administration. No single set of inspection criteriacan adequately anticipate allof
the potential risks to the patient. The methods outlined in (790) should serve as essential requirements when assessing the
adequacy of the visual inspection procedure, but alternative acceptance criteria (for example, the use of tightened sampling
plans)should be implemented when the patient population and intended useof the product warrant these additional measures.

2.3 History of Compendiallnspection Standards

The requirement for injections to be "true solutions" appeared in USP IXin 1915, and the firstappearance of "solution clarity"
for parenteralsoccurred in1936 in NFIV.Sincethen, there have been numerous modifications to the compendia in this regard. A
comprehensive historyof compendial inspection standards is available in the Pharmacopeial Forum (37).
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3. TYPICAL INSPECTION PROCESS FLOW

USP 43

Chapter (790) establishes the expectation that each unit of injectable product will be inspected as part of the routine
manufacturing process.This inspection should take place at a point when and where defects are most easily detected; for
example, prior to labeling or insertion into a device or combination product. Each unit may be examined manuallywith the
unaided eye, or by usinga conveyor to transport and present the containers to a human inspector(semi-automated inspection),
or by means of light obscuration (LO) or electronic image analysis (automated inspection). Manual and semi-automated
inspection should only be performed by trained, qualified inspectors. Inspection may also be enhanced by means of a device
that holds more than a single unit at one time for examination. This inspection may be performed at-line or in-linewith filling
or packaging or in a separate, off-line inspection department. The intent of this inspection isthe detection and removal of any
observed defect. When in doubt, units should be removed (see Figure 7).

Accepted

100% Units Acceptance
Filling ""- ""- Sampling and ~ Packaging,

Inspection
,.

Testing

Rejected
,( Units

.-... ---._--_ ....
I I

Analyze and
I I

-~: Supplemental I
I

Trend Rejects . I Testing I
I I
I I... -_ ......_-_ ...

Figure 1 shows a simplified processflow. Alternative strategies,such as reinspectionor two-stage inspection, may be required
and are discussed in 3.3 Remediation and AlternativePractices.

[NOTE-l 00% inspection refersto the complete inspection of the container-closure system and its contents. Inspection may
be accomplished in a single operation or in multiple steps using a combination of technologies. See additional discussion in
3.3 Remediation and AlternativePractices and 6. Inspection Methodsand Technologies.]

[NOTE-Supplemental testing is required when the nature of the product or container limits visual inspectionof the contents
(e.g., with a lyophilized cake or powder, or with an amber glass or opaque container). See additional discussion in 5.2 Unique
Product and ContainerConsiderations. Samplesfor supplemental testing may be taken from any point in the process after 100% .
inspection.]

During 100% inspection, limits on typical rejection ratesshould be established to identifyatypical lots (38). These limits may
be establishedfor categories of defects (e.g., critical, major, and minor) or for specific types of defects (e.g., particles). Areview
of historical performance is useful in establishing these limits, and the review may include grouping products similar in
appearance and manufacture. Periodic reassessment of these limits is recommended to account for expected process
improvements and/or normal fluctuations in process baseline(39). Ifa limitisexceeded, it should trigger an investigation.The
investigation may include additional inspection or it may determine whether additional inspection is necessary.

3.2 Acceptance Sampling and Testlnq

After100% inspection, a statistically valid sample istaken from the units accepted by the inspection process.These sampled
units should be manuallyinspected under controlled conditions by trained inspectors. Chapter (790) provides reference
inspection conditions for this purpose. The sample may be a random or a representative sample (e.g., at fixed time intervals
or a fixed number per tray). Defectsmay not be distributed equallyover the lot, and therefore a sampling processthat represents
the whole lot is required. Typical sampling plans used for this purpose can be found in the ANSI!ASQ Zl .4 standard (40).
Equivalent plans may also be found in the ISO 2859 (47) or JIS Z9015 (42) standards. Forbatch release, the sampling plans
listed as Normal II are typically used. Tightened sampling plans may be appropriate when an atypical result is observed or
reinspection is performed. These plans specifya sample sizefor a range of batch sizesand requireselection of an acceptable
quality limit (AQL). The AQL is the defect rate at which 95% of the lots examined will be accepted and is a measure of falsely
rejecting good batches. Critical defects (those that pose the greatest risk to the patient) should be assigned an AQL with a very
low value. Often, the accept number (the number of defective units allowed in the sample) for a critical defect is zero. Major
and minor defects, which pose less risk to the patient, will have increasing (less stringent) AQL valuesand accept numbers
greater than zero. Furtherdefinition and discussion on defect catagories isfound in 5.7 Defect Classification. Table 7 shows the
range of AQL values typically used for visual inspection processes (43).

Table 1. Typical AQL Values for Visual Inspection Processes
AQL Range

Defect Category (%)

Critical 0.010-0.10

Major 0.10-0.65
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Table 1. Typical AQLValues for Visual Inspection Processes (continued)

AQl Range
Defect Category (%)

Minor 1.0-4.0

[NoTE-When selecting a sampling planfor AQL testing after 100% inspection using ANSI/ASQ Zl.4, ISO 2859, or jlSZ9015, choose the sample size to
satisfythe AQL valuefor the most critical category (e.g., critical) of defects being evaluated. Then use the accept numbersfor this sample sizefor the AQL values
chosen for the other defect categories (e.q., majorand minor).Thisassures that the sample sizewill produce a statistically validresult for all defect categories
examined. The defect categories shown here represent a common basicapproach to grouping defects by risk; howeveradditionalcategories may be added to
these for more detailed analysis.]

While the standards referenced in the paragraph above are indexed by AQL, it is important to also know the unacceptable
quality limit(UQL) for the sampling plan(s)used. These can be found in the operational characteristic (0C) curve data supplied
for each plan found in these standards or calculated independently using qualified software.The UQL for the sampling plan
used should also be known. The UQL is the defect rate at which 90% of the lots examined will be rejected and is a better
measure of the customer or patient risk. The protection afforded by any sampling plan is represented by its OC curve. This isa
plot of the probabilityof lot acceptance versusthe defect rate in the lot. TheAQL and UQL are two points on this curve. Sampled
units should be manually inspected under controlled conditions by trained inspectors. Inspection conditions should be aligned
with the 100% inspection process.

Manual acceptance sampling should be performed after any type of 100% inspection process, including manual,
semi-automated, and automated inspection processes. It provides a measure of the performance of the overall inspection
process and the quality of a specific lot, compared with predefined acceptance criteria.Althoughautomated systems are
validated before use and are routinelychallenged to ensure acceptable performance, the use of manual acceptance sampling
inspection detects unexpected defects that were not included in the development and training of the automated system by
the manual inspection process.

Acceptance criteriaare comprised of the product specifications and acceptance/rejection criteria, such as the AQL and UQL
values, with an associated sampling plan that is necessaryfor making a decision to accept or reject a lot or batch (or any other
convenient subgroups of manufactured units)as described in 21 CFR 210.3 (44). Ifthe acceptance criteriaof the sampling plan
are not met, an investigationshould be conducted. Depending on the nature of the failure, this investigationshould include
forensic classification/identification of the particle, and examinations of the manufacturing process, the raw materials, and the
packaging materials, as well as the inspection process. If, after investigation, the inspection process is deemed capable of
detecting the defect(s) in question, the batch may be reinspected. Analternative inspection proce~s, better suited to detection
ofa specific defect may alsobe chosen for reinspection.After reinspection (performinga second 100% inspection ofthe batch), a
new sample of the accepted units is taken and compared against established acceptance criteria. It is a good practice to use a
tightened sampling plan and acceptance criteriaunder these circumstances because of the atypical nature of this process step.

3.3 Remediation and Alternative Practices

REINSPECTION

As discussed in the preceding section, reinspection (repeating the 100% inspection followed by acceptance sampling
inspection) may be appropriate ifthe initial 100% inspection is not successful. This includes instances when the established
100% inspectionfailurerate(s) and/or the accept/reject number(s) associated with the chosen AQL valueshave been exceeded.
Reinspection should only be conducted using a procedure that has been approved by the quality organization and addresses
key.parameterssuch as the inspectionconditions(e.g., same as primaryinspectionor modified to enhance detection ofa specific
defect type), the number of times reinspection may be performed (this should be limited and justified), and the acceptance
criteria (e.g., same as primary inspection or tightened). Ifreinspection is required often, considerationshould be given to
improving the sensitivity of the primary inspection process or of the manufacturing controls as determined by root cause
analysis.

TWO-STAGE INSPECTION

In cases where an assignable cause, such as formation of air bubbles or specific container or closure variation, results in a
high false-rejection rate (rejection of acceptable units), the use of a second inspectionstep may be considered. Figure 2 shows a
typical process flowfor a two-stage inspection. Such an inspection strategy is more common with automated inspection
systems,where there islessabilityto tolerate normalvariationin product or container. Underthese circumstances, the inspection
system is adjusted to ensure acceptance of good units. Those not accepted are considered of uncertain disposition until
inspected by another means (e.g., manual inspection following automated inspection) to provideconfirmation of acceptance
or rejection. Inspectionconditions may be adjusted to provide greater sensitivity in this second inspection step (e.g., additional
inspection time) to ensure a high probabilitythat true defective units will be rejected. The limitations of the first inspection and
the reason for conducting a second stage of inspection should be clearlydefined and documented. The second inspection of
these units by the same method and conditions(e.g., automated inspection with the same parameters after an initial automated
inspection) isgenerally not recommended because the same limitation in inspection method is present for both inspections.
However, it may be suitable when the root cause isair bubbles in the solution and a study has been performed to establish an
appropriate holding time to allow the bubbles to dissipate before performing the second inspection. It is recommended that
each inspection stream (those accepted by the first stage and those accepted by the second stage) be sampled separately and
evaluated against the sampling plan acceptance criteria before they are confirmed as accepted and recombined into a single
batch.
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Figure2. Two-stage inspection process flow chart.

Ifa two-stage inspection strategy isused, it must be validated as intended for use. Defective containers with lessthan a 100%
PoDwill have the PoD reduced further with each stage of inspection, thus the PoDshould be determined after inspection
through both stages to ensure that acceptable sensitivity is maintained.

4. INSPECTION LIFE-CYCLE

4.1 Extrinsic, Intrinsic, or Inherent Particles

Particles may originate from many sources. These are discussed here, as well as in other chapters in the USP (e.g., (1787».
Those that are foreign to the manufacturing process are considered to be exogenous or "extrinsic" in origin; these include hair,
non-process-related fibers, starch, minerals, insect parts, and similarinorganic and organic materials. Extrinsic material is
generallya one-time occurrence and should result in the rejectionof the affected container inwhich it isseen; however, elevated
levels in the lot may implicate a broader contribution from the same source. These particles may carry an increased risk of
microbiological or extractable contamination, because less is known about their path prior to deposition in the product
container or their interaction with the product.

Other particles are considered "intrinsic",from within the process, or "inherent", which are known to be or intended to be
associated with specificproduct formulations.The determination ofwhether the particulate isinherent or intrinsic to the process
is based upon appropriate characterization of the particle's physicochemical properties. Intrinsic particles may come from
processing equipment or primary packaging materials that were either added during processing or not removed during
container preparation. These primary product-contact materials may include stainlesssteel, seals, gaskets, packaging glass and
elastomers, fluid transport tubing, and siliconelubricant. Such particlesstill pose the risk of a foreign body, but generallycome
from sterile or sanitized materials and more is known about their interactions when in contact with the product. Any
process-related intrinsic particles should have controls established based on the use of a life-cycle approach as outlined in 7.3
DefectPrevention. Another group of particlesconsidered intrinsicis interrelated with the stabilityof the product. These product
stability-related particles come from container-closure interaction, changes to the drug formulation (insolubledegradation
products), or temperature sensitivity over time. Stability-related intrinsic particlesshould be identified and addressed as early
in the product development process as possible.

The physical form or nature of inherent particles variesfrom product to product and includes solutions, suspensions,
emulsions, and other drug delivery systems that are designed as particle assemblies (agglomerates, aggregates).
Product-formulation-related particulate formation should be studied in the development phase and in samples placed on
stability to determine the normal characteristicsand time-based changes that can occur. Useof automated particle counting
or image analysis in the subvisible (for particle sizes::::2 urnj.and visible ranges may be required to fully characterize inherent
formulation-related particles. In biologics, protein particlesare considered inherent and may be accepted when their presence
may be measured, characterized, and determined to be part of the clinical profile. Inherent particles may be accepted if the
drug product has a control strategy showing that this particulate category ispart of the product clinical profile. The manufacturer
may allow inherent particles ifthe product appearance specification also allowstheir presence or ifthe product is an emulsion
or suspension.

An evaluation of the potential impact of particles identifiedfrom any of these sources may be enhanced by incorporatlnq a
clinical risk assessment. Thisassessment may include factors such as the intended patient population, route of administration,
source of the particles, and implications for product sterility. Forintrinsic or inherent particulate matter sources, a risk assessment
may be useful in developing product-specificcontrol strategies. Given the probabilistic nature of particle detection, it is
important to assessthe possible implicationsof particles identifiedthrough the product life-cycle to better ensure the product's
safe use.

4.2 Prevention of Particulates

The manufacturing process is designed to keep the final container and its contents clean within the control parameters
established for process-related particulates. Once the container is filled, the stabilityof the product needs to be maintained
throughout its shelf life. Changes that occur as the product ages during its normal shelf life must be characterized. Avoidance
of Intrinsic particle sources that may affectfinal product stabilitydepends on carefulconsideration of the entire product system.
Ifthese intrinsically sourced changes occur, and they affect stability, particles ranging from subvisible to visible may develop.
Typically, these particles result from change mechanisms that slowly affect the on-shelf product.
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To anticipate potentia/sources ofinstabilitythatyieJdintrinsic particles, the product design should be evaluatedfrom many
perspectives, beginning with a literaturereview ofsimilarformulae/packages.Pointsto considerincludethe reported sensitivities
of the active ingredient, the formulation type, and the final container-closure system needed for delivery. Knowledge of how
glass containers are fabricated, controlled, sterilized, and tested is important as this may affect the tendency to form glass
lamellae as discussed in Evaluation of the InnerSurface Durability of Glass Containers (1660) and by the FDA (45). Obtaining
further information on residual extracts, possible leachates, metals, or solubility-edge conditions is important as these factors
may promote formation of solid material in the aging solution. Several additional keyfactors for successful product design
include the product concentration, solution pH, critical micelle concentration, oligomerization content/potential, package
effects (large surface area, product volume, headspace, light/oxygen transmission), and compatibility of the formulation with
the package. Furthermore, shock/vibration sensitivity at the air/liquid interface can be a significant contributor to particle
formation that requires investigation during product development. Some keyformulation design factors include the formula
components chosen and their purity; the solubilities of the active ingredient(s) and excipients, and consideration of potential
salt forms. Finally, to maximizeproduct stability, considerthe final product preparation for delivery, product dilutions, and shelf
stability of the commercial product or its therapeutic preparations.

To examine the appropriateness of the product design for maintaining product stability, there are two levels of evaluation.
Both levels examine retained containers for visible changes using methods described in this chapter, but neither level dwells
on low percentage defects.

Forthe first level of stabilitystudy, bench trialsconsisting of visual inspection of trial containers in the formulation lab will
show general compatibilityof the chosen components over time with regard to clarity, color, and particleformation. Careful
product assembly in clean containers, with consideration of the container type, headspace, and sealing, will yield a beneficial
first-pass trial of stabilityover several months' time. Particles will be detected, and the investigation of type isessential in order
to differentiate additive types from instability or package interation. Pursuitof extrinsic particles at this stage of development
is generallynot significant, as the particlesdo not reflecton the formulation or manufacturing process that is under
development, but rather the manner in which they were filled.

The second, more refined level of stability study involves conducting visual inspectionsof the injection in defined,
International Councilfor Harmonisation (ICH)-relevant trials (46). Thismay include periodic inspection of the same containers
over time ifthe product does not require reconstitution or is not affected byfrequent temperature changes. Detection of minor
or subtle differences in these containers is not the goal at this stage of development. Catastrophic change and the occurrence
of intrinsic product-related visible particlesshould be the focus. Typically, a set of containers is carefully prepared to exclude
extrinsic particlesand isthen inspected to cullout any unitswith visible defects. Next, a numbered set ofcontainers appropriate
for the batch size is placed on trial and visually inspected periodically for changes due to instability. It is important to be able
to analyzethe particulate matter or condition (color, haze) in order to identifythe cause of truly stability-indicating events. A
typical sample size is 80-100 units. Thisshould be a sufficient trial of the package and formulation interaction. Additional sets
of containers stored at selected extremes of ICH temperatures can be followed to aid discovery of solubility-edge phenomena.
When unwanted changes are detected, such as particleformation, solution color change, solution haze, and package changes,
the processof isolation, characterization,and identification can commence. Identification ofthe materialmakingup the changes
aids in determination of the cause, as well as development of improvements for future use.

COMMON SOURCES OF INTRINSIC PARTICULATES

Process-related intrinsic particles originating from product contact materials tend to be stable and unchanging (e.g., glass,
rubber, or metal). In contrast, there may also be particles resultingfrom product stability-related change mechanisms within
the final product. It is very important to understand that these changes only have to be slight in certain cases, far below the
detection limitof most releaseor stabilityassays, to resultinvisible changes to the product. Thethreshold levels for the formation
of visible change for certain substances may be only 10-100 ppm (0.001%-0.01 %) based on the ability to detect a single
100-lJm particleor many sub-l 0 particlesgiving a hazy or cloudy appearance. However, ifall of this insolublematerial were
contained in a single visible particle, it would likely cause rejection of the container.

FORMULATION COMPONENTS

The active ingredient may also contribute to the presence of stability-indicating intrinsic particles. For example, significant
haze and particles have manifested in aqueous formulations due to extraction of plasticizers from filtration media during bulk
drug production (5). Metalcontent in the active ingredient has contributed to organometallicsalt formation and has also been
observed as precipitated inorganic salts, blooming long after product release.The active ingredient and related degradation
products may also be relatively insoluble and may grow to form visible particles. The particulate material must be analyzed to
determine its chemical nature and possible identification.

Monomers or single molecules may join together through chemical processes to form dimers, trimers, and oligomers (a
limitedassemblage of monomers, short of polymerization). Such changes are not unexpected (47). In high-concentration and/
or saturated formulations, and especially for micellar drug associations, the solubility of related forms issignificantwhen the
aging formulationscontain progressively higher concentrations of these substances. Larger molecules may have a greater effect
on solutloninteqrity due to their inherent insolubility, especially if the active drug is in a micellar formulation.

Polymorphs are unique crystalline forms of identical chemical entities. Although uncommon in solutions that have been
mixed homogeneously and filtered, smallseed crystals of a relatively stable polymorph mayform over time, especially at
nucleation sites such as container-surfacedefects. More common than formation of polymorphs isformation of a modified
crystal lattice containing an integral liquid, typically water or solvent. The lattice may form slowly, promoted by evaporation,
nucleation, and temperature extremes (48,49).
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E)(tractables Clod leacbablesare terms commonly used to describe the potential for primarypackaging materialsto contribute
unwanted agents to the product. Extractables represent allof the materials that could be contributed, and leachablesrepresent
the practicalcontribution upon contact between packaging components and drug formulation (50). Thesesubstances can also
contribute to the formation of subvisible and visible particles.

Formulation attack of the container isa dramatic change and most often occurs in glasscontainer systems.Glass containers
undergo corrosion that is25 times greater at pH 8 than at pH 4 (51). Aformulation pH above 7., especially with high-ionic
strength solutions, promotes attack of the inner glass surface, resulting in particlegeneration.

Silicone oil isadded to pre-filled glasssyringesystemsto enhance lubricity for stopper or plunger insertionand its movement
within the syringe barrel. Silicone may alsocome from tubing used for fluid transferand a varietyof polymeric fittings and seals
that are used in the processing equipment. All of these components must be compatible with the formulation to minimize
leachates. Although silicones are processed to be sterile and are widely used, their use must still be controlled. Silicone can
cause container sidewall droplets and a varietyof visible semi-solid forms. No more than the minimum quantity should be used
during processing. Silicone and other hydrophobic substances have the capacity to coalesce and agglomerate with other
particles, reaching a visible size.

4.3 Particulate Removal by Component Washing

GLASS CONTAINERS

Each step of the glass-containerwashing and rinsingprocessshould be evaluatedfor particle-reduction capability. Thewasher
validation studies should demonstrate a reduction in naturally occurring particles or should use seeded containers to
demonstrate such reduction capability. The use of statistical sampling plans with LO and/or membrane microscopic
particle-counting methods can providea means to demonstrate reduction of both subvisible and visible particlesduring washing
cycledevelopment and validation. The membrane filtration microscopic method issuperior to LO methods for capturing and
characterizing larger foreign particlesin the visible range (>1 00 urn) during validation or monitoring activities. During process
development, validation,and routine use,container-washing procedures should includeperiodicvisual operational checks.This
routine verification ensures that effective draining of allcontainers isoccurringduring all washing and rinsingsteps. Review the
wash-water recirculating filtermaintenance procedures to ensure that particleoverloadingor breakthrough isbeing prevented.

Glass breakage that occurs during the component washing process could affectsurrounding containers and the washing
cycleshould be evaluated for possibleglass particle generation and distribution. Effective, written container-clearance
procedures following these occurrences should specifythe number of containers to be removed from the affected portion of
the line. Removing units that could potentiallycontain glass particlesaids in minimizing particle transfer to the downstream
process.

ELASTOMERIC CLOSURES

Each step of the elastomeric-component washing and rinsing process should be evaluated for particle-reduction
opportunities. Utilize statistical sampling plans to collect meaningful test units. LO or other automated particle counting and
membrane microscopic particle-counting methods may be used to demonstrate reduction of both subvisible and visible
particlesduring washing validation. The membrane filtration microscopic method issuperior to LO methods for capturing and
characterizing larger foreign particles in the visible range (>1 00 urn) during validation or monitoring activities. During process
development and validation and in routine use, container-washing procedures should include visual checks to ensure that
stoppers are not routinelysticking together. Such sticking surfaces reduce cleaning efficacy and entrap particles. Periodic
assessment of component cleanliness and supplier washing capabilities should be included as part of the supplier qualification
program when using purchased, ready-to-sterilize, or ready-to-use components.

Evaluate any current siliconization processused, whether in-house or by the supplier,to minimize excesssilicone levels while
maintaining machinability of the stoppers. LO or other automated particle-counting method may be used to compare overall
particle level reduction (background silicone oildroplets) during processdevelopment or validation.The level of residual silicone

, oil will affect the particulate quality of the final filled product, observed as dispersed droplets and particle-forming matrices.

GLASS HANDLING

rc'.~!:~c~<::>S~~~eSthat use racksortrays for transporting and holding samples, as are typically used in batch ovens, should be
m8f}i~9s~~<t9rmet,d particlegeneration. The racks or trays should have a formal maintenance program associated with their
f()~tl~f3use.Tr~ys should be'inspected for wear and scoring, which can be sourcesof particulates. Periodic cleaning, polishing,
~~gl'prx~~x~~r;f~EI~~.,TaYRe,«a~rCl~t~d to~ffeqtively c~:>ntrol particles. Tunnelsusedfor depyrogenation should also h.ave a rout~ne

Sf38r9.gr~mJW 8epocflS fl,e.a~mg, inspection, and replacement of parts that maywear and generate particles. Routine
i<i'<i.fE<,x~~%~~I()Xl,'forgli:ls~,qr,f3a~a,ge allows for clearance of any potentiallyaffected surrounding containers and minimizes

$,<;,.t\.:!,Sgrr~Dc~ (?fgla~~ paQ:id~s ~~inQ carrieddownstream to filling. Glass-to-glass and glass-to-metal contact should be
mlnlmlzedwherep9~~lblf3t() r~9l~ce weakening of the glass surface with increased risk of subsequent fracture. The use of
poIYrTl.eric,fa<;ingonguid¢s'can help in reducing such damage.

C:~~,:'>:~A) ,:'t'J: .,",' ,,' ,';', i,;' >' " ,- " ,

EQUIPMENT PREPARATION

It is trriportant to minimize redeposition of particles on product contact surfaces after cleaning. Cleaned and sterilized
equipment should be protected by HEPA-filtered, unidirectionalairflow until transferred to, and installed on, the filling line. For
cleaned equipment that needs to be wrapped or bagged prior to sterilization, utilize low-shedding, noncellulose (synthetic)
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wrapping materials. Cellulose fibersare one of the most common particlesfound in the injections-manufacturing environment
and injectable products and their origin will be a prime concern (43).

Personnelare a concernforJntroduction of extrinsicparticletypes such as eyebrows.eyelashes, facialhairrandskin cells. The
equipment preparation staff should be adequately gowned with hair covers, facial hair covers, and goggles to prevent
contaminating cleaned process equipment.

During validation and monitoring activities of c1ean- and/or steam-in-place (CIP-SIP) systems (vessels, filters, tubing, and
other product contact equipment) foreign particle burden should be evaluated after cleaning.

FILLING LINE

The transfer of open containers should be evaluated and reviewed to mitigate particle contamination. Forexample, for
aseptically filled products the transfer should be conducted in Grade A (ISO 5, Class 100), unidirectional air flow to minimize
particle contamination. The air in critical zones should be monitored continuously during operation to confirm compliance.

Routine checksto detect particlesand potential particle-generationlocationsshould be explainedinthe procedures. Effective,
written container-clearance procedures to be used after glass breakage should specifythe number ofcontainers to remove from
the affected portion of the line. Note that improper set-up and adjustment of the filler can lead to "needle strikes"where the
filling needles make contact with the container being filled. Thiscan generate either stainless steel or glass particles.

Filling pump design and the pump's compatibilitywith the filling solution are important considerations. Metal-on-metal
piston pumps have a greater potential for generating metal particles, compared with other types of piston pumps. Pump
maintenance isessentialand includesa requirement to resurface the cylinders and pistons periodically. Peristaltic-action pumps
must be monitored for generation of silicone tubing particles, especially with aggressive, near-saturated solutions or
suspensions. Friction in the peristalticrollerarea can break down the tubing, resulting in the generation of particles(spallation).

Stopper bowl surfacesshould have a formal maintenance program, and stopper handling or replenishment by operators
should be specifically designed to minimizeparticletransferto the stoppers. Properoperator positioningand avoidance of open
containers is important in good aseptic-filling practices to avoid microbial contamination. These same principles help reduce
particle transfer to the open containers and exposed elastomeric closures.

Careful selection of cleaning and gowning materialswill help reduce contamination from extrinsic particlesand fibers. These
clean-room materials should be selected for their superior nonshedding and low-particle properties.

4.4 Trending

Data obtained from the in-process 100% inspection followed by AQL inspection are used for batch release. Both 100% and
AQL inspection data should also be analyzedfor adverse trends on a periodic basis, typically at least annually. Data from the
100% inspection provides the best source of typical defect types and rates during normal production. High-volume products
may generate sufficient data to allow quarterly analysis, whereas a longer period of time may be necessaryto accumulate data
for products that are produced infrequently. Data from component inspection, production 100% inspection, and the AQL
inspections should be evaluated based upon sound statistical principles to determine whether the current action levels are
accurately reflecting the current processcapability. Alert and/or action levels may be established and/or adjusted ifthe statistical
analyses indicate that lower defect levels are being observed consistently.

When establishing new action or alert levels, a preliminary value may be used until sufficient production experience is
obtained. Considerationshould be given to planned improvements in the manufacturing and inspectionprocesses. Ifsignificant
improvements are planned, the reduction of the action/alert level should not be instituted until the impact of the improvement
is measured over sufficienttime to establish the validity of the new value. .

5. INTERPRETATION OF INSPECTION RESULTS

5.1 Defect Classification

Defectsare commonly grouped into classifications based on patient and compliance risk (7). The most common system uses
three groups: critical, major, and minor. Critical defects are those that may cause seriousadverse reactionor death of the patient
ifthe product isused. Thisclassification includesany nonconformitythat compromises the integrityofthe container and thereby
risks microbiological contamination of the sterile product. Majordefects carry the risk of a temporary impairment or medically
reversible reaction, or involve a remote probabilityof a seriousadverse reaction. This classification isalsoassigned to any defect
which causes impairment to the use of the product. These may result in a malfunction that makesthe product unusable. Minor
defects do not impact product performance or compliance; they are often cosmetic in nature, affecting only product appearance
or pharmaceutical elegance.

Upon 100% inspection, visible extrinsicand intrinsic particlesshould be reliably removed. Particle motion aids in detection,
and stationary particlesare difficult to detect, exhibiting a significantly reduced PoD. The test method allows inherent particles
to be accepted ifthe product appearance specification allows inherent particle types. The size of particles reliably detected
(2:70% PoD) isgenerally 150 urn or larger (4). Fibers of similar length are generally detected with a lower PoDdue to their
smaller cross-sectional area and varied orientation during inspection. PoDfor all particles isdependent on the container
characteristics (e.g., size, fill level, shape, and transparency), inspection conditions (lighting and duration), formulation
characteristics(color and clarity), and particle characteristics (size, shape, color, and density). The PoD at 70% or greater is
known as the "reject zone" described in Knapp's methodology (52,53), which is used worldwide as an industry common
practice for rejecting particle defects. Test sets characterized by repeated inspections, as described in 7.4 Rejection Probability
Determination, are used to "calibrate" the inspection method's PoD, inspector performance, or automated inspection systems,
and to demonstrate the sensitivity to threshold particlesize at the reject zone of >70% PoD. It should be understood that the
limitationof the reject zone at 70% detection is that at this size threshold particlesof the same sizemay routinelybe missed or
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go undetected up to 30% of the time. These undetected units may contain some amount of threshold-sized particles or
subvisibleparticles at a lower PoD. It is therefore important to characterize any particles recovered from AQL testing, retention
sampl~ iosp~<:tiQn, and product returned from distribution to understand how they could have gone undetected originally
during the initial 100% in-process inspection. .

5.2 Unique Product and Container Considerations

LYOPHILIZED PRODUCT

Lyophilized products receive100% inspection after the freeze-dryingstep has been completed and each unit has been sealed.
However, the solid, lyophilized cake can mask the presence of visible particles because they cannot be seen within the solid
matrix. The cake surface isvisible during inspection but accounts for only a smallfraction of the cake volume. Becauseof these
challenges in evaluating acceptability, a small sample of units is reconstituted and inspected for visible particles in addition to
the 100% inspection of the cakes for visible particles. Care must be taken during reconstitution of these samples to avoid
contamination that can lead to false-positive results. Sample preparation should be done in a clean environment with
appropriate particle-controlmeasures. Reconstitutedsamples should be inspected using the same conditions as those for visible
particles. The destructive nature of this test limits the sizeof the sample; however, the resultant fluid allowsvisible particles to
be more readilydetected. Typical sampling plans for this type of test can be found in the specialsampling plans S-3 and S-4 in
ANSI/ASQ Zl.4 (40). The S-plans offera practical compromise between sample size and statistical power and for most batch
sizesbetween 3,201 and 150,000 suggest a sample sizeof 20 with an accept number of 0 (based on an AQL of 0.65%). Sample
sizes larger than 20, as found in these sampling plans, may be appropriate for larger batch sizeswhen additional sensitivity is
desired. Alternativeplans are acceptable, but care should be taken to examine the UQL of such plans to assess their sensitivity.
Once inspection of these reconstituted samples has been performed, they may be used for other required testing, such as that
for subvisible particles, potency, impurities, or other specified tests. Ifparticlesare detected in this relatively small sample,
additional units may be reconstituted as part of an investigation and to assess the compliance of the entire batch. The size of
the additional sample should be based on the total sample size(initial plusadditional sample) required to have an accept number
greater than 0 for a sampling plan with an AQL of 0.65% or less. This will be based on the batch size. The resultsfrom the
samples must be combined, rather than resampling and basing the accept decision on the results of the second sample only.

Alternatives to reconstitution can be considered, such as collection of lyophilized samples from the filling line after stopper
insertion. Such samples represent the majority of particle exposure risk. These risks should be assessed and documented to
justify this approach.

POWDER PRODUCT

Sterile powders are difficult to inspect for particlesdue to powder flow and the occlusion of white or light-colored particles
by the drug product itself. Sterilepowders should be reconstituted and inspected for visible foreign particlesusing an approach
similarto that for lyophilized products, as discussed above.

EMULSION AND SUSPENSION PRODUCT

The manufacturer may allow inherent particles if the product is an emulsion or suspension. Forsuspension products, a test
dissolving the suspension or disruption of the emulsion that provides for extrinsicand intrinsic particle detection is also
recommended as part of destructive supplemental testing of a small sample as described above for lyophilized products.

AMBER CONTAINERS

Inspecting amber containers is challenging because selected elements have been added to mask UV light penetration into
the Type I glass container. Lighttransmission is blocked below 500 nm, and thus increased light intensity (e.g., 8,000­
10,000 lux) may be required to observe visible particlesduring inspection. Directional lighting from behind the container may
also be beneficial. At the extreme, filled solution in practically opaque containers may be audited via sampling and transferred
to clear, clean containers. The membrane filtration microscopicmethod is also suitable for capturing and characterizing larger
foreign particles in the visible range (>100 IJm).

TRANSLUCENT PLASTIC CONTAINERS

Translucent plastic containers are chosen for break resistance or other properties that glass cannot offer, such as injection
molding into shapes that minimize hold-up volume or for use in a combination product. Plastic containers may have optical
properties that require significantly more light (e.g., 8,000-10,000 lux)to illuminateany visible particlesagainst blackand white
backgrounds. Directional lighting from behind the container may also be beneficial.

LARGE-VOLUME CONTAINERS

Large-volume containers (>100 mL) may require additional time to complete a thorough inspection. Forflexible bags, the
semitransparent nature of the PVC film used to manufacture these containers may require the use of additional light intensity
to enhance the visibility of particles. Directional lightingfrom behind the container may also be beneficial.
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When inspecting the unlabeled primarydrug container for a combination product, the inspection considerations should be
the same as those specified for a conventional drug product in a vial or syringe.This inspection should be performed before
assemblyinto the device.Where there are critical attributes that are onlyvisible after assembly(such as alignment with a fill-level
window), a second inspection after assembly may also be required.

5.3 Alternate Inspection Strategies for Supplemental Testing

TRANSFER

When the container limits thorough inspection, transfer to a clear and readily inspectable container is recommended. Using
verified clean and verified clear containers, the sample isopened and drained to the receiving container, plugged, and then
visually inspected.

FILTRATION

Membrane filtration methods, such as in Particulate Matter in Injections (788), Method2 Microscopic Particle CountTest, collect
all solid particlesfrom the fill onto a membrane. Samples may be individual or pooled for analysis. Thismethod will reveal all
solid particles(visible and subvisible), which may be sized microscopically, and permits qualitative categorization of these
retained solids. ..

CLARIFICATION

In the case of suspensions, there isa wide range of active ingredient particlesizes, from nano-sized «1 urn) to tens of
micrometers. In all cases, the solids may be clarified/dissolved in.the original container with an appropriate filtered solvent to
allowsubsequent visual inspection. Solventcompatibilitywith the formula and package must be demonstrated.

SIEVING

As above, ifthe solid particle suspension issmall enough to allowselectivesieving, this may be used as an alternative to
membrane filtration. The very small solidspass through the sieve and larger (>100 urn) particlesare retained, counted, and
categorized.

6. INSPECTION METHODS AND TECHNOLOGIES

6.1 Manual Visual Inspection

Manualvisual inspection (MVI) is the reference inspection method described in all of the major pharmacopeias (54,56). It
consists of viewing filled and sealed containers under controlled conditions. This process may be aidedby the use of a tool to
allowconsistent examination of more than one container at a time. The qualitydecision, to either accept or reject the container,
is made by a trained person. Inspection isa probabilistic process, and detection rates <100% are to be expected, especially for
smaller or low-contrast defects.

CRITICAL PROCESS PARAMETERS IN MVI

Light intensity: The resultsof the manual inspection process are influenced by the intensity of the light in the inspection
zone. In general, increasing the intensity of the light that illuminates the container being inspected will improve inspection
performance; (790) recommends light levels NLT 2,000-3,750 lux at the point of inspection for routine inspection of clearglass
containers. This range was chosen to harmonize with current European Pharmacopoeia requirements (55) and isfurther
supported by recent studies performed in Japan (55) as part of a reviewof the current Japanese Pharmacopoeia requirements
(56). Special attention should be given to ensure that inspection is not performed below the lower limitof 2,000 lux. Increased
light levels are recommended for translucent plastic containers or those made from amber glass. Under these circumstances,
light levels as high as 10,000 luxmay prove beneficial. Careshould be taken to avoid glare and direct viewing of the light source
at these high intensities, as this may result in eye strain and fatigue. The final inspection conditions will depend on measured
performance. .

Lightshould be diffuse and even across the inspection zone, and it is a good practice to clearly identifythis zone within the
inspection station where the intensity meets the required levels. Fluorescentlamps have often been used as the light source for
inspection. Whenfluorescent lamps are used, high-frequencyballastsare recommended to reduce visible flicker (and associated
inspector fatigue). Incandescent lamps have also been used successfully for this purpose, but they generate significantheat
during use. Light-emitting diodes (LED) offeran energy-efficient, stable source of light without the added heat of incandescent
lamps.

Lightintensity in each inspection station should be measured periodically to ensure continued compliance withiri the
specified range. The frequency of monitoring should be based on historical experience with the type of light source in use. A
lower light-intensityaction limitshould be established to trigger corrective action before inspection is performed below the
lower limitof the range. . .

Background and contrast: Contrast between the defect of interest and the surrounding background is required for
detection, and increased contrast improvesdetection. The use of both blackand white backgrounds is described in (790), as
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well as other global pharmacopeias. Matte/nonglossy backgrounds are recommended to avoid interferencefrom reflection.
The use of both backgrounds providesgood contrast for a wide range of particulate and container defects, which can be light
or dark in :>nl"O:l.r"'r~ro

must provided to allowfor thorough inspectionofeach container; chapter (790)specifies a
reference time of 1°s per container (5 s each against both blackand white backgrounds). Larger or more complex containers
may require additional time for inspecting all attributes. Increasedtime mayfacilitate detection of defects near the threshold
of detection, but studies byWolfe, et al. (57,58) suggest that there are .diminishing gains with increasinginspection time. Time
spent per container may be controlled through the use of a pacing device such as a light or tone, or these may be used during
training only, much as a musician usesa metronome during practiceto learnthe tempo ofa musical piecefor later performance.
Recording the time spent inspecting each batch and then calculating a nominal inspection rate isa good way to confirmthat
the rate of inspection was within established limits. Correction can be made for noninspection activities performed during this
time by the inspectors to better document the nominal inspection rate.

Container handling and movement: When observing objects, the human eye isverysensitive to movement. Good
techniques for manual inspection include a careful swirl or inversion of the liquid product within. the container. Thisdisplaces
any particlesfrom the upper inner surfaces of the container and the closure and puts them into motion. Atechnique that
minimizes the introduction of air bubbles is important, as air bubbles can appear as particles and interfere with detection of
offending particles. Atool that holds multiplecontainers for consistent presentation can be useful when performing inspection.
Holding many containers by handat once should be avoided, as it isdifficult to obtain a complete viewof allcontainer surfaces
and contents. Container motion or rotation is also helpful for identifying small container defects such as cracksor chips.

Magnification: Some inspection processes use a large magnifierto increase image size and thus increase the probabilityof
detecting and rejectingcontainers with defects near the threshold of detection. Althoughmagnification can be useful for critical
examination of a portion of the container, it does not often lead to increased overall detection rates for defects of interest. This
may be due, in part, to the added eye strain that often resultsfrom use of magnification. As such, it is not recommended as
part of the reference inspection method described in (790) or in other global pharmacopeias (55,57). Although not
recommended for use during routine inspections, magnification can be helpful for critical examination of a small number of
units, as may be needed during an investigation.

INSPECTOR FATIGUE AND ERGONOMIC CONSIDERATIONS

Inspecting for extended periods of time can cause inspector fatigue and a decrease in inspection performance. Based on
industry experience (43), it is recommended that inspectors be given a break from performing inspection at least every hour.
Thisbreak should allow time to rest the eyes and mind, and may be achieved with a short rest (e.g., 5 min) or a longer meal
break. This need for regular breaks may also be met through rotation to a noninspection function, such as material handling
or documentation.

Inspection stations should be designed and operated in a manner that minimizes the inspector's risk of repetitive-motion
injury. Adjustable chairs and carefulpositioning of light sources as wellas incoming and inspected product can reduce the risk
of such injury. These adjustments can also reduce inspector fatigue and discomfort, both of which can be distracting and thus
can decrease performance. .

The inspection room environment should also be considered. Temperature and humidity should be controlled for inspector
comfort. Reduced ambient lighting is recommended to focus the inspection processand to reduce distractionfrom extraneous
reflections. Special care should be given to inspection rooms with exteriorwindows that allowdaylight into the room and thus
changing ambient lighting throughout the day and with changing seasons.

6.2 Semi-Automated Visual Inspection

Semi-automated visual inspection combines automated material handling of the containers to be inspected with human
vision and judgment to make the decision to accept or reject. These systems often use a conveyor equipped with rollers to
transport the containers in front of the inspector inside an inspection booth or station. Forinspectionof liquids, the booth can
be equipped with a high-speed spin station to set particles in motion. The rollers are also used to slowly rotate the containers
in front of the inspector as they traverse the inspection zone. These systems offera means to control the presentation of the
vials and can offer additional lighting options, such as Tyndall lighting, which may enhance the appearance of some defects
such as cracksor small particles. Mirrors may also be used to provide a clear viewof the top and bottom of each container.
Rejected units may be removed from the rollers by hand, and some systems are equipped with a remote rejectionsystem that
can be triggered by the inspector. Careshould be taken in the qualification and operation of these systemsto ensure full rotation
of vials in the inspection zone; this allows examination of allsurfaces. In addition,studies should be conducted to ensure the
detection of heavy particles,which may not be liftedfrom the bottom of the container, and to ensure that the rate of inspection
produces an acceptable detection rate for defects of interest. ,

With semi-automated visual inspection, performance issimilarto that with MVI. Some increase in throughput may be
achieved because the inspector spends allof the available time viewing the containers, rather than splitting the time between
inspection and material handling. ': ';

CRITICAL PROCESS PARAMETERS FROM SEMI-AUTOMATED INSPECTION

Lightintensity must be controlled, as with MVI. The rate of inspection iscontrolled by the speed of the roller/conveyoror
some equipment that allows the inspectorto callfor a group ofcontainers each time. Spinspeed for liquid products and rotation
ratefor allcontainers should be establishedduring validation/qualification and maintained withinthe validated rangef()rroutine
inspection. The background color iscontrolled by the colorof the rollers selected and the colorof the background seen through
the spaces between the rollers. Qualification of inspectors and validationof the inspection equipment should be basedgn ..·.
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comparisonwith the compendial manual inspection processwith an expectation that alternative methods such as
semi-automated inspection demonstrate equivalentor better performance.

6.3 Auiomaiecf·Visual···lnspection

Automated visual inspection (AVI) combines automated material handling of the containerswith electronicsensing of
product appearance. Containers that do not meet pre-programmed acceptance criteria are automatically rejected by the
machine.Early machines performedinspection for particles and fill level, but manualor semi-automatedinspectionwas required
for the container and closuresystem. Newermodels have the capability to inspect all attributes of the containers, along with
the contents. As with MVI, machinesoften spinthe containersto set particles in motionand makethem easierto detect. Multiple
cameras are used to image various regionson the container in great detail. Each camera iscoupled with unique lighting to
highlightspecific defects in the region of interest. Light-field and dark-field lightingtechniquesofferthe same benefitsas white
and black backgroundsas discussed above, offering contrast for a full range of Iight- and dark-colored defects. Adefect found
by anycamera istrackedthrough the machineto allow accurate ejectionbythe rejectsystem. Thesemachinesalsoofferdetailed
reporting of defects observed in a specific production lot.

AVI offers advantages in the areas of throughput and consistency, compared with MVI (4). AVI may also offerenhanced
sensitivity for some defects, compared with MVI, but maysufferfrom higher false rejection ratesdue to the inability to tolerate
normalvariation in containersor product. This isespecially true for molded glasscontainersand flexible bags.

Validation of the automated inspection equipment should be based on comparisonwith the compendial manual inspection
processwith an expectation that alternative inspection methods demonstrate equivalentor better performance. Significant
effortisrequiredto program these systems and to test their performanceagainst a range of known defects,as well as acceptable
containers.

LIGHT-OBSCURATION METHODS

Some systems use an optical sensor to detect the shadow of particles in solution products. This technique has been used
successfully for detection of both subvisible and visible particles. Forthe detection of visible particles, it requires particles to be
in motion, typically usinga high-speed spin and rapid brakingof the container to achievethis motion. Spinconditions must
be optimized to providesensitivity for heavierparticles while minimizing false rejections due to bubbles. Some biological
products experienceshear-induced agglomeration, so care should be taken with regard to agitation of these products.

LO methods are optimizedfor sensitivity to moving particles, and can thus be made less sensitive to minor container
imperfections. These methods can be used with both tubing and molded containers. Results are generally robust in detecting
single particles that are 100 JJm in diameter and larger, though detection of smallerparticles at or belowthe visible threshold
is improvedwhen multiple particles are present.

Thesesystemscan also detect fill height by detecting the shadow of the solution meniscus. Generally, this process is not
sensitive enough to ensure compliancewith dose or fill-weight specifications, but it can provide a secondarycheck of gross fill.
Sensltivity isa function of the container shape, with greater sensitivity achieved in small-diameter containers.

IMAGING METHODS

Continuing advances in camera technoloqynow allow the rapid capture of high-resolution imagesfor inspection.When
coupled with high-speed processors that have ever-increasing computational capability, a powerful inspectiontool can result.
Imagesare divided into inspection windows, and an arrayof tools such as image subtraction, pixel counting, intensityanalysis,
and others are used to assess the imagesagainst programmed quality attributes.

Imaging systemscan detect particles and fill level, as well as other container and closureattributes. Inspection in this manner
can providecomprehensive inspection of visual attributes. These systemscan offerhigh sensitivity, but may also have high
false-rejection rates ifcontainer and product attributes are not tightly controlled.

X-ray imaging has also been exploredas a means to detect particles withinfreeze-dried cakes, powders,or suspensions(59).
These technologies may be used alone or in combination with other inspection methods to providea comprehensive

assessment of product qualitybefore labeling and packaging.

7. QUALIFICATION AND VALIDATION OF INSPECTION PROCESSES

7.1 Standards

The use of standards for visual inspection has been described by Melchore and Berdovich (60). Developmentof inspection
standards beginswith description of the defect types that will be represented in the test set(s).This information typically comes
from the manufacturing area, where naturally occurringdefectiveunits can be identified from rejected product. The defects
are categorized as critical, major, or minor.Thesedefects must be further characterized to allow for (a) selection from naturally
occurring particulateand physical or cosmetic production rejects removedfrom product lots, and/or (b) re-creation of
equivalentdefect types in a controlled laboratoryenvironment. Characterization information on defects-should include,where
appropriate, the range of sizes typically observed and the specific locationon the container. If feasible, a photograph of the
defect should be included. All information that could support consistent re-creation of the defect standards should be included
in the characterization description.
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7.2 Preparing Defect Standards

USP 43

Visual inspection standards may be identifiedfrom known production rejects,or may be created manuallywith characterized
particulate material. Asingle particle per seeded container should be used when determining detection thresholds. The focus
should be to demonstrate single particle detection sensitivity especially at the edge of the reject and grey zones. The use of
multiple particles in a container is not recommended in order to avoid skewing the data by increasing the PoD.

7.3 Particle Types

The primary packaging materials that directly contact the product and the potential environmental contaminants can be
divided into specific particle groups such as glass, stainlesssteel, elastomeric closure, plastic, and fibers (synthetic or natural).
Naturally occurring visible particlesfrom production rejectscontainingthese materialsmay be used for training and to assess
inspection performance. Physically prepared particlescan be sieved initially to target a specific size, and then the individual
particlesare measured using optical microscopypriorto seeding into a prepared container. The use of characterized production
defects or physically prepared standards is preferred over standard spherical particlesfor inspector training and qualification,
as well as machine validation as they better represent actual inspection challenges and performance.

Spherical standard particles may be utilized as surrogates for naturallyoccurring particulates; however, these are best used
for routine machine calibration rather than validation or inspector qualification, as they do not move or look like actual
production defects.

7.4 Rejection Probability Determination

Once a well-defineddefect standard is available, it is assigned a detection frequency or PoD by conducting a documented,
manual human inspection qualification that isaccomplished by repeated manual inspection. This repeated inspection is the
basisfor qualifying the defect standard. This approach has been described by Knappand Kushner (52,53). The Knapp
methodology recognizes that the detection of particlesisprobabilistic, and repeated inspectionswith strict controls on lighting
and inspection pacing/sequencing generate the statistical confidence to assign a reject probability to each standard unit. A
manual, visual inspection PoDof ±0.7 or 70%, is required to assign the container to the rejectzone for subsequent calculation
of the reject zone efficiency (RZE). Secure probabilistic data for particulate standards can be achieved with 30-50 inspections
of each container. This is best achieved with multiple inspectors. Inspection reject probability iscalculated for the defect as
follows:

PoD=(Number of times rejected)/(Number of times inspected)

7.5 Test Sets

These qualifieddefect standard units are then assembled into test sets, which may be used to specifically challenge the
particle detection technique of human inspectors, used as part of a defect test set (includingcontainer-closure defects) for
human qualification, or for comparison during automated equipment qualification and validation. When possible, the test set
should be prepared with duplicate product units per particletype and sizeto ensure that backup units are available in the event
that a standard container is broken or the particle is trapped or lost within the container. When using test sets, it is a good
practice to verify the presence of particlesbefore and after use, as particles may become lodged between the container and
the closure. When a freely moving particlecannot be verified in liquidformulations, the unit should not be used and the data
should be excluded from subsequent calculations. When this happens, it may be possibleto free the particlewith the use of an
ultrasonic bath. Ifthis is not possible, the unit should be replaced. Fordry solidformulations, such as powders or lyophilized
cakes, the appearance of the standards may degrade with repeated handling, requiringfrequent replacement and adding to
the difficulty in performing these types of studies. The number of defective units in each test set should be limited to
approximately 10% to prevent rejection bias (57). The accept containers will be identified as having a predetermined manual,
visual inspection PoDof <0.3 or 30%. The accept zone containers are used as blank units or may be used to study the false .
reject rate of the inspection method. Anyparticlestandards found to fall within the acceptable"greyzone", indicating a manual
inspection rejection probability;:::30% and <70%, may be included as an "acceptable unit" in a test set, ifdesired. The true
utility of the grey zone units is to study the units from ;:::50% and <70% PoDand demonstrate the manual detection frequency
of subvisible particles just below the reject zone threshold. Thisdata can be used for illustrating the subtle differences between
the manual inspection and alternate inspection methods (semi-automatic or fully automatic) during comparison studies. The
human efficiency in detecting grey zone containers should be used for information only and formal acceptance criteria is not
typically applied to grey zone containers (67). .:

It is important to prepare a written procedure for the creation and maintenance of standards. This procedure should define
the qualification criteria, appropriate storage conditions, periodic examination and requalification, expiration, and sample
custody during use. Test setsshould be approved by the quality unit. The container in which the specific particle set is stored
must be clearly labeled with the test set identification information.

7.6 Types of Test Sets

The particle detection threshold can be determined for a specific inspection method and product/package combination. It
is a standard curve of detection probabilities at various particle types and sizes in an approximate range of 100-500. urn (with
recommended increments of 100 urn). Fibers are typically observed in sizes >500 IJm. The typical size range of particles used
in threshold studies incorporates a varietyof particle types and densities that are typically found in the manufacturing
environment.
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Threshold studies are conducted to determine the sensitivity of manual inspection methods, usinga range of particlesizes,
ina blindedstudythat yields the particle-size detection capabilities ofa definedgroup or ofan individual inspector.Thethreshold
studies lndieete-thatthe-methed-ef Inspeetlon isvalldand appropriate.forexampleTfordearsolutionsinJO-mLtubingglass
vials, past threshold studies indicate that particles within the range of 1S0-2S0 IJm (SOO-2000 IJm for fibers) can be detected
with a PoD of 70% or greater. Results can differ due to differences in product formulation as well as container type and size.
Threshold studies are also useful as an assessmenttool when evaluating or qualifying visual inspection staffon a specific method
with fixed testing parameters. Detection threshold studies are typically the firststep in evaluating the performanceof any new
inspection method.

Dependingon product and/or presentation,rejects in the test set should representall defectsanticipatedfora givencontainer
type or product family. Forparticles, use a bracketed range of types (densities) and sizes from near the lowerlimit of the visible
range (100 IJm) to the largest routinely observed in the pool of rejects. For an individual manual test set, it is important that all
containers and closures are of the same type, and the samplesare blinded. UV ink(invisible to the inspectors) may be used to
mark all containers.Alternatively, bar codes or other coded labels may be used. Manual test sets can be used initially to qualify,
or periodically to re-qualify, human inspectors. These test sets may also be used for direct comparison to semi-automated or
automated inspection methods. If significantly differentformulations (e.g., clearsolution, suspension, lyophilized) or packages
(e.g., clear vials, amber Vials, ampoules, syringes) are produced at the same facility, separate test sets should be prepared to
represent each unique combination. Abracketing approach may be used with regard to different container sizes.

7.7 Training and Qualification of Human Inspectors

Before training, potential inspectors should be tested for visual acuity (62) and color perception. Near-vision performance
should be the equivalentof 20/20 with no impairmentof colorvision. Both the Snellen and Jaegercharts are useful for verifying
visual acuity; they test far and near vision, respectively. The use of corrective lensesto achieve the desiredvisual acuity is
permitted. Training should includea phased approach with a specified number of training hours expected for each segment.
Initially, train the potential inspectors with defect photographs or a video library and clear,written descriptions. Utilize subject
matter experts to mentor and providehands-on training with defect standards for the specified method. Reinforce mental or
silentcounting and follow the paced sequence to achieveconsistentinspection timing.Stress the importanceofstrictadherence
to the inspection process (procedure, sequence, and timing). Inspectorfatigue may be addressed in the qualification process
by testing under worst case conditions(e.g., at the end of a typical inspection shift). Train all inspectors (QC, QA, and
production) with common procedures used for 100% inspections and AQL inspections. All inspection practices should be
standardized and consistently executed acrossall inspectiongroups.

Qualification should be performedfor each product type and package that the inspectorwill encounter. A bracketed or
matrixapproach can be used to simplify qualification of products with similar physical or visual characteristics such as container
type and size,formulation type, product viscosity, color, and others. It iscommon to initially train and qualify personnelon
clear solutions in clear containers (ifproduced at the facility) and then expand their expertise to inspection of more difficult
formulations or presentations. .

7.8 Inspector Qualification Requirements

The qualification of all inspection personnel utilizes a manual test set to be inspected under normaloperating conditionsand
inspectioncritical parameters, including inspection timingand sequence, physical environment,and inspection duration.Three
successful inspections of the test set are recommended to demonstrate consistent performancefor initial qualification of new
inspectors.Acceptancecriteria for each defect class should be based on the PoD (or RZE) observedduring test set qualification.
A limit is also needed for false rejection, with a recommended target of <S% falsely rejected good units.

7.9 Requalification

Inspectorsshould be requalified at leastannually. Requalification includes a test of visual acuityand testing with at leastone
product/test set configuration. Asinglesuccessful inspection of the test set issufficient for requalification. Requalification may
also be necessary in the event that poor performance is observed during routine inspectionor ifthe inspector has been away
from the inspection operation for an extended period of time (e.g., 3 months).

Ifan inspector fails the requalification test, a retraining processshould be initiated to identify the root cause and allowthe
inspector to receive additional instruction. After this process has been completed, the inspectormay attempt to meet the
acceptance criteria one additional time. If the inspectorfails, he or she mayattempt to qualify again aftera specified time period.

8. PRODUCTS IN DISTRIBUTION

Chapter (790) states, "Ifit becomes necessary to evaluate product that has been shipped to customers (e.g., because of a
complaint or regulatoryconcern),sampleand inspect20 units. If no particles are observedinthe sample,the batch isconsidered
essentially free of visible particulates. If available, additional units may be inspected to gain further information on the risk of
particulates in the batch."

Forproducts indistribution, questionsregarding batch qualitywill occasionally arisefrom customer complaints, observations
in the field, customer use questions and from the use of nonstandard (sensitive) conditionsof inspection. As discussed in this
chapter, the detection processis probabilistic and the likelihood of detection isa cumulative function of the particle's visible
attributes, drug product and container characteristics, and the inspection method used. Inan appropriately qualified
manufacturing process, the batch is presumed to have been prepared according to robust processes and all containerswith
package defects and visible particles (nonconforming units) removed prior to labeling. In that regard, the evaluation outlined
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in general chapter Visible Particulates in Injections (790), Inspection Procedure, Sampling at Batch Release (After 700%
Manufacturing Inspection), and Product in Distribution isonly permissible if both sampling at batch releaseand a 100%
mclDYfaclYJing inspection have been successtullycompleted, . :. . .

The particle detection threshold should be determined for a specific inspection method and product/package combination
incorporating a varietyof particle types and densities that are typically found in the manufacturing environment. Forexample,
the detection threshold for routine, reliable detection (::::70% probability) of a single spherical particle in a clear solution
contained in a 1O-mL vial utilizing diffuse illumination between 2,000 and 3,000 lux isoften near 150 urn indiameter (4). Units
returned from distribution may be false positive, may contain particles larger than the acceptance threshold that were missed,
may contain particle(s) in the "grey zone," e.g., less than the detection threshold, or may have suffered a physicochemical
change that resulted in a visible change. Ideally there were no visible particles in the containers released to market; however,
there is always a low probabilitythat this may occur. .

Upon receipt, suspect containers should be subjected to the same inspectionconditions and methodology used in the release
inspection. Particle(s) verified in the returned or re-evaluatedsupply must be carefully characterized by an analytical forensic
process to determine their source and likely cause. Single particlesof typical product-contact materials are unlikely to present a
concern. Multiple particles, large particlesizes, and any particles indicative of physical or chemical change are significantevents
and should be subject to further investigation. Rare instancesof particulate material falling into the "grey zone" should be
expected giventhe probabilistic nature of the inspection processand should not routinelytrigger further evaluationof retention
samples. Chapter (790) provides that zero particlesfound in the sampling and inspection of 20 units signifies that the batch is
"essentiallyfree of visible particulates." Ifmultiplesuspect containersfrom the same batch are detected, additional unitsshould
be inspected and an appropriate rationale provided to support the batch's conformance to the registered specifications.

Overall batch quality using internal systems to control particulate matter and the means to investigatethese occurrences is
keyto the life-cycle approach for modern pharmaceutical production. Evaluation of retention and stability samples provides
insight to.batch quality, as do the field-use effects for any medication. Whilethe presence 'of particles or product or container
defects discovered in retained or returned product do not necessarily incriminatethe quality of the batch, careful investigation
should be conducted to exclude systemic risks.

9. CONCLUSIONS AND RECOMMENDATIONS

Visual inspection for particlesand other visible defects continues to be an important part of the manufacturing process for
injections. Chapter (790) provides a useful reference method and acceptance criteriafor visible particulates in injections..
Successful execution of visual inspection requires an understanding of the inspection process and careful control of inspection
conditions. Inspectors must be trained to ensure consistent, high-qualityperformance. Alternative inspection methods, either
semi-automated or fully automated, may be used in place of manual inspection methods. Where machine methods are used,
the equipment must be validated to demonstrate equivalentor better performance when compared to manual inspection.The
use of test sets that contain standard defects isan important element in inspector training and qualification as wellas machine
validation. Good product development will lead to a stable product with a lower risk of particleformation. Identification of the
type or types of particlesfound during product development and routine manufacturing is an important aid in source
identification and reduction. Inspection results should be trended to further aid in continuous process improvement with the
ultimate goal of defect prevention.
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Radioactive drugs and devices requirespecialized techniques in their production, testing, handling, dispensing, and
administration to ensure optimaleffectiveness and maintainsafetyfor workers, patients, and the public. All operations involving
these articles should be carriedout byor under the supervision of personnelwho have been appropriately trained inthe handling
of radioactive materials.

The facilities for the production, storage, and use of radioactive drugs and devicesare generally subject to licensing by the
U.S. NuclearRegulatory Commission, an appropriate state agency, or similar governmental agencies outside of the United
States. Most radioactive drugs and devices, although not identified as hazardous drugs, are classified as hazardous materials
and are therefore subject to other regulations relatingto transportation, environmental release, and workplace safety.

The purpose of this chapter is to provide information regarding radioactivity-including definitions, types of decay, and
general considerations relatingto radioactive decay, counting, radionuclide production, purity, and labeling-as well as
instrumentationfor detection and measurement of radioactive emissions.

Specific information on standards for radionuclide identification and assay, including instrumentqualification, performance
checks, identification of radionuclides and radionuclidic impurities, and assayof radionuclides are provided in Radioactivity (821 ).

2. TYPES OF DECAY

"Radioactive decay" isthe process by which an unstable nuclidetransitions to a lowerenergy configuration. Depending on
the particularstarting radionuclide, the resultofthe transition maybe eithera stable nuclideor a different radionuclide. Typically,
these transitions are accompanied by the emission of radiation from the nucleus, which isbroadlyclassified as either particulate
or nonparticulate. Some radionuclides emit multipletypes of radiation in this process, whereas others emit only a single type.
The main types of particulateradiation commonlyseen in nuclearmedicineare alpha, beta, and positron. Nonparticulatetypes
of radiation includegamma rays and X-rays. Nuclearmedicineimaging isaccomplishedthrough detection and localization of
nonparticulate radiation, whereas therapeutic effects arisefrom the energy deposited in the target organ by particulate
radiation.

2.1 Alpha Decay

"Alpha decay" isradioactive decaywith the emission ofalpha particles, or helium nuclei, and isgenerally limited to elements
with an atomic number >83. Insome cases,beta particles and gamma rays mayalsobe emitted duringalpha decay.An example
of a radionuclide that decays by alpha decay is:

Radium-226 -+ Radon-222

2.2 Beta Decay

"Betadecay" is radioactive decay with the emission of an electron.This type of decay typically occurs in neutron-excessive
radionuclides wherein a neutron is transformed into a proton. Insome cases, the emission of a positively charged electron, or
positron,mayoccur.This type ofdecay typically occursinneutron-deficient radionuclides witha loweratomic number whereina
proton is transformed into a neutron. Insome cases, gamma rays may also be emitted during beta decay. Anexample of beta
decay through emission of an electron is:

lodine-1 31 -+ Xenon-1 31

An example of beta decay through emission of a positron (W) is:

Fluorine-18 -+ Oxygen-18

Because a positron isan anti-electron, when it interactswith an electron, the two particles annihilate, and their combined mass
is transformed into energy in the form of two 511 kiloelectron volt (keY) gamma rays. These gamma rays are produced
simultaneously and travel awayfrom the point of interaction in nearly opposite directions. Thesetwo characteristics form the
basis for positron emission tomography (PEn imaging techniques.

2.3 Electron Capture Decay

"Electron capture" is radioactive decay that involves nuclearcapture of an inner orbital electron, nucleartransformationof a
proton into a neutron, and emission of one or more gamma rays. Electron capture generally occursin higher atomic number
radionuclides that are neutron deficient. An example of a radionuclide that decays by electron capture decay is:

lodine-123 -+ Tellurium-123
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An. "isomeric transition" is radioactive decay. that involves a-transition between nuclear isomers with the emission of-one or
more gamma rays. In contrast to other types of decay, the number of protons and neutrons remains the same in an isomeric
transition. Isomeric transition generally occurs in radionuclides that are metastable. An example of a radionuclide that decays
by isomeric transition is: .

Technetium-99m ~ Technetium-99

3. GENERAL CONSIDERATIONS

3.1 Radioactivity

Radioactive decay isa first-order process (l.e., a fraction of atoms decay per unit time). The rate of decay for each radionuclide
is a unique and constant value, which gives rise to the term "decay constant".

Each radionuclide's rate of decay is a unique and constant value (its decay constant) and can be described by the following
equation:

A=).N

A = amount of radioactivity in a source at a given time
). = rate of decay of the radionudide
N = number of radioactive atoms

The traditional unit for radioactivity is the curie (CO, which is equal to 3.7 x 1010 atoms undergoing radioactive decay, or
disintegrations per second (dps). Commonly used prefixes associated with the Ci include the millicurie (mCO and the microcurie
(~Ci). The 51 unit for radioactivity is the becquerel (Bq), which is equal to 1 dps. Commonly, prefixes associated with the Bq
include the megabecquerel (MBq) and the gigabecquerel (GBq). Hence, 1 Ci =37 GBq.

3.2 Fundamental Decay Law

The decay of a radioactive source is described by the equation:

N, = NofTJ.t

N, =number of radioactive atoms remaining at elapsed time t
t =time elapsed (time unit, such as seconds, minutes, or hours)
No = number of radioactive atoms when t = 0
). = decay constant of the specific radionuclide

The above equation can be rewritten in terms of radioactivity:

At= Aoe-J.t

At = amount of radioactivity at elapsed time (t)
t = time elapsed (time unit, such as seconds, minutes, or hours)
Ao =amount of radioactivity when t =0
). = decay constant of the specific radionuclide

"Decay tables" that provide radionudide-specific decay factors (i.e., fraction remaining) calculated from AofTJ.t at various elapsed
times (t) are commonly available.

The half-life is defined as the time interval required for a quantity of radioactivity to decay to one-half of its initial value and
is related to the decay constant A. by the equation:

TI12 = 0.69315/),

TI12 = half-life of the radionudide
). = decay constant of the specific radionuclide

The activity of a pure radioactive substance as a function of time can be obtained from the exponential equation, from decay
tables, or by graphical means based on the half-life (Figure 7).
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Figure 1. Normalized decay chart.

3.3 Counting Efficiency

Thevalidity of any radionuclide measurement isdependent upon the reproducibility of the relationship between the source,
the detector, and its surroundings. Appropriate allowances should be made for source configuration. Measurementsof
radioactivity require calculation of a calibration factor, or efficiency, and are dependent on the type of detector, the container
in which the radioactivity isplaced, and the source-detector geometry. The basic efficiency equation for detectors designed to
count discrete decay events over a period of time isgiven as:

disintegrations/s ~ (counts/sj/s

e =efficiency or calibration factor

Because 1 dps is defined as 1 Bq, the above equation gives radioactivity in unitsof Bq. Through the application of the
appropriate unit conversion, Bq can be transformed into JJCi or any other unit of radioactivity. Detectorsshould be calibrated
with a source of known radioactivity and in a fixed geometry.

3.4 Background

Cosmic rays, radioactivity present in the detector or shielding materials, and radiation from improperly shielded sources
contribute to the background radiation. All radioactivity measurements should be corrected by subtracting the background
count rate from the gross count rate in the test sample.

3.5 Statistics of Counting

Modern radiation detection systemsoften incorporate statistical analysis into their software. The usershould understand the
use and limitations of these programs to ensure accurate results.

Because the process of radioactive decay isa random phenomenon, the events being counted form a random sequence in
time. Therefore, counting for anyfinitetime can yieldonlyan estimate of the true counting rate. The precision of this estimate,
being subject to statistical fluctuations, isdependent upon the number of counts accumulated in a given measurement and
can be expressed as:

(J = -vn

(J =standard deviation
n =number of counts accumulated in a given measurement

The probability of a single measurement falling within ±1 OO/-vn% of the mean of a great many measurements is0.68, which
means that ifeach count were to liewithin ±1 OO/-vn% of the mean for approximately two-thirdsof the observations, then
approximatelyone-third of the observations would lieoutside of this interval.

Because of the statistical nature of radioactive decay, repeated counting of an undisturbedsource will yieldcount-rate values
in accordance with the frequencyof a normal distribution. Any deviations in these values from the normal distribution conform
to the chi-square(x2) statistical test. Forthis reason, the X2 test isfrequently applied to determine the performanceand correct
operation of a counting assembly. The term "figureof merit" of a radioactive counting instrument is expressedas:

Figure ofmerit = e2/8

s = counter efficiency
8 = background count rate (cps)

In the selectionof instrumentsand conditionsfor assayof radioactive sources, the figure of merit should be maximized.
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Insituationswhereonfy verysmalfquantitiesofradioactivity are tooemeasured, the lowerlimitofthe abilityofthe instrument
to detect that particular radionuclideshould be known. The "minimum sensitivity", also referred to as "limit of detection", is
defined as the net count rate above background that must be exceeded before a sample isdeemed to contain detectable
radioactivity with a specified level of confidence. The minimum sensitivity is generallyconsidered to be 3 standard deviations
above the mean background count rate and iscalculated as:

Minimum sensitivity = (3 x -VB)/t

B =background count rate (cps)
t =count time

The minimum detectable activity isdefined as the smallest quantity of radioactivity that can be measured under the specific
conditions of minimum sensitivity and counting efficiency of the instrument. It is calculated as:

Minimum detectable activity=(Minimum sensitivity)/(s x F)

e = counting efficiency
F = unit conversion factor

Forexample, if minimum sensitivity is in units of dpm and minimum detectable activity isdesired to be in units of Bq, then F
=60 dpm/Bq. Ifminimum sensitivity is in units of cpm and minimum detectable activityisdesired to be in units of llCi, then F
= 2.2 x 106 cpm/llCi.

3.7 limit of Ouantlflcation

The limitof quantification isthe smallestquantity of radioactivity that can be quantitativelydetermined with suitable precision
and accuracy. The limitof quantification is used particularly for the determination of impurities and degradation products. In
practical terms, the limitof quantification is usually considered to be 10 standard deviationsabove the mean background
count rate.

3.8 Counting Losses

The minimum time interval that is required for the counter to resolvetwo consecutivesignal pulses is known as the dead
time. The dead time is typically on the order ofmicroseconds for proportional and scintillation counters and to hundreds of
microseconds for Geiger counters. Nuclearevents occurring within the dead time of the counter will not be registered. The
corrected count rate, R, can be calculated using the formula:

R = r/(l - r x 7:)

r =observed count rate
r =dead time

The correction formula assumes a nonextendable dead time. The observed count rate, r, refers to the gross sample count rate
and is not to be corrected for background before use in this equation. Forgeneral validity, the valueof r x 7: should not exceed
0.1. Most modern counting systems have the ability to account for dead time, but dead time may still be a factor to consider
in some circumstances.

3.9 linearity and Range

When a radiation detection instrument is used in a quantitative measurement, the instrument should be suitable for the
type(s) of radiation to be measured, and the instrument response should be linearover the range of measurements or a
correction factor should be applied. Normally, a minimum of five different quantities of radioactivity are used to establish
linearity. These quantities should bracket the range of radioactivity levels that are routinelymeasured in a particularapplication.

3.10 Calibration Standards

All radioactivity assays should be performed using measurement systems that have been calibrated with appropriately
certified radioactivity standards. Such calibration standards may be purchased either directlyfrom an appropriate National
Metrology Institute (NMI) or from other sources that have established traceabilityto the NMI, throiJgh participation in a'
program of inter-comparative measurements. Where such calibration standards are unavailable, nuclear decay data required
for calibration can be obtained from the Evaluated Nuclear Structure Data File maintained at the Brookhaven National
Laboratory.'

1 http://www.nndc.bnl.gov/ensdf.
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ThevariousradionucU-desfoundinnaturegenerallyhaveundesirablepropertiesfornuclearmedicineapplications,incJuding
very long half-lives(e.g., thousands or millions of years), decay with emissions of alpha or beta particles, and low isotopic purity
because of the presence of other isotopes of that element. Because of these properties, naturally occurring radionuclides are
rarely used for radiopharmaceuticals, except for some alpha-emitting members of the actinide decay series, which are used for
certain therapeutic radiopharmaceuticals (e.g., radium-223).

There are four common production routes for artificially produced radionuclides: fission, neutron activation,
charged-particle-induced reactions (cyclotron), and radionuclide generators.

"Fission byproducts" refer to radionuclides that are obtained as byproducts of the fission of uranium (uranium-235). These
radionuclides, whether directly produced fission fragments or subsequent members in a decay chain originating from a fission
fragment, can be chemically separated into individual forms from the mixture of fission products. Desirable properties of fission
byproducts include high isotopic purity and moderate cost. Undesirable properties may include beta-particle emissions, low
specific activity of certain radionuclides, and the limited selection of radionuclides produced. Examples of fission byproducts
used in nuclear medicine applications include iodine-131 and xenon-133. Currently, the most widely used fission byproduct is
molybdenum-99, which is used in technetium-99m generators.

"Neutron activation" refers to the production of radionuclides in a nuclear reactor by bombarding target atoms with thermal
neutrons. Nuclear transformations, induced by neutron capture, result in isotopes possessing one additional neutron, and thus
an atomic mass increased by one. The excess energy of the newly formed isotope is emitted as a gamma ray. These reactions
are often termed (n,y) reactions. Desirable properties of neutron-activated radionuclides include a wide variety of isotopes that
can be produced and the moderate cost to produce them. Undesirable properties may include decay with beta-particle
emissions and relatively low isotopic purity (i.e., unreacted stable target atoms are mixed with their radioisotope products).
Because of their beta emissions, however, several of these radionuclides have been used in therapeutic radiopharmaceuticals.
Examples of neutron-activated radionuclides used in therapeutic radiopharmaceuticals include strontium-89, yttrium-90,
iodine-1 31, samarium-153, and lutetium-l 77.

Cyclotron production of radionuclides occurs by bombarding stable atoms with charged particles (e.g., protons or deuterons)
that have been accelerated in the cyclotron's oscillating electromagnetic field. Nuclear transformations induced by particle
capture usually result in a radioisotope of a different element with the emission of one or more neutrons or protons. For example,
if a proton is captured and a neutron is emitted, the reaction is often termed a (p,n) reaction. Desirable properties of
cyclotron-produced radionuclides include the wide variety of isotopes that can be produced, the availability of alternate
production schemes, radionuclide decay by electron capture or positron decay rather than by beta decay, and high isotopic
purity. Undesirable properties may include contaminating radioisotopes from side reactions and the relatively high cost of
radionuclide product. Examples of cyclotron-produced radionuclides used in nuclear medicine applications include carbon-ll,
fluorine-18, gallium-67, indium-ll1, iodine-123, and thallium-201 ..

Generators refer to a special method of radionuclide production whereby a short-lived radionuclide results or is generated
from the decay of a longer-lived radionuclide. The longer-lived parent radionuclide is generally bound to a column, and the
short-lived radionuclide daughter product is then extracted (eluted) from the column. After elution, subsequent decay of the
long-lived parent radionuclide generates more of the short-lived radionuclide daughter product, which can then be extracted. A
generator provides a specific radionuclide in sequential elutions over a prolonged period of time. Desirable properties of
generator-produced radionuclides include ready availability, portability, low-to-moderate cost, variety of radionuclides and type
of decay, and relatively high isotopic purity. Undesirable properties may include the limited number of parent-daughter pairs
and the potential for generator breakthrough of the parent radionuclide in the eluate. Examples of generator-produced
radionuclides used in nuclear medicine applications include technetium-99m (daughter of molybdenum-99), rubidium-82
(daughter of strontium-82), and gallium-68 (daughter of germanium-68). The characteristics of all four production methods
are summarized in Table 7.

Table 1. Production Methods of Radionuclides

Nuclear Reactor Nuclear Reactor Radionuclide
Production Method (fission byproduct) (neutron activation) Cyclotron Generator

Proton, deuteron,
Bombarding particle Neutron Neutron triton, alpha Production by decay of parent

Product Neutron excess Neutron excess Neutron poor Neutron poor or excess

Positron emission, elec-
Typical decay pathway ~- ~- tron capture Several modes

Typically carrierfree Yes No Yes Yes

Highspecific activity Yes No Yes Yes

Relative cost Moderate Moderate High Low to moderate

Thallium-201,
iodine-123,
gallium-67,

Molybdenum-99, lodine-131, strontium-89 indium-lll,
Radionuclides for nuclear iodine-13l, yttrium-90,samarium-153, fluorine-18, Technetium-99m, krypton-8lm,
medicineapplications xenon-133 lutetium-l77 carbon-ll gallium-68, rubidium-82

Other methods of radionuclide production have been developed but currently are not used to produce radionuclides used
in radiopharmaceuticals.
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Thetotalmass··ofradioactive···atoms···ormoteculesin·crradiopharmaceutical··iS··diredIy·propoH:ionall6fheamol..lnt·of
radioactivity and is usually too small to be measured by ordinary chemical or physical methods. Forexample, 37 MBq (1 mCi)
of iodine-131 has a mass of 8 x 10-9 g. Because such smallquantities behave in an anomalous manner, such as nonspecific
adsorption to container walls, a carrier may be added during processing to permit ready handling. Amountsof the carrier,
however, should be sufficiently smallso that undesirable physiological, pharmacological, or toxicological effectsare not
produced. Also, because the carrier ischemicallyidenticalto the radionudide, the amount of carriershould be limitedto avoid
competitive interference with the desired chemical reactions and overall radiochemical yield.

The term "carrierfree" refers only to radioactive preparations in which other isotopes of the radionuclide are absent (i.e.,
free from the presence of carrier). In practice, a true carrier-free state may be difficult or impossible to achieve because of the
ubiquity of certain elements or molecules. Hence, the term "no carrier added" may more appropriately describe a preparation
that may contain a trivial amount of carrier but for which additional carrier has not been purposefully added. Radionuclides
produced by neutron activation reactions generallycontain substantial amounts of nonradioactive isotope remaining from
unreacted target material and thus cannot be considered carrierfree. However, there are select cases in which this is not the
case, such as (n,p) reactions.

The radioactivity per unit volume of a medium or vehiclecontaining a radionuclide is referred to as the "radioactivity
concentration", "specific concentration", or "strength" and isexpressed in units such as Bq/mL or Ci/mL. The radioactivity of a
radionuclide per unit mass is referred to as "specific activity" and is expressed in units such as Bq/g, Ci/g, or Bq/mol. The
maximum specific activity of a radioactive preparation existswhen it is in a carrier-free state; the addition of a carrier results in
lowered specific activity.

3.13 Radiochemical Identity and Purity

"Radiochemical identity" may be defined as the molecularstructure of the compound that contains the radionuclide. Because
it is nearly impossible to analyze the structure of radiolabeled compounds with the traditional tools used for organic structure
determination, the radiochemical identity of a radiopharmaceutical isoften determined indirectly. This process begins with the
preparation and characterization of a nonradioactiveanalog, which is commonly referred to as the "cold compound". The
radiolabeledcompound isoften chromatographicallyanalyzedsimultaneously with the cold compound. The identical response
of the two compounds demonstrates the structural identity of the radiolabeled compound.

The radiochemical purityof a radiopharmaceutical preparation refersto the fraction of the stated radionuclide present in the
stated chemicalform. Radiochemical purity is important for radiopharmaceuticals because radiochemical impurities may affect
the biodistributionand interfere with image interpretation (diagnostic accuracy). In addition, radiochemical impurities may
alter radiation absorbed doses to variousorgans. When using therapeutic radiopharmaceuticals, radiochemical purity is very
important because altered biodistribution associated with radiochemical impurities may result in insufficient irradiationof the
target tissue (suboptimal treatment response) or excessive irradiation of other tissues (undesired radiation damage).

Radiochemical impurities in radiopharmaceuticals may resultfrom byproducts of the preparative method or from
decomposition. Radiation causes decomposition of water, a main component of aqueous radiopharmaceutical preparations,
leading to the production of reactive hydrogen atoms and hydroxyl radicals, hydrated electrons, hydrogen, hydrogen ions, and
hydrogen peroxide. Hydrogen peroxide isformed in the presence of oxygen radicals, originating from the radiolytic
decomposition of dissolved oxygen. Many radiopharmaceuticals show improved stability ifoxygen isexcluded or restricted.
Radiation may also affect the radiopharmaceutical itself, giving rise to ions, radicals, and excited states. These species may
combine with one another and/or with the active speciesformed from water. Radiation decomposition may be minimized by
the use of chemical agents that act as electron or radical scavengers. Radiochemical purity must meet compendial standards
throughout the time of use until the stated expiration of the radiopharmaceutical.

Determination of radiochemical purity is typically a two-stage process: 1) the different chemical species are separated by
paper, thin-layer, or column chromatography or other suitable analytical separation technique; and 2) the radioactivity content
in each of the separated chemical species is measured with a suitable radiation detector and counting device.The ultimate
confirmation of acceptable radiochemical purity of a radiopharmaceutical is its intended biodistribution after administration.

3.14 Radionuclidic Identity and Purity

"Radionuclidic identity" is a critical parameter in radiopharmacy because the radionuclide used determines the radiation
dose to the patient, the biodistributionof the radiopharmaceutical, the quality of any images obtained, or the efficacy ofany
therapeutic preparation. Radionuclide identitycan be establishedeither by measuring the half-life or the energy of the radiations
emitted by the sample.

.The radionuclidic purityof a radiopharmaceuticalpreparation refersto the fraction of radioactivity attributableto the desired
radionuclide in the total radioactivity measured. Hence, a radionuclidic impurity is the presence of an unwanted radlonucllde.
Radionuclidic purity is important for radiopharmaceuticals, because unwanted radionuclides may cause several undesired ,.
consequences:

• Radionuclidic impurities may cause the radioactive assayof the radiopharmaceutical to deviate from the prescribed
amount.

• Radionuclidic impurities may deliverhigher-than-desired, radiation-absorbed doses to variousorgans and tissues.
• In some situations, radionuclidic impurities may interferewith image interpretation (diagnostic accuracy).
• It should be remembered that radionuclidic puritywill change with time and is generallyspecifiedas a percentage of the

desiredradionuclide's activityat the time of calibration or at the time of administration (e.g., molybdenum-99in
technetium-99m).
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The radionuclidic purity must meet compendialstandards throughout the useful life of the radiopharmaceutical. In addition,
the impurity(ies) themselves will decay. Consideration must be given to the acceptable minimum and maximum allowable
times_betweenexpirationottbeproductandanalysisJorimpurities.

Radionuclidic impurities commonlyariseduring radionuclide production relatingto impurities in target materials, differences
in the values of various competing production cross-sections, and differentexcitation functions of competing reactions at the
energy of the bombarding particles. In the case of generator-produced radionuclides, some generator breakthrough of parent
radionuclide typically occurs and representsa radionuclide impurityin the eluate of the daughter radionuclide.

Determination of radionuclidic purity istypically based on evaluationof radioactive emissions, the principal analysis of the
gamma spectrum obtained from a sample of the product. Forshort-lived isotopes, the half-life measurement could be an
appropriate approach to assess radionuclidic purity. Incases involving radionuclidic impurities that have long half-lives relative
to the desired radionuclide, measurement of the radionuclidic impurities can be performedaftera sufficient time delay to allow
the desired radionuclide to fully decay. Incasesinvolving radionuclidic impurities that havesubstantially higher energy gamma
emissions relative to the desired radionuclide, measurement of the radionuclidic impurities can be performed after placing the
product insidea properlycalibrated radiation shield. that affords differential attenuation of the gamma raysemitted from the
desired radionuclide versus those emitted from the radionuclidic impurities. Positron-emitting radionuclides typically cannot
be differentiated, because their emitted energy (511 keV) is the same for each radionuclide; thus, gamma-ray spectrometry is
not a recommended prereleasetest for radionuclidic identityfor PET radionuclides. Some positron-emitting radionuclides have
characteristic gamma-rayemissions in additionto 511 keV, which may be usedfor purposesof identification (e.g., germanium­
69 and sodium-22). In any case, the appropriate instrument should be chosen to detect potential impurities and should be
properlycalibrated to accuratelyquantifyany identified impurities.

3.15 Chemical Purity

The chemical purity refers to the fraction of the total chemicalspecies present in the product as the specified chemical
component(s). Hence, a chemical impurity isthe presence of an unwanted nonradioactive chemical. Chemical purity is
important for radiopharmaceuticals, because chemical impurities may cause undesirable consequencessuch as chemical
interactions (e.g., precipitation) and toxic biologic effects.

Chemical impurities are typically associated with production procedures and may include contaminants from raw materials,
synthetic byproducts, solvents, excipients, equipment, preparativeor purification columns,and containers. Forcertain
radiopharmaceuticals, chemical impurities mayalso be associated with generator breakthroughof resin materialfrom the
generator column (e.g., alumina) in the eluate solution.

Determination of chemicalpurity isgenerally not performed and reported as a single attribute. Rather, determinations of
individual chemical impurities are performedand compared to specifications (limits) for the respective individual chemical
impurities. Suchdeterminations of chemical impurities use analytical techniques as appropriate and described in the individual
radiopharmaceutical monograph.

3.16 labeling

Individual radiopharmaceutical monographs indicate that the labeling isto include the date and time of calibration, the
amount of radioactivity associatedwith the radiopharmaceutical expressed as total MBq (~Ci or mCi) and concentration as
MBq (~Ci or mCi)jmL at the time of calibration, the expirationdate (and time, ifappropriate), and the statement, "Caution­
Radioactive Material". The labeling indicates that in makingdosage calculations, a correction isto be made for radioactive decay
and also indicates the radioactive half-life of the radionuclide. Other labeling requirementsmay apply to biologics or articles
intended for injection. Beyond-use dates of compounded preparations should be includedas appropriate. Additional labeling
requirements may be required by various regulatory agencies.

3.17 Naming Conventions for Isotopes

Various naming conventionsexistfor isotopes that are associatedwith radiopharmaceuticals and radioactivedevices. For
example, the name of an isotope mayor may not use a superscripted valuefor the mass number. Superscripted valuesshould
precede the elemental symbolfor the isotope, and non-superscripted values should follow the elemental symbol, preferably
with a hyphen between the symbol and the mass number. Examples include68Ga and 0-18, respectively. Square brackets
should be used to denote a specific isotopewhen necessary withina chemicalname, for example, 2-[18F]fluoro-2-deoxyglucose.
Individual radiopharmaceutical monographs use nonproprietary names assigned by the U.S. Adopted Names (USAN) Council,
which use the elemental symbolfollowed by the mass number separated by a space, for example, Thallous Chloride TI207
Injection. Although exceptions to these conventions undoubtedly exist, efforts should be made to adopt standardized
conventionsfor radiopharmaceuticals and radioactive devices that fall within the scope of this general chapter.

4. INSTRUMENTATION FOR DETECTION AND MEASUREMENT OF RADIOACTIVE EMISSIONS
AND APPLICATIONS

4.1 Ionization Chambers

Radioactive materials are not readily detected by ordinarychemicalor physical methods. Instead, detection methods for
radioactive materials rely on the ionization of matter that results from the emitted radiation. The charge separation created
during this processformsthe basis of radiation detection systems, which may be based on the ionization propertiesof gaseous,
liquid, and solid materials.
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An ionizationchamber isan instrument that directly measures ions produced in a gas as the result of the interaction of
radiation with the gas. The most common usage in nuclear medicine applications isas the detector used in a dose calibrator.
l"h~cjos~SCllit:>rClt()r is.ClI1. il1strLJIl1~l1tLJS~g tomeasure the quantity of radioactivity inaradiopharmaceuticaLThe keycomponent
of a dose calibrator is an argon-filled chamber with an applied electrical potential that allows the detection of ions produced
by the passage of gamma raysthrough the chamber. Calibration of the system may involve one or more radionuclides with
gamma energies and quantities that span the range of typical analyses. The calibration of the ionizationchamber should be
performed, when possible, with suitableNMI-traceable radionuclidestandards. Routine systemsuitability testing should include
checksfor these parameters. Frequencyof testing should occur as appropriate. Please refer to (821) for additional details on
typical instrument requirements.

The position of the radioactivesample in the dose calibrator is idealwhen it simulates 41t geometry. The geometric goal is
placement of the sample at a point in the center of the cylindrical detector. Reproducibility of placement within the chamber
iscritical, because the response typically drops offat the top and bottom of the cylinderbecause of a combination of geometry
and electronic effects.The value of the ionization current per unit of radioactivity, known as the "calibrationfactor", is
characteristicofeach gamma-ray-emitting radionuclide.The current produced ina dose calibrator isrelated to the mean energy
of the emitted radiation and is proportional to the intensityof the radiation.The calibrationof the dose calibratorfor a specific
radionuclide is ideally performed with a radioactivecalibration.source of the same radionuclide.Alternatively, it may be
performed by measuring radioactive calibrationsources with gamma energies above and below the gamma energy for the
radionuclide to be measured and interpolating these values, also correcting for differences in gamma abundance, to establish
the calibrationfactor for that radionuclide.

The upper limitof the dose calibrator is normallyspecified by the manufacturer. Ifnot, testing is required to ascertain this
upper limit. With a deep reentrant well-typechamber, reproducibility within approximately 5% or lesscan be readilyobtained
in a few seconds for quantities of radioactivity in the MBq (mCi) range and within about 30 s for quantities in the kBq (lJCi)
range.

The calibration of a dose calibrator should be maintained by relating the measured response of a standard to that of a
long-lived reference standard, such as radium-226 in equilibrium with its daughters, cesium-137 in equilibrium with its
daughters, barium-133, cobalt-60, or cobalt-57. The instrument should be checked on each day of use with the reference
standard source to ascertain the stability over a long period of time. This check should include reference standard readings at
all radionuclide settings used. Anynecessarycorrections for radioactive decay of the reference standard source should first be
applied. It is also recommended that the reproducibility and/or stability of multi-range instruments be checked with the use of
standards with appropriate activities for all ranges.

The size,shape, and locationof a radioactivesample within the well will affect the response of a dose calibrator.Thisisusually
referred to as"geometry". The shape, composition, and dimensionsof the container holding the radioactivematerialcan affect
the result. Effects relating to container properties are generally more pronounced with radionuclidesthat emit beta particles
(because of differences in Bremsstrahlung production) or emit lowenergy gamma or X-rays (because of differences in photon
attenuation). It is important that geometric correction factors, ifneeded, be determined for each combination of radionuclide
and configuration (Le., size,shape, location with the well chamber, volume within the container, and container properties).
The manufacturer's calibrationfactor for each radionuclide isdetermined using a specific geometry and container, which may
not match the geometry or container used operationally.

4.2 Liquid Scintillation Counters

The liquidscintillation counter (LSC) detection method uses liquidscintillation cocktails to transform emitted radiation into
detectable light photons. Alpha- and beta-emitting.radionuclides may be assayed with the use of a liquid-scintillation detector
system. In the liquidscintillator, the emitted radiation isconverted into light quanta that are usually detected by two multiplier
phototubes arranged to detect only coincidence radiation. The liquid scintillator is a solution consisting of a solvent, primary
and secondary solutes, and additives.As the emitted particle dissipates energy in the solvent, a fraction of this energy is
converted into fluorescent light by the primarysolute.Thefunction of the secondary solute isto absorb the primaryfluorescence
and re-emit the light at a longer wavelength that is more efficiently detected by the multiplier phototubes. Traditionally used
solvents (cocktails) are toluene and p-xylene; primarysolutes are 2,5-diphenyloxazole (PPO) and 2-(4'-tert-butylphenyl)­
5-(4-biphenylyl)-1 ,3,4-oxadiazole (butyl-PBD); and secondary solutes are 2,2'-p-phenylenebis[4-methyl-5-phenyloxazole]
(dimethyl-POPOP) and p-bis(o-methylstrylyl)benzene (bis-MSB). Manyaqueous scintillating solution cocktails that are less
hazardous are available. Aqueous solutions tend to have a shorter shelf-life; therefore, it is important to ensure that they have
not expired before use. Asa means of attaining compatibilityand miscibility with aqueous samples to be assayed, additives,
such as surfactants and solubilizing agents, are also incorporated into the scintillator. Foran accurate determination of
radioactivity of the sample, care should be exercised to prepare a sample that is truly homogeneous. Quenching is a major
concern for liquidscintillation and refers to any mechanism that causes a reduction of emitted light by the source. Quenching
can resultfrom multiplefactors, includingoxygen and dilution effects; therefore, it is critical to perform quenching corrections
by counting comparative measurements of standard samples using the same conditions of volume, additives, and solvent to
accurately account for these effects.

Alternatively, an external source, typically barium-133 or europium-152, is placedJn close proximityto the sample vial to
release Compton electrons. The shape of the resultingspectrum isanalyzed to compute a quench-indication parameter. This
parameter can then be related to the counting efficiency by measuringsources of known radioactivity at a determined level of
quenching agent. The resultingquench curve allows the determination of the radioactivity of an unknown sample knowingthe
count rate and value of the quenching parameter. The scintillation fluid may require special handling for disposal, in addition
to any residual radioactivity. Static electricity on the vials may also cause spurious counts in the system, especially in the case
where low-energy beta emitters are being assayed. This problem isoften greater in a low-humidityenvironment ..

The disintegration rate of a beta-emitting source may be determined by a procedure in which the integral count r"te of the
sample is' measured as a function of the pulse-height discriminatorbias,and the emission rate isthen obtained by extrapolation
to zero bias. Energetic alpha-emitters may be similarly measured by this method.
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4.3 Nuclear Spectroscopy Systems

GAMMA:RAY"SPECTROMETRY
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Each gamma-emitting radionuclide has a unique spectrum of mono-energetic photons emitted that allows the identification
and quantification of radioactive materials ina samplebycomparing the energy(ies) of the photon(s) detected and the intensity
at each energy. This gamma spectrum allows for both the quantitative determination of purityas well as identity of the
radionuclide. Gamma-spectrum analysis can be performed by using either a scintillation crystal, typically sodium iodide
activated with thallium[Nal(TI)], or by usinga semiconductor detector consisting of a germanium-lithium (Ge-Li) crystal or a
high-purity germanium detector (HPGe). Semiconductor detectors have a much higher energy resolution than Nal(Tl)
detectors, with the ability to resolve gamma rays differing in energy by only a few keY, as opposed to the 20-80 keY required
for a Nal(TI) detector. Because of their increased resolution, semiconductor detectors are the preferred analytical method for
gamma spectralanalysis. Alanthanum-bromide detector isalso available that has a significantly better resolution (10-12 keY)
than the Nal(TI) detector, without the necessary requirement of liquid nitrogen coolingfor a HPGe detector. The use of
spectroscopysoftware to automate the analysis is acceptable; however, the operator should have an understanding of the
parameterschosen to ensure that the performanceof the-system isadequate to meet test requirements.

Semiconductordetectors are, in essence, solid-state ionization chambers, but the energy requiredto create an electron-hole
pairor to promote an electron from the valenceband to the conduction band in the semiconductor isabout one-tenth the
energy requiredfor creation of an ion-pair in a gas-filled ionization chamber or proportional counter. This energy threshold is
alsofar less than the energy needed to produce a photon in a Nal(Tl) scintillation crystal. The energy resolution is a measure
of the ability to distinguish the presence of two gamma rays closely spaced in energy and isdefined by convention as the full
width of the photopeak at its halfmaximum (FWHM), expressedas a percentage of the photopeak energy.'Forexample, with
1.33 MeV gamma rays from cobalt-60, a HPGe detector has an energy r.esolution of about 0.3% FWHM, whereas a 3-in x 3-in
Nal(Tl) crystal has a value of about 6%. .

Gamma-ray spectra exhibit one or more sharp, characteristic photopeaks, or full-energy peaks, as a resultof total absorption
in the detector of the full energy of incidentgamma radiations. These photopeaks are useful for identification purposes. Other
secondarypeaksare observedasa consequenceof backscatter, annihilation radiation, coincidence summing,fluorescentX-rays,
and other factors, accompanied by a broad band known as the "Compton continuum", which arises from the scattering of
photons in the detector and surrounding materials. Because the photopeak responsevaries with gamma-rayenergy, calibration
of the gamma-rayspectrometer should be achieved with radionuclide standards havingwell-known gamma-ray energies and
emission rates from an NMI. The shape of the gamma-rayspectrum isdependent upon the shape and sizeof the detector, the
types of shielding materials used, and the electronic processing characteristics of the instrument.

One of the most useful applications of gamma-rayspectrometry is the identification of radionuclides and the determination
of radionuclidic impurities. When confirming the identityof a radionudide by gamma-rayspectrometryand/or quantifying the
radioactivity, it isnecessary to ensure that the detector has been accuratelycalibratedusinga known source,as describedabove,
and in the same geometry as the unknown sample. Where the radionuclides emit coincident gamma or X-radiations, the
character of the pulse-height distribution often changes quite dramatically because of the summing effectof these coincident
radiations in the detector as the efficiency of detection is increased (e.g., by bringing the source closerto the detector); this is
referred to as "cascade summing". Suchan effect isparticularly evident in the case of iodine-125. Mostcommercially available
software packages include an ability to correct this source of error.

When identification of a radionuclide by means of a calibratedspectrometry system is not possible, the identity of the
radionuclide may instead be established by measuring two or more of the following nucleardecay scheme parameters: (1)
half-life; (2) energy ofeach gamma rayor X-ray emitted; (3) the abundance ofeach emission; and (4) Emux, the maximumenergy
of emitted beta particles, for those radionuclides that decay with beta-particleemissions. Such measurements should be
performedas directed in (821). Agreementof two or more of the measured parameters within 10% of the corresponding
published nuclear decay scheme data confirms the identityof the radionuclide.

As with other types of detectors, the backgroundshould be determined and subtracted from the measurement. Inaddition,
the background should be stable, especially in situationswhere long counting times are required. This can be achieved by
running a background spectrum beforeanalysis and comparing it to a previously obtained background spectrum. Generation
of a background spectrum will also allow the calculation of a minimum detectable activity for each possible impurity.

BETA PARTICLE COUNTING SYSTEMS

Beta (p) particles are emitted with a distribution of energies ranging from zero to a definite maximum value.The maximum
energy of the electrons ischaracteristic of a particular radionuclide and is normally the Emux shown in nucleardata tables. The
determination of the maximum beta energy may aid in the identification of the beta-emitting radioisotope, and careful
measurementscan routinely quantifyactivities. Emitted beta particles rarely possess the maximum energy. On average, emitted
beta particlespossessone-third of the maximum energy. Beta particles can be difficult to detect because they only penetrate
small thicknesses of solid materials. [NOTE-Radioisotopes that emit gamma radiation in addition to beta radiation are more
easily quantifiedand identified by usinggamma-rayspectroscopy. Insome cases, gamma-raydetection isthe preferredmethod
for measuring these radioisotopes and is usually the best means of identification of a beta/gamma-emitting radionuclide.]

Several detectors can be used for the detection and measurement of beta particles. Thesecan be ionization chambers,
proportional counters, and scintillation counterswith their associatedelectronics. Self-absorption and backscattering can be an
issue in beta-particleanalysis and can result in a loweror higher number. Ionization chambers and proportional counters can
be used for the quantitation of beta particles but are less suited for identification, becausethey cannot measure the maximum
beta energy. Scintillation counters can be used for both the quantitation and identification of beta particles. When all or part
of the energy of beta radiationisdissipated withinscintillators, photons of an intensity proportional to the amount of dissipated
energy are produced. These pulses are detected by an electron multiplier phototube and converted to electrical pulses, which
are subsequentlyanalyzedwith a pulse-height analyzer to yield a pulse-heightspectrum related to the energy spectrum of the
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incident radiation. Ingeneral, a beta-particle, scintillation pulse-heightspectrum approximates the true beta-energy spectrum,
provided that the beta-particle source is prepared in such a manner that self-absorption is minimized. Beta-particle energy
spectra may be obtained by using calciumfluol"ideoranthracene as the scintillator. The spectra of charged particlesmay also
be obtained using silicon semiconductor detectors.

The penetration power of beta particlesissignificantly larger than for alpha particles; a few millimeters of aluminum will stop
beta particles. Care should be taken for the Bremsstrahlung X-rays that are created during the deceleration of the beta particles,
because they may influence the measurement and can be a radiation safetyconcern.

Beta emitters can be quantitatively measured with ionization chambers and proportional counters that measure electrical .
current generated by the ionization of a select gas in a high-voltagefield. Depending on the energy of the beta particle, the
composition of the sample and container, and the design of the detector, the measurement may be based on Bremsstrahlung.
Fora radionuclide in solution, most of the beta energy is absorbed by the solvent, leavingonly Bremsstrahlung exiting the
sample. In the case of ionization chambers (e.g., dose calibrators), the walls housing the ionizable gas effectively convert all
beta energy to secondary photons. As is the case for all radiation measurements, quantitative determinations with an ion
chamber or a proportional counter depend on rigorous calibration and standardization of the sample type and geometry.

Depending on the detection setup, alpha particlescan interferewith measurement of the beta particles. Thiscan be easily
prevented by positioningan absorber for alpha particlesbetween the source and the measuring equipment. However, because
low-energy beta particles«200 keV) may also be absorbed, the count rate should be corrected for the absorption of these
low-energy beta particles.

AnLSC can alsobe usedfor the quantificationof beta particlesand aid inradionuclidedetection. Because ofthe high efficiency
of the method, LSC is particularly useful in measuring very low levels of radioactivity and iscommonly used for complex
biological samples. The sample is normally dissolved in a solution containing a phosphor that converts the beta emission to
light pulses, which are detected by a verysensitivesystem of photomultiplier tubes. At energies greater than - 100 keY, the
energy conversion and therefore the counting efficiency, is essentially 100%. The method is somewhat compromised by
quenching effects, but these can be easily overcome with careful calibration.

When high energy (>800 keY) beta particlesare measured, it is possible to count without scintillation cocktails, because the
beta particles create Cherenkov radiation, which can be directlydetected with a photomultiplier. [NOTE-Although alpha
particlescan interferewith beta counting, this problem can be corrected for by use of thin absorbers or by instrumentalenergy
discrimination.]

The identificationof pure beta-emitting radioisotopes without accompanying gammas is best done by a combined
measurement of the half-life of the radioisotope and the maximum energy of the beta radiation emitted by the radioisotope.

The approximate maximum energy of a beta particle can be determined by two procedures: (1) by measuring the
radloactlvlty as a function of absorber thickness; and (2) by plotting the logarithm of the count rate versusthe thicknessof the
absorber in mg/m 2; then, an absorption curve can be made. The absorption curve can be compared with standardized
absorption curves, which aids in the identification of the radioisotope.

Using LSC, by measuring the pulse height over a calibrated energy range, a beta-energy spectrum can be generated from
which the maximum energy can be estimated. LSC instruments typically automate the calibrationfactor, but care should be
taken in correcting for quenching effects.

ALPHA PARTICLE COUNTING SYSTEMS

Several detectors can be used for the detection and measurement of alpha particles. These can be ionization chambers,
proportional counters, silicon semiconductor detectors, and scintillation counters with their associated electronics. Forthe
identificationand quantification of alpha particles, Ionization chamber and proportional counters are not suitable.

Special precautions should be taken in the measurements of alpha particles because of their high energy but limited
penetration power (about 40 urn in human skin).

Forthe identification and assayof alpha-particle emitters, spectrometry using liquidscintillation is mostly used. Forthe
identificationand determination of radionuclidic purity of alpha-particleemitters, spectrometry using a silicon-diode
semiconductor detector can be used.

In a scintillation counter, the energy of the alpha particle is transformed to a light pulse, which can be detected by a
photomultiplier tube. The intensityof the pulse is a measure of the energy of the detected alpha particle. Solid scintillation
counters or phosphor detectors can be used as well as liquidscintillation.

When solid-state detectors are used, the sample is usually electroplated on a planchet disc, and the detector is brought close
to or immediatelyon the sample. The counting efficiency of solid-statedetectors tends to be low. Inliquid scintillation counting,
when the sample isdissolved in the appropriate medium, the efficiency can veryhigh. Each method of counting has its own
advantages and disadvantages. Forsoliddetectors, advantages are lowerbackground noiseand a better differentiation between
alpha and beta particles. Disadvantagesare that no volatile samplescan be measured, and self-absorption bythe sample material
(related to thickness of the sample layer) can lower the detected count rate, giving a falsely low outcome of the assay.

For liquid scintillation, advantages are the ease of sample preparation and no self-absorption, because the sample is mixed
with the scintillation fluid. Disadvantages are higher background noise levels and poor separation between alpha and beta
particles. .

4.4 Detector Systems for Chromatographic Applications

Chromatographic applications, wherein the radioactivecomponents of a mixture are separated based on their distribution
between a stationary phase and a mobile phase, represent a unique usage of radiation detection systems.The most common
chromatography applicationsincludethin-layerchromatography (TLC), gas chromatography (GC), and liquidchromatography
(high-pressure liquidchromatography and high-performance liquidchromatography, typically denoted as HPLC). Depending
on the chromatographic application and the type of emitted radiation, various detector systems may be used in the analysis of
separated radioactive components.
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Gamma-ray detector systems can be used to dynamically measure separated radioactive components in GC and HPLC
applications. In these applications, the eluate from the chromatography column is directed over or through the scintillating
detector. .Iypkally, thesedetectorsystemsare..not.used for. radiQnucJideldentifi<:atiQn;ther~fQr~J ....NaICII}c:rystClIstE!l1c:tte>.I:.>E!. tbE!
detector of choice in these applications. Depending on the required sensitivity of the technique, the geometry of detector may
consist of a wellthat surrounds the eluate tubing, or a flowcellthat passesthe eluate acrossthe surfaceof the detector. Ineither
case, the design of the system should provide a reproducible geometric relationship between the tubing and the detector. In
addition, the detector should be shielded sufficiently to prevent spurious peaks or baselinedrift due to background radiation.
Forthis application, the output pulses of the photomultiplier tube may be converted into an analog signalwhose voltage is
proportional to the number of pulses (Le., the amount of radioactivity). In this manner, the resulting electricsignal is used by a
data acquisition and chromatography system to provide a chromatogram in a similar fashion as more traditional
chromatography detection systems.Theflowrate of the eluate and the amount of radioactivity inthe eluate should be controlled
to provide a count rate that is within the linear range of the detector system.

LSC methods can also be used in HPLC separations of beta-emitting components. Several techniques may be used in this
application. In the first, the eluate from the chromatographic column is collected in discrete fractions. Each fraction is then
mixed with the liquid scintillation cocktail before analysis in the LSC. Additional processing steps may be necessary before the
addition of the cocktail to minimize quenching. Inthe second technique, the scintillation cocktail may be mixed with the eluate
from the column before passage of the resulting mixture through an online flow cellsurrounded by the photomultiplier tubes.
Finally, inlinesolid scintillators may be used with in situ mixing of the eluate with a liquidscintillation cocktail.

Beta-particle detector systems can be used to measure separated radioactivecomponents in TLC applications. In this
application, windowlessgas ionization detectors are most commonly used, and the detector isautomatically scanned over the
TLC plate, yielding a two-dimensionalplot of the radioactivity. Because of the nature of the sample, self-adsorption isnegligible,
and the beta radiation isefficiently counted. Ifallof the components on the TLC plate contain the same beta emitter, the output
signal is proportional to the fraction of radioactivity in the separated components. If the separated species contain different
radionuclides, the detector should be calibrated with each radionuclide to correct for differentsignal responses. Alternatively,
ifsuch a detector is not available, the TLC plate can be cut into multiple strips and counted by an appropriate detector. The
individual strips should be counted usingthe same geometry. Forthe highest sensitivity, the stripsmay be extracted with solvent
and then counted by LSC.

GLOSSARY
Alpha particles (c): Positively charged particles that are emitted from nucleiduring radioactive decay. Alpha particlesare

Helium-4 nuclei, consisting of two protons and two neutrons but no electrons.
Beta particles (~-): Negatively charged particles that are emitted from nuclei during radioactive decay. Beta particles are

electrons.
Bremsstrahlung: Electromagnetic radiation produced by the acceleration or especially the deceleration of a charged

particle after passing through the electric and magnetic fields of a nucleus.
Calibration factor: The coefficientused to convert the measured ionization chamber current to a nominal radioactivity.

This term is often referred to as the "calibration coefficient".
Calibration time: An arbitrary time at which the specified amount of radioactivity is present on a specific date.
Carrier free: A preparation free from stable isotopes of the same element as the radionuclide.
Counting assembly: An instrument that consists of a sensing unit and an electronic scalingdevice.The sensing unit may

be a Geiger-Muller tube, a proportional counter, a scintillation detector in which a photomultiplier tube is used in conjunction
with a scintillator, or a solid-state semi-conductor.

Dose calibrator (also referred to as radionuclide calibrator): Awell-type ionizationchamber commonly used to assay
radiopharmaceuticals. Display units are typically in curies (~Ci or mCi or Ci)or becquerels (kBq or MBq or GBq).

Gamma rays (j-rays): Electromagnetic radiation emitted from nuclei during radioactivedecay. Gamma rays have a wide
range of energies. The gamma raysemitted from a given radionuclide are always at the same energy(ies), providing a unique
signature that enables the identification of a gamma-emitting radionuclide.

Geiger-Muller counter (often referred to as a G-M counter or Geiger counter): An instrument in which a high-voltage
potential is applied across a volume of inert gas for the purpose of collecting ions produced by a radiation field. The negative
electrons are internallymultipliedto produce a readily detectable current pulse. Display units are typically counts per minute
(cpm) or milliroentgen per hour (mR/h).

Geometry: The characteristics of a radioactivesource (Le., container type, container wall thickness, volume and position
of the container in the well chamber) that along with the physical characteristicsof the ionization chamber affectthe magnitude
of the calibration coefficientfor a specific radionuclide.The principal geometry considerationsthat may affect the accuracy of a
source measurement in a dose calibrator are container configuration, source volume, position of the source in the chamber
well, and the radionuclide itself. [NOTE-It is customary to compare a standardized preparation and radiopharmaceutical drug
or preparation using identical geometry conditions for assay, identification, and other parameters. The validity of the result is
critically dependent upon the reproducibility of the spatial relationships of the source to the detector and its surroundings and
upon the accuracy of the standardized preparation.]

Ionization chamber: An instrument in which an electricfield is applied across a volume of inert gas for the purpose of
collecting ions produced by a radiationfield.The positive ions and negative electrons driftalong the lines offorce of the electric
field and are collected on electrodes, producing an ionization current. The most commonly used form of ionization chambers
for measurement of the activities of radiopharmaceuticals is a well-type ionization chamber known as a dose calibrator.

Isobars: Nuclides with the same mass number (protons + neutrons).
Isomers: Atoms with the same number of protons and neutrons, but a different nuclear energy configuration. Short-lived

radioactiveisomersare generallyreferredto as metastable. Different isomersare differentnuclidesbased on their nuclear energy
configurations. .

Isotones: Nuclideswith the same number of neutrons and a different number of protons. Isotonesare different elements
with different atomic masses.
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Isotopes: Nuclides with the same number of protons and a different number of neutrons. Isotopes are the same element
with a different atomic mass.

Is()~()piC:C:iI....i~"(ClI~()r~f~rr~<:l1()ilsC:ilrrier):A stable Isctope oftheelementconcerned.elthet presentin .. oradded.to the
radioactive preparation in the same chemical form of the radionuclide.

Liquid scintillation counter (LSC): An instrument that detects scintillation light from the absorption of radiation energy
in a scintillation liquid. This instrument is used primarily for beta-emitting radionuclides that do not also emit gamma photons.
For best results, the radioactive sample must be able to be dissolved in the scintillation liquid.

Minimum detectable activity: The smallest quantity of radioactivity that can be detected above the background with a
specified level of confidence.

National Metrology Institute (also known as NMI): A measurement standards body that is a laboratory of metrology
that establishes standards for a country or organization. For example, the National Institute of Standards and Technology (NISn
is the NMI for the United States.

No carrier added: A preparation where no stable isotopes of the same element as the radionuclide being tested are
intentionally added in the stated chemical form or at the position of the radionuclide in the molecule being tested.

Nuclide: An atom with a specific number of protons and neutrons in a given nuclear energy state.
Positrons (W): Positivelycharged particles emitted from a nucleus during radioactive decay. Positrons are anti-electrons.
Radioactivity: (1) The spontaneous transformation of nuclei characterized by the emission of particles or photons.

Radioactivity is typically described as atoms undergoing radioactive decay per unit time (or disintegrations per unit time). (2)
The quantity of radioactive material, as measured in units of curies (U.S. units) or becquerels (SI units). The quantity of radioactive
material may also be referred to as activity.

Radiochemical identity: The molecular structure of the intended active radioactive drug ingredient that is present in the
radiopharmaceutical preparation.

Radiochemical purity: The ratio, expressed as a percentage, of the radioactivity of the intended active
radiopharmaceutical ingredient to the total radioactivity of all radioactive ingredients present in the radiopharmaceutical
preparation.

Radioisotope: A radioactive atom, generally used in the context of an isotope of an element.
Radionuclide: An unstable nuclide that undergoes radioactive decay; a radioactive nucleus. The terms radionuclide and

radioisotope are commonly used interchangeably.
Radionuclidic identity: The intended radionuclide in the radiopharmaceutical preparation.
Radionuclidic purity: The ratio, expressed as a percentage, of the radloactivity of the intended radionuclide to the total

radioactivity of all radionuclides in the radiopharmaceutical preparation.
Radiopharmaceutical (radiopharmaceutical preparation/radioactive drug): Afinished dosage form that contains a

radioactive substance in association with one or more other ingredients and that is intended to diagnose, stage a disease,
monitor treatment, or provide therapy. A radiopharmaceutical includes any nonradioactive reagent kit or radlonudlde generator
that is intended to be used in the preparation of any such substance. The terms radiopharmaceutical and radioactive drug are
commonly used interchangeably.

Scintillation crystal counter: An instrument consisting of a crystal scintillator, such as Nal(TI), with an attached
photomultiplier tube and associated electronics. Scintillation light produced from the absorption of gamma and X-rays in the
crystal is converted to electrons and amplified in the photomultiplier tube. The resultant current pulse may be further analyzed
with regard to photon energy. A commonly used form of this instrument that has a hole in the crystal of sufficient size to allow
placement of a test tube or similar container is known as a well counter.

Semiconductor detector: An instrument consisting of a semiconductor material, such as silicon or germanium crystals,
that detects ionizing radiation through generation of charge carriers (passage of electrons through holes). The current pulse
produced by migration of these charge carriers, under the influence of a voltage potential across the material, can be further
amplified and analyzed to determine the quantity and energy of the incident radiation.

Solid-state detector: A crystal-based detector, in contrast to a gas-based detector; often is used as a synonym for a
semiconductor detector.

Specific activity: The radioactivity of a radionuclide per unit mass of the element or compound. The unit of specific activity
is radioactivity per mass expressed on a gram or mole basis [e.g., mCi/lJg.(MBq/lJg); Ci/mmol (GBq/mmol)] ..

Strength: The radioactivity concentration of the radiopharmaceutical at the calibration time. The unit of strength. is the
amount of radioactivity on a volume basis (e.g., mCi/mL or MBq/mL).

Total radioactivity: The radioactivity of the radionuclide, expressed per unit (e.g., vial, capsule, ampule, generator, and
others) at the calibration time.' . .

Validation: Establishment of documented evidence that a method, process, or system meets its intended requirements.
Verification: Confirmation that an established method, process, or system meets predetermined acceptance. criteria.
X-rays: A type of electromagnetic radiation emitted from the electron orbitals. Although they do not arise from the nucleus,

they are often present immediately after a decay event if there are interactions between the emitted radiation and the orbital
electrons.
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1. INTRODUCTION

Positron emission tomography (PET) drugs contain radionuclides that undergo nuclear transformation, or radioactive decay,
predominantly by the emission of a positron. Positrons undergo annihilation upon interaction with electrons to produce two
photons that are emitted in nearly opposite directions to each other. Each photon possesses an energy of 511 keV, which lies
in the gamma ray portion of the electromagnetic spectrum. These radionuclides are used in awide range of PET imaging studies,
including research, investigational, and clinical applications.

The radionuclides used in PET imaging studies typically possess short physical half-lives (denoted as T,12) . Some common
examples of PET radionuclides and their associated half-lives are included in Table 7. Note that Table 7 includes radionuclides
currently in predominant use and is not intended to illustrate all positron-emitting radionuclides used in PET.
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Fluorine-18 109.8 min

Carbon-11 2004 min

Nitrogen-13 10.0 min

Oxygen-15 2.0 min

Copper-64 12.7 h

Gallium-68 68 min

Rubidium-82 75 s

Because certain of these radionuclides such as Carbon-11 and Nitrogen-1 3 when found in biological systems have the same
chemical and physical propertiesas their stable counterparts found in biological systems, PET offers a unique platformfor in vivo
imaging studies of complex biochemical pathways. ~s a result, PET radionuclides have found widespread use in cardiology,
oncology, and neurology applications. PET drugs have also attracted interest as potential tools to accelerate and reduce the
cost of therapeutic drug discovery efforts. .

Most PET radionuclides are produced at the point of use by a particle accelerator (e.g., a cyclotron) or a radionuclide
generator. Acyclotron accelerates charged particlessuch as protons or deuterons to velocities sufficient to induce a nuclear
transformation of the target nucleusinto a differentelement. High-energyparticlesand/or radiationare emitted from the target
nucleus during the transformation process.An example of a transformation is the bombardment of stable Oxygen-18 nuclei
with accelerated protons to produce Fluorine-18 nucleialong with the concomitant emission of a neutron. This process may be
summarized according to the following shorthand notation:

180(p,n)18F

The chemical form and physical state of the bombarded nucleivary, depending on the target and the subsequent usage of
the PET radionuclide. Thisallows the production of PET radionuclidesin gaseous, solid, and solution phases.

Radionuclide generators offeran alternative method for point-of-useaccess to some PET radionuclides. A radionuclide
generator contains an immobilized parent radionuclide that undergoes radioactivedecay to a daughter radionuclide, which
may be eluted from the generator. Anexample of a PET radionuclide generator is the Germanium-68/Gallium-68 generator.
The parent Germanium-68 (T'12 = 271 days) is adsorbed onto the column packing material.The Germanium-68 undergoes
radioactivedecay by electron capture into Gallium-68, which is not adsorbed onto the column packing material and may be
eluted from the generator.

Regardless of the production method, other radionuclides may be present in addition to the desired PET radionuclide. In the
case of cyclotron-produced PET radionuclides, other radionuclides may resultfrom the bombardment of the target holder and/
or other nuclei present in the target material. Forgenerator-produced PET radionuclides, break-through of the parent
radionuclide may occur. Safeguardsare readily available to avoid unnecessary contamination with radionuclidic impuritiesof
the final PET drug.

Once the PET radionuclidehas been produced, it should be processed into a suitable form of a PET drug. The simplestform
of processing involves the purification and/or formulation of the PET radionuclide.An example is the purification of the [18F]
fluoride ion. Afterproduction of the [18F]fluoride ion by cyclotron bombardment, ion exchange procedures may be used to
remove impuritiesand yield a formulation suitable for PET imaging studies. Another example is the purification of gaseous
[150]oxygen through various solidsupports before administration of the finished PET drug by inhalation.

Simpleforms of processingare rare, because PET drug products are typically synthesizedfrom the appropriate radionuclide
through multiple synthetic processingsteps. The exact processdepends on the desired PET drug. The synthesisof 2-[18F]fluoro­
2-deoxyglucose ([18F]FDG) providesan illustration. Thefirststep in this synthesisisthe preparation of the anhydrous [18F]fluoride
ion from cyclotron-produced Fluorine-18. The [18F]fluoride ion is activated with a phase transfer catalystsuch as
tetraethylammonium or [2.2.2]-cryptandto enhance its reactivity toward nucleophilic substitution.Theresulting complex reacts
with mannose triflate to yield a fluorinated 18F intermediate, which is deprotected and purified to yield [18F]FDG. This process
issummarized in the following set of equations:

Cyclotron-produced ["Fjfluorlde ion

I
Purified ["Fjfluorlde ion

I
["FjFluorlnated Intermediate

I
Crude paFjFDG

I
_Purified paFjFDG

Inaddition to the chemicalprocessingand/or purification steps used to generate the desired radiochemical of interest, other
steps are typicallyrequired to formulate the PET drug product. Forinjectable PET drug products, formulation steps may include
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dilution, addition of a stabilizer, pH adjustment, and other steps. The final formulation of the PET drug product should take
place in a manner that minimizes the presence of bacterialendotoxins and bioburden. Finally, the product should be sterilized
(e.g., by passage through.a membrane sterilizing Jilter)tQ provide a.sQlytiQnslJitalJle ..forJl1traYel1()lJsClcJll1il1istrati()I1' .1 11 th~
above example, [18F]FDG becomes the drug product F1udeoxyglucose F18 Injection.

Before use, the finished PET drug product should be tested to ensure that the product meets suitable standards of identity,
strength, quality, and purity. Because of the short half-life of PET radionuclides, testing should be completed in a timelyfashion;
however, it is not possible to complete certain quality control (QC) tests within a suitable timeframe. Insome cases, it may be
necessaryto adopt a "sub-batch" approach for QC testing, wherein a sub-batch of the PET drug product is prepared solely for
purposes of QC testing. Examples of PET drug products with such short half-lives include [lSO]water and [13N]ammonia.

Ultimately, the short half-lives of PET radionuclidescreate unique constraints for the production and testing of PET drug
products and define how these products are used in research, investigational, and clinical settings. PET drugs are a unique class
of products defined by the following characteristics:

• The mass of the radioactive ingredient in a PET drug product usually ranges from nanogram to microgram quantities. This
affects pharmacological and toxicological considerations for PET drugs, usually by creating large safety margins due to
low mass of the active ingredient in the administered dose.

• Anentire batch of a PET drug product may be contained in a single vial. Sampleswithdrawn for QC testing are
representative of the entire batch. PET drug products produced in this fashion undergo 100% QC testing.

• PET drug products are produced and handled in environments with overlapping areas of regulatory authority. For
example, a site may be subject to requirements of any combination of the following authorities: Nuclear Regulatory
Commission or Agreement State Agency, Food and DrugAdministration, Environmental ProtectionAgency, occupational
safety entities, etc. These agencies may have different and conflicting requirements of the manufacturing facility, some
through regulation, some through guidelines published by the authorities, and some through licensecommitments made
by the facility.

• PET drug products are generally produced at or near their point of use in small-scale facilities with limited personnel and
resources. This requires:

o Allowance for multiple operations in one area with adequate controls
o Allowance for making and testing multiple PFT drug products using shared equipment with appropriate cleaning

between batches
o Appropriate requirements for aseptic operations
o Appropriate requirements for system suitability and other day-of-use activities
o Appropriate QC requirements for components, materials, and supplies
o Self-verification of significantsteps in radionuclide production, PET drug production, compounding, and testing
o Single-person oversight of production or compounding, testing, reviewof batch records, and release authorization

• PET drug products do not enter a traditional distribution chain. Instead, PET drug products require just-in-time deliveries
typically performed by dedicated carrierswith experience in handling radioactive materials.

• It is not possibleto complete sterility testing for PET drug products before their use. Therefore, considerations are made
to provide for the assurance of sterility for injectable PET drugs intended for human use.

• Procedures should be in place to notifythe responsible individuals in a timely manner if a PET drug product isfound to
be in noncompliance after releasefor human use.

2. TECHNIQUES FOR PRODUCTION AND QUALITY CONTROL

The unique characteristics of PET drug products playa large role in the choice of instrumentation and techniques used in
production and QC testing. Production techniques and analytical methods should be efficient and rapid. The selection of
techniques and methods isalsostrongly influenced by the development stage of the PET drug. Forexample, earlydevelopment
effortsfocus on radiolabeling, purification, QC methods development, and others. These effortsare designed to support the
usage of the PET drug for in vitro studies, animal studies, and may even include first-in-human studies. At this stage, relatively
small quantities of the PET drug are required at a limited number of institutionsor geographic areas. Manual production
techniques or semi-automated equipment may provide sufficient quantities to meet this demand. Analytical methods should
also be suitable for the usage of the PET drug at the earlystages of development. Typically, method development effortsfocus
on accuracy, precision, and linearity. Before the use of injectable PET drugs in human studies, provisions are made to ensure
that bacterial endotoxins are controlled at suitable levels and that the product is sterile.

In later development stages, larger quantities of the PET drug may be required in more geographic areas. At this point, the
synthesis, purification, and testing of the PET drug product should be welldefined to support clinical trials. Development efforts
at this stage typically focus on optimization and reliability of the production process. Manual production techniques are rarely
used. Instead, semi-automated or fully automated techniques are typically required to provide sufficient quantities of the PET
drug at multiple geographic locations.Thisapproach simultaneouslyassures consistent quality attributes of the PET drug at
multiple production facilities and minimizes radiation exposure of operators. Method development activities at this stage focus
on specificity, ruggedness, robustness, and other characteristics required to support QC testing of the PET drug at multiple
geographic locations.

Finally, at the commercial stage of production, semi-automated or fully automated techniques and equipment may be
required to provide sufficient quantities of the PET drug in numerous geographic areas. Production techniques and analytical
methods for commercial PET drug products should be well defined and adequately described in the appropriate marketing
authorization.

Not all. PET drugs are intended to advance through the variousdevelopment stages from in vitro studies, to animal studies,
. to clinical trials, to commercialproduction. Forexample, a PET drug product may be produced at several institutionsfor research
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purposes without the intention of commercialization. In other instances, a PET drug product may be Food and Drug
Administration (FDA) approved but isonly available in a singlegeographic area. Thesefactors often result in different strategies
f()rPE()cllJc:ti()rl tE!c:oniqlJE!S, analytiC:ClI mE!thodoJogies, and the.underlyingstudiesanddocumentation.tosupportthese strategies.

3. QUALITY ASSURANCE

The goal of quality assurance (QA) isto ensure that the techniques and equipment used in production and testing result in a
product that meets established standards for that specific PET drug product. The QAprogram should be sufficientto establish
the reliability and suitability of the techniques and equipment as appropriate to the development stage of the PET drug product.
The following topics should be considered in a QAprogram.

3.1 Reagents and Materials

Reagents and materials used in the synthesisand testing of a PET drug product should conform to established acceptance
criteria. Proceduresfor procuring, receiving, testing, storage, and use of reagents and materials should also be considered. An
audit trail may be established for the traceability of specific lots of reagents and materialsto specific batches of product. These
acceptance criteria, procedures, and the audit trail should be appropriate for the development stage of the PET drug product.

3.2 Change Control

Changes in the synthesis and test methods should be evaluated for their potential for altering the product quality and be
approved in advance through established procedures. Ifthe resultant PET drug product does not meet the criteriaappropriate
to the development stage, the process change is unacceptable. Acceptable changes should be appropriately documented.

3.3 Validation

Production and analytical test methods should be validated at a level that is appropriate for the development stage of the
PET drug product. Validation of the production process should result in a process that is reliable and consistent. Analytical
method validation demonstrates that a method can quantitatively measure a PET drug product reliably and reproducibly. It is
not necessary to validate analytical methods that are described in USP compendia. The emphasison validationtypically increases
as the PET drug product movesthrough the development stages toward commercialization. Validation of the computer software
used to control automated production equipment should also be considered as appropriate.

QUALIFICATION

Equipment used in the synthesis and testing of PET drug products should be qualified as appropriate for the development
stage of the PET drug product. Thismay include qualification procedures (installation, operational, and performance), as well
as procedures for periodic maintenance and equipment calibration. Forcommercially available equipment, the equipment
vendor may be able to support qualification requirements.

STABILITY STUDIES

Stability studies should be performed on PET drug products to establish suitable storage conditions and the expiration time
and date. Qualityattributes such as radiochemical purity, appearance, pH, stabilizer, preservative effectiveness, and chemical
purity should be evaluated. The frequency and extent of these studies should be appropriate for the development stage of the
PET drug product. Significant process changes require stability studies to be repeated.

4. PRODUCTION

4.1 Equipment for Manual Synthesis

Equipment intended for the manual synthesisof PET drug products may be based on apparatus found in a typical chemistry
laboratory such as glass reaction vessels, heating blocks, tubing, and other items. These items should be suitable for their
intended useand selected according to the needs of the process. Itemsthat are reused and come into contact with the reactants
and/or final drug product of the synthesisshould be cleaned and depyrogenated as appropriate for the use of the final product.

Written procedures for the manual syntheses of PET drug products should contain sufficiently detailed steps to ensure that a
reproducible process isfollowed for each batch by the operator. Observations of critical process parameters should be
documented as appropriate in the batch record.

4.2 Equipment for Automated Synthesis

Preparation of F1udeoxyglucose F 18 Injection and other common PET drug products can be adapted readilyto automated
synthesis. The use of programmable controllersand/or computers with switches, solenoids, and sensors allows the operator to
control the sequence of steps in an automated fashion. Thus, an automated synthesis requires minimal operator intervention,
and batch-to-batch consistency is maintained with each step executed in a reproducible manner. Software may provide
feedback to the operator such as alarm conditions, status reports, or an end-of-synthesis report. Modulesfor automated
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synthesis may be commercially available. These modules may use individual reagents or cassettes required for the appropriate
PET drug product synthesis. The cassettes provide preassembled collections of reagents, reaction vessels, tubing, filters, and
otherJtemsnecessarytoproduceabatch of aPETdrugproducL .

Laboratory robots may be appropriate in situations where complex manipulations are required for the procedure, such as
the physical movement of a reaction vessel from one station to another, or the dispensing of doses from a vial into individual
syringes. Customized equipment may also be fabricated to perform a specific function in the PET drug product synthesis.

5. QUALITY CONTROL

QC tests should be designed and executed in a manner that is appropriate for PET drugs. The short half-life of PET
radionuclides significantly limits the timeframe for the performance of QC tests, and it may not be possible to complete all QC
tests before the use of the PET drug product.

5.1 Quality Control Sampling

In most cases, the entire batch of a PET drug is contained within a single vial. The relatively small batch volume of PET drugs
limits the amount of material available for QC testing. This is different from traditional manufacturing practices, where a batch
may consist of numerous vials and not all vials are sampled for purposes of QC testing. QC sampling of PET drug products use a
larger proportion of the drug volume, and thereby offers a greater degree of assurance that quality-related problems will be
identified in the QC testing process.

5.2 Reference Standards

Reference standards are necessary to identify the API and impurities in the PET drug product. Reference standards may be
commercially available or prepared in-house. Commercial reference standards should include documentation from the supplier
to ensure they are properly characterized. The characterization and qualification of reference standards should be appropriate
for the development stage of the PET drug product.

5.3 Conditional Release

When a required QC test for a PET drug product cannot be completed because of a malfunction of test equipment, it may
be appropriate to conditionally release the batch. It is not appropriate in the absence of critical QC tests to conditionally release
batches (e.g., radiochemical identity and purity). Procedures should be developed to describe the conditional release process,
including the role of historical data, other QC t~st results, sample retention, and other procedures.

5.4 Out-of-Specification Results

When the results of a QC test do not meet product specifications, an investigation should be conducted to determine if the
result is due to an analytical error (false positive) or if the result is due to a product failure. Because of the short half-life of PET
radionuclides, it may not be possible to conduct investigations in the same manner as in traditional drug testing laboratories.

6. ANALYTICAL METHODOLOGIES

Various analytical methodologies and chromatographic techniques may be used for the testing of PET drug products. The
most commonly used methodologies are discussed in this section for purposes of illustration. Similar principles should apply to
other methodologies not included in this section.

6.1 Thin-Layer Chromatography

Thin-layer chromatography (TLC) involves separation, identification, and quantification of analytes using a stationary phase
on a support or plate and a developing solvent that may also be known as mobile phase. The stationary phase may be silica or
alumina spread in a uniform layer onto a plate of glass, metal, or plastic. A small sample of the PET drug product is applied
(spotted) onto the stationary phase, and the plate is developed in a chromatographic tank. The mobile phase moves through
the stationary phase by capillary action, and the analytes are separated based on partition, ion exchange, and/or adsorption.
The retardation factor (R,) and radiochemical purity of the PET drug on the developed plate can be determined by either
counting the developed plate on a radio-TLC scanner, or cutting the plate into pieces and counting each piece in a radiation
detector. The R,of an analyte, under specific TLCconditions, is considered an identifying characteristic of the analyte.

6.2 Gas Chromatography

Gas chromatography (GC) involves separation, identification, and quantification of volatile analytes using a stationary phase
and a gaseous mobile phase. A small sample of the solution is introduced into the GC instrument, which vaporizes the sample
for passage over the stationary phase that is immobilized within a GC column. As the gaseous mobile phase passes over the
stationary phase, the analytes are separated based on their partition between the gas and stationary phases. A detector located
at the exit of the column provides an electronic signal to produce the gas chromatogram.
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AGC instrument consists of a gas source, injection port, column, detector, and a data collectiondevice. The injection port,
column, and detector are temperature controlled and may be varied as part of the analysis. The gas source depends on the
column and detector in use. The type of detector depends on the nature of the compounds analyzed.Typical detectors include
flame ionization and thermal conductivity. In addition, radiation detectors may be used in GC analysis. Detector output is
recorded over time, and the instrument response, measured as peak area or peak height, is a function of the amount present.
The retention time of an analyte under specific GC conditions isconsidered an identifying characteristic. GC analysis is most
typically used to quantifyresidual solvents in PET drug products but may also be used to determine radiochemical and chemical
purity of the PET drug product formulation. .

6.3 High-Performance liquid Chromatography

High-performance liquid chromatography (HPLC) is an analytical technique used to separate, identify, and quantify the
components of a solution. HPLC separations are based on the interaction of the analytes between the stationary and mobile
phases, which in turn leads to the retention of the analytes.The mechanism of interaction between the analytesand stationary
phase may be partition, size exclusion, adsorption, and/or ion exchange chromatography. The retention time of an analyte
under specific HPLC conditions isconsidered an identifying characteristic.

HPLC instruments consistof a reservoir containing the mobile phase, a pump to force the mobile phase through the system
at high pressure, an injectorto introduce the sample into the mobile phase, a chromatographic column, a detector, and a data
collectiondevice. The type of detector used depends on the nature of the compounds analyzed. Inaddition to mass detectors
such as refractive index, ultraviolet, and conductivity, radiationdetectors are also used in HPLC analysis. An HPLC system with a
radiation and mass detector allows the simultaneous determination of radiochemical and chemical purity, retention time, and
the subsequent identity of the PET drug product. Thisconfigurationalso allows the determination of specific activity. Elution
methods include gradient or isocratic methods with aqueous and/or organic buffers.

The calibration of a GC or HPLC instrument may be achieved by different means. One approach involves the creation of a
calibration curve from a range of standards with known concentrations. The calibration curve may be used over a specified
period of time for product testing. Asecond approach for callbratlon involves the creation of a single-pointcalibration at the
beginning of each testing cycle.The results may be averaged and used to provide a calibrationfactor for product testing.
Regardless of the approach for calibration, the tailing factor and chromatographic resolution (or column efficiency as
appropriate) should be determined routinelyas a part of system suitability. Routinesystem suitability testing should include
checksfor these parameters.

6.4 Radiation Detectors Used in Chromatographic Techniques

Radiation detectors used in TLC, GC, and HPLC for quantitative measurements should be calibrated when possible with
suitable NMI-traceable radionuclidestandards at appropriate frequency. Routine system suitability testing should be performed
on the radiation detection system to ensure proper operation. Because of the nature of TLC, system suitability for a radio-TLC
scanner should address uniformity, positional accuracy,detector linearity, and resolution.The calibration of radiation detectors
should be repeated as appropriate.

. 6.5 Multichannel Analyzer

A multichannel analyzer(MCA) isan instrument used to obtain a spectrum of gamma raysemitted by a PET radionuclide.
The keycomponent of a MCA isan energy-sensitive detector. On the basisof the gamma spectrum of a sample, radionuclides
present in the sample may be identified and quantified. Calibration of the system istypically performed with certified standards
and may involve one or more radionuclides with gamma energies and quantities that span the range of typical analysesat
appropriate frequency.

6.6 Ionization Chamber

An ionization chamber, often referred to as a dose calibrator, is an instrument used to measure the quantity of radioactivity
in a PET drug product. The keycomponent of an ionization chamber is an argon-filled chamber with an applied electrical
potential that allows the detection of ions produced by the passage of gamma rays through the chamber. Calibration of the
system is typically performed with certified standards at appropriate frequencies and may involve one or more radionuclides
with gamma energies and quantities that span the range of typical analyses.

7. QUALITY ATTRIBUTES

Qualityattributes should be defined and assessedfor each PET drug. These attributes should be suitablefor the intended use
of the PET drug and should also reflectthe dosage form. Because most PET drug products are administered by intravenous
injection, this section focuses on quality attributes associated with injectable PET drug products. Different attributes may be
appropriate for other dosage forms. In addition, the definition and assessment of quality attributes may varywith the
development phase of the PET drug product in comparison to the final drug phase.
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Injectable PET drug products should be free of visible particulate matter. Because of the radioactive nature of PET drug
products, the test for appearance should be a visual inspection that meets radiation safety requirements. The use of a visual
standard should be considered to ensure the accuracy of appearance determinations.

7.2 pH

InjectablePET drug products should be inthe pH range suitablefor intravenousadministration.Because of the limitedvolume
of a PET drug product, pH measurement istypically performed using narrow-range paper strips.The use of pHstandards should
be considered to ensure the accuracy of pH determinations.

7.3 Total Radioactivity and Strength

The total radioactivity of a PET drug product may be determined by an ionization chamber and should be stated at a given
date and time. From the total radioactivity and the volume ofthe PET drug product, the strength may be determined. The
strength of the PET drug product should be stated, along with the date and time of the determination of total radioactivity.

7.4 Radionuclidic Identity

Half-life (also referred to as approximate half-life) isa characteristicof the radionuclidethat may be used for its identification.
To adequately confirm the identity of a PET radionuclide, the half-life should be measured in a suitable counting device over a
period of time appropriate to the half-life of the radionuclide.

7.5 Radlonuclldlc Purity

By definition, all positron-emitting radionuclidesemit 511 keV gamma rays but may also emit gamma rayswith different
energies. Therefore, it is generally not possibleto determine the radionuclidic purity of PET drug products with a MCA. One
suitable solution to this problem is the use of validation studies to ensure the removal and/or decay of accelerator-produced
radionuclidicimpuritiesduring the production process. Other approaches may be appropriate depending on the characteristics
and source of the radionuclidic impurities. Inaddition, periodic analysis of decayed samples in routine production with a MCA
may be used to quantify radionuclidic impurities developed.

7.6 Radiochemical Identity and Purity

Depending on the physical and chemical properties of the PET drug product, the radiochemical identity and purity may be
determined by TLC, HPLC, or Cc. The identityof the active pharmaceutical ingredient (API), and possibly other analytes, should
be based on the known retention time ofthe analyte. The simultaneous use of referencestandards during sample analysis should
be considered for purposes of radiochemical identification.The radiochemical purity of the PET drug product should be
determined based on the sum of allchemicalforms of the radionuclide of interest. As appropriate, it should be established
during validationthat all radiochemical analytesare eluting from the chromatographic systemand that the radioactivedetector
is operating within its linear range. .

7.7 Chemical Purity

The chemical purity of the PET drug product should be assessedfor the presence of volatile impurities, residual reagents and/
or precursors, and by-products. Forexample, residual solvents, such as acetonitrileand ethyl alcohol, may assessed by cc.
[2.2.2]-Cryptand, a common reagent used in the preparation of PET drug products, may be assessedby colorimetric techniques.

7~8 Total Mass of the Active Pharmaceutical Ingredient and Specific Activity

Potential toxicity issues and pharmacologicaleffects may be associated with the API in a PET drug product (e.g., the
mass-dependent localization of neurotransmitters or other more generalizedformsof toxicity). Inthese instances,the total mass
of the API should be determined before use of the PET drug product. The total mass of the API contained in a patient dose
should be defined for PET drug products where mass-related localization or toxicityconcerns require such assessment, which
may be.determined by HPLC or cc. On the basis of the mass of the API, the specific activity may be calculated. To determine
the appropriate quality of the injected drug product in the patient dose, any two of three measured parameters (total mass,
total activity, or-specific activity) are sufficient. Specific activityshould be stated along with the date and time of determination.

7.9 Bacterial Endotoxin

The quantity of bacterial endotoxin in an injectable PET drug product should comply with USP standards «175 U5P
Endotoxin Units/patient dose). The test for bacterial endotoxin uses a solution of Iimulus amebocyte lysate (LAL). Various
methods existfor this test, including gel-clot, chromogenic, and others. Test samples should be obtained and handled in a
manner that minimizes contamination before testing. In addition, control measures should be used to ensure accurate test
results without interferences from the test solution, such as certain formulations that enhance or inhibit the interaction of LAL
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with bacterial endotoxin. This effect may be corrected by dilution of the PET drug product before testing. The necessityof
dilution in this test isdetermined in the validation of the specific formulation of the PET drug product.

o Sterility

Injectable PET drug products should be sterile. For reasons described in 1. Introduction, it is not possible to complete the
sterilitytest before the use of PET drug products. The test for sterility should consist of inoculating a test sample into media
capable of supporting the growth of aerobic and anaerobic microbes,which may be establishedwith an appropriate certificate
of analysis. The test samples should be obtained and handled in a manner that minimizes contamination before testing. To
reduce radiation exposure to operators, the test samples may be allowed to decay before inoculation.The inoculation should
use techniques that minimize the potential for false positives during the sterility test. In addition, control measures should be
used to ensure accurate test resultswithout interferences from the test solution. After inoculation, the sterility test samples
should be incubated for the appropriate period of time at the prescribed temperature. Ifvisible growth isdetected during the
incubation period, the investigatoror physician should be informed in a timely manner, and an investigation should be initiated
to determine whether the growth was due to accidental contamination during the sample handling processor to a true product
failure. The investigation should include identification of the microbe(s) in the sterility test sample to determine the source of
the contamination. This aspect of the investigation may be limited ifproduction and sterility test sampling occur in the same
laboratory.

8. STERILITY ASSURANCE

Asuitablesterility assurance program should be establishedfor PET drug products that are intended for intravenous injection.
Thissection describes appropriate measures that assure the routine production of a sterileproduct suitable for injection.

8.1 Sterile Membrane Filtration

Injectable PET drug products are typically sterilized by passage of the solution through a sterile membrane filter into a
presterilized vial. To provide the greatest assurance of sterility, the PET drug product should pass through an appropriate
sterilizing filter into a presterilized vial that has been assembled using aseptic techniques.

8.2 Aseptic Techniques

Critical steps that affectthe sterility of the PET drug product should be identified and, where appropriate, aseptic techniques
should be used to complete these steps. Aseptic techniques should include the use of a suitable gowning, proper handling of
components, environmental controls, and others. Aseptic techniques should be described in written procedures.

8.3 Presterilized Components

PET drug production typically employs variouscomponents and containers that are presterilized and pyrogen free.
Appropriate sterile components are generallyassembled aseptically in a controlled environment before use in production.
Presterilized vials and sterile diluents such as sterile. water for injection or sodium chloride solution are typically used. Other
sterilecomponents are sometimes utilized in nonsterileapplications in production where a commercially available product may
be useful. An example is use of a sterile transfer linefor fluid transfer prior to a sterilizing filter, where the diameter or length
of a commercially available sterile line is appropriate to the application.

8.4 Environmental Controls

The environment where aseptic techniques are executed should be controlledto ensure appropriate asepticconditions. These
controls may include temperature and humidity, ventilation and air filtration, cleaning and disinfection, equipment
maintenance, proper garb, and microbiological monitoring. Air filtration standards should conform to local and/or national
standards relevant to environmental standards, for example, International Organization for Standardization (ISO) standards.

8.5 Media Fills

Amedia fill, also known as a "process simulation", isthe performance of an aseptic procedureuslnq a sterilemicrobiological
growth medium in place of the PET drug product. The goal of a media fill is to test whether the aseptic procedure is adequate
to prevent microbiological contamination during the actual process. Mediafills maybe used to evaluate aseptic techniques
used inthe assemblyof presterilized components and to qualify operators for aseptic techniques. Amediafill should be designed
to ensure that the simulation is representative of the aseptic manipulations performed during the actual process, including
personnel, components, gowning, locations, batch size, number of replicates, and other factors. After completing the media
fill, components filled with media should be incubated appropriately to permit the growth of microbes. The use ofnegative
controls should be considered during the media fill procedure.
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8.6 Suitability of Media
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Sterility test media should be tested before use to ensure that the media adequately support the growth of microbes; These
tests are typically referred to as growth-promotion tests and may be conducted in-house, by the supplier, or by a contract
laboratory. Media should be used within the manufacturer's expiratio~ date.

8.7 Suitability of the Sterility Test Method

The sterility test should be tested to ensure that the PET drug product is not bacteriostatic or fungistatic. The SUitability of
the sterility test may be conducted in-house or by a contract laboratory.

8.8 Membrane Filter Integrity Test

To ensure the proper sterilization of the PET drug product by passage through a membrane sterilization filter, the bubble
point of the filter should be determined after completing the filtration process. The bubble point of the filter, measured in
pounds per square inch (psi), is the pressure required to force air through the pores of the wetted membrane in the device.
Other suitably validated procedures may be used. .

8.9 Operator Training and Qualification

Operators involved in aseptic techniques should be trained in proper gowning, environmental controls, handling sterile
components, and other techniques. Operators should be qualified through successful completion of media fills. Media fills
should be periodically repeated to ensure ongoing competency of the technique.

9. LABELING

The labeling associated with PET drug products may evolve as the drug progresses through the various development stages.
For example, the labeling for PET drug products used for in vitro and animal studies may be very simple and designed to avoid
mix-ups in the routine use of the PET drug product. In later development stages, the labeling may include information required
for the investigational use of the PET drug product in humans. Finally, at the commercial stage of production, the labeling
should include ingredients, warnings, approved indications, and other elements required by the appropriate regulatory agencies
(e.g., FDA, Nuclear Regulatory Commission, and others).

GLOSSARY
The following definitions apply to words and phrases as they are used in this chapter:
Accuracy: The closeness of test results obtained by that method to the true value established across the range of the

method.
Active pharmaceutical ingredient (API): A radioactive substance that exhibits spontaneous disintegration of unstable

nuclei by the emission of positrons and is incorporated into a PET drug product to furnish a direct effect in the diagnosis or
monitoring of a disease or a manifestation of a disease in humans, or monitoringtreatment of disease or therapeutic procedures
(e.g., tumor therapy). Both radioactive and nonradioactive forms of the PET drug are included in the API.

Batch: A quantity of PET drug product that is intended to have uniform character and quality, within specified limits, and
that is made in a single, defined operational cycle.

Chemical purity: The purity of a PET drug product based on the nonradioactive components of the formulation, for
example, residual solvents and/or volatile impurities, reagents, and or precursors used in the synthesis and purification,
stabilizers, excipients, or by-products produced in the synthesis.

Compounding: The process of synthesis orformulation of a PET drug for use under the practice of pharmacy and medicine.
Conditional final release: A final release for patient administration before completion of a required test because of a

breakdown of analytical equipment.
Limit of detection: The lowest amount of analyte in a sample that can be detected but not necessarily quantified under

the stated method conditions.
Linearity: The ability to elicit test results that are, directly or by a well-defined mathematical transformation, proportional

to the concentration of analyte in samples within a given range.
Lot: A quantity of materials (e.g., reagents, solvents, gases, purification columns, and other auxiliary materials) that have

uniform character and quality within specified limits and are used to make a PET drug product.
Lower limit of quantification: The lowest amount of an analyte in a sample that can be determined with acceptable

precision and accuracy under the stated method conditions.
National Metrology Institute (NMI): A measurement standards body that is a laboratory ofmetrology that establishes

standards for a country or organization. The National Institute of Standards and Technology (NIST)is the NMI forthe United
States.

PETdrug: A radioactive substance (active pharmaceutical ingredient) that exhibits spontaneous disintegration of unstable
nuclei by the emission of positrons and is incorporated into a PET drug product to furnish direct effect in the diagnosis or
monitoring of a disease or a manifestation of a disease in humans, or monitoring treatment of disease or therapeutic procedures
(e.g., tumor therapy).

PETdr~g product: Afinished dosage form that contains a PET drug, whether or not in association with one or more other
ingredients.
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Precision (as repeatability): The degree of agreement among individual test resultswhen the method is applied
repeatedly to multiplesamplings of a homogenous sample within a lab over a short period of time using the same analystwith
the same equipment.

Quality assurance (QA): A planned and systematic program to ensure that a PET drug product possesses the quality
required for its intended purpose.

Quality control (QC): Asystem for testing the quality of components, materials, supplies, and PET drug products by
procedures, tests, analytical methods, and acceptance criteria.

Radiochemical identity: The molecularstructure of the intended active radiopharmaceutical ingredient that is present
in the radiopharmaceutical preparation.

Radiochemical purity: The ratio, expressed as a percentage, of the radioactivity of the intended active '
radiopharmaceutical ingredient to the total radioactivity of all radioactive ingredients present in the radiopharmaceutical
preparation.

Radionuclidic identity: The intended radionuclide in the radiopharmaceutical preparation.
Radionuclidic purity: The ratio, expressed as a percentage, of the radioactivity of the intended radionuclideto the total

radioactivity of all radionuclides in the radiopharmaceutical preparation.
Range: The interval between the upper and lower levels of a quality attribute that can be determined with a suitable level

of precision and accuracy.
Reagents and materials: A reagent isa chemical used in the synthesisand/or testing of a PET drug, whereas a material

is an ancillary object, such as tubing, glassware, vials, and others.
Retardation factor (TlC): The ratio of the distance the analyte moved from the origin line divided by the distance the

solvent moved from the origin line denoted by the variable R;
Retention time (HPlC or Ge): The time required, after the injection,for the analyte to move through the column and

reach the detector. .
Robustness: The measure of the capacity of an analytical method to remain unaffected by smallvariations in method

parameters.
Ruggedness (as reproducibility): The degree of reproducibility of test resultsobtained by the analysis of the same

samples under a varietyof conditions, such as different labs, differentanalysts, different instruments, different lots of reagents,
different assays, and different days.

Specific activity: The radioactivity ofa radionuclideper unit massof the element or compound. The unit of specific activity
is the amount of radioactivity on a mass basis[e.g., mCi/J,Jg (MBq/J,Jg) or Ci/mmol (GBq/mmol)].

Specificity: The abilityto assessunequivocally the analyte in the presence of components that may be expected to be
present such as impurities, degradation products, and matrix components.

Strength: The radioactivity concentration of the active pharmaceutical ingredient in a PET drug product at a given date
and time. The unit of strength is the amount of radioactivity on a volume basis[e.g., mCi/mL (MBq/mL)].

Sub-batch: Aquantity of PET drug product having uniform character and quality,within specifiedlimits, that is produced
during one successionof multiple irradiationsusing a given synthesisor purification operation. A group of sub-batches
collectively forms a batch that is intended to have uniformcharacter and quality, within specified limits. Sub-batches may be
required for PET drug products with veryshort-lived radionuclides (e.g., 13N and 150 ), because QC tests cannot be completed
before use.

System suitability: Requirements used to verify that the system performs according to established criteria.
Tailing factor (symmetry factor): Ameasure indicating the non-ideality of a chromatographic peak resultingfrom the

distribution and the migration of the analyte through the chromatographic column.
Validation: Establishment of documented evidence that a method, process, or system meets its intended requirements.
Verification: Confirmation that an established method, process, or system meets predetermined acceptance criteria.
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• Whatadditional power requiremenfs(i.e;,corl'{erters,power~cdfl~ltioner~, uninterruptedpower supply) are involved?
• Are'there any safetY precautionsthat shouldhe fakeh,intQconsiaerationbefore'usingtne' technology(Le:, lasers, heat

g~AeFatingJ?

• Is. waste generated when uSIng thetech,hplqgy?lt~o;,'Aiha(kind: of Vvcls1e,' a/ld,bow1~ it safely,handlecl?
• Howeasily can the technology's equiprnenfbed~ane<:f?
• What additional resources (Le.,chernicals,Water, electricity):~rEu'equ,redto c::Jeal1 th~t~chriologyl

Questions regarding relative Cbst .lricTude~
• Wha(is the up-frent costofthe technology?
• What are the.recurring costs'and how rriucnarethey(e:g.>cofl'slimalJles,maintenance,'costs)?
• WhatIS the cost of perforrning<ffest?
-Will the technologyand Jnt~-rided met~o~s:belJtillz~gWitll ~nough frequency f6:Qffs~nhec6st1

• What warrantiesare-available when'purchasingtQet~chnorogy;al'1dlloW-cQll1prehen~ive:aieYhey?

DATA

nerally
e

uation.
ation 0

Questions regarding data include:
- What alternative languagesare available for the n~rcJware/s()ftWare?

• Doesthe technologyhave areadily acce~s!ble ~ser' rnanual?
• Doesthe technologyneed or have internet connectiVity. capapilities?
• Whatformatare.datafiles!n?,
• Candata be transferred between deviCes?
• Can data be transferredto'extern}lrs6urces1
• Howcan th~dafa b~{~cJi~praYed?· ., .
• (anthe data be easilY~!Jll1illarfzed rnto~H~POr(t~Clt:SUPPorts~g~eisi()n;m~~ing!

• Cantfie softWare capabilities maintain~dat~in~egfity?
• What ate the levels of s6ftvvare permissions (Le:, :aahlTpis.~rator,·~ser; gllest);and what level of acc~ss doth,ey piovideZ
• b6es-theinstrument have a usa~l.e<·l:!~.r:pjQuick;g~~ppO~e(QR}~C:~d~):~a.g~'r?

..... It isimportant to note t
speaking, the questions .
technology of interest0

vaHdatio
VaHdati
toward validation of a me ,
qualification of a'specific instrumen

4.1 Technology Applications:.'andAnalyU.c:ar~erf()(j~aI1c~ c

pr
'application an

Table 7, Table 2, and t
However, they provide a broa
of interest. Definitions of the list

Application I: Verification of packa'gin
Application II: Identification ofbulk'dredpharmac:eiJtk,,1
products
Application U1:ldentification of contaminants· Of itl1pui1tlE{lnliullrarug·substancesor'jinished pharm9celJti~alprodtlcts
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Anal}1t(aJcCIl~r-ac~eristi<i App!iEation,1 Appli~atien" Appllc~tfQn)1l

SpeCificity \les Yes ¥es
Oetectiorl limit No I'\to ¥!'!s

QlJA~rr:IT}\11VEAPI"~ICATI()N~

Appli 'Qu'a' .' cation 0 ts
Ap . uan I Ication of utiCaI
pr . 0'-"-" _ .. -.. ....•. ._ ..•....._, .•.•.•--c---- • _...•....• __ ._. _.__ ., ._ __•• , .

App Ion VI: .Determln~tlonofp~odl1ct performancech~racterIstlcs (~.g;, c.:!lsJQtegratlon, dissolution, drugreleas~}m finished
pharmac~utical products~

Table 2.Qu~ntltathjeAnalytical :Charaeterlstics't() Evaluate

Anal}itical.Characterlstic Appnc~tioriW ApplicatiottV Applicatlon_t{i

Accuracy Yes Yes ~es

PreciSion Yes ¥:es Yes

~p~cificjt.Y :res ~~s ~~~

DetecffOl1 Limft No ~Q tiifo

QuaQtltatlon ~£hTltt No Yes No

Ll~earity Y:es yes Yes

Ra@e Yes )'es Yes

•
•

• Are'tnere'Qtl1ersBlPpriig'req~fr:emeotS"if~ner~ls a--need t9'~sel1~ thet~cn~:olOg}' for·C!1IiRtatlOl1:~rJepalr?

• 'j \I.~.,·Ti:l~~rrjetAc~ess,:r~a'geri~,:

.Ho.W·af?~ssIJ~t~~r~"Jffes~~cfdi.ti()r1~f(e.-S'~~rcefiirt~~rTIs-9l.avallaDilrt}P~ricfaffor(JaPTntf?
-. H9W~9ffeij:~are=r~calif)[~ti~n ~rlCrRerr()tn,~an.cecQlaintef1anCe~()ftHe~t~~ljnq(ogy:·r~q~ir~d1
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5.2 DurapilitYClnd U~e

DLJRABIUTY

$ol1"le~consiperations regarqing'cfurability of tne technology~inch,Jde:

- \JVh~fisthe_()R~ratingtefTlperaturfrange of the~technoIQgy?
- Jio\Aiis the-techriol6gyaffected hy numidity?
- Howareresuhs affected'bychanges in temperature or bilnjidity?
- Hovvtoler~nf isthetec:hnologyof various changes in the operational.environment?

o Temperature
o Humidity
o buSt
o Vibration
o Electromagnetic hiterfererice
o Li9f1t
o Wate[
o Electrical variability(e~g., voltage, surge, frequehcy)

- rlow.tolerqntfs the technologyof f9ughhandli119 by users?
- Jsth~ technolc>gy intrinsically safeclOd suitable for the intendedenvirortment(e.g_,' temperqturei h.umidity)?:
- . ologywit . nd a.droptest [Le.,accordingto U.S. Military StandardlMIL~"SID]-:~tOG($),-lrlternatior1al

cal Comm n [lEe] 60068(6), or ASTM D5276-98 (7)]?

USE

Somecotlsid_erations regarding use of the technologyinclucle:
- ls the ted,'n0fogysuitabletoLJse for tile~intended 'application?
- Wba~ levelof tralnirig~ (e:g.~ remote vs~ii:':'person~' till1e,c9'!lplexity) isrequiredto use-the tool?
- What~ ar¢ the sample pr~p~rationrequirements for analysis' al1d~i.sthe testing destructive or Qon-destrLlctive?
- Wtiatiddlfionafaccessori,es,<:c>nsumables,-'reagen~,' and standards are required for. sampleO'ana(ysi.s?
-/fow'long do~s H:J~~e tc>anal)'ze a sampleand hqweasllyc~6~the resul~s:be 1nterpre{ed7
- 1J9wm~D51'~arjlples ,(abbe' rUI1 sirqultariequsly?
- Whaf6ffline'data~analysis isrequirea to int~rpret the' results?
- What~6ffli[l_e daij~"alysts i~.availal?l~ for-experi.en~ed users?
- Wn.at requiremen~sare there for fleet mahagemen! ofmultipleinstrurqel1ts?
-Whatt)ipes of products (e;g;, tai:>lets,injeCtions)can the technologyanalyze?
- Can modelsand/or methods developed onanother instrLlment be remotely transferred t()field unitsasJleeded?

PR()T(JICOL

eCI

ac
es i b

ded'to'determine viiriai:>i1ity.bet0!eenjn~trurn~nts(ahyevaluatiQn~tloulet
i , L1estion)

- Typ~s of gosageJorms (e~.g~,-solidoral dosage forlT1s~injectables) to usefor the ~vafliation
- J"YP,=s .0f~Pls .to usefor theevaruation
- NUfDber of batches'perprodact touse J()rthe eyaluation
- Nurnberofunitspersar:npleto usefor the evaluatioo

- AnalyticalData~{riterpretatlon an-aTreatment <1(10) (8)
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• StatisticClI,Toolsfor ProcecJure' Va(idatibn{121 Or(9)
• An . oflnte-rriaI r One -a'r<:harid Reporting MethoeJS:QUADAS-2:a revised tool for the qualityassessmeht of

dia .~)t~·Glc~urGl~

• ASTM~: E~586:'.16 ~Sjiifldard'pfa:C:ticeJor calculatiDg cl6dusirig b'as.!c st.ati?1:ics (11)
• ..Metb9gs§t. R.~porting .:.~TARt:t?Ol?: qh l.Ipqa1egAis,t ()f:es~eritial it~f11sforreportil)g diagnos!ic accuracy

·GYlga.rJ~~ .(or l~du~trya~dFDA Staff. ;Statisticgl:gu:i(jp&~e.em rePOrting re:s(jlts f,:om, stuclies)'{aluating.djcjgno}tictests (13)
• al (kgariizqtionJor Standardizat.16n.{ISO).~534~2,'~tatisticsyocabulary and.:syinbofs ...•. pprt 2: pppifedstqtistics

• ISQ'3?3~')JtCiti#ics.=.Y()c.abulaiy~qhd;symkols"PWt~~.design gfexper[rnehts (1§)
• ISO.511~~L0ccuracy (trueness andprecisjohJofl11eas'urem~ht:i1'1etbo~sandresults Paii 1.; general prinCiples andd~finitions

(16)

GLossARY

·uc:eitS quarity'or'strengthor (2)

est amount ofanalyteIna samplethat can
ons, Thus,. limit tests merely . tiate

ually expressed as the con, on of

ample
est
ental
mple.

ng these
ingthe
rmil!ion)

1. IdentifiCatiqn ~e~tsEmsur~the identfty'ofthe analYte:
2. Purr- . -., .- , res- performed allowan accurate statemerl'toftl1e- contentof impurrtie~

of an . '. ..,' . leirnpurities).
3. Assay~pro\lideanexactr~si.ilt whichallowsan a'ccurate'statementbfthecontept or potencyoftheanalytein·a sample-.
Supplycllain:·· tn~ systemof manufaCture,distribution,'and dispensing of p!;1armaceuticill products~
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4.

(1852) ATOMIC ABSORPTION SPECTROSCOPY-THEORY AND
PRACTICE

THEORY

The instrumentaltechnique of atomicabsorptionspectrometry(AAS; see Appendix for a list of acronyms in this chapter) uses
the Beer-Lambert Law (Beer's Law), which relatesthe concentration of an analyte in a sampleto the sample's absorption of
electromagnetic radiation. Beer's Law states that the opticalabsorbance of a chromophore in a transparent solvent is linearly
proportional to the chromophore's concentration and alsoto the sample cell path length. Beer's Law isapplicableonly ifthe
spectral bandwidth of the light is narrowcompared to the spectral linewidths in the spectrum and isexpressed as follows:

A =abc

A =absorbance
a =molar absorptivity [L/(mol . cm)]
b = path length of the sample cell (cm)
c = concentration (mol/L)

In addition:

A =10g,0(Po/P) =109,0(1IT) =10g,0(1 00/% T) =2 - 109,0%T
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Po=intensityof light passingthrough a sample
P= intensity of light leaving the sample
T:::: transmittance
%T= 100 x T

AAS methods fall into two categories: flame(FAAS) and flameless. Flameless methods include graphite furnaceAAS (GFAAS),
also knownas electrothermal vaporization AAS (ENAAS), for ultra-trace analyses. Other flameless methods are cold vapor AAS
(CVAAS), intended specifically for the analysis of mercury, and hydridegeneration AAS (HGAAS), intended specifically for the
analysis of arsenic, bismuth, germanium, lead, antimony, selenium, tin, and tellurium.

A basicAAS consists of a radiation source, a sample introductiondevice, a means to atomize the sample, a monochromator
or a polychromator, a detector, and some means of acquiringdata (usually a computer). Mostinstrumentsalsohave some sort
of background correctionsystem,which will be discussed later in this chapter.

In the case of FAAS, the flame through which the sample passes isconsidered to be the sample cell. In the case of
electrothermalvaporization (ElV), the graphite tube into which the sample isdeposited isconsideredto be the sample cell. In
the case of CVAAS, a quartz absorption cell ismounted on top of the burner head, and the space above the burner in the optical
path isconsidered to be the sample cell. In the case of hydridegeneration, hydrides are swept into a heated cell.

INSTRUMENTATION

•••••••••••••••• ••••• •••••••••••.f· • •.. .. .

Figure 1. Basic components of an atomic absorption spectrophotometer.

All atomic absorption spectrophotometers share fundamental components (Figure 1).Awide variety of AAS isavailable
commercially and is based on one of two designs: a single-beam or a double-beam light path.

Figure 2 illustrates the lightpath for a single-beamspectrophotometer. Thedotted linerepresentsthe modulated light signal
from the external lightsource(linesource),and the solid linerepresentsthe directcurrent signal from the atomizer, represented
by a flame. The ovals represent lenses.

In this example, the beam from the linesource iselectrically modulated, and an amplifier placed after the detector is tuned
to this modulation frequency. The beam from the linesource becomes coded in this manner. The resultis that the noisefrom
the radiationemitted at allfrequencies, except for the resonancefrequency, isrejected,and the signal-to-noise ratioisimproved. _

Single-beam spectrophotometers rely on a verystable linesource to maintainaccuracy. It isalso necessary to run a separate
blanksolution in order to provide a correct 100% T adjustment.

( c----+--B----~-----&----+--------
Hollowcathodelamp Atomizer Monochromator

Figure 2. Schematicofa single-beam atomicabsorption spectrophotometer. Reproduced withpermission ofthe Royal Society
of Chemistry.

Figure 3 illustrates the light path for a double-beam spectrophotometer. The radiation beam from the linesource isdivided
by a mirrored chopper. One halfisdirected through the atomizer (sample beam), and the other halfisdirected around it
(referencebeam). Note that the beam fromthe linesource ismechanically modulated by the chopper. Thetwo beams are then
recombined bya half-silvered mirrorand are directed into a monochromatorwhere the photons at the characteristic wavelength
are measured by the detector. The ratio between the sample signaland the reference signal isamplified and processed as the
absorbance reading. Because the sample and reference beams are generated from a common linesource, are separated into
their characteristic wavelengthsby the same monochromator, and are processed by the same electronics, anyvariations in the
radiation source, detector properties, or electronics are canceled out. In principle, the stability of a double-beam
spectrophotometer issuperiorto that of a single-beam spectrophotometer.
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Figure 3. Schematic of a double-beam atomic absorption spectrophotometer. Reproduced with permission of the Royal
Society of Chemistry.

SAMPLE CELL DESIGNS

Flame Atomic Absorption Spectrometry

In FMS, a liquid sample is aspirated into a flame via a nebulizer. Via the nebulizer, the sample is converted to a mist that is
composed of uniform droplets that are easily introduced into the flame. The flame desolvates and atomizes the sample
providing a source of neutral atoms or molecules for analysis in the spectrophotometer.

Although other flame types have been documented, the most commonly used flame is an air-acetylene flame. Because the
temperature of the air-acetylene flame is not sufficient to destroy oxides that might form or are present, a nitrous oxide­
acetylene flame often is used, depending on the analyte and nature of the sample. The air-acetylene flame burns within a
temperature range of 2125°-2400°, but the nitrous oxide-acetylene flame burns within a temperature range of 2650°-2800°.

Flames can be optimized for a particular analysis by either increasing or decreasing the fuel to oxidant ratio. The fuel to
oxidant ratio can be adjusted to be either lean or rich-oxidizing or reducing-depending on the analyte of interest. Most
instrument manufacturers provide guidance regarding the type of flame to use for a specific element, and analysts should refer
to the manual provided by the instrument manufacturer for optimal flame conditions for a given analyte.

Some MS can also be used in the flame emission mode. In flame emission, the atoms and molecules achieve an excited
electronic state following thermal collisions within the flame, and upon their return to a lower or ground electronic state they
emit light at characteristic wavelengths for each analyte. Although instrumentation may be capable of operation in the flame
emission mode, this will not be discussed further in this chapter.

Electrothermal Vaporization-Graphite Furnace Atomic Absorption Spectrometry

In ETV or GFMS, a liquid sample is deposited through a small opening into a graphite tube known as a mini-Massmann
furnace. Inside the furnace, the sample is heated at increasing temperatures until the solvent isevaporated, solid residue isashed
or pyrolyzed, and neutral atoms are atomized in their ground states. The atoms are then excited by absorption of radiation at
characteristic wavelengths. Samples can be deposited either directly onto the wall of the graphite furnace or onto a small
graphite platform, known as a L'vov platform, which sits inside of the graphite furnace. With ETV, a series of heating steps is
usually employed, including drying, charring or ashing, atomizing, and clean-out. Other intermediate heating steps can be
used, depending on the nature of the sample. Throughout the heating process, the graphite furnace is purged with an inert
gas, usually nitrogen or argon. At the atomization step, the furnace is quickly heated to a high temperature (usually to
incandescence). The purge gas flow is stopped temporarily as a transient absorption signal produced by the atomized analyte
is measured. As in FMS, Beer's Law can be used to relate the concentration of the analyte and theabsorption signal.

Cold Vapor and Hydride Generation Atomic Absorption Spectrometry

Cold vapor and hydride generation techniques are often used for the determination of mercury or for some hydride-forming
elements such as tin, arsenic, selenium, antimony, and bismuth. .

In the case of mercury, a chemical reduction generates atoms, and a stream of inert gas sweeps the cold vapor into a cold
quartz cell in the optical path of the instrument. The technique is very sensitive and has detection limits that range from parts
per billion (ppb) to parts per trillion (ppt) depending on the sample and the laboratory environment.

In the case of hydride-forming elements, a reaction with sodium borohydride and hydrochloric acid generates the hydride
of the analyte of interest. The resulting gas is swept into an inert quartz cell that is positioned on top of the burner. The cell can
be externally heated, or it can be heated by an air-acetylene flame. The heat of the flame breaks down the hydride and creates
the elemental form of the analyte. This is known as the direct-transfer mode of hydride generation. Commercial direct-transfer
hydride generators are available in two configurations, continuous flow and flow injection. Aswith the cold vapor detection of
mercury, hydride generation also can be very sensitive and has detection limits in the ppb or ppt range.
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Anexternal light source (linesource) isused to emit spedrallines corresponding to the energy required to ellcltthe electronic
transition from the ground state to an excited state in the sample. The external light sources most commonly used are hollow
cathode lamps (HCL) or continuum electrodelessdischarge lamps (EDL). Absorption of radiationfrom the external light source
is proportional to the population of the analyte species in the ground state, which is proportional to the concentration of the
analyte that is aspirated into the flame, thereby making it possible to use Beer'sLaw to determine the concentration of an
analyte in the sample. The absorption is measured by the difference in transmitted signal in the presence and absence of the
analyte.

Asuitable line source for AAS must:
• Produce linesof sufficiently narrow bandwidths specific to a particular atomic absorption peak
• Produce a beam of radiation of sufficient intensity to allow high signal-to-noise absorption measurements
• Produce a beam of radiation that is stable for extended periods of time
• Beeasy to start and have a short warm-up time and an extended shelf life.
The gas contained withinthe HCL tube isionizedwhen an electrical potential isapplied acrossthe electrodes. Gaseouscations

then acquire suffiCient kinetic energy to dislodge some of the metal atoms from the anode surface, a process known as
sputtering. Aportion of the resulting cloud of metal ions isexcited. Upon relaxation to the ground state, the ions emit photons
at the characteristicwavelengths for that metal. HCLs are availablein a varietyof configurationsand can be speclfic for a single
element or multiple elements.

Forcertain elements, EDLs produce much more intense radiation beams than do HCLs. They are available for the analysis of
antimony, arsenic, bismuth, cadmium, cesium, germanium, lead, mercury, phosphorus, selenium, tellurium, thallium, tin, and
zinc. They are similarto HCLs because they relyon the sputtering of a metal by accelerated ions, but they ionize the inert gas
by means of an intense radio-frequencyfield instead of hard-wired electrodes.

The requirement for an individual linesource for each metal limits AA to a single-element technique. Some modern systems
allow multi-element analyses by automatic lamp switching or by positioning multiple lamps in an array. High-resolution
continuum source AAS combines a high-resolution Echelle monochromator with a Xenon short-arc lamp to obtain
multi-element analytical capabilities(see Reference 1 for additional details).

WAVELENGTH SELECTORS

Because atomic resonance lines are narrow, spectrometers are frequently equipped with monochromator gratings of
moderate resolution, such as Ebert and Czerny-Turner monochromator systems.

Although the application is not common, high-resolution Echelle polychromators have been used in AAS designed for
simultaneous measurements of multiple elements. Spectrophotometers of this type usually mate a high-resolution
polychromator with either a Xenon arc continuum source or several individual linesources.They typically are equipped with a
solid-state detector system.

. DETECTION SYSTEMS

Detection systems convert radiant energy, photons, into a concentration-proportionate electronic signal. Thissignal is
amplified and processed into an absorbance reading or a concentration, as illustratedin Figure 1. Photomultipliertubes (PMTs)
are widely used in AAS to convert photons passed through the monochromator into voltages. Some spectrophotometers are
designed so that the applied PMT currents are under operator control. Asmentioned above, some modern AAS are equipped
with solid-state detection systems. There are two types: a charge-injection device or a charge-coupled device. Advantages and
disadvantages of each design depend on speciflc applications. Insome applications,a solid-statedetector can produce a superior
signal-to-noise ratio, provide a flatter response across the UV/Vis spectrum, and/or have improved background correction
capabilitieswhen compared to a PMT.

BACKGROUND CORRECTION

Nonspecific absorption can compromise the accuracy of AAS measurements. Thisis particularly the case for ultra-trace
analysesusing GFAAS. The type of background correction used for GFAAS can havea large impact on the successof the analysis.
Three types of background correction designs are available for modern AAS: continuum source, Smith-Hieftje or variable giant
pulse, and Zeeman effect.

Continuum Source

Acontinuum source, frequently a deuterium lamp, isconfigured in the spectrophotometer optics so that radiation from the
continuum source and the line source is alternately passed through the sample cell by a beam chopper (Figure 4). The width
of the continuum source bandpass isequal to the slitwidth. .
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Figure 4. Schematic of an atomic absorption spectrophotometer with a continuum source background corrector. Reproduced
with permission of the RoyalSociety of Chemistry.

The signal intensity from both sources can then be measured, and the ratio can be calculated.
Figure 5 displays the operation of a continuum-source background-correction system. Note that before the analysis, the

intensity of the deuterium lamp and the HCl are equalized at the analyte'sresonance wavelength. Also note that the bandwidth
of the continuum source is equal to the width of the monochromator's exit slit, usually 0.2-0.7 nm, compared to the width of
the resonance line of approximately 0.002 nm. Ifa solution containing the analyte of interest is introduced, the signals from
both sources are attenuated because of atomic absorption (Figure 5, Panels A and B). If a solution containing the analyte of
interest plus components that lead to nonspecific broad-band absorbance is introduced, the intensity of atomic absorption of
the line source (HCl) is correctly subtracted from the intensity of the continuum source (Figure 5, Panels C and D).

Smith-Hieftje

Figure 5. Panels A and B: atomic absorption only. Panels C and D: atomic absorption with background absorption.
Reproduced with permission of the Royal Society of Chemistry.

Although continuum-source background correction is a useful design, it has some limitations. Basically, the introduction of
an additional lamp and chopper causes a degradation of the overall signal-to-noise ratio of measurements. In addition, if the
line source and the continuum source are not in perfect alignment, an erroneous correction will result when the individual
beams are passed through an inhomogeneous gaseous sample, as this frequently occurs in the sample cell. This is particularly
the case for highly structured backgrounds. The radiant intensity of the deuterium source in the visible region is too low to use
for analytical wavelengths above 350 nm. Some instrument manufacturers equip their spectrophotometers with alternative
continuum sources, such as tungsten halogen lamps, to remedy this issue.

DcBA

When high currents are applied to an HCl, the emission-line profile is altered: the line is broadened and a dip appears in the
center because of self-absorption. Self-absorption occurs when the photons emitted by excited atoms are absorbed by gaseous
ground-state atoms contained within the quartz tube of the HCL. At currents used for normal data acquisition, the HCl is used
to measure the sum absorbance of the element of interest and the nonspecific background. At high lamp currents, the measured
absorbance is predominantly caused by the background. The absorbance caused by the element of interest is the difference
between the intensities of analyte and nonspecific background absorbances. Figure 6 illustrates the Smith-Hieftje background
correction process.
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Frequency

Figure 6. Emission profile of an HCl at (A) lowcurrent and (B) high current. low current absorbance iscaused by background
plus analyte. Highcurrent is background absorbance only.Adaptedfrom S.B. Smith, Jr. and G.M. Hieftje, Appl5pectrosc, 1983,

37,419..

The advantages of Smith-Hieftje background correction are that the HCl serves as the single source for any analytical
wavelength, obviating any alignment issues arisingfrom alternative continuum source. Thissystem allows correction of
structured backgrounds very near the resonance wavelength. Disadvantages are that the lifetimes of the HCls are notably
shortened. Compared with continuum-source background correction, the Smith-Hieftjeprocedure may result in a shorter
dynamic range and/or may require higher sample dilutionsto reduce background absorbances.

Zeeman Effect

The Zeeman effect background correction is based on the principlethat in the presence of a magnetic field, the absorption
line of an element is split into three optically polarized components. The 1t component is positioned at the center of the
resonance line. Positioned at equal distances on either side of the 1t component are the cr+ and cr- components. The c
components are linearly polarized perpendicular to the magnetic field. The distance of the separation of the cr+ and cr­
components from the 1t component increasesas. the magnetic field strength increases. Commercial instruments use magnets
with field strengths of approximately 1 Tesla, which corresponds to a c component separation of approximately0.01 nm on
each side of the 1t component.

Absorbance linesfrom different elements have normal or anomalous Zeeman patterns. NormalZeeman patterns are
composed of a single1t component and two c components. Anormal Zeeman pattern occursfor absorbance wavelengths that
correspond to a singlet electron transition. Ananomalous Zeeman pattern has further splitting of the 1t and c components and
occurs for wavelengths that correspond to more complex electron transitions.

Three basicdesigns are available for commercialAAS equipped with Zeeman background correction:transverse DCZeeman
AAS, transverse AC Zeeman AAS, and longitudinal AC Zeeman AAS.

TRANSVERSE DC ZEEMAN ATOMIC ABSORPTION SPECTROMETRY

Thisdesign uses a DC magnet positioned around the atomizer.The term transverse refers to the parallel alignment of the
magnetic field with the optical axis. The Zeeman effect is permanently applied in this design. Arotating polarizer is positioned
in the light path between the linesource and the atomizer. This splits the incident radiation from the linesource into the
characteristic 1t and c components. See Figure 7 for a schematic of the configuration and an illustration of the operation of DC
Zeeman AAS.
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Figure 7. Configuration and operation of a transverse DC Zeeman atomic absorption spectrophotometer. Adapted from H.
Koizumi and K. Yasuda, Spectrochim Acta, 1976, 31B, 523.

TRANSVERSE AC ZEEMAN ATOMIC ABSORPTION SPECTROMETRY

This design usesan AC magnet positioned around the atomizer. The magnetic field is in parallel alignment with the optical
axis. The AC magnet is switched on and off at one-half the modulation frequency of the line source (50 or 60 Hz, typically). A
fixed polarizer is positioned between the atomizer and the monochromator. SeeFigure 8 and Figure 9 for illustrations of the
operation of transverse AC Zeeman MS.
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Figure 8. Operational principle of a transverse AC Zeeman atomic absorption spectrophotometer. ©2011 PerkinElmer, Inc.
All rights reserved. Printed with permission.
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Figure 9. Illustration of transverse AC Zeeman atomic absorption spectrophotometer operation. ©2011 PerkinElmer, Inc. All
rights reserved. Printed with permission.

In this design, the magnetic field is in perpendicular alignment with the optical axis. With this configuration the 1t component
is absent and the o components are circularly polarized, so a polarizer is not required. See Figure 70 for comparison between
transverse and longitudinal AC Zeeman MS.
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Figure 10. Comparison of transverseand longitudinal AC Zeeman atomic absorption spectrophotometer. ©2011
PerkinElmer, Inc.All rights reserved. Printed with permission.

Zeeman effect background correction offers the advantage of background correction at the resonance wavelength and
correction of relatively high nonspecific absorbances. Compared to continuum source background correction, Zeeman effect
background correction can result in a reduction of the lineardynamic range in some applicationsand may require additional
dilution of test solutions. Depending on the specific analyte and application, Zeeman effect background correction offers
advantages and disadvantages that must be considered for each application.

ANALYTICAL CONSIDERATIONS

Sample Preparation

FAAS requires the introduction of a liquid sample into the nebulizer. ETV/GFAAS is normally performed using liquid samples,
but analysescan be performed using slurries and solidsamples. Because the analysis of liquid slurries isfar more common, the
analysis of solid samples is not discussed in this chapter.

Samples can be prepared in a variety of ways to dissolve or solubilize them. Insome cases, direct dilution of a solid sample
can be performed using deionized water, dilute acids, or organic solvents.When a sample does not dissolve, however, some
form of acid digestion is required. Acid digestion is also required ifthe sample isfirst ashed. Options for acid digestion include
hot-plate digestions, open-vessel microwave digestion, and closed-vessel microwave digestion. Proceduresfor acid digestion
are specific for a given sample matrix and analyte. When using microwavedigestion systems, analysts should refer to the
microwave manufacturer's guidelinesfor use and programming of the instrument.

Interferences

AAS is subject to several types of interferences. The most common are:
• Spectral interferences: Spectral interferencescan arise when there isan overlappingsignal from another element that isa

component of the sample or sample matrix.
• Ionization of the analyte:Someelements such as sodium, potassium, calcium,and cesiumare easily ionized,and ionization

of the analyte reduces the analytical signal.
• Matrixeffects: Interferences can arisefrom differences between sample, standard, and blankviscosities or can be

introduced by surface tension.
• Spectra/line broadening: Spectral linebroadening can occur as a resultof several factors, including self-absorption, Lorentz

effect, Doppler effect, or quenching.
• Compounds that do not dissociate in the flame.

Matrix Modification, Releasing Agents, and Ionization Suppressants

To counteract potential interferences or to enhance their abilityto monitor an analyte, analysts sometimes use a matrix
modifier, a releasing agent, or an ionization suppressant. ,

Matrixmodifiers are added to samples, standards, and blankswith GFAAS with the chiefgoals of changing the nature of the
sample or analyte in the sample by:

• Increasing the volatility of the sample matrix so that matrix components are removed during the ashing or pyrolysis step
• Reducinq the volatility of the analyte, which helps to eliminate loss of the analyte during the ashing or pyrolysis step
• Reducing background absorption by eliminating matrix components so that they do not interferewith the analyte signal

during atomization.
It may be necessary to use more than one matrix modifierduring an analysis. Commonly used matrix modifiers include

magnesium nitrate, nickel nitrate, palladium, and lanthanum. Manufacturers of graphite furnace instrumentation provide
detailed information regarding the use of matrix modifiers, and analystsshould consult that information when they perform
an analysis. Insome instances, GFAAS analyses require applying the method of standard additions in order to overcome matrix
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induced result biases. Many modern GFMS systemsare equipped with autosamplers that automatically spikesample solutions
at multiple levels specified by the analyst, perform the linear regression, and report the final concentration result based upon

Releasing agents and ionization suppressants are used in FMS to eliminate certain potential interferences. Releasing agents
are added in excess to samples, standards, and blanksto prevent the formation of refractorycompounds by combining with a
potential interferent. Ionization suppressants are added in excessto samples, standards, and blanks to help control ionization
of the analyte. By adding an ionization suppressant that has an ionization potential lower than that of the analyte, analysts
create an excess of electrons in the flame, and the ionization of the analyte issuppressed. Commonly used releasing agents
include lanthanum and strontium. Commonly used ionization suppressants includesodium, potassium,cesium,and lanthanum.
Manufacturersof flame atomic absorption (M) instrumentation provide detailed information regarding the use of releasing
agents and ionization suppressants, and analystsshould consult that information when performing an analysis.

Because of the separation of the analyte from the matrix in cold-vapor and hydride-generation M, spectral interferencesare
notably reduced when compared to the other M methods. Nonselective background interferences can occur, however,when a
sufficientamount of an absorbing species is transported to the cell.Typically this occurs when an excess of another
hydride-formingspecies is introduced from the sample matrixor in the case of hydride formation when nonaqueous media are
used. Transport interferences take place during transport of a hydride from the sample solution to the sample cell. Thiseither
causes a delay in hydride formation, known as transport kinetics interference, or lossof the hydride altogether, known as
transport efficiency interference. Volatile compounds transported to the cellwith the hydride can also interfere nonselectively.
These interferencescan be remedied either by using the method of standard additions or by further diluting the sample.

APPENDIX

Acronyms

A: absorption
M: atomic absorption
MS: atomic absorption spectrometry
CVMS: cold vapor MS
EDl: electrodelessdischarge lamp
ETV: electrothermal vaporization
FMS: flame MS
GFMS: graphite furnace MS
HCl: hollowcathode lamp
HGMS: hydride generation MS
PMT: photomultiplier tube
T: transmittance
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(1853) FLUORESCENCE SPECTROSCOPY-THEORY AND PRACTICE

THEORY

Fluorescence is a two-step process that requires an initial absorption of light followed by emission. [NoTE-Many terms and
variables used in this general chapter are explained in the Glossary.] Fluorescence spectroscopy isan electronic spectroscopic
method related to ultraviolet-visible-nearinfrared (UV-Vis-NIR) absorption spectroscopy. It is also a background-free method
that involves light emitted from the sample in alldirections, as is the case with Ramanspectroscopy.The initial absorption of a
photon by a molecule in the sample promotes an electron to an excited state. The excited electron returns to the ground
electronic state by emitting a photon. Ifthe emissionarisesfrom an "allowed" transition that typically has a short lifetime
between 1 ns and 10 ns, then it is called fluorescence. Ifthe emission arisesfrom a "forbidden" transition that typically has a
long lifetime between 1 ms and 1 s, then it iscalled phosphorescence. Under similar conditions phosphorescence usually is less
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intense than fluorescence. Thisgeneral chapter discusses fluorescence spectroscopy, but many points raised here also apply to
phosphorescence. The basic concepts behind fluorescence spectroscopy have been well established, but its applications and
standardization are still expanding and progressing, making it a developing rather than a mature method.

The most common type of fluorescent sample isa dilute, transparent solutionthat absorbs lightfollowing the Beer-Lambert
Law and that emits a corresponding fluorescence intensitythat is directly proportional to the concentration, the absorptivity,
and the fluorescence quantum yield of the fluorescent species or fluorophore. Aconventionalfluorescence spectrometer has
both excitation and emission wavelength selectors. It collectsa spectrum by fixing the wavelength of one of the selectors and
scanning the other wavelength selector over a range. When the excitation wavelength isfixed and the emission wavelength is
scanned, the resulting spectrum is termed an emission spectrum. When the emission wavelength isfixed and the excitation
wavelength isscanned, the resultingspectrum istermed an excitationspectrum (Figure 7).Thefluorescencespectrum isplotted
as relative intensity or counted photons offluorescence vs. wavelength. The appearance of a fluorescence spectrum is much
like a UV-Vis-NIR absorption spectrum. Infact, the shape or contour of an excitationspectrum often is identical to that of the
corresponding absorption spectrum for an organic dye in solution over the same wavelength range.
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Figure 1. Fluorescence excitation and emission spectra for fluorescein in borate buffer. The wavelength axisshows excitation
and emission wavelengths.

Polyatomic fluorophores in condensed media (e.g., solutions, thin films, and solids at room temperature) exist in ground or
excited electronic statesin a broad distribution of vibrational energy levels and cause homogeneous broadening of excitation
or emission spectra, respectively. A microenvironment or shell also surrounds each fluorophore in condensed media, and
differences in the structures of these shells among individual fluorophores cause inhomogeneous broadening. These two types
of broadening cause fluorescencespectra to be broader than some other types of spectra (e.g., mid-infrared or Ramanspectra).
The typicalwidth of a fluorescence band is between 10 nm and 100 nm. Once it iselectronically excited, a polyatomic
fluorophore experiences vibrational relaxation before emitting a photon, causing a red shift or Stokesshift of the fluorescence
spectrum relativeto the wavelength at which it was excited.

Fewnaturallyoccurring biological compounds fluoresce strongly. However, the development of a large array of fluorescent
indicator dyes, used mainlyto bind to ionsor lndlcate pH or polarity, has led to increased interest in the use of both direct and
secondaryfluorescence techniques, e.g., fluorescence resonance energy transfer (FRET). While many of these probes inherently
do not have very high quantum yields, their fluorescence changes greatly upon binding and upon the associated solution
chemistry. For instance, the pH of the sample solution is an important factor to control when considering not only its impact
on the fluorescence of the probe, but alsoon the detection of other possiblefluorescing of fluorescent dye binding species.
Some fluorescent probes, such as fluorescein (pH dependent) and rhodamine and its derivatives, have very large absorptivities
and quantum yields approaching one-i.e., they fluoresce nearly as many photons as they absorb. Fluorescence methods are
also termed background-free because very little excitation light reaches the detector. These advantages make fluorescence
detection highly sensitive, down to single-molecule detection in some cases. Specificity and sensitivity are two of the more
important strengths of fluorescence methods. Fluorescence spectroscopy also typically is not destructive to the sample, and
measurements can be made quickly (on the order of seconds to minutes). .

Aright-angle or 0°/90° geometry often isused to measure dilute solutions and other transparent samples. Insuch cases, the
excitationbeam isnormal to the sample, and fluorescence isdetected at a 90° angle relative to the beam (Figure 20). Afront-face
geometry is used to measure opticallydense samples where the excitation beam is incident on the sample at <90° and the
fluorescence iscollected at an angle :::;90° (Figure 2b). The epifluorescence geometry isa specialcase of the front-face geometry
that often is used in fluorescence microscopy and optical fiber-based fluorometers. In epifluorescence geometry the excitation
beam and collected fluorescence are both normal to and are on the same side ofthe sample, i.e., a 0%° geometry. A0°/180°
transmitting geometry often is used in microscopy (Figure 2c).
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Figure 2. Schematic of the excitation beam (EX) and detected emission (EM) orientations for (a) 0°/90° right-angle
transmitting, (b) front-face, and (c) 0°/180° transmitting geometries.

The number of chemical assays and screening methods using fluorescence detection continues to increase rapidly and has
resulted in a corresponding increase in the need for standardization of fluorescence measurements. Only a few standard
methods and reference materials have been well established and are readily available at present for the characterization of
fluorescence measuring systems. National metrology institutes and international standards organizations are working to provide
new fluorescence standard materials and methods in the near future. This general chapter briefly discusses the major issues that
should be considered by users of fluorescence instruments who aim to achieve high-quality measurements. Standard methods
and materials are also described where appropriate. Afew guidelines and recommendations have appeared, butthis general
chapter aims to be most useful to nonexpert users of fluorescence spectrometers. .

INSTRUMENTATION

All modern fluorescence measurements involve irradiating the sample with the beam from a suitable light source, selecting
the excitation wavelength, collecting the resulting fluorescence, rejecting the Rayleigh-scattered light, selecting the emission
wavelength, and detecting the fluorescence signal. The following functions will be discussed individually, along with the
equipment used to achieve these functions in commercial instruments:

1. excitation light source
2. excitation wavelength selector
3. sampling device
4. emission wavelength selector
5. detector.

Excitation Light Source

A variety of lamps, lasers, and light-emitting diodes (LEDs) are used as excitation sources. Continuous and pulsed versions
of these sources are used for steady-state and time-resolved instruments, respectively. Xenon lamps are the most commonly
used because of their relatively high intensity and broad wavelength range (UVto NIR). Lasers are the highest-intensity sources
and are used in applications where short collection times and small amounts of sample are required, e.g., for flow cytometry
or microarrays.

Excitation Wavelength Selector

The intensity of scattered light at the excitation wavelength (i.e., Rayleigh scattering) can be comparable to or greater than
that of the fluorescence atthe sample. Therefore, the excitation wavelength profile should not overlap the emission wavelength
region being detected. This is achieved for lamps by using an excitation wavelength selector (e.g., a filter or a monochromator
with a known peak transmission wavelength and bandwidth) between the lamp and sample. The inherent bandwidth of the
radiation from a laser or an LED often is narrow enough that an excitation wavelength selector is not necessary. This selector
also enables fluorescence excitation spectra to be resolved.

Sampling Device

The sampling device includes all optics and other equipment needed to deliverthe excitation beam to the sample, collect
the emission from the sample, and hold the sample in place. Sample formats include cuvettes, microwell plates, microarrays,
microscope slides, and flow systems and may be accompanied by a variety of optical delivery and collection systems, including
conventional transmitting, front-face, and epifluorescence systems and fiber optic-based probes.

Emission Wavelength .Selector

As with the selector for excitation, the emission wavelength selector helps to ensure that the emission wavelength region
being detected does not overlap with the excitation wavelength profile. This approach enables individual fluorescence bands
to be detected when multiple bands are present and allows fluorescence emission spectra to be resolved. Emission wavelength
selectors also are important for the rejection of stray light. Filters, monochromators, and grating polychromators often are used
for emission wavelength selection.
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Forthe detection of emitted light, a photoll1ultiplier tube (PMT) or a charge-coupled device (CCD) array is placed after the
emission wavelength selector.The detection of the excitation beam in order to monitor its intensity commonly isdone by a
quantum counter detector or a photodiode placed before the sample and to which a small fraction of the excitation beam is
split offfrom the rest.

FACTORS THAT AFFECT.QUANTITATION

Instrument-Based Factors

Measurements on a fluorescence instrument requirethat instrument parameters such aswavelengths, bandwidths, and
detector gain be set. All of these parameterscan be set with varying degrees of repeatability and accuracy, depending on the
instrument used. Thesefactors can introduce measurement uncertaintyor bias that is particularly significant when measured
values are compared between instruments. Forinstance, the measured peak positions of the emission bands of two analytes
may differ between instruments becauseof a wavelength bias.Acorresponding biasbetween instrumentscould be introduced
in the results of an assaythat depends on the ratio of the fluorescence intensities at the two specified emission wavelengths.

The intensity of the excitation beam can change significantly with excitation wavelength or with time because of the
wavelength dependence of the intensity of the lightsource and the transmittance of the excitation wavelength selector or the
time dependence of the light source intensity. Thusanalysts should monitor the excitation beam intensity and correct the
measuredfluorescence intensityfor these fluctuations. This monitoring can be particularly important when excitation spectra
are collected because the excitation intensity often has sharp peaksand valleys when lampsourcessuch as a xenon (Xe) lamp
are used.

The responsivity of a detection system isnot linearwith intensityat all intensities, so analysts should knowthe linearintensity
range of the detection system used. The linearrange for most detection systemsrangesfrom its limit of detection up to a
threshold intensityabove which the responsivity becomes increasingly nonlinearwith increasing intensity. Analysts should
establish the linearrange of the fluorescence detection systembefore they attempt to calibrate the responsivity of the detection
system.

The responsivity of the detection system also isa resultof the wavelength dependence of the transmittance of the emission
wavelengthselector and the responsivity of the detector. Thesefactors can affect the shape of a measured emission spectrum.

Thediffraction efficiency of gratingsand the responsivity of detectors often depend on polarization. Changes to instrumental
polarization settings can result in changes in the observedexcitation intensity and the responsivity of the detection system.
Even when polarizers are not used within the instrument,the excitationbeam may be polarized by the opticalsystem itself and
may affectthe responsivity of the detection system,and is instrument dependent. In addition, emission polarization effects not
only can cause intensitydifferences but also can change spectral correction factors.

The passing of multiple wavelengths by a diffraction grating can introduce unexpected sharp peaks into a fluorescence
spectrum. So that incident light isdiffracted at a desiredwavelength, a grating equation is used to set the angle of the grating
with respect to incident light:

mA. =d(sin a + sin ~), m =0, 1,2, ...

m = diffraction order
d =groove spacing on the grating
a = angle of the incident wavefront relative to the grating normal
~ = angle of the diffracted wavefront relative to the grating normal

The valueof ms; not A., isfixed, where m isan integer termed the diffraction order. Therefore, the grating equation can be
satisfied by more than one wavelengthfor a singlegrating position. Forinstance, ifa grating in an emission monochromator
isset to pass 500-nm light at first order, it also will pass 250-nm light at second order. As a result, the scattered light from. a
250-nm excitation beam will be detected asa peakat an emission wavelengthof500 nm unless a suitableopticalfilterisinserted
in the beam.

Sample-Based Factors

The fluorescence intensityof optically dense samples(e.g., absorbance A >0.05 at a path length of 1 cm) does not increase
linearly with concentration because of significant absorption of the excitation beam and/or emission (reabsorption) by the
sample.Theseinnerfilter effectsalsocan greatlyreducethe amount offluorescence that reaches the detector, especially when a
right-angletransmitting geometry isused.Thefluorescence intensitycan become strongly dependent on sample position and
optical geometry. At even higher concentrations, aggregation of fluorophores often occurs, causing the shape of the
fluorescence spectrum to be different from that of a dilute sample and also causing nonlinear concentration behavior.

The fluorescence intensityof a sample may decreasewith time of exposure to light becauseof photobleaching and
photodegradation. This is particularly true of most organic dyes, which are the most widely used fluorescent probes. Analysts
should limit the time that such samplesare exposedto lightin order to obtain reproducible fluorescence intensities and insome
cases even reproduciblespectral shapes.

The fluorescence intensityof fluorophores is temperature dependent. Typically, the ratesof fluorescence quenching.
processes, such as collisional quenching insolutions, increase with temperature and causea decrease in fluorescence intensity.
Temperature coefficients for fluorescence intensity for particularfluorophores can be used to correct for this temperature
dependence.
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The absorbance and consequently the intensity of fluorescencefrom a sample depend on the orientation of the sample's
absorption transition dipole with respect to the polarization of the excitation light. The polarization of fluorescence is parallel
to the direction of polarization of the fluorescent species' emissiontransition dipole. Fluorescence polarization isparallel to the
orientation of the fluorescent species' emission transition dipole. Fluorescence anisotropy (r) is used to describe the extent of
polarization of emission and isdefined by:

r = (III - 1.1)/(111 + 211.)

III = observed fluorescence intensitywhen the fluorometer's emission polarizeris oriented parallel to the direction of the
polarized excitation
11. = observed fluorescence intensitywhen the fluorometer's emission polarizerisoriented perpendicular to the direction
of the polarized excitation

Asample whose fluorophores are oriented nonrandomly and have a rotational period that is long compared to their
fluorescence lifetime will emit anisotropic fluorescence. The spectral shape and intensity of such fluorescence depend on the
viewing angle and the instrument's polarization factors.

Afluorophore's fluorescence intensity and peak position, and sometimes even its spectral shape, often depend on the
environment, includingchanges caused bythe solvent used, the solution'spH,or the speciesto which the fluorophore isbound.
Forthe above reasons care should be taken during the experimental design of a new methodology to consider and evaluate
these effects, and matrix match the reference and unknown as appropriate.

A Raman signal can introduce peaks into the fluorescence spectrum. The Raman peaks of the sample's solvent or matrix are
those most commonly encountered. Forinstance, the Raman peak of water, which isfound red-shifted 3382 crrr ' from the
chosen excitation wavelength, typically isobserved in the fluorescencespectrum of any aqueous solution excited by UV or blue
light.

CALIBRATION OF FLUORESCENCE INSTRUMENTS

Two types of fluorescence instrument calibrations are used. The first and most commonly used is analyte specific and
determines the relationshipbetween the response of the instrument (fluorescence intensity)and the concentration or amount
of a specific analyte. The second is analyte independent and is intended for spectral instruments. In this case, the wavelength
accuracy for emission and excitation and the spectral responsivity of the detection system are calibrated across the entire or a
continuous part of the wavelength range of the instrument.

Analyte Concentration-Calibration Curves

Calibration curves of instrument response (fluorescence intensity) vs. analyte concentration are determined using reference
materials that contain the analyte of interest. For instance, the fluorescence intensities of a set of solutions at different, known
analyte concentrations that cover a desirable concentration range can be measured and plotted vs. concentration. The plot
then isfitted to a polynomial, typically a straight line. The resulting calibrationcurve is both analyte and instrument specific
and can be used to determine analyte concentrations of unknown samples.Thistype of calibration may not be accurate when
the microenvironment surrounding the fluorophore isdifferent in the reference and unknown samples. Inaddition, users must
ensure that the fluorescence intensities of samples are reproducible and do not decrease over the time when they are being
excited and measured because the organic dyes typically used may be prone to photobleaching.

In some cases, calibrationsamples at known concentrations and prepared from appropriate reference materials may not be
available. Firstly, organic dyes that are used as fluorescent probes often are not commercially available at a known high purity
that enables production of referencesolutions.Secondly, in complex systemswhere fluorophores are bound to large molecules,
cells, or microbeads, the concentration of bound fluorophores in a solution or suspension may be difficult to determine. In the
latter case, the molecules of equivalent soluble fluorophore (MESF) scale has been proposed as an alternative way to use
calibration curves to quantify fluorescence intensityfor a particular analyte.

Emission Wavelength and Spectral Slit Width

Avarietyof reference standards have been proposed for use in the determination of emissionwavelength accuracy, including
atomic lamps and inorganic and organic fluorophores. The most widelyused and best characterized of these are low-pressure
atomic lamps, commonly termed pen lamps. In this case, the type of pen lamp (e.g., Hg, Xe, etc.) is chosen so that its radiated
atomic linesare within the desired wavelength range. The lamp is placed at the sample position so that its light iscentered in
the optical path of the detection system of the instrument. The accuracy of this method may decrease if the pen lamp is not
properly aligned. The emission wavelength selector-detector then measures the signal over the wavelength range of interest.
The measured wavelength positions of the resulting sharp peaks then are compared with the known positionsto determine
wavelength accuracy.

The spectral slitwidth accuracyof the emissionwavelength selector can be confirmed by measuring the spectral bandwidth,
taken to be the fullwidth at half the peak maximum, of a single line of a pen lamp. Forfluorescence spectrometers with both
excitation and emission monochromators, an alternative method can be used when one monochromator is scanned over the
position of the other.
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Excitation Wavelength and Spectral Slit Width

Many of the reference samples that are used for determining emissionwavelength accuracy also can be used for excitation
wavelength accuracy. For instance, a pen lamp can be placed at the excitation light source positionso that the resulting
spectrum isdetected after the excitationwavelength selector using the instrument's referencedetector. However, in this case, a
relatively weak signalmay limitthe number of useful atomic lines, and therefore alignment of the pen lamp is more critical in
this instance than for the emission wavelength accuracydetermination.

Once the accuracyof the emissionwavelength selectorhas been determined, use a diffuse scatterer, e.g., a scattering solution
or a diffuse reflector, at the sample to scatter a fractionof the excitation beam into the detection systemto determine excitation
wavelength accuracy. One wavelength selector is set at a fixed wavelength and the other is tuned over the same wavelength
to obtain a spectrum. The wavelength bias between the two wavelength selectors is equal to the difference between the set
wavelength position and the observed peak position of the collected spectrum. This method can be used at any wavelength,
unlike manyother methods that depend on a limitednumber ofset excitationwavelengths determined bythe referencematerial
chosen. Methods similar to those used for spectral slitwidth accuracy of the emissionwavelength selector also can be used to
determine the spectral slitwidth accuracy of the excitation wavelength selector.

linearity of the Detection System

Several approaches are available to determine the detection system's linearintensity range. Theycan be separated into three
types, based on the tools used to vary the intensityof light that reaches the detector: (1) double aperture, (2) optical filters
and/or polarizers, and (3) fluorophore concentrations. The double-aperture method isthe best established and probably isthe
most accurate when done correctly, but it also is the most difficult to perform. A varietyof methods using optical filters,
polarizers, or a combination of the two have been reported. These methods require high-quality, often costly, components and
some user expertise. The third method is the most popular and iseasiest. It uses a set of solutionsobtained by serial dilution
of a fluorescentstock solution that issimilar to one used for obtaining calibration curvesfor analyte concentration, as described
earlier. In this case, analysts use solutions with low concentration (A <0.05 at 1-cm path length), but fluorophore adsorption
to cuvette walls may affect measurements at very low concentrations. Users must ensure that the fluorescence intensitiesof
samples are reproducible and do not decrease over the time that they are being excited and measured because the organic
dyes typically used may be prone to photobleaching.

Signal level (Relative Emission)

Calibration of the relative responsivity of the emission detection system with emission wavelength, also referredto as spectral
correction of emission, is necessaryfor successful quantification when intensity ratios at differentemission wavelengths are
compared or when the true shape or peak maximum position of an emission spectrum must be known. Such a calibration is
required because the relative spectral responslvity of a detection system can change significantly over its wavelength range
(Figure 3). Analysts should know the degree of photometric precision required for successful quantitation. The linear range of
the detection system is determined before this calibration is performed, so that appropriate steps are taken (e.g., the use of
attenuators) to ensure that all intensitiesmeasured during this calibrationare within the linearrange. Whenone usesan emission
polarizer, the spectral correction for emission depends on the polarizersetting.

Two methods are preferredfor calibratingphotometric responsivity: one (Method A) uses lightfrom a calibrated source (CS),
and the other (Method B) uses certified reference materials (CRMs). Bothgive results that are traceable to national metrology
institutes.Acalibrated tungsten white lightsource isused most commonly for Method A and coversthe wavelength range from
about 350 nm into the NIR. Standard reference materials from the U.S. National Institute of Standards and Technology and
CRMs from the German Federal Institutefor Materials Research and Testingcurrentlyare available for use in Method B. Corrected
emission spectra of some commonly used dyesalso have been reported in the literature.Method A ismore difficult to implement
than Method B and requires periodic recertification of the CS. Athird method, Method C, uses a calibrated detector and a
calibrated diffuse reflector. Thismethod typically has larger uncertainties than Method A and Method B but is recommended in
UV and NIR wavelength regions that are not covered by the other two methods.
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Figure 3. Example of the relative spectral responsivity of an emissiondetection system (PMT-based grating monochromator)
for which a correction must be applied to a measured emission spectrum to obtain the true spectral shape (relative intensities).
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METHOD A

In Method A, analystsdirect CS light into the emissiondetection system by placing the CSat the sample position. Ifthe CS
is too large to be placed at the sample position, analystscan place a calibrated diffuse reflector(CR) at the sample position to
reflect the lightfrom the CSinto the emissiondetection system.The emissionwavelength selector isscanned over the emission
region of interest using the same instrument settings as used with the sample, and the signal channel output (5') is collected.
The known radiance of the CSincident on the detection system (L) can be used to calculate the relative correction factor (Ccs)
so that:

Ccs = L/S"

CC5 =relative correction factor
L=radiance of the CS incident on the detection system
5" =signal channel output

The corrected emission intensity is equal to the product of the signal output of the sample and CC5'

METHOD B

In Method B, analysts place the fluorescence standard at the sample position. Itsspectrum iscollected and iscompared to
the certifiedspectrum according to the instructionsgiven on the accompanying certificate, whichyieldsspectral correction
factors for the instrument.

METHOD C

Method Cinvolves two steps: Step 1 usesa calibrateddetector (CD) at the sample positionto measurethe fluxof the excitation
beam as a function of excitation wavelength. Step 2 uses a CR to reflecta known fraction of the flux of the excitation beam
into the detection system. This isdone by placing the CDat the sample position at a 45° angle, assuming a 0°/900 instrument
geometry, and synchronouslyscanning both the excitation and emission wavelength selectorsover the emission region of
interest while collecting both the signal output and the referenceoutput. This method allows analysts to calculate the relative
correction factor. This method has larger uncertainties than those for Method A or Method B and typically is more difficult to
implement.

Reference Signal Level (Relative Excitation)

Calibration of the excitation intensitywith excitation wavelength is necessaryfor successful quantitation when analysts
compare intensity ratios at different excitation wavelengths or when analysts must know the true shape or peak maximum
position of an excitation spectrum. Such a calibration is necessarybecause the relative spectral flux of an excitation beam at
the sample can change extensively over itswavelength range (see Figure 4). The neglect of excitationintensitycorrection factors
can cause even greater errors than neglect of emission correction factors. Fortunately, many fluorescence instruments have a
built-in reference detection system to monitor the intensityof the excitation beam. This monitoring usually is done using a
photodiode, PMT, CCD, or a quantum counter detector to measure a fraction of the excitation beam that is split off from the
rest of the beam. The collected referencesignalcan be used to correct the fluorescencesignalforfluctuationscaused bychanges
in the excitation beam's intensity. Reference detectors often are not calibrated with excitation wavelength, which introduces
errors that can be particularly large over longer excitation wavelength ranges (e.g., >50 nm) or in a wavelength region where
the excitation intensity changes rapidlywith excitation wavelength (e.g., the UV range). When an excitation polarizer is used,
the spectral correction for excitation intensitydepends on the polarizersetting.
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Figure4. Example of the relative flux of an excitation beam (Xelamp grating monochromator) for which a correction must
. be applied to a measured excitation spectrum in order to obtain its true spectral shape.
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When a reference detector is not built into an instrument, a spectral correction for the referencechannel or an independent
spectral correction of excitation intensity is required. Three methods can be used to determine the spectral correction of
excitation intensity:a CD (Method l)i a calibrated diffuse reflector (Method 2)i or a quantum counter (Method 3). The latter
two methods use the instrument's fluorescence detection system as a detector.

For Methods 1 and 2, the detector and diffuse reflectorare calibrated for responsivity and reflectance, respectively, as a
function of wavelength. ForMethod 2, excitation and emission wavelength selectors are scanned synchronously, and the
spectral correction for the emission channel [see SignalLevel (Relative Emission)] must be applied to the measured intensities.
Method 3 should be used onlyin the quantum counter's effective wavelength range where a wavelength-independent response
can be achieved. Method 1 usinga CDhasfewer caveats than do the other two rnethods. ACDisplaced in the sample position,
and the output is measured as a function of emission wavelength by scanning the excitation wavelength selector over the
excitation region of interest using the same instrument settings as those used with the sample. The known responsivity of the
CD is used to calculate the flux of the excitation beam. Ifthe instrument's reference detector is used to measure the intensity
of the excitation beam simultaneously with the CD, then the correction factor for the responsivity of the reference detector also
can be calculated.

Intensity and Sensitivity

The absolute value of the fluorescence signal measured by the detection system depends not only on the sample itselfbut
also on the excitation intensityof the sample and the optical geometry of the instrument. Therefore, determination of
instrument-independent fluorescence intensityof any sample or the absolute responsivity of any detection system in terms of
the intensityof the sample or measured by the detector, respectively, relativeto the excitation intensitycan be difficult.

The most accurate way to calibratean instrument for absolute intensity is to use conventionalstandards-based methods such
as those that employ a calibrated lightsource or a calibrated detector in combination with a calibrated reflector.These methods
require user skill and knowledge. Also, the (typically annual) certification and recertification are expensive. In addition, these
standards tend to be bulky and are not compatible with many instruments. Thus, most researchers use simpler alternative
standards and methods.

One approach isto correlatefluorescencesignalsto analyte concentrations using calibrationcurvesor MESF units (see Analyte
Concentration-Calibration Curves). Another approach isto measure the intensity of a standard sample that can be expected to
always give the same fluorescence intensity under the same conditions.

Organic dyes, such as those used as fluorescent probes, generally are not good choices for intensitystandards because of
issues with photobleaching, stability, and reproducible concentration. Iforganic dyes are used, then those with known high
purity and known shelf life, such as those produced by national metrology institutes, are recommended for single use (Le.,
analysts should use a fresh solution for every measurement).

A better alternative is to use fluorescent samples that are stable over time even when exposed to light. Forexample,
fluorescent, inorganicglasseswithwell-characterized photostabilityand spectral properties and long shelflives are commercially
available. Such materialscan be used for determining a quasi-absolute intensity scale by measuring fluorescent signal at fixed
wavelength valueswithin their recommended range using specifiedexperimental parameters such as bandwidths, excitation
intensities, and temperatures.

The sensitivity of a fluorescence instrument is determined by measuring the signal-to-noise ratio of the fluorescence signal
of intensitystandards. The Raman lineofwater often isused to measure sensitivity ina similarway, but the Ramansignaltypically
is strong enough only to be useful in the UV region. Analysts can use organic dye solutions to measure instrument sensitivity
or limits of detection with caveats that are identical to those that apply when the solutions are used as intensity standards.

The methods outlined here yielda quasi-absolute intensityscale that should be instrument independent for instruments with
similaroptical geometries, designs, and settings. Results of these measurements enable comparison of the sensitivity of different
fluorescence instruments, but these comparisons should be approached with caution because of the relatively large and
difficult-to-quantify uncertainties involved.

PROCEDURE VALIDATION

Validation of an analytical procedure using fluorescence demonstrates that the result isvalid within a specified, acceptable
uncertainty budget. Instrument qualification, which also may involve instrument calibration, usually is part of the process, and
analysts also must consider sample-related errors (see Sample-based Factors). These can arisefrom concentration, anisotropy,
photostability, and shape of the sample, in combination with effectsof the instrument's optical geometry. All suspected errors
should be quantified and combined to give a total estimated error that must be lessthan the method-specific, acceptable limit.

GLOSSARY
Absorptivity (a): Ameasure of the absorption of radiationfrom an incident beam as it traversesa sample, which is equal

to the quotient of:

A/bc

A =absorbance
b =path length (ern)

.c = concentration (mg/mL)
Also referred to as specificabsorption coefficient by the International Union of Pure and Applied Chemistry.
Absorption coefficient (0:): Ameasure of absorption of radiationfrom an incident beam as it traversesa sample according

to Bouguer's Law:
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I = transmitted intensity
I 0 =incident intensity
e = base of natural logarithm
a = absorptivity
b = path length of the beam through the sample

Note that transmittance T= 1110 and absorbance A = -log T.
Beer-Lambert law (or Beer's law or Beer-Lambert-Bouguer law): Inthe absence of any other physical or chemical

factors, A~ is proportional to path length, b, through which the radiation passesand to the concentration, C, of the substance
in solution in accordance with:

e~ =molarabsorptivity
C = solute concentration (MIL)
b = path length (cm)

Calibrated detector (CD): Alight detector whose responsivity as a function of wavelength has been determined along
with corresponding uncertainties.

Calibrated light source (CS): Alightsourcewhose radianceas a function ofwavelength has been determined along with
corresponding uncertainties.

Calibrated diffuse reflector (CR): A Lambertian reflector whose reflectance as a function of wavelength has been
determined along with corresponding uncertainties.

Certified reference material (CIM): Amaterial with properties of interest, the values and corresponding uncertainties
of which have been certified by a standardizinggroup or organization.A"reference material, accompanied by documentation
issued by an authoritative body and providing one or more specified property valueswith associated uncertainties and
traceabilities, using valid procedures" [International Vocabulary of Metrology (VIM) 5.14]. .

Diffuse scatterer: Amaterial that scatters light in multipledirections.This includes diffuse reflectors, which often are
Lambertian, and scattering solutions, which are not Lambertian.

Fluorescence anisotropy (r): Ameasure of the degree of polarization of fluorescence:

r= (111- 'J.)I(l1l + 2/J.)

'II =observedfluorescence intensitywhen the fluorometer's emission polarizer isoriented parallel to the direction of the
polarized excitation
I .L =observedfluorescence intensity when the fluorometer's emission polarizer isoriented perpendicularto the direction
of the polarized excitation

Fluorescence band: Aregion of a fluorescence spectrum where the intensity passesthrough a maximum, usually
corresponding to a discreteelectron transition.

Fluorescence lifetime:1 Aparameter describing the time decay of the fluorescence intensity of a sample component. If a
sample decays by first-order kinetics, this is the time required for itsfluorescence intensityand correspondingexcited-state
population to decrease to 1le of its initial value.

Fluorescence quantum efficiency: The ratio of the number of fluorescence photons leaving an emitter vs. the number
of photons absorbed.

Fluorescence quantum yield (<<Il): The probability that a moleculeor specieswill fluoresce once it hasabsorbed a photon.
Thisquantity isan innate property of the speciesand typically iscalculatedfor a sample as the ratioof the number of molecules
that fluoresce vs. the number of molecules that absorb. Fluorescence quantum yieldvalues range from 0 (i.e., no molecules
fluoresce) to 1 (theoretical maximum in which all molecules that had absorbed radiation fluoresce).

Flux (or radiant flux): The rate of propagation of radiant energy, typically expressed in watts. Spectral flux is the flux per
unit spectral bandwidth, typically expressed in watts per nanometer.

Grating equation: It describesthe relationship between the angle of diffraction and the wavelength of radiation that is
incident on a grating:

rnA. = d(sin IX + sin ~)

m = diffraction order
d =groove spacing on the grating
IX = angle of the incidentwavefront relative to the grating normal
~ =angle of the diffracted wavefront relative to the grating normal

Inner filter effects: Adecrease in the measured quantum efficiency of a sample caused by extensive absorption of the
excitation beam or reabsorptionof the emission by the sample itself. This causes the measured quantum efficiency to depend
on the absorbance, concentration, and excitation and emission path lengths of the sample.

Intensity: Ameasure of the amount of electromagnetic energy present. This general definition issynonymouswith or
directly proportional to the signal output of a photodetector or the flux of a sample or lightsource. Amore specific definition

1 BoensN, Qin W, Basaric N, et al., Fluorescence lifetime standards for time and frequency domain fluorescence spectroscopy.Anal Chern. 2007;79(5):
2137-2149.
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often used in radiometry is: the radiant flux per unit solid angle from a point source, which typically ;'S expressed as watts per
steradian (Wlsr). [NoTE-Steradian corresponds to the SI unit of solid angle.]

Lambenian reflector: Asurface that reflects light according to Lambert's law, i.e., the light is unpolarlzedand has a
radiance that is isotropicor independent of viewing angle. .

Limit of detection (tOD): An estimate of the lowest concentration of an analyte that can be measured with a given
procedure, often taken to be the analyte concentration with a measured signal-to-noise ratio of 3.

Noise level: The peak-to-peak noise of a blank.
Photobleaching: A loss of emission or absorption intensity by a sample caused by exposure to light. This loss can be

reversible or irreversible, and the latter typically is referred to as photodegradation or photodecomposition.
Quantum counter: A photoluminescent emitter with a quantum efficiency that is independent of excitation wavelength

over a defined spectral range. When a quantum counter is combined with a detector to give a response proportional to the
number of incident photons, the pair iscalled a quantumcounter detector.

Quasi-absolute fluorescence intensity scale: Afluorescence intensityscale that has been normalized to the intensity
of a fluorescent reference sample or artifact under a fixed set of instrumental and experimental conditions. This artifact should
demonstrably yield a fluorescence intensity that is reproducible with time and between instruments under a fixed set of
conditions.

Raman scattering: The inelastic scattering of radiation (the wavelengths of the scattered and incident radiation are not
equal) by a sample that occurs because of changes in the polarizability of the relevant bonds of a sample during a molecular
vibration. Unlike fluorescence, the radiation being scattered is not required to be in resonance with electronic transitionsin the
sample.

Rayleigh scattering: Theelasticscattering of radiation bya sample; i.e., the scattered radiationhasthe same energy (same
wavelength) as the incident radiation.

Responsivity (spectral): The ratioof the photocurrent output and the radiant power collectedbya light-detectionsystem.
Spectral responsivity is the responsivity per unit spectral bandwidth.

Sensitivity: A measure of an instrument's abilityto detect an analyte under a particularset of conditlons. .
Spectral bandwidth (or spectral bandpass or resolution): Ameasure of the capabilityof a spectrometer to separate

radiation or resolve spectral peaks of similar wavelengths. Usually observed as the triangular dispersionof an emission line, this
parameter is taken to be the full width at half the peak maximum (FWHM).

Spectral slit width: The mechanical width of the exit slitof ~ spectrometer divided by the lineardispersion in the exit slit
plane. In practice, observed as the triangular dispersion of an emission line, this width includesallthe transmitted wavelengths
for a given slit setting.

Transition dipole moment: An oscillating dipole moment induced in a molecularspecies by an electromagnetic wave
that is resonant with an energy transition of the species, e.g., an electronic transition. Itsdirection defines the transition
polarization, and its square determines the intensity of the transition.

(1854) MID-INFRARED SPECTROSCOPY-THEORY AND PRACTICE

PRINCIPLES OF MID-INFRARED SPECTROSCOPY

Mid-infrared (mid-IR) spectroscopy involves measurement of the absorption of electromagnetic radiation over the
wavenumber range of 4000-400 crrr ' (which corresponds to the wavelength range of 2.5-25 urn) caused by the promotion
of moleculesfrom the ground state of their vibrational modes to an excited vibrational state. The most commonly used
parameter to denote the energy ofthe transitionsisthe wavenumber, i.e., the number ofwavesper centimeter. Thewavelength,
A (urn), and wavenumber, v(crrr'), of radiation are related by the expression:

17=1041,,1, (1)

The mid-IR spectrum extends from 4000 crrr' (2.5 urn) to 400 cm-1 (25 urn), Molecules can move in a certain number of
vibrational modes. The energy of mode, i, is given by:

e, =hCV/(V; +~)+hCV/ xX; (v, +~r (2)

h = Planck's constant
c = velocity of light
Vi = fundamental vibrational frequency of mode i (crrr ')
Vi = vibrational quantum number of this mode
Xi = so-calledanharmonicity constant

The strongest bands in the mid-IR spectrum are caused by fundamental transitionsfrom the ground stateof a given mode
(Vi =0) to its first excited vibrational state (Vi =1), although weaker overtone and combination bands also are observed in the
spectrum. Overtone bands are caused by the promotion of molecules from their ground state to their second and higher
vibrational states (Vi =2, 3, etc.). Overtones are observed onlyfor those modes for which Xi is non-zero. Combination bands
are caused by the simultaneous promotion of molecules to two excited vibrational states. .

Vibrational modes involve the motion of all atoms of the molecule. Many modes involve only large-amplitudevibrationsof
the atoms in localized regions of the molecule, and the remaining atoms are largely unaffected. When molecules contain a
certain functional group, the transitions often occur in narrow spectral ranges. In this case, the wavenumbers at which these
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transitions occur are known as group frequencies. When a vibrational mode involves atomic motions of more than just a few
atoms, the frequencies occur overwider spectral ranges and are not characteristicof a particularfunctional group. Instead, they
are more characteristic of the moleculesas a whole. Such bands are known as fingerprint bands. All strong bands that absorb
at wavenumbers above 1500 crrr ' are group frequencies. Strong bands that absorb below 1500 crrr ' can either be group
frequencies or fingerprint bands. Thus, not all strong bands in the IR spectrum of a given molecule can be attributed to the
presence of a particular functional group.

The motion of atoms during a particularvibrational mode, i, is characterized by the normal coordinate, Qi' The intensity of
fundamental bands isgoverned by the square of the change in dipole moment, IJ, during the vibrational cycle (81J/8QY. Thus
vibrational transitions of modes involving polar groups, such as C-O, C=O, O-H, N-H, and C-F, typically give rise to strong
bands in the spectrum. Where (81J/8Qi) issmall, transitions are weak. When the symmetry of a molecule leads to the condition
that (81J/8Q) = 0 for a certain mode, the band corresponding to this mode does not appear in the IR spectrum. Overtone and
combination bands are always weaker than the fundamental modes from which they are derived.

Forfunctional groups that have the form XYz (such as -CHz, -NHz, -NO z, and -SOz)and XY3 (such as -CH3 and -NH3+),
first-order coupling can occur so that the mode issplit into a symmetrical mode (where both the Yatoms move to and from
the Xatom with the same phase) and an antisymmetrical mode (where one Yatom moves 180° out of phase with the other).
The amount by which the two bands are split depends on the Y-X-Y angle. The more closely this angle approaches 180°, the
greater the splitting. Thus, for example, for the symmetric and antisymmetric stretching modes of ketenes and isocyanates
where the angle isapproximately 180°, the splittingcan approach 1000 crrr ', whereasfor CHzand CH 3 groups where the angle
isapproximately 108°, the splitting is on the order of 100 crrr '.

Second-order coupling, sometimes known as Fermi resonance, occurs when an overtone or combination band happens to
occur at the same (or near coincident) wavenumber as a fundamental mode of the moleculethat involves motion of the same
atoms. In this case, the overtone or combination borrows intensityfrom the fundamental band, and the two bands split apart
by as much as 40 crrr'. The closer the bands that interact in this manner, the greater the splitting and the closer the intensity
for-the resulting bands.

SAMPLING PROCEDURES

Mid-IR spectra can be measured by transmission, external reflection, internal reflection [often called attenuated total
reflection (ATR)], diffuse reflection, and photoacoustic spectroscopy. Each of the major approaches is presented below.

Transmission Measurements

The alkali halide disk and mulling procedures are the traditional mid-IR transmission sample presentation methods for
materials that are in the form of a finely divided powder, as is the case for many drug substances and excipients. During
preparation of a sample suitablefor IR spectroscopy, the powdered material is uniformly dispersed throughout either the alkali
halide or mulling agent, which acts as a support matrix for the analyte. Other procedures by which transmission spectra can
be acquired include the use of solutions and compression cells. Neat compounds can be examined in a compression cell, as a
self-supportingfilm (for polymers), as a capillary film between the IR-transparent cellwindows (for liquids and semisolids), and
as a gas. .

The ratio of the single-beam spectrum of the sample and an appropriate background spectrum at a given wavenumber, V,
isknownas the transmittance, T-(v). Atransmittance spectrum isthe direct output of most prismor grating spectrophotometers.
Forspectra measured on a Fourier transform-IR (FT-IR) spectrophotometer, the two single-beam spectra are measured at
different times and are ratioed subsequently. An appropriate background spectrum should be measured. Foralkali halide disks
and mineral oil mullswhere the diameter of the sample is usually greater than that of the focused beam, the background is
measured with nothing in the sample compartment. Ifthe sample diameter issmallerthan that of the beam, the empty sample
holder should be in place when the background spectrum is being measured. Similarly, the background for measurements
made with an IR microscope should be measured with the same aperture that isused to measure the sample spectrum. Forthe
measurement of ATR spectra, the background spectrum should be the clean internal reflection element.

Becausetransmission spectra of nonscattering samples obey the Beer-LambertLaw (usually abbreviated as Beer's Law), the
transmittance commonly is converted to absorbance, A (v), i.e., 10glo 1IT (v). Beer's Law states that the absorbance of
component i at wavenumber, Ai (v), is the product of the absorptivityof i at that wavenumber, a,(v), the path length of the
sample, b, and the concentration of i, c;The measured absorbance of a mixture at each wavenumber is the sum of the
absorbances of each component of the mixture. Certain powdered alkali halides, such as potassium bromide, potassium
chloride, and caesium iodide, coalesce under high pressure and can be formed into self-supporting disks that are transparent
to mid-IR radiation.

Potassium Bromide (KBr) Disks

The alkali halide most commonly used is powdered, dry, highly pure potassium bromide, which is transparent to mid-IR
radiation to approximately 400 crrr '. From this point, alkali halide disks will be referred to as KBr disks even though they can
be made with other alkali halidessuch as potassium chloride and caesium iodide. IR spectroscopic-grade potassium bromide
with a particle size of 100-200 mesh (about 100 IJm in diameter) can be purchased commercially. Nonspectroscopic-grade
material'maycontain impuritieswith absorption bands in the mid-IR region. One of the more common impurities is potassium
nitrate, which has a sharp absorption band at approximately 1378 cm-1 • Powdered potassium bromide hasa tendency to adsorb
moleculesfrom the air over a long period of time, so it must be stored properly. If the potassium bromide isnot dry, itsspectrum
exhibits a broad absorption band caused by adsorbed water at approximately 3400 crrr ', along with a weaker band near
1640 crrr".
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Commercial presses and dies in a range of diameters are available for the preparation of alkali halide and similar disks. The
most common diameter of KBr disks is 13 mm, but mini-disks with a diameter as small as 0.5 mm can be prepared using
commerciallyavailable presses. Follow the manufacturer's recommended procedures for operating the dlsk-makinq accessory
and the press.

Typically, the weight ratio of sample to alkali halide is on the order of 1 part of the sample to 100-400 parts of potassium
bromide. An optimal procedure for preparing a 13-mm diameter disk isto pregrind the sample to a fine particlesizein an agate
mortar. Avibrating agate or steel ball mill alsocan be used. Then 1-2 mg of the ground sample isweighed and transferred to a
clean mortar (or vial). Aweighed amount of dry ground potassium bromide powder (300 mg) isthen added and mixed gently
with the analyte to form a homogeneous mixture. The optimum way of achieving homogeneity is to add about 10 mg of
ground potassium bromide to the sample in a mortar and then to gently mixwith the pestle. This isfollowed by successively
adding doubled quantities of potassium bromide (i.e., approximately20, 40, 80, and 160 mg) with mixingafter each addition.
The applied pestle action should induce good mixingwith minimal grinding becausefurther reduction of the potassiumbromide
particle size will lead to increasedwater absorption. (Ifthe mixing isdone in a vial, then the mixingtime isshortened.) The
mixture of potassium bromide and analyte is then transferred completelyto a clean 13-mm die, which isfilled and assembled
according to the manufacturer's instructions. When the die isconnected to a rotary vacuum pump, evacuate for about 2 min.
The die (still under vacuum) is placed in a hydraulicpress, and a pressuresufficient to form a diskthat shows uniform
transparency is applied. Discard any diskthat visually shows lack of uniform transparency or exhibits poor transmittance at
about 2000 cm-1

• Faulty, unsatisfactory, or poor-quality disks may be a consequence of inadequate or excessive grinding,
moisture/humidity, or impurities in the dispersion medium.

Mulls

To prepare a mull, homogeneously distribute the finely divided powder sample in a thin layerof a viscous liquid that is
semi-transparent to mid-IR radiation and has a refractive index closely matched to that of the sample. The prepared mull is
sandwiched between a pair of mid-IR-transparentwindows, and a transmission spectrum of the mull preparation is recorded.
The mull, which should have the consistencyof a paste, isformed in such a manner as to minimize radiation scattering effects
(radiation scatter from particles is worse when there isgreater mismatch between the refractive index of the dispersant and
surrounding medium). Thesandwichcan be clamped together ina mull cell.Commercial mullcells are available for both macro­
and micro-preparations.

The most widelyused mulling agent for the mid-IR region isa saturated hydrocarbon mineral oil (liquid paraffin, Nujol). This
material has strong absorption bands of 3000-2800 crrr ' and of 1500-1340 crrr ', and a weaker band at 720 crrr' that may
obscure the absorption bands ofthe sample inthese regions. Inthiscase,a mull may require preparation in a chemically different
oil.Thiscan be achieved bythe useofa perhalogenated oilmulling agent such aschlorofluorosubstituted polymers. Combining
the spectra of the sample prepared in the two mullingoilsand ignoring the regions where one of them has strong absorption
bands enables observation of the full mid-IR absorption spectrum with minimal interference.

Forthe preparation of a mineral oil mull, the particle size of the sample must be reduced to below that of the shortest
wavelength of the interrogating radiation (2.5 IJm) in order to minimize light-scattering effects that decrease spectral contrast
and cause band distortions.Thespectrum from a coarse powder or one that ispoorlyground will show a high degree of scatter
that is manifested as a sloping baselinethat decreases toward shorter wavelengths (higher wavenumbers). Also, a coarser
powder will increase the Christiansen effect, which is caused by reflection from the interface between materialsof different
refractive index.The refractive indexof materials with strong absorption bands varies ina waythat issimilar to the firstderivative
of the profileof the absorption band-a phenomenon that is referred to as anomalous dispersion. The Christiansen effect is
manifested as a transmission increaseon the short-wavelength (high-wavenumber) side of an absorption band with a
concomitant decrease on the longer wavelength side. Furthermore, a coarse, poorlydispersed powder can lead to a severely
distorted mid-IR spectrum in which the relative intensityof the weakerbands isenhanced and the intensityof the more intense
bands in the spectrum appears weakerand distorted. These effectsare a consequence of radiation that has reached the detector
but has not been transmitted through a representativesample of the analyte. Similar effectscan be seen in the spectra of poorly
prepared KBr disks.

During the preparation of mulls and KBr disks, some work isdone on the analyte, either in the form of grinding, mixing, or
pressing, and consequently there is the potential to induce solid-stateform transformations. Although laboratory mechanical
mills can produce powders with a small particle size, hand grinding using a mortar and pestle usually achieves better control
and less aggressive processingfor organic pharmaceutical materials. Practitioners generallyaccept that of the two procedures,
the mull procedure isthe lessaggressive and is lessprone to induce solid-stateform changes such as changes in the crystallinity
(polymorphism) or changes in the hydration or solvationstate (pseudopolymorphism).The KBr diskprocedure does, however,
have advantages over the mull presentation method because potassium bromide exhibits no absorption bands above
400 crrr' (neglecting any adsorbed water or impurities) and is better adapted to micro-sample preparations. When the sample
isa salt, as isfrequently the case for active pharmaceutical ingredients (APls), ion exchange can occur between the analyte and
alkali halide, and the sample is better prepared as a mull.

Compression Cells

The use of a compression cell has become a popular sampling procedure for recording a mid-IR transmission spectrum of a
small or limited-quantitysolidsample such as a single particle of an API or excipient, a contaminant such as a short length of
fiber, .or a smallfragment from a packaging material. This is particularly the case for investigationsusing an IR microscope
system. Type lIa diamonds are quite transparent over much of the mid-IR region, although they exhibitfairly strong absorption
between approximately 2000 and 2400 crrr '. Because of the high strength of diamond, it is commonly used as the window
material,of compression cells. The sample is placed between the diamond windows of the cell, the cell is then tlqhtened; and
the sample thickness is reduced to an optimum for a transmission measurement. The compressed sample can be examined
while it is contained within the compression cell. ,
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The mid-IR transmission spectrum of many polymers used as packaging materials can be recorded from samples prepared
as thin self-supporting films. Films of appropriate thickness can be prepared by, for example, hot compression moulding a
sample or microtoming a thin section from a sample. Softand low-melting solidsthat do not crystallize when cooled can be
prepared either as a thin layersandwiched between two mid-IR-transparentwindows by gently warming the sample or from
the melt. Thinfilms from some materials can be cast from solution onto an IR-transparent window.

Capillary Films

Nonvolatile liquids can be examined neat in the form of a thin layersandwiched between two matching windows that are
transparent to IR radiation. The liquid layer must be free of bubbles and must completely cover the diameter of the IR beam
focused onto the sample.

liquids and Solutions in Transmission Cells

Forthe examination of liquidand solution samples, transmission cellassembliesthat comprise a pairofwindows constructed
of mid-IR-transparent materialssuch as potassium bromide spacers, filling ports, and a holder are available commercially in
both macro-and micro-sampleconfigurations.Theycan be sealed, semi-permanent, or flow-through. Awide range of standard
thickness spacers and window materials isavailable. Forlaboratory applications, spacers are typically formed from lead,
poly(tetrafluoroethylene), or poly(ethylene terephthalate) and can be supplied, depending on spacer materials, in standard
thickness path lengths from approximately 6 urn to 1 mm or larger.

The optimum path length required for examining a particularliquidor solution usually must be determined empirically and
depends on its absorption characteristicsand whether the application is qualitative or quantitative. Insome instances for
qualitativework, transmission cellscan be replaced with disposable porous media such as polyethyleneor
poly(tetrafluoroethylene) mounted on a suitable backing. '

Gases

Mid-IR transmission cellsfor static or flow-through gas and vapor sampling are available in a wide range of materials to suit
the application, from laboratory to processscale. Inthe laboratory, the traditional gas cellhas been a 10-cm long cylindermade
from borosilicate glass or stainlesssteel with an aperture of about 40 mm at each end. Each open end is covered with an end
.cap that containsone of a pairof mid-IR-transparentwindowsconstructed from, for example, potassiumbromide, zincselenide,
or calciumfluoride. The cell body isfitted with appropriate inlet and outlet ports. Different gases may present different sealing
requirements that should be taken into account. Forthe detection of gases at the ppm level, long-path length cellsconstructed
from borosilicate glass or metal are used. These cells can be of fixed path length of up to about 2 m or of variable path lengths
of 10-200 m. Gas cellscan be jacketed and operated at temperatures of 2500 or greater, and their pressure ratings can range
from vacuum to more than 50 atmospheres. Small differences in temperature and pressure have significant effects on the
spectrum, and care must be taken to ensure that the calibration and analysis are performed under similar conditions such that
the calibration remains valid. .

Attenuated Total Reflection Spectroscopy

Attenuated total reflection (ATR) spectroscopy, alternatively known as internal reflection spectroscopy or evanescent wave
spectroscopy, has become a widely used procedure. This is largelya consequence of a new generation of simple-to-use
single-reflection accessories.

ATR spectroscopy relies onthe optical property that radiation passing through a medium of high refractive index, n2 [the
optically dense medium, also known as the internal reflection element (IRE)], at an angle of incidence greater than the critical
angle will be totally internally reflected at a boundary in contact with a material of lower refractive index, the sample, n, (the
optically rare medium). The critical angle, eo isgiven by n.!n2• The electricfieldof the radiation penetrates a short distance into
the opticallyrare medium. The intensity of this electricfield, which is known as the evanescent wave, is confined within the
vicinity of the surface of the denser medium. Its intensitydecreases exponentially with distance, normal to the surface, into the
optically rare medium. It can, therefore, be envisaged as penetrating the surface layerof the rarer medium. The depth of
penetration, dp, is a convenient comparative term for differentexperimental arrangements. It is the distance from the surface
of the IRE at which the amplitude of electricfield amplitude falls to 37% (1/e) of its value at the surface:

A.o =wavelength of the radiation in vacuum
() = angle at which the beam strikes the internalsurfaceof the IRE
nl 2 = n2/n1

Note that, to achieve total internal reflection, ()must be greater than ()o so that n2 is usually greater than 2.3. Some of the more
commonly used IRE materials are the following: zinc selenide (n2 - 2.4), Type lIa diamond (n2 - 2.4), silicon (n2 - 3.4), and
germanium (n2 - 4.0). Furthermore, dp decreases with increasing angle of incidence and increases with increasingwavelength
(decreasing wavenumber). As a consequence of the increase in dp with increasing wavelength, the band intensitieswithin an
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ATR spectrum appear-by comparison with a conventional transmissionspectrum-to be relatively increasingly enhanced with
decreasing wavenumber.

Furthermore, the refractive index of allmoleculesisnot constant and variesacrossabsorption bands (anomalous dispersion).
Forstrong absorption bands, n, can varybetween approximately 1 and 2. Thiseffectcausesa shiftin the measured wavenumber
of a band with respect to transmission spectra. Particularly when equipment is operating at high angles of incidence or with
an IRE with a low refractive index such as zincselenide or diamond,strong bands may also be accompanied by the appearance
of an underlyingfirst-derivative-Iike shape (see above for a discussion of the Christiansen effect in KBr disks).

Many different geometrical shapes and sizes are used for IREs. A trapezoidal IRE iscommonly incorporated into so-called
horizontalATR (H-ATR) units. Hemispherical IREs are the core of some micro-sampling ATR accessories. Rod or rod-like multiple
internal reflection IREs are often used for on-line monitoring of liquid processes.

Multiple internal reflection (MIR) elements allowthe internallyreflected radiation in the IRE to interact several or many times
with the surface layerof the sample with which it is in contact, thereby increasing the intensity (effective path length) of the
recorded sample spectrum. Still, the spectrum recorded is characteristiconly of the depth probed by a single reflection. The
number of internal reflections depends on the length and thickness of the IRE. MIR elements may be several centimeters in
length. Atypicalconfigurationfor a vertically mounted 4SO angle of incidence IRE may allow25 internal reflections. Today the
most commonly used MIR systems in the pharmaceutical laboratory are those in which the IRE is mounted horizontally. These
are often referred to as H-ATR accessories. MIR systems based on cylindrical rods with cone-shaped ends or similar geometries
are often incorporated as liquid-sampling devices in flow-through solution cellsor are used for on-line process monitoring. The
trapezoidal-shaped MIR elements incorporated into H-ATR accessories enable or facilitate study ofa wide range ofsample forms,
including liquids, solutions, dispersions, creams, pastes, waxes, semi-solids and soft powders, continuous flat surface solids,
solutions,films cast from solution, and many more. Micro- and macro-H-ATR accessories are commercially available with 1, 3,
9, or more sample-interaction reflections.

Single-reflection, simple prism,and noveldesign IREs are also used in commercial H-ATR units.Theyprovidean effective and
convenient means of analyzing and studying samples in a diverse range of physical forms. In particular, small contact area,
single-reflection, fixed angle of incidence H-ATR accessories have become popular no-preparation sampling deviceswithin the
pharmaceutical industry because they provide a ready means to record, in a simple, quick manner, a mid-IR spectrum from a
limited quantity of almost any condensed-phase material. Hemispherical IREs act as focusing lensesso that the area sampled is
generallysmallerthan that sampled with prismatic IRh. Even though the IRE may be opaque to visible light, many accessories
listed above allowsome form of viewing capabilityso that the sample under test can be inspected.

Single-reflection micro-ATR units have the advantage of virtually no requirement for a solid sample to have a uniformly flat
surface. The test sample is placed in contact with the IRE sampling area and, if it is a solid, a clamp is used to compress and
secure the sample against the IRE. Hemispherical ATR elements of zinc selenide, germanium, and silicon also form the sensing
elements for ATR objectives that can be fitted to mid-IR FT-IR microscopes. Several of the accessories are capable of operation
at controlled elevated temperatures that permit, for instance, studies relating to thermally induced, solid-state form
transformations.

The hardness, scratch resistance, chemicalinertness,and mid-IR transparency overa wide wavenumber range make the Type
lIa diamond a unique materialfor ATR measurements. Even though it does have a broad absorption feature between
approximately 2400 and 2000 crrr '. for most pharmaceutical applications, this isnot prohibitive because this is the region in
which only characteristicstretching bands occur for triple and cumulated double bonds. Because of cost, the use of Type lIa
diamond as an IRE material is usually restricted to micro-ATR accessoriesor when the IRE is used as the sensing element in an
ATR immersion probe for process monitoring. Diamond has a refractive index that is closely matched to that of zinc selenide,
so composite IREs can be constructed. Lower-cost focusing or support optics made from zincselenidecan be opticallyinterfaced
with a Type lIa diamond ATR sensing element, thereby minimizing the overall cost of the IRE while still benefiting from the
properties of the diamond. On the basisof this technology, 3- and 9-reflection MIR configurationshave been designed for both
laboratory systems and process probes.

External Reflection Spectroscopy

Several types of external reflection IR spectra can be measured. Among them are Fresnel reflection, transflection, reflection­
absorption spectroscopy, and photoacoustic spectroscopy, but with the exception of diffuse reflection they are not widelyused
in pharmaceutical applications.

Diffuse Reflection

Spectra recorded from powders or fairly fine granular samples are known as diffuse reflection (DR) spectra. Most of the
spectrum originates from radiation that has penetrated through the surface of the sample and has been transmitted through
multiple particles. Arelatively smallfraction of the DR spectrum originates from radiationthat has been reflectedfrom the front
surface of the samples and therefore has the shape of a Fresnel reflection spectrum. Because the shapes of bands in mid-IR
Fresnel reflection spectra are asymmetrical, the fraction of Fresnel reflectionthat contributes to a DR spectrum should be reduced
to be as smallas possible. This may be achieved in a number of ways, the most important and commonly used of which is to
dilute the sample by mixing it with 90%-99% of a nonabsorbinq diluent such as finely powdered potassium bromide or
potassium chloride. The sample dilution has the added benefit of reducing absorption band intensities to an appropriate level.

DR spectra largelyresultfrom photons that have been transmitted through tens to hundreds of particles and, therefore, have
an appearance similar to that of transmission spectra. However, DR spectra do not obey Beer'sLaw. Instead, the DR spectrum
measured at infinitedepth, Roo (i.e., band intensities do not change ifthe thicknessof sample is increased), is converted by the
Kubelka-Munk function:
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The function ((Roo) is equal to the ratio of the absorption coefficient to the scattering coefficient of the sample. DR is usually
calculated by taking the ratio of the single-beam spectrum of the diluted sample to the single-beam spectrum of the neat
diluent. Ideally, the sample isground to the point that the average particlediameter is <5 IJm. Thesample-diluent mixture is
thickenough that any increasein its thicknessdoes not lead to a change in the spectrum. Samples measured in this way are
said to be measuredat infinitedepth, and the reflectance isgiventhe symbol, Roo. Formid-IR DR spectrometry,the infinite depth
criterion is usually obeyed when the thickness isat least 100 IJm, but to be conservative the depth of most sampling cups for
mid-IR DR spectrometry isat least 1 mm.

Acommon wayof preparing samplesfor DR spectrometry isto overfill the cup and to level the samplewith a spatula or razor
blade. However, this way of preparing the sample can lead to a difference between the scattering coefficient near the surface
and in the bulkof the sample. Because the intensityof DR spectra depends on the scattering coefficient, a better sample
preparation procedure isto slightly overfill the cup and to tap the base of the cup on a bench until the top surfaceis level with
the rim of the cup.

Several types of accessories are used for the measurement of DR spectra. On-axis, or bright-field, DR accessories are similar
to veryefficient specular reflection accessories. They are the most efficient devicesfor the measurement of DR spectra but
generallygivethe least rejection of Fresnel reflection. Off-axis, or dark-field, DR accessories are less efficient than on-axisdevices
but rejectspecularreflection moreefficiently. Compound parabolic concentrators alsohave been adapted for DR measurements
and appear to be intermediate in efficiency and Fresnel reflection between on-axisand off-axis accessories. Finally, integrating
spheres have been used for DR spectrometry. These devices are the most accurate photometrically but are the leastefficient.

MICROSPECTROSCOPY AND IMAGING

Transmission Microscopy

Inany microscope, the area ofa sample under study isdefinedbyone or more remote masking aperturesmounted at focused
image planesconjugate to the samplefocus plane. Ifthe sample ismounted on a computer-controlledx-y stage, then successive
neighboring or specified regionscan be measured sequentially. Thesesingle-pointspectra can be used to generate
absorbance-intensity contour maps or false-color images that highlightdifferences or inhomogeneitiesacrossthe area mapped.
Such maps can also be generated by moving the sample manually, but this procedure can be verytime consuming. The linear
dimension of the smallestsample that can be studied by mid-IR FT-IR microscopy isapproximatelyequal to the wavelength,
i.e., approximately 10 IJm. Inpractice, one can usually record a single-pointspectrum of acceptable signal-to-noise ratio (SNR)
and spectral resolution within a reasonable time-scale from a masked sample area of 10-lJm diameter in about 1 min. For
mapping over a relatively large sample area, where hundreds or even thousands of spectra are needed, a much more
time-efficient process is to use an FT-IR microscopeequipped with an array detector. Variable-temperature studies with
thermomicroscopyobservationsand variable-temperaturestudiesundertaken on an FT-IR microscope can be particularly useful
for studying solid-state form and thermally induced transitions in situ.

As with macroscopic sampling, micro-samples presented for transmission FT-IR microscopy measurementsshould be flat.
Fora full mid-IR fingerprintspectrum, they should be ofan appropriate thickness which, in the caseof manyAPls, may requirea
sample of approximately 1O-lJm thickness or less. Compression cells are particularly useful for thinning a sample. Athinned
sample can be examined under compression or (lesspreferably) with the top window of the cell removed and the thinned
sample examined whilesupported on the bottom window. Agood practical means of providing an appropriate sample from
which to record a single-beam background spectrum is to mount a small particleof potassium bromide alongside the sample
and thin both by compression under the same conditions.Thesingle-beam spectra of the sample and reference materials then
can be measured under the same conditions simplyby movingthe compression cell using the x-y stage of the microscope.

Manycontinuoussolids such as polymersused in packingor fibers found as contaminants can be prepared to an appropriate
thickness and examined in a compressioncell by FT-IR microscopy. Rolling with a tool specifically designedfor this purpose can
also sometimes decrease the thickness of soft samples. Laminated samples can be sectioned using a microtome and can be
examined either free-standing or supported on an IR-transparent window. Analysts commonly use a microtome to get a
cross-section from a multi-layer polymer laminate film so that its layerstructure can be analyzed by FT-IR microscopy.

Reflection Microscopy

All major types of reflection spectroscopy discussed above can be implemented on microscopes. Most microscopes have
opticalconfigurations that enable them to be switchedfrom transmission to reflection measurements ifthe operator switchesa
simpleflip mirror. The angle of incidencefor these measurements isusually between 30° and 45° so that both Fresnel reflection
and transflection measurements can be carried out easily. Incontrast, special microscopeobjectives are requiredfor ATR or
reflection-absorption spectrophotometry.

ForATR microspectroscopy, the sample under investigation issupported on the microscopestage, and the ATR objectiveis
lowered until the IRE is in optical contact with the uppermost surface of the sample. Reproducible contact pressurecan be
achieved by the use of a pressuregauge. Adisadvantage of usinga germanium IRE is that, unlike zincselenide, it does not
transmit visible light, which precludes in situ visual inspectionof the sample. ATR mapping using a computer-controlled
mapping stage in a manner analogous to that of transmission mapping isalso possible, but this is usually restricted to soft
materials. .
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Hyperspectral Imaging

USP 43

The term hyperspectral imaging came into USe to describe the process Whereby a focal plane array (FPA) detector is used to
record simultaneouslyan array of spectra from a stationary sample. Each pixelof the array recordsa spectrum of a different
region of the sample. This approach isa much more time-efficient process than single-point mapping if many spectra are
measured from a large sample area. Typical array sizes for mid-IR applications are 256 x 256, 128 x 128, and 64 x 64. The
individual mercury cadmium telluride (MCT) detector elements (pixels) of mostFPAs are 6.25 urn x 6.25 urn, The detectors
that are incorporated in the FPA are photovoltaic(PV) detectors, unlike the single-elementphotoconductive (PC) MCT detectors
that are used for many FT-IR measurements (see below). Whereas PC MCT-detectors operate at leastto 750 crrr ', PV detectors
that are installed in FPAs typically have a lowwavenumber cut-off in the region of approximately900 crrr''. Advances in digital
electronics and FPA design enable 64 x 64 MCT FPAs to be used with an FT-IR spectrophotometer operating in the more
conventional continuous-scan mode. The three-dimensional array of data sets, two spatial and one spectral, recorded in such
an imaging measurement has become known as a hypercube or data cube.·

An alternative way of hyperspectral imaging that is now commercially available isa hybrid approach in which a linear array
of small PC MCT detectors is used in combination with a computer-controlled mapping stage. Adjacent regions are rapidly
repositioned under the array detector until the full spatial region of interest has been covered. The full field image is built up
as a mosaic of the individual area images recorded. In one system, which incorporates a 16-detector linear array, the lower
wavenumber cut-off isapproximately 700 crrr".

INSTRUMENTATION

The majorityof mid-IR spectra are measured with an FT-IR spectrophotometer. These instruments generally incorporate an
incandescent silicon carbide (Globart-type) source. The radiation emitted by the source iscollimated and passed into a
continuous scanning two-beam interferometer. The rate of change of optical path difference in the interferometer (usually
known as the optical velocity) is typically on the order of 0.2-5.0 cm . S-1. The actual value depends on the detector and the
analog-to-digital converter (ADC). The beam emerging from the interferometer is then focused at the center of the sample
compartment of the spectrophotometer by an off-axis paraboloidal mirror.After being transmitted through, or reflectedfrom,
the sample, the beam isfocused onto the detector. Thissignal iscalled an interferogram. The interferogram is a record of the
variation of the AC component of the energy incident on the detector as a function of the optical path difference (retardation)
of the interferometer. The Fourier transform of the interferogram is the single-beam spectrum.

The measurement usually involves passinga laserbeam through the center of the interferometer, with the resultingsinusoidal
interferogram measured by a detector of visible radiation at the same time the IR interferogram ismeasured by the IR detector.
The usual laser used for this purpose isa helium-neon (HeNe) laserwith a wavelength of 632.8 nm (15,802 crrr '). This laser
interferogram allows the exact position of the moving optical element in the interferometer to be determined. In FT-IR
spectrophotometers equipped with an externallytriggerable ADC, the IR signal is digitizedat each wavelength of the laser
interferogram, typically at the zero crossings. If the IR interferogram issampled once per wavelengthofa HeNelaser,the spectral
range is restricted to 0-7901 crrr", i.e., one-half the wavenumber of the laser. Insome contemporary FT-IR
spectrophotometers, a sigma-delta ADC is used. These ADCs sample the interferogram at constant time intervals rather than
at constant intervals of optical path difference, but they have a greater dynamic rang~ than do externallytriggered ADCs. In
the latter case, the instrument's software calculateswhat the value of the interferogram would have been at the laserzero
crossings.

Inobtaining the spectrum of a sample, the single-beam spectrum of the sample and an appropriate reference are measured,
and the ratio of these two single-beam spectra iscalculated. Ifthe spectrum isobtained in the transmission mode, the ratio is
known as the transmittance spectrum, T(v). Formany measurements, the negative logarithm of T(v) iscalculated to give the
absorbance, A(v). Ifthe sample is interrogated in the reflection mode, the ratio is the reflectance spectrum, R(v). ForATR,
transflection and reflection-absorption measurements, R(v), are usually converted to absorbance in the same way as for
transmission spectroscopy. Conversion to A(v) isessential for quantitative measurements. ForFresnel reflection measurements,
R(v) isoften subjected to a Kramers-I<ronig transformation to yield the absorption index spectra, k(v), and the refractive index
spectra, n(v). Formid-IR diffuse reflection measurements, R(v)isusually converted by the Kubelka-Munk function (see Equation
4).

The standard detector used in FT-IR spectrophotometers isa room-temperature pyroelectric bolometer, most commonly
deuterated triglycinesulfate (DTGS) or deuterated L-alanine-doped triglycinesulfate.These detectors respond to IR radiation
of all wavelengths, and their low wavenumber cut-off isdetermined by the window behind which they are mounted. The
window is typically selected to match the material on which the beamsplitter isdeposited and is usually potassium bromide,
so that the range is restricted to 400 crrr'.

When the sensitivity of pyroelectric bolometers is inadequate, e.g., for measurements made through a microscope or with a
gas chromatography interface, the more sensitiveMCT detector is used. MCT detectors are generally operated in the
photoconductive mode and are usually cooled to 77 Kwith liquid nitrogen (LN2) . Thermoelectrically cooled MCT detectors are
available, but their low wavenumber cut-off is usually well above 1000 crrr ', and they are not as sensitive as LN2-cooled MCT
detectors. Liquid nitrogen-cooled indium antimonide (InSb) detectors can also be used.Thesedetectors are more sensitivethan
MCT but have a cut-offat 1800 ern:'.

Two problems with MCT detectors should be noted. First, because they are more sensitive than DTGS detectors, they ~hould
be used only when the sample or sampling accessoryattenuates the beam by at least a factor of 10. Otherwise, the ADC will
be overloaded and the photometric accuracyof the spectrophotometer will be seriously affected. Ifthe instrument isequipped
only with an MCT detector (a rare circumstance), a neutral-densityfilter can be mounted in the spectrophotometer beam to
reduce the energy of the beam at the detector to an appropriate level. Second, even when the ADC isnot saturated, the response
of MCT detectors isoften nonlinearat high signal levels near the centerburst of the interferogram. The effectof this nonlinearity
is to cause the baselineof the calculated single-beam spectrum to be displaced from zero. This effectcan be seen readilywhen
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one plots the single-beam spectrum between 0 and 4000 cm-1• If the average energy in the single-beam spectrum between,
for instance, 400 and 300 crrr ' is above or below zero, the detector is responding in a nonlinear manner in the region of the
centerburst, and the photometric accuracy of the measurement isdegraded concomitantly. Some vendors supply software to
correct for this effect, but in general the signal should be reduced by inserting a neutral-densityfilter, not an aperture stop, in
the beam.

FACTORS THAT IMPACT MEASUREMENT PERFORMANCE

Spectral Resolution

The main factor that affects the resolution of an FT-IR spectrophotometer is the maximum optical path differenceof the
interferogram.The nominal resolution, ilv, is the reciprocal of the maximum optical path difference.

The divergence angle of the beam passing through the interferometer may also degrade the resolution. The effective
collimation of the beam that passes through the interferometer isdetermined by the limiting aperture of the optical system. In
instruments designed for high resolution (LlV> 0.5 crrr'), an adjustable aperture that serves the same purpose as the entrance
aperture of a monochromator is installedat a focus between the source and the interferometer. As the desired resolution is
increased (Le., LlV is made numerically smaller), the diameter of this aperture, which is known as the iacquinot stopor J-stop, is
decreased, making the divergence angle of the beam in the interferometer smaller; however, this procedure may increasethe
noise in the spectrum. In lower resolution instruments (typically those with a maximum resolutionof 1 or 2 cm-1) , the detector
serves the purpose of the [acquinot stop.

Ifthe true full-width at half-height of the bands or lines in the spectrum is lessthan LlV, side lobes are seen on each narrow
spectral feature. These side lobes can be eliminated by apodization, Le., multiplying the interferogram by a function that is
equal to 1 at the centerburst and decays monotonicallywith optical path difference. Besides reducing the amplitude of the side
lobes, apodization also has the effect of degrading the resolution(broadening the bands). When an interferogram is not
weighted, it isoften (incorrectly) said to be apodized with a boxcar apodization function, although a better term would be a
boxcar truncationfunction. The selection ofapodization functionshould be made on the basisof the purpose of the experiment,
but it is usually limited to a few choices.

The Norton-Beer weak, medium, and strong apodization functions give the optimum combination of side-lobe amplitude
for a loss in resolution of 20%, 40%, and 60%, respectively. The Norton-Beer medium apodization function isgenerally
appropriate for many measurements of condensed-phase samples. The Happ-Genzel apodization function is also a nearly
optimal function that degrades the resolution by about 50% (i.e., it is midway between the Norton-Beer medium and strong
functions). Acommonly available function is the triangular apodization function. Thisfunction has the effect of causing
significantdeviationsfrom Beer's Law and is not recommended.

.Wavenumber Accuracy

The mainfactors that affectwavenumber accuracyare the alignment of the laserand IR beams in the interferometer and the
divergence of the beam passing through the interferometer as observed with the IR detector. One might think that because
the wavenumber of the laser beam is known very accurately, the wavenumber scale of a spectrum measured on an FT-IR
spectrophotometer should be known to equal accuracy. However, the laser beam is highlycollimated, whereas the beam from
the IR source isnot (a collimated beam can be obtained onlyfrom a point source). Because both the source and detector have a
finite size,equal accuracy (of the wavenumber of the laserbeam and the wavenumber scaleof the spectrum measured) isnever
the case.As the diameter of the [acqulnot stop isdecreased, a smallwavenumber shift (always lessthan 0.25 ilv) will be observed.
When the diameter of a sample is less than the diameter of the beam focus in the sample compartment or the sampling
accessory, the effect is also to vignette the beam (Le., to stop the beam down), and a smallwavelength shift will be observed.

Photometric Accuracy

The main factor that affects the photometric accuracyof FT-IR spectrophotometers isthe linearity of the detector response.
As noted above, the response of pyroelectric bolometers usually varies linearly with the energy on the detector, but this is not
the casefor MCT detectors. WithMCT detectors, the best wayofdetecting photometric error ismeasurement of the nonphysical
energy in the single-beam spectrum below the detector cut-off.

Sensitivity

The sensitivity of the instrument can be determined by measuringtwo single-beam spectra under exactlythe same conditions
and calculating their ratio to produce what iscommonly known as a 100% line.The noise level in differentspectral regionscan
be estimated either as the peak-to-peak noise, i.e., the difference between the maximum and minimum values of the percent
transmission inthe selected spectral region(s),or the root-mean-square (RMS) noise, i.e., the standard deviationofthe spectrum
in that region. The RMS noise level is the preferred metric because this calculation involves all the data in the selected region
rather than just the two most deviant points. An example of suitable measurement conditions to test the sensitivity of an FT-IR
spectrophotometer equipped with a DTGS detector are 16 co-added scans, a resolution of 2 cm-1, and Norton-Beer medium
apodization. The most commonly used spectral region is 2200-2000 crrr ' because (a) this iswhere the performance of most
mid-IR spectrophotometers is highest, and (b) no common atmospheric interferent such as water or carbon dioxide absorbs
strongly in this region. However,. other regions should be tested close to the ends of the spectrum, such as 650-450 cm-1 and
4000-3800 crrr". The SNR of the spectrophotometer operating with certain parameters in a given spectral region isestimated
as 1OO/(RMS noise level in percent transmission).
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Beer's Law Linearity

Forquantitative measurements, the spectrum is measured at a resolution that isat least twice as narrow as the narrowest
band in the spectrum. The use of either the Norton-Beer medium or Happ-Genzelapodizationfunction is recommended. For
optimal photometric accuracy, the maximumabsorbance ofthe analytical bands isno greater than 1.0 absorbance unit. Higher
absorbance values can be tolerated with certain combinationsof resolution and apodizationfunctions. The effectof band width
and peak absorbance on Beer'sLaw linearity for strong bands depends on the resolution and apodizationfunction, and should
be validated on a case-by-casebasis.

, ,

Change toreQd:

l' :NEAR:INFRAREbsPECTRbSCOPy~tl-fEbRYAND'PFf

1: THEORY
2. TRANSMISSION, REFLECTION,AND TRANSFLECTION MODES

.2.1 Transmission Mode
2.~Refledion Modes
:2.3TransflectionMode

3. FACTORSTflATAFFECt NIR SPECTRA
3:1 Environmental Factors
'3.2Sampling Factors

4. PRETREATMENT OF NIR SPECTRAL DATA
5. 'INSTRUMENTATION

5.1 Apparatus
'5.2 'lTlagingTechniques
5.3.lnstrqmerit Calibration' Considerations

6: APPLICATIONS
6.1,Qu'alitative Ahalysis:ldentification and Characterization
62 Tre!ldAnalysis
6.3 Quantitative Analysis

7. PROCEDURE VALIDATiON
7.1'Ongoing Method Evaluation
7;2 Method Transfer

USl' Reference Standards
GLOSSARY

1. THEORY

N~ar-fnfrared '(NIR) spectroscopy is a technique with broad and varied applieations in'pharmaceutical analysis. T
spectral region liesbetween the ultraviolet (UV)-visible and infrared regions, and at one time was considere e fo
region ofthe, electromagnetic spectrum. It isa branch of vibrational spectroscopy that share. ny of thep ",II:>.' rn:>r

tootner spectroscopictechniques. The NIR spectral region comprisestwo sub-ranges (see Fi associa
used in inst entation. The short-wavelength (Herschel) region extends from appro~imately 7 1100 h
900 d the longer wavelengths, which'fall between 1100 and 2500 nm(9000i...4000 c "com
NIR " gion. Itis common to express the wavelength (Ie) in nanometers (rim ncy(

s (wavenumber) as acqUired by the instrument. Usually, Fourier-transfor ',' et
wavenumber·(cm-,l), whereas a dispersive, monochromator-based.instrument will show the x-axis in
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figure 1. NIR region of th~ electromagn~ticradiati9~spectrum.

,The most common measurementsperformedinthe NIR spectrarrangeare transrnissionandreflect spedmscopy~ Incideri~
NIR radiati.on isabsorbed or scattered by the sample and is measuredas transm.ittance or reflectance, espectively.

2.1 Transmissioli Mode

I.· .~..

T:::: --: or T= lO-A10: . , ..... ,

I
i~
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2.2 ·Reflection Modes

2.2.1 REFLECTANCE

Reflectance (R) is the ratio of the intensity of light reflected from.the sample, I; tbthat reflected from a oack~rounaor
reference reflective surface, fR•

It iscomposed of both the specular (mirror) andthe diffuse components (seeFigure 2).

Figure 2. Specular an.d diffuse reflectances,

Th
cifre
singl

'nation of re ctance requires the measurement of a reference reflectionspectr
t relative t e unattenuated incident beam. The reflectancespectrum iscalc
ectrum of t e sample to that of the reference material.

R = l.­, I
R

ation

~.intensi

== inte .
-{lightdi
flight ref

Iy,reflected from the sample. _
e from the backgroundor reference reflective surface

.eCtral region are made of scatterin s: fQr
substantial distance into the sample,

e onds 0 ~ transitionbetween the ground vibratlo
(an overtone) or the sum of two or more diff

Nonabsorbed radiation re. ackfrom the sample to the detector. NIR refle. yare accessed by
calculating and plotting log (1/R) versuswavelength. Other abscissa data transformationscan alsobe used.This logarithmic
form isthe pseudo-absorbance of the material and iscommonlycalledabsorbance.

2.2;2 DIFFUSE REFLECTION

e reflection mode givesa measure of reflectance (R) (penetrating the sample surfac
kthrough the sample's surfa e), which isthe ratio of the intensity0

k - ivesurface Or), where by using.ca(
penetrate a substantial distance int

velton nances of the analytespecies present in the sample..
ackfrom the sample to the detector.

1 =intensity of light diffusively reflected from the sample
I, = intensity of light reflected from the backgroundor reference reflective surface

. . The sample isexamined in a suitable d
sapphire)window interface, or using a

reproducible as possible fromone sample
btain the baseline, and then the reflectanc

Comm nce re er . . ._. de ceramictiles, thermoplasticresins, and
some. -analysis situation~, it may be impossible to removea probe for re ..
cases,considervarious options including internal referencing; measurement ofabackground referen\.c 1.l';)III\.f 'I ,,'"
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3.2.1 SAMPLE PRESENTAflONAREA

'. ,I~e sample presentationareaoTprobe end mustoedeifnandTreeofresialieprlorto'tlifmeasuremeri[~STmnarly, the'i~~lfn~
or on-line interface to the sample should not havesignificant pr.oductor'contaminaticmbuild~lJp, which wOlJld.interfer,ewi~h
the desired measur.ement.

3.2.2.SAMPLE TEMpE' RE

'doth
ature

Sample temperature influences .spectraobtained from aqueous sol'
,difference of ?I. few degrees may result in'significant spectral changes. T
polar liquids, as well as solids that contain solvents and/or water:

:3;2.3 MOISTURE AND SOLVENT

ydrogen;:-­
also,affe

. Moisture and solvent that are present in the sample material and analytical systemmay ch(i
Both absorption by moisture and solvent, and their influence on hydrogen bonding pi the act
and eXcipients, can change the NIR spectrum'.

e-sam~le~

Ingredients

3.2.4 SAMPLE THICKNESS

Samplethickriess isa
,and caps'ule analysis;Th
the sample. Indiffusere ion mode, the sa thic
relative to the detectable penetrationdepth ofNIR .
the reflection spectrum does not change ifthe thic s of.
powders, an infinite ttlickness istypicCllly reached after 5 mm of sa

3.2.5 SAMPLE C>.pTlc:,£\LI'RCipERTIES

3.2.6 SOLID-STATE FORMS

iations in solid-statef
eren rystalline form
Rsp a. Where' mul

stribu of forms rele

3.2.7 AGE OF SAMPLES

4. PRETREATMENT OF NIR SPECT.~.. ~LI)A1'A

Samples may exhibit changes in their chemical, physical, or opticalpro erties
'conditions, solidsamples may either.absorb or. desorb water/solvent, a' rtjo
Materials used for NIR model calibration are representative of future sarnp es an
takento ensure that samplesfor NIR analysis are representative;

_, NIR spectraldata to be used in qualitative or quantitativeapplications 0
orsampling factors, enhance a certain signal, or for other purposes that
mathematicaltreatment. Preproc fsamples (rowsofdata) may in
procedures.NI~ responses (colu ,ata)also can be transformecj"
nature ofthe NIR.signal,it is common to remove linearor polynomial t
as derivatives, wavelets; ora Savitzky-:::-Golay fil.ter. Spectral pretreatmen
the first- or 'second~order derivative of the spectrum. Higher:..order deriv
spectral noise. Formore detail,see Chemometries (1039).
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5.INSTRUMENTATBON

AIINIRmeasurements resultfromexposingmaterial to incident NIRlightradiation and measuring the attenuaf"
erT)erging . itted,scattered, or: ~eflected) Iig~t. Spectrophotbmeters for measurement in the NIRregio '
suitable Iig _. _. e, such as.a highlystable quartz-tungsten lamp, a monochromator or interferometer,'and
Common monochromators are acousto-optical tunable filters, gratings, or prisms. Traditionally, many.NIR in-: e. ,mentshave
had as' - eam design~ although some process instruments use internal referencing and can ther.efore be dual beam(for
e~ampl iode array instrumen~s).Silicon, lead sulfide, and it:ldiumgallium arsenideare examplesof rials; ,

mplingdevices includeconventional cL!vette sample holders,fiber':optic probes, transmis utral,
Is, and ~pinningor traversing sample holders.Th~ choice is made on the basisof the inten vvith

ra ention paid to the suitability of the samplingsystemfor the type ofsampleto be anaJyzed. Suit essing
angevalLJation units (e.g., softwareand computer) are usuallypart of the system.

5.2 Imaging Techniqlles

9in9 i~ a combinationof NIR spectroscopywith digital imageprocessing. ANIR imagingsys
inationsource, an imagingoptic, a spectralencoder selectingthe w;:ivelengths, and a f '

, huge potential for gaining rapid information about the chemical structure an
properties of all types of pharmaceutical dosage forms,thus improving pro

material, the distribution of the various compounds can be characteri~ed three-dimensionally biusing _.:
NIRimagingallows for the collection of detailed chemical information.NIR microscopytechniques havethe

folio tages:
• No, preparation ofthe sample required
• c:;ood's'patial resolution
• Clear'imagequality
• Exce!lent chemicaldifferentiation

ta signalfrom the entire sample (e.g., a tablet), disperseit into a spectrurj1usi,n
ing a multi-channel detector such as a charge couple detector or photo~diode arr

g nvia .' ulative, information about the spot signal intensity, one can obtain,a signalspec rum whi
ed iniodetailed information about the chemicalcompositionof the givenspot on a sample. The three-dimensional

arra ata sets, two spatialand one spectral, recorded in such an imaging measurement has become known as a hypercube
or dat;:i cu ese microscopy systemsare capable of determining a spatial resolution down to approximatelyJ-5 ~m.

NIR imaging systemsare.capable of characterizing the structure and distribution of the active components, and excipients
within formulations, dosage forms,and delivery devices, to name a few. Forexample, chemical mapping f()f homogeneity
testing of solidoral dosage .forms, creams, and ointments may be useful in selectapplications.

5.3 Instrument Calibration Considerations

NIR instrumentcalibration involves three components: wavelength accuracyand uncertainty (x~axis); photometric: linearity
and response stability (y-axis); and photometric noise. Table 1 prOVides an overview of perfOimance verification criteria for a
wide range of NIR systems.

5.3.1 PHOTOMETRIC NOISE

,_ Forany given m'ethod, the validation should includean estimation of the photometriC noiseoUhe system, as a'changein
this, parameter Illay affect any future Illodel calibration.

53.2 WAVELENGTH ACCURACYAND UNCERTAINTY (X-AXIS)

IR instruments, primaryinstrument wavelength-axis calibration is mairitained;at I
n internalhelium-neon laser. NIR spectra collectedbythe conventional gratingbas
dard materials can be used to demonstrate an instrument's suitablewavelength-di

. s. Suitable materials for demonstrating wavelength-accuracy p'erformance in
Iibration lamps, polystyrene, mixturesof rare earth oxides, and absorptionby

vailable from the National Instituteof Standarcls and Technology (NIST) for tra
measuremen s (SR 2035a) and reflectance (SRM 2036) and can be used for wavelengthverification. Ot stanCiards
mayalso be used. II")strumentmanufacturers may use polystyrene films (thickness of 0.75-2 rrim) as an ihterria. . dard for
wavelength qualification and control. However, because of the weak asymmetric signals ernanatingfrom polystyreneatstlOrt
wclvelengths,thismaterial may not be suitableas.a referencestandard across the whole NIR range. When choosing an
appropriate referencestandard,it is important to confirm that the operating parameters (e.g., resolution;. band.width, and
others) are within the limits of the certified material.
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The effectof temperature on assignment of wavelengthmustbe taken into account. Typically,standardsaremeasured .hl
environments near 25°C,and the temperature at which certified valueswere taken will be indicated.The effectofresolution
cal"l al~ohavean impact onthe measuredvalues. Resolution for-F-T-NIRspectrometers istypically8cm,.1,but~modern
spectrometers are capable of higher resolutions (2 em-lor 1 cm-1) .

_ Standard certificates will indicateresolution and possibly even peakassessmentalgorithms. The choiceof refe
for a performancetest should always match the resolution and environmental conditionsexpected for the exec
Adcfitional standards may be necessary; depending on the range of wavelengthsor referencestandards meeti
conditions.' Refer to Table 1.and Table 2 for additional information.

5.3.3-PHOTOMETRIC LINEARITY AND RESPONSE STABILITY O;~AXIS)

Calibration of the photometric aXis.can be critical forsuccessful quantification. Both FT-NIR and dispersive N-I ers
shouldundergo similar instrument calibration procedures.The tolerance of photometric precisionaccepta
measurement should be assessed during the method development andvalidation stages.

NIR spectra from samplesand/or reference standard materials_with knownrelativetransmittanceorreflect used
to demonstrate a suitable relationship between NIR light attenuation (resulting from absorption) and instru _ res se,
Verification of,photometric linearity and verification of photometric noiseare not requiredfor instrumentsusing me . ods to
performsimpleidentifications that do not usethe photometricabsorbanceas part ofthe modelstrategy(e.g.· correlation
with absorbing wavelengths);The USP Near IR.5ystemSuitability RS is recommended,but other certified .s
ex" e marketand may be used. Forreflectance measurements, commercially available reflectance s n
re . . s are often used.
. S from reflection standards are subject to variability because the experimenta-
Wer . rated differ from those under which theyare subsequently put to use. Hence, t
with a set ofcalibration standards may not be useful in the attempt to establish an "absolute"calibra
The reproducibility of the photometric scalewill be established over the range of standards provide
not change chemically or physically, 2) the same reference background isalso used to obtainthe.st
instrument measureseach standard under identical conditions(including precise sample positioning): Subs
measurements on the identical set of standards provide information on long-term stability. Refer to Table 1
additional information.
. Photometriclinearity isdemonstrated by usinga set of transmission or reflection standards wit
transmittance or reflectance. For reflectance measurements, carbon-doped polymerstandards .
ensure that the absorbance of the materials used is relevantto the intended linearworking ran
calibration models,which are acceptable, may be used, as long as the user can demonstrate ad quat
approach.

Table 1. Control f)f Bench/Mobile Instrument Performance

Measurement Mode Reflection Transflection Transmission

Verification of wavelengthscale (ex- ForFT instruments, the calibrationof the wavenumberscalemay be performedusinga narrow,isolatedwater~vapor line
cept for filterapparatus) (forexample,the lineat 7306.74, 7299045, or 7299.81 cm-I ) .

Methylene. ch
has charact
1155, 1366, 1
2068, and 224
acrossthe wav
bratiol'J. Other sui
alsobe used, suc
Polystyrene 65 ~

Asuspension of 1.2 g of drytital}ium
dioxidein about 4 mLof methylene
chlorideis used directlythrough the
cellor using a probe. Titaniumdiox"
ide has no absorption in the NIR
range. Spectraare recorded with a
maximumnominalinstrument band­
width of 10 nm at 2500 nm (16 cm.,,1
at 4000 cm-I ) . Methylenechloride
has characteristic sharp bands at
1155,1366,1417,1690,1838,1894,
2068, and 2245 nm. Choose 3 peaks
acrossthe wavelength range for cali­
bration.Other suitablestandards may
alsobe used, suchasTS5liquidmixed
with titaniumdioxideor some other
reflective medium.

Measure talc viaa suitablemedium or
byfiber-optic probe. T~1c has suita­
ble-for-calibration, characteristic
peaksat 948, 1391, 2077, and
2312 nm. Alternatively, other suitable
standards may also. be used that en­
surewavelengthaccuracy in the re­
gionofworkingmethodology. Forex­
ample, measurean internalpolystyr­
ene standard ifbuiltin, or measurean
NIST standard or other traceable ma­
terial(e.g., USP Near IR SystemSuita­
bility RS) and assess 3 peaksacrossthe
wavelengthrange for calibration.

Verification of wavelength repeatabili- Thestandard deviation of the wavelength isconsistentwith the specifications of the instrume
ty (except for filterapparatus) erwisescientifically justified. Verify the wavelengthrepeatability using a sl.litable externalor i

Measure 4 photometricstandards acrossthe workingmethod abs?rbance range. Analyze
example, in the range of 100/0-90%, including 10%, 20%, 40%,·and 80% with respettiv
0.7, 004, and 0.1. Evaluate the observedabsorbance valuesagainst the referenceabsorba
form a linearregression). Acceptable tolerancesare 1.00 ± 0.05 for the slope and 0.00 ± 0.05
firstverification of photometric linearity of an .instrument. Subsequentverifications of photome
initial observedabsorbancevaluesas the referencevalues.

verification of photometric linearity
and responsestabilitya

1 Burgessc, Hammond J. Wavelength standards for the near-infrared spectral region. Spectroscopy. 2007;22(4):40-48;
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MeaSlm~!!Ient Mode

\lerification of pnotometritnoise

Table .1s:Control.of Bench/M()bile InstrumG!l1t.Performane:e(continued)
Rel1ectiori Trallsflectioll

[jetefmlj1e."tli~Rijbtoi1iefricnols~·uIi.og-asuitaoletefJeaance 9rtra ..
cera~je ti!7s or,re~le.cti~~ t~ermoplas~e resi':ls [i.e.,polytetra(l~o~()e
odologXaM spe9fl.!=atJ9ns~ Sea ,etaneest,andard overa s
manufacturer'sreeomrriendatl elilatethe photometficrio

a.Burg~ss,C,HammondJ Wavelengthstan9ards for thenear-infrarea ~pectraITegi6n.' SpectroscopY.2007j~2( 4):40~8.

Table 2., Control'of Process Instrument Performance
Measurement Mod~ Reflection Transflec:tion T!ansroission

\lerifieationofwavelengtn scale
(exc~pffor filterapparatus)

Ifit is'not(:irae' lIy possible tomeasure a traeea,ble'standard material attlie'polntof samplemeasu 'useirlternal
material such Iystyrene, fiberg or solventand/or watervapor.Alternative'Y, adopt a seeo nal.fiber!
probe. ForFT uments,the cali. n of· the wavenumber 'scale may be performed using'anarro , Isolated wa~ ,
ter-vapor line example, the linea 306.74; 7299.45, or 7299.81cr:n~1) or'a narrow IineJro.ma certified reference
material.

Verification of wavelength
repeataoilit}t (exceptfor. filter
apr:iaratus)

Thesta,ndard devia~ionofthe Wavelength isconsi~tent with the speeifJcations ofthe i(lstrument manufacturer, or oth~

erwise scilmtifically justified. Verify the wavelength repeatability uslnga suitableexternal or internal standard,

Mea~ure 4 photometric: stanqardsacross the working method absorbance range.

Verification ofp/;1otometric linearity
and response stabili~

Vedfication of photometriC noise

velengttj , .
. me.nqafi ,n and

a BurgessCiHar:nmond J. WaVelength sta'iidards for the near-rnfrared spectral region. Spectroscopy. 2007j22(4l:40-48:

5.3.5~Murri-INsTRDMENT.CALIBRATIO~

.. ference ITlaterials Ipful in estabJishfnginstrument ated
eluded onthecertific" ch materials will contain si .. ',' era"

,fromthe instrumental factorsused in, generatingthese values. •. ' . . ample, the optical etryJ
ects,of areflectancemeasurementwill significantly affectthe measuredvaJ!Je, ~n refore w. erever
csshould be matched to requir~dmeasurementconfigurati, weyer~ inition; a

., .have the ess~ntial ~har?lcte ,ics of appropriate stabilityandho. , . eity.to at sfalloW
rh~as(JrerT1entsto be rnade~'albeit they y be biased.byknownor unknowl1 factors~

ion
,.an
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6. APPLICATIONS

NIJl~s rosc6py, has'a~wjdevariety(jf applicationsf6rchemicalj·physical,.and prqcessanalysis.
Fore ical analysis; the applications include:
• Identification ofadivesubstances, excipients, dosageforms, manufacturingintermediates, chemical aosorbance materials;'

and packaging materials
• Qualificationof Ingredients, intermediates;and drug products, includingbatch-to-batch spectralcomparisonan<;lsupplier

change,assessment
• QuanHfieationof activesubstances and excipients; dE:!terminationcof chemical values such as hydroxyLvalue; determination

pf a~solute water content; determination of degree of hydroxylation;.and control of solventcontent
Forphysi~al analysis, the Gipplicationsinclude:
• Crystalline form and crystallinity, polymorphism, solvates, and particlesize
• Analysis of intact pnarmaceuticaldosage forms: tablets, capsules, lyophilized products, and'implants (e.g.,poIYIT!eric and

microspheres)
• Di~s()lution behavior, disintegration pattern, and hardness
• Examination of ~ilmproperties
For' process monitoring and process control analysis, the applications include:
• Monitoring of unit operations suchas synthesis, crystallization, blending (e.g:, powder)~ pelletization, tableting, capsule

filling, drying, granulati<)n, c:oating (e.g., film), and pa'ckaging for the purpose of processcontrol
Measurements in the NIR spectral region are influenced by many d'al factors. The reproducibilityand

relevance of the results depend on the control of,thesefactors. Usua , e onlyvalid for a defined system.

6.1 Qualitative Analysis: Identification and Characterization

6~1.1 ESTABLISHMEN r OF A SPECTRAL REFERENCE LIBRARY

tative'samples of the substance;
ibit the variation t is typical
spe btained resentsthe

anal .
ed bythe mathema,tical technique

ctral referenc rary, record the spectra of a suitable num
able identities. These representative sam

e.g., variationin solid-state form and particle
' e-0 •., Tt"\r',-nomical and/or physical identification of the

, . . '. rymaybe represented indifferent ways,whichare defi
used, ific .Thesemay e:

• All individual spectra representing the substance
• Amean spectrum ofthe measured batches for each chemicalsubstance or physical form
• Ifnecessary, a description of the variability within the substance spectra
Th num ances to e i luded in the library depends on thespecifi ·application.AII s

the s e s hd n points;technique of mea ement; ,data pretrea
are c iteri e lied independently to ea. group. in sp

. archived. ionmust be·exercised whenperforming a math
d 0 ential ,ation can be 10st.TheSUitability of the algorithm c ho

ethod validation, a n all cases, the rationale for the use of transformation must be do

6.1.3 DATA EVALUATION

6:1.2 NIR REFERENCE SPECTRA

NIR references provide known, stable measurements to which other measurements can be compared; thus, th ,
to minimize instrumental and environmentalvariations that wouldaffectthe measurement Directcomparison.of re tive
$pectra of the substance to be examined and a reference substance for qualitative chemicalor physical identification pUrposes
may not requireuse of a referencespectral library, where specificity permits. '

Directcomparl ade between the representative spectrum of the substance to.be exa
reference spectra. bstances,in the database on the basis .of their mathemqtical correlati
~et of known referencemean spectra and the variability around this mean can be used with an a
alternatively, this can be achieved visually by overlaying spectral data ifspecificity is inherent. Different ca I

are available, such as principal component analysis, clusteranalysis, •. etc..

6.1.4 VALIDATION OFTHE MODEL

Chemicalor physical identification methods using direct spectral comparison mustbe validated inaccordance with, "
identification method validation procedures. The validation parametersfor qualitative methods are robustness and specificity.
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, .~';rfi6de[caljbratiqit is,Il()t 'feqt" ,," ' :c •

maxImum orminirill.lmabs9rban
qualitativ~ appro'acharound a'sp .
~hown ,to,pefit for purpose;

fne' relative discriminato .
dependenton the applicad, ,' . KS
the'methoc! (Tlustnotaffe¢t th~: m~ast,Jremen,.

ent of' c'. cifkity·testing~ is
, ithir}: perating range-of

6~~';TienaAn~lysis

.~~i~YJ~f:~l:'IY~IC;Q~~P~IRI~PN '. OF.,S~ECTM

usin . .',' "~ t. pp
blend~uniformitymonitoringusln

and ,algorithms,rT1li~t be uS~c1for trend analyses.

6.~.;2; SPECIFICITx
Th~'relative discriminatory powerarid'selecf

is(~ependentonthe application,andthe risk .
of t~e method must not affectthe trendarta

'ten~ofspecificity testing
it,hit'l'th¢ operating ra'1ge

ation·models.
nda~d' normalvariate

id~llnstrumenfto the
liitable

, lues
for
s).
s

DEL

OF.DATA

yenhance the effidOf.
,Ic,at,ixe,sigflai corre<:ti ,M~~

6.3,:~, M9IPEJ.ilJ\Jllb~~tlpN:ceARAMETEIlS

stratingth~,v~lidatio.ri of NIRrneUloas aresimilarto those
reac:h' VaJidatton p~ri;lm must bee-oris' 'twiththe

" methods are atcuracy,lin~ , tyo.¥erth.~ 0 , ._ Jonal range,'
and-;specifidty. -

Wavelengthseledioh,'orexd
W th compression:
tran ation (SNV); an

li:l~Qualltit:"tive)\p~,y~is

~.3;lSPEtTRAL'REFERENCE UB.RARYFQRJttAuBRATION

Calibration istheprocess9(constrocting, a
propertiesofth' ,.' .
results can-be u
o
c
I
mu
reg
cali ratl
should be co
for facilitating the optimization 0

_. Ana!yticalperformancechara~eristicsto
required for ar:1Yanalyticalprocedure. Spe, .
intended use of the method~Validationpa " t
precision (repeatabilityandinterm~di~te pred~io

6j.4()N~olNG c fv10DEL,EVAL.U~:tION
NIR models validated for use are subjeCted t()Ongojngp~rf()rma:nceevalua·tioDarldm6~ifqr:ingotvalida.!ionparafIlett:i rS; If

discrepancies are found, corr~cti~eactioh isliecessary~
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7. PROCEDURE VALIDATION

----nfrnethOC!s-w' lowthesae~cribed
fl' andothe , ,Ie' parameters. It rna' necessa
an impurity Iymorphic form: -

Detect itymust be c" rmedover the,range ofpossii:ll
position: Th~ samplepresentationisa critical factoffof b
for in the calibration model. Sample~position sensitiy'
holder g etry, bu' fro' rument to ,in,
many su Iechemo for data pretre
based 0 und scientl suitability for

7.1 Ongoing, rylethC?d Ev~l~ation

ValidatedNIR methodss~ould be subject to ongoing performance ev~luation, whichmayl
precision,and other suitable method parameters. Ifperformance is unacce e'cbrrective ac
conducting an ,inv . ation to' entifythe cause of change in method perf
not suitab co use rovingthe NIR method to.meet
metho entation of validation experi
the int f revalidationthafis req

o establish .. e
d improve ivit s.

ua ,I a IV may be necesspryas resultofth-e following:
• Changes in instrument nardware
• Addition of a new material to the spectral reference library
• Changes in thephysicalpropertiesof the material
• Changes inthe source of material supply
• Jde-,ntification of previously.lJnknown critical attribute(s)ofmaterial(s)
Reyalidation ofa quaritit:ativemodel may be necessary as a resultof the following:
• Changesin the composition,of the test sample or finished product
• Changes in themanufaduring process
• Changes inthe sourcesor- grades of raw materials
• Changes inthe reference analytical method
• Majorchanges in instrument hardware

7.2 Method Transfer

onstrating the suitability of
re..Any. exceptio
e basis. Thetrans
r to the primaryinstrume

r instrument,procedures an
asurementcriteria on the second

ure should be based on sound scien
Refere e andards (11>

USP .NearIR System'SuitabilityRS .

GLOSSARY
[NOTE-This section refers, to the technique of NIR in general. Please see Analytica/lnstrum.entQualification (1()5S) and (10391

for additional information.]. .
Absorbance: Al:>sorbance (,4) is represented by the equation:

A =~Iog T=169.(1/7)

whereTis the transmittanceOfthe sample..Absorbanceisals6frequentlygiven_as:

A;; log (UR) .:

where R is the reflectance of the sample. . ' , '. _, ,", '
Background spedrum: This is used for generating a sample spectrum with minimal co

response;·it is also referred to as a "referencespectrum" or //backgroundreference".T ra
background spectrum produces a transmittance or refle(:tance spectrum dominated b I
the sample. Inreflection measurements, a highlyreflective, diffuse standard reference matena
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Ie,
tof

'itl:1~tn' .
'~C2rp,

thee . round spectrum. For transrriissiorimeasurerrient/the backgroundspedrl,Jni mayberneasul'edwitc>sar:nple:pteieh~
lnth ctrof'leterorusirig a cellvvith the:solventblan,kora cell filled with appropriate refer . .
..D e reflectance: Ratioof the spec.:trum of radiated li§Jht (penetrating the sample-surfac
?lnq ck through the sample's surface) reaching the detector to the background spectrum
the 0 ectance that produces the absorption spectrum of t sample~

Fi . .i probe: This ~onsists ottwo components: optical that m'ayvaryin'length-ancfriumber,a,nda'termiOLls;
which contains specially designed opticsfor eXGlminationofthe sa .' matrix.

InstaliationquaUfication: The docu'mented collection of actrvitiesnecessary.to establish thatcminst'rurnent JsdeHvered
4s designed arid specified and is properly installed in the s~lectedenvironment,which is suitable for theinstrulllent'~ inte!1ged
purpose;

I~strument baa:'dwidth or re.solution: A measure of tne 'abilityofaspectr6meter to separateradiatioriofshTlif~'r.
Wa'leleng s;

qualification:, The :processof demonstrating arid'documenting that an 'iQsfrumentpert .
, .•. .'ct that it can perform theintehded task~ .This process is reqUiredfollowing ani signifi~ant.

t installation, relocation, or major ,re'pair.
reflectance: The sUm of diffuse and specular reflectance.

,p. . .ance qualification:'The process of using one or more well-charaeterizedand stabrereferEmCe rriaterlafs.to:veritY
consistent instrument performance. Performance qualification may employthe sarne or.different standan:fs.fordifferent
performance .characteristics.

Photometric linearity: Also referred to as "photometric verification", itis the process of verifying the response of the
photometric scale of an instrument

pse.udo,;,absorbance: A, isrepr~se,nted by the equation:

A = -log R= log (1/ R)

where R is the diffuse reflectance of the sample.
Reference spectrum: See Background spectrum.
Reflectance: .Is described by the equation:

R-,l­
- /R .

inwhich lis the intensity of radiation reflectedfrom the surface of ~he sample and I;is the intensityof radiatiorl reflected
from a background reference material and its incorporated losses due to.solvent absorption, refraction, and scatte~ing.

Root-mean-square (RMS): Calculated using the equation:

RMS= l:f=1 (:4 -N
Ai)2

where Ais the mean' absorbance over the spectral segment; Ai is the absorbance for each, data"point; andNis.then'umber
of points per segment. . . .' ' . , .

Specular (surface) reflectance: The reflectance from the front surface of the sample, where the angl.eof reflection
matches the angle of incidence (mirror effect). . '. .

Standard error of calibration (SEC): A measure of the capability ota model to fit reference data
deviation' of the residuals obtained from comparing the known values for each of the calibration sampl
calculated from the calibration. SEC should not be used as an assessment toolJor the expected
precision ofprediction) of the predicted value of future samples. The method accuracyshould . '. .
calculating the Standard errorofprediction (SEP) using an independent validation set of sarnpl.es..' .. ' method is'to roark
a part of the,calibration set as theyalidation set. This set is not fully independent but can beus~d as an al!ernativeforth~

det¢rmination ofthe accuracy.
Standard error of the laboratory;'(S~L):A calculation based onrep~ated readingsof one or'fl1ore samples-to estimate.

the preci$ion and/or accuracy,of the reference laboratory method, depending on howthedatawer " d~

Standarc;lerror of pr~diction (SEP): A measure of model accuracy of ananalytical. method.
calibration model to the spectral data from a set of samples different from, butsimilarto, those used~ 0 ca
model.$EPis the standard deviation ofthe residualsobtained from .comparing the valuesfrqm the reference fa
from the method un~ertest for the specified samples. SEP provides a measure of the modelaccuracy to bee)(p~ct~ .on.~
measures future samples~

Surface reflectance:' Alsoknown as "specular refl.ection", it isthat portion of the radiatloh n'ot interacting with thesa:mpl~

but simply r~flectingbackfromthe sample surface layer (Le.; the sample-air Interface).. . '... ", __ .
Transflection: A transmittance measurement technique inwhich the radiation traverses the sample t~ice.The secon.dtil11e

occurs after the radiation is reflected from a surface behind the saniple~

Transmittance: Represented by the equation:

I . .',
T::::: -orT=l a-A

/0 '. .
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(1857) ULTRAVIOLET-VISIBLE SPECTROSCOPY-THEORY AND
PRACTICE

THEORY

Ultraviolet-visible (UV-Vis) spectroscopyisan electronictransition spectroscopic technique in whichthe interactionbetween
incident radiation and electrons results in the promotion of one or more of the outer or the bonding electrons from aground
state into a higher-energystate. This quantum effectresultsin a specific absorptionof radiation,the frequencyand wavelength
of which are governed by the equation:

E=hv =(he/A) x 109

where:
E= energy
h =Planck's constant (6.63 x 10.34) . s)
v =frequency (Hz), related to the energy change !lE, induced when electromagneticradiation isabsorbed (!lE =hv per
photon)
e =velocity of light (2.998 x 108 rns")
A=wavelength (nm)

Even the simplestmolecules havea largenumber of discreteenergy levels and closely spaced levels adjacent to them caused
by atomic vibration within the molecule. Overlap of these vibrational bands onto the electronicspectrum causesthe measured
spectra to appear as a broad, bell-shaped peak.Asa general rule, most molecules absorb somewhere in the UV-Vis region.The
greater the extent to which the p electronsare delocalized, the longer the wavelength of the first absorption band, i.e., the
band of lowestenergy and longest wavelength.

Derivative Spectroscopy

The advantages of derivative spectroscopy as an analytical tool have been known since the 1950s. Before the availability of
the personalcomputer, generating derivative spectra electronically wascomplexand difficult, and for this reasonthe technique
was rarely used. The introduction of microcomputers in the late 1970s simplified the generation of digitalspectra and the
associatedmathematical manipulations required to produce first- and higher-orderderivatives. This significantly increased the
use of the derivative technique.

Derivative spectroscopy usesfirst or higher derivatives of absorbance (A) with respect to wavelength for qualitative analysis
and for quantitation where:

A =f(A) Zero order

oA/oA = f(A) First-order derivative

o2A/oA2 =f'(A) Second-orderderivative
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Figure 1. AGaussian absorption band and its first to fourth derivatives.

Afirst-orderderivative isthe rate of change of-absorbancewith respect to wavelength (Figure 7).Afirst-orderderivative starts
and finishes at zero. It also passes through zero at the same wavelength as Amax of the absorbance band. On either side of this
point are positiveand negative bands with a maximum and minimum at the same wavelengths as the inflection points in the
absorbance band. This bipolar function is characteristicof all odd-order derivatives.

First-order derivatives are used principally for background absorption minimizationor elimination for measurements on
turbid, scattering solutions and suspensions and for analysis of trace components in complex absorbing matrices.

The most characteristicfeature of a second-order derivative isa negative band with minimum at the same wavelength as
the maximum on the zero-order band. Asecond-order derivative also shows two additional positivesatellite bands on either
side of the main band. Afourth-order derivative shows a positive band. Astrong negative or positiveband with a minimum or
maximum at the same wavelength as Amax of the absorbance band ischaracteristic of the even-order derivatives.

Higher-order (second and higher) derivatives can be used to:
• enhance resolutionof overlapping peaksfor the separation of superimposed spectra-particularly useful in

multicomponent analysis
• assist quantitative determination of trace components
• aid characterization of individual pure compounds, particularly for archiving purposes and for complementing the

information obtained from other techniques such as infrared, nuclear magnetic resonance, and mass spectroscopy
• assist in purity testing of products
Note that the minimum number of bands observed isequal to the derivative order plus one.

INSTRUMENTATION

All modern UV-Vis measurements involve detecting and measuring the intensity ratio of the radiationat a certain wavelength
in the presence or absence of the absorbing sample. Figure 2 isa schematic of a double-beam spectrophotometer. Dispersion
of light to achieve the desired resolution can occur before or after introduction of the sample, but all commercial UV-Vis
instruments share the following features to perform these functions:

• continuum source
• monochromator or polychromator
• sampling area
• detector
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Figure 2. Typical double-beam spectrophotometer.

Care must be taken to ensure that the sample is not degraded by the incident light beam and that any heating effects are
minimized.This is particularly important when diode-array instruments are used because the sample is irradiated at all
wavelengths.

Continuum Source

Two major types of continuum source are currently in use: continuous and pulsed. Continuous sources include tungsten
halogen for visible, deuterium arc for UV, and xenon arc for both. The source for pulsed radiation isthe xenon flash lamp. Many
UV-Vis instrument systems use a combination ofdeuterium and tungsten halogen to effectively coverthe UV and visible regions,
respectively. By necessity, source selection isachieved either by the use of a mirroror by physical movement of the lamps. This
change usually is performed in the region of 320-350 nm, and thus qualification of the system must be performed using both
source and mirror positions. Systemsbased on xenon lamps have the benefit of a single source and a higher energy output,
but they are more expensive.

Monochromator

The wavelength scale can be encoded by either a scanning monochromator or a grating polychromator (see Figure 3), as is
the case for spectrophotometers equipped with linearor two-dimensional array detectors. Adiscussion of the specific benefits
and drawbacks of each of the dispersive designs is beyond the scope of this general chapter. Any properlyqualifiedinstrument
should be suitable for qualitative measurements. Care must be taken when selecting an instrument for quantitative
measurements because dispersion, response linearity, and stray light may not be uniform across the full spectral range.

Detector

Numerous sampling arrangements are available in addition to the cell holders that are designed to accommodate various
path-length configurations based on conventional rectangular cells. These include flow cells, fiber-optic-based immersion
probes, micro-well plate configurations, and automated sample changers, among others. Considerations such as sampling
volume, speed of measurement, and reproducibility ofsample presentation should be evaluated to optimizethe sampling device
for specific applications.

Entrance
slit

Figure 3. Grating monochromator.

Sampling Area

Exit
slit

Photoelectricdetectors, which are the most common form of UV-Vis detectors, generate an electric current that is directly
proportional to the intensityof the radiant energy incident upon them. Theymaytake the form of photosensitivesemiconductor
devices, either discrete detectors, linear or two-dimensional arrays, or photomultipliers. Photosensitive semiconductor devices
include solid-statephotodiodes, charge-coupled device arrays(CCDs), and phototransistors.The most common semiconductor
material is silicon, which is sensitiveto wavelengths of 400-800 nm, but some silicon devices have extended sensitivity from
as short a wavelength as 190 nm to as long a wavelength as 1100 nm. The dynamic response of these detectors typically is
four orders of magnitude. Most array detectors are made of silicon and hence have a similar wavelength response. Other
semiconductor materials can provide wavelength response to several micrometers.
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Incontrast, photomultipliers are vacuum detectors that havea photocathode in which photon energy releases electronsthat
are directed by the field applied to electron-sensitive plates. By a cascade effect, these dynodes amplify the electrons released
initially by the absorption of the incident radiation. Photomultipliers have typicalwavelength responses of 160-900 nm,
although some photocathode materials can provideresponseto higherwavelengths.The dynamic responseof these detectors
typically is sixorders of magnitude or higher.

Alternative UV-Vis Detector Configurations

DIODE-ARRAY INSTRUMENTS

In a diode array, the optical configuration is reversed from that in a conventional spectrophotometer, and the light beam
passes through the sample before being dispersed by the polychromator. This givesthe benefit of fast, full spectral data with
no moving parts that can wear out. The perception is therefore that diode arrays are more reliable than other detectors. This
istrue, but the reverse-optics design requiresthat both the sampleand optics before the dispersing element (usually a grating)
are subjected to the full-spectrum radiation alsoencountered by these components in a conventional spectrophotometer. Ina
conventionalspectrophotometer, the sample and optics are outside the monochromator, and optical beam deflection and/or
scattering simply reduces the intensity of the light that enters the monochromator. In an array-based spectrophotometer,
deflection occurswithin the monochromator, causingscatter within the confined environment and an associated increase in
stray light that leads to a reduction in optimum photometric range.

HPlC DETECTORS

The design ofa UV-Vis spectrophotometer isalways the resultofa number of considered compromises. Forexample, optical
performance (absolute wavelength resolution) isgoverned by the focal length of the monochromator, which in turn dictates
the physical sizeof the instrument. In the case of HPlC detectors the need to providea high-stability, lowsignal-to-noise ratio
output at high transmittance levels through a small-aperture flow cell requires that by design these systems may not have the
dynamic range or wavelength accuracyof their conventional spectroscopic counterparts.

FIBER-OPTIC-BASED MODULAR SYSTEMS

. In recent years there has been a rapid increase in the availability and use of systems built around the ability of fiberoptics to
channel and multiplex opticalsystems. Althoughthese systems havethe advantages offlexibility and ease of use and they allow
measurements to be performedon micro-plates, customizedsystems, etc., analysts must considerthe following disadvantages:

• Some analysts assume that these array-basedfiber-optic systems are immune to room light interference at the sample
interface, which mayor may not be true. This assumption iseasily tested by using a blackphotographic film-changing
bag or a simpleblack cloth. Use of a masking technique should not change the measured valueifthe assumption istrue.

• Custom-built systemsdo not have additional shuttering, stray light filtering, and other capabilities that are found in
commercially designed spectrophotometers, and thus their performance characteristics, i.e., the optimum photometric
range, may be significantly reduced.

• light levels transmitted directly down fibers from high-intensity sources such as Xenonflash lamps may cause
photodegradation. Insimpleself-built systems, the source may be coupled by fiber directly to the sample interface, and
the only control is the source on/off switch.

CALIBRATION

UV-Vis instrument calibration involves two components: primary wavelength (x-axis) and intensity (y-axls), and often is
performed when the instrument is initialized. Mostdispersive UV-Vis instruments use atomic emission lines from either the
source or a secondary lamp for primary wavelength (x-axis) calibration, in addition to the zero-orderposition in the
monochromator. Depending on the vendor's configuration of the instrument, these calibration procedures may be available
to the user. Calibration of the photometric scale (y-axis) iscritical for successful quantitation and method transfer between
instruments.Although the fundamental measurement relies on a simple ratio measurement, modern instruments may use
several gain settings or amplification factors to ensure a lineardetector response, particularly at lowintensity levels and high
power settings. Thesegain settings often are initially set by the manufacturer, but the settings may be recalibrated as the optics
age or as other changes take place.

Detailed functional validation based on certified reference materials is recommended to demonstrate the suitability of
laboratory instruments, even for instruments that possess an internal calibration capability. The use of external reference
materials does not obviate the need for internalqualitycontrol procedures. Rather, it providesindependent documentation of
the fitness of the instrument to performthe specific analysis.
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ANALYTICAL CONSIDERATIONS

Instrumental Factors

SPECTRAL BANDWIDTH

Because most spectrophotometric procedures require good spectral resolution, the spectral bandwidth is of great
importance. Analysts should use the narrowest slitwidth that will provide an adequate signal-to-noise ratio because optimum
resolution isachieved when the signal-to-noise ratio is maximized. Ifaccess to a variable-bandwidth instrument is available,
then the optimum setting can be defined as the largestbandwidth at which no significant reduction in peakintensityisobserved.
In practical terms for molecules of pharmaceutical interest in solution, a spectral bandwidth of 2 nm isconsidered adequate.

STRAY LIGHT

Stray radiation, commonly referred to as stray light, can be defined as radiant energy at wavelengths other than those
indicated by the monochromator setting and all radiant energy that reaches the detector without having passed through the
sample or reference solutions(see Figure 4). It may be caused by any scattered radiation from imperfections in the dispersing
medium, which commonly isa grating. The use of a holographic grating substantiallyreduces the levels of this source of stray
radiation. Higher-quality ruled gratings yield a low level of scattered radiation. In higher-performance instruments, stray
radiation can be reduced by the use of double monochromators or double-pass monochromators. Strayradiation, or apparent
stray radiation, also may be caused by light leaks in the system, incorrect wavelength calibration, incorrect optical alignment,
reduced source output, or reduced detector response.

Determination of the optimum photometric range isfundamental to establishingthe capabilityof a given instrument before
and during method validation.The importance of this procedure can be shown by the fact that in 1945 Vandenbelt et al. (1)
attempted to establish the optimum absorbance range on the then-new Beckman DU spectrophotometer. They suggested a
simple approach in which the molar absorptivities of variouscompounds are measured at different concentrations. This
approach isshown theoretically in Figure 5, where the center plateau is used to define the photometric range.
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Figure 4. Effect of stray light on measured absorbance.
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Absorbance of solution

Figure 5. Theoretical photometric response curve.

In practice,data are more variable. Figure 6 shows three typical curves.
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Amore rigorous method for estimating an instrument's region of maximum precision isgiven by Youmans and Brown (3).
The error in the measurement of the concentration of a solution of transmission T can be expressed as:

1 T
!1c=-log~

eb Tm,n

where ~c is the change in concentration, eisthe molarabsorptivity of the compound, b is the path length, and Tavand Tmin are
the mean and minimumvalues, respectively, from a series of n measurements on the same sample.

The statistical error is (see Figure 7):

2.40.2 0.8 1.6

Absorbance

Figure 6. Molar absorptivity vs, absorbance for 3 compounds: (a) aqueous potassium nitrate measured at 301 nm, (b)
potassiumchromate in 50 mM potassium hydroxide at 373 nm, and (c) potassium chromate in 50 mM potassium hydroxide

at 273 nm. Redrawn with permission from (2).
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0 20 40 60 80 100

0.10

0.08

0.06

~
<::'l...

0.04e
W

0.02

0

2.0 1.0 0.6 0.4 0.2 0.1 0

Absorbance

Figure 7. Youmans and Brown plot. Redrawn with permission from (2).

The noise levels, and hence the precision of measurement, depend primarily on detector noise type, as shown in Figure 8.
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Figure 8. Measurement precision as a function of noise type. Calculated and redrawn with permission from (4).

Bothapproaches clearly show that in addition to the expected increasing error at higher absorbance levels caused by stray
light and other factors, there isa similar, if not largerpossibility for increasing error at lowabsorbance levels caused by
instrumentalvariances in the form of noisefrom the detector, source, etc. This variance often isoverlooked in the desirefor
economy ofscale,when analysts usesmallersamplesand shorter path lengths and thereforelowermeasuredabsorbance values.

Sample-Based Factors

The most important sample-basedfactors that negatively affectquantitative UV-Vis spectrophotometry are fluorescence and
light scattering. If the sample matrix includes fluorescentcompounds, the measured signal usually will contain a contribution
from fluorescence. The wavelength range and intensity of the fluorescence depend on the chemical composition of the
fluorescent material. Suspended particles scatter light by the Tyndall effect, causing a decrease in the measured intensity that
increases as the wavelength decreases. Unless there is no alternative, absorbance should not be determined on turbid samples.
Procedures for removing turbidity includefiltering, centrifuging, or flocculating the sample and are performed before any
additional procedures that generate a chromophore, provided that they do not affectthe concentration of the analyte or the
chromophore in the test solution.Any measurements performed on a turbid solutionare highlyinstrument specific and can be
used onlyfor comparative purposes in the same system. Afurther complication can arise at higher analyteconcentrations with
respect to the coordination chemistryand system matrix. Ionic association, complexformation, and similar factors can cause
deviationfrom the expected linearresponse.
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Sampling Factors

CELLS

USP 43

Quantitative absorbance measurements usually are made on solutions of the substance in liquid-holding cells. The most
common cell path length is10 mm, although path lengthsfrom 0.01 to 100 mm are commercially available (see Figure 9). For
sampleswith lowabsorbance, improvedsensitivity generally can be obtained by increasing the cell path length. For example,
the theoretical absorbance of a solution in a 50-mm cell isgreater by a factor of five compared to the same solutionin a 10-mm
cell. Errors in absorption readings arising from cells almost always are caused by dirtywindows that can absorb a significant
proportion of the incident light beam. Less frequent causesof error are an incorrectchoice of cell material for the wavelength
required, e.g., use of glass cells less than 320 nm, nonrepeatability of cell positioning, differences in cellwindow thickness,
nonparallel opticalwindows, or impurities in cell window materials. A 1O-mm cell manufacturedwith a ±0.05-mm tolerance
will add a 0.005 A contribution to the overall uncertainty, when measuring absorbance values at the 1-A level. Ten-mm cells
with a ±O.Ol-mm tolerance are commercially available. As a general guide, the cell chosen should have a transmittance value
of >75% when filled with the appropriate solventand measured at the wavelength of interest.

Figure 9. Commonlyused cell types: 10-mm regular, low-volume, and flow cells (from left to right).

Analysts can mitigate the variability introduced by cells by adhering to the following set of best practices. Carefully clean
cells beforeuse,and store them in a manner that avoids contaminationwhen they are not in use.Cells infrequent and repeated
use, e.g., flowcells, can be stored wet in high-purity water or 1% (v/v) nitricacid. Do not use cracked or scratched cells. Wipe
cells carefully with a soft, clean, lint-free cloth beforethey are placed in the spectrophotometer. Donot use lens-cleaning paper
or any other form of paper cleaning tissue because these will either scratch or allow contamination of the optical face.

It is preferable to use a single cell for all measurementsof both the referenceand samples.When several sample cells must
be tested against one referencecell, they all should be closely matched in their characteristics. Whenever possible, measure
standards and samplesat the same time and under the same conditionsto minimize the potentialfor bias.The reference cell
should contain the same solvent as the sample cell and should be checked against the sample cell at all wavelengthsat which
measurementsare required.Analysts can apply corrections for differences between cells to absorbance readings obtained from
the solutions under examination.The maximumallowable correction is±0.01 absorbance unit. Best practices includeusingthe
same cell in the referencebeam with the same face incident to the light beam, and flushing the sample cell three times with
the sample solution before the final filling before measurement. The use of flow cells effectively addressesmany of these
cell-handling and cell-filling issues. The contents in both the sample cell and the reference cell must be free from gas bubbles
and particles. If flowcells are used, analysts may be required to degas the solution(s) beforemeasurement in order to avoid the
formation of air bubbles in the cell.

Asequence of activities is used to monitor the quality of the measurement process and to ensure that the contents are
representative of the sample under measurement. Drift of the spectrophotometric baseline can be detected by measuring the
blankat the start and end of the sample sequence. Adequateflushing of the cell can be confirmed by alternating between
measurement of the standard (high concentration) and the blank(zero concentration) at the start of the measurement .
sequence.The lattercheck isparticularly importantforautomated systemsthat can generate reproducible but inaccurateresults
because of inadequate flushing.

CARE OF CELLS

Contaminated cells are the greatest singlesourceoferror inspectrophotometry. Cells should neverbe handled by the optical
polished faces, and analysts should rinse offresidual or spilled solution.Ifcells are properly caredfor, rigorous cleaningmethods
rarely will be needed, especially if the cells are cleaned immediately after use. Although acid solutions will simplycontaminate
surfaces, alkaline solutions can etch all typesof polished glass surfaces, and the degree of attack depends on the pHand contact
time. When cleaning cells, analysts should ensure that the opticalfaces are not scratched or chipped. Commercial cleansing
solutions are available and can be used, providedthat they are diluted before use in accordance with the manufacturers'
recommendations. After they are cleaned withsuch agents, the cells should be carefully and thoroughly rinsedwith high-purity
water. Ifthis fails to clean the cells, then soakingthem in cold, concentrated nitric or hydrochloric acid isacceptable. Flow cells
are best cleaned in situ, provided that the solventdoes not interact with the connecting tubing. If the cells are stored for an
extended period, then they should be dried quickly after cleaning by blowing dry with a compressed gas stream in a clean,
dust-free environment.
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ALIGNMENT AND FILLING OF CELLS

Analysts should align the cells so that the same optical face is always incident to the light beam. Most cells have type
identification engraved on one face: this can be used to ensure consistentorientation. If there are no markings, a small mark
can be made on one face outside the area of the light beam. The use of cells with no type markings is not recommended, but
if they are used analysts should confirm their suitability for the intended application. If cells are providedwith the instrument,
individual cell holders should always be used in the same beam as identified, e.g., by use of appropriate markings.

CELL CORRECTIONS

If multiplecells are used, differences in the optical transparencyof individual cells can introduce a systematicbias unless the
latter is accounted for by a cell correction. Do not use correctionsin excessof 0.01 absorbance unit. To determine ifcell
correctionsare necessary, analysts can fill all cells with the appropriate solvent-and measure the differences in absorbance at
the required analytical wavelengths. These measurements are repeated after cleaningto ensure that differences in absorbance
are related to the cells and are not the resultofcontamination.Analysts shouldfill and checkthe cells repeatedlyuntilthe results
are consistent, and they should investigate any appreciable change in cell correction because it indicates contamination,
damage to the cells, or incorrectadjustment of the instrument.

APPENDIX

Other Sources of Information

1. Vandenbelt, J.M., Forsyth, J. and Garrett, A. (1945) Anal. Chern. (Industrialand Engineering Chemistry, AnalyticalEdition),
17(4), 1945, 235

2. Standards and Best Practice in Absorption Spectrometry, Ed. C. Burgess &: T. Frost, Blackwell Science, (1999), ISBN 0­
632-05313-5.

3. Youmans, H.L. and Brown, W.o. (1976) Anal. Chem., 48, 1152.
4. Skoog, West &: Holler (7th Ed) 1996, Table24-4.

(1911) RHEOMETRY

• NEWTONIAN VISCOSITY
If an external stress isexerted on a fluid, the latter will flowto a degree that isdetermined by internal friction forces derived

from internal molecular interactionsand by the magnitude of the external stressapplied. The measure of resistance to
flowisdefinedas the viscosity ofthe fluid. Thecoefficient ofviscosity, 11, historically termed the absoluteviscosity, isdefined
by Newton's lawof viscous flow: .

O'=1]°Y (1)

(2)

=shear stress, defined as the applied stressthat causes successive parallel layers of a material body to move in their
own planes relative to each other

=shear rate, defined as the rate of change of shear strain with time

It should be noted that although stress and strain are often used interchangeably, the terms are not used interchangeably
in rheology: stress issynonymous withforce per unitarea or a systemofforcesper unitarea, and strain refers to deformation
(Le., a change in shape or size). Afluid issaid to exhibit Newtonian flow ifthe viscosity isa constant that is independent
of the shear rate or applied shear stress. Because viscosity depends on temperature, the temperature of the substance
being measured should be controlled to within ±0.1 o.

In general, Newton's law isobeyed by liquids of low molecular weight and by solutions of low molecular weight solutes in
low molecularweight solvents. However, liquids of high molecularweight, solutions that contain high molecular weight
solutesand colloidal dispersions (e.g., suspensions and emulsions) typically do not obey Newton's lawof viscous flowand
are referred to as non-Newtonian fluids.

In the International System of Units (51), the unit of viscosity is the pascal-second (Pa. s), which isequivalentto 1 kg. m-1
•

S-l or 10 Poise in the centimeter-gram-second (cgs) system.The viscosities of most Newtonianfluids are measured in
millipascal-seconds (1 Pa-s =1000 mPa. s; 1 mPa· s =1 centipoise). Kinematic viscosity, v, relatesthe viscous force to
the inertial force by relating the Newtonianviscosity of a fluid to its density, p, at the same temperature:

v =!l
p

(J

The unitsof kinematic viscosity in 51 units are m2 • S-l or, more commonly, mm2 • S-l. [NOTE-1 mm2 • S-l = 1 centistoke(cS or
cSt). Stokes or centistokes are the units in the cgs systemfor kinematic viscosity.]
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Measurement of Newtonian Viscosity Using a Capillary Viscometer
The viscosity of a Newtonianfluid is measured by the use of glass capillary viscometers, examples of which are shown in

Figure 1 (simple U-tubecapillary viscometer, also referredto as an Ostwald-type capillary viscometer) and Figure 2
(constant or suspended-level viscometer, also referredto as an Ubbelohde-type capillary viscometer). [NOTE-When the
term viscosity is used herein, it refers to absolute or Newtonian vlscoslty.] The constant- or suspended-levelviscometer
isa more robust design that is less influenced by temperature variations.

Figure 1. Simple U-tube (or Ostwald-type) capillary viscometer. [NoTE-Variables are defined in the text.]

LM N

.. R

Figure 2. Suspended-level (or Ubbelohde-type) capillary viscometer. [NoTE-Variables are defined inViscosity-Capillary
. Methods (911).]
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(3)

Thefollowing example is based on Figure 7, and the same principle isapplicable to Figure 2. With the apparatus in Figure
7, the flowtime, t, is measured for a givenvolume of fluid, \I, as defined between lines 1 and 2 of Figure 7, to flow
through a capillary tube having a length equal to L and a radiusequal to r. As long as the densityof the fluid, p, is
known, the viscosity can be calculated using thePoiseuille equation:

nr4tM
1J="8LV

P =pressure

The applied pressuredifferential, LJ P, isdefined as:

LJP =(h, - h2) x g x p (4)

h, = height of the fluid in the tube at line 1 measured from the bottom position
h2 = height of the fluid in the tube at line2 measured from the bottom position
g =gravitational acceleration (standard value=9.80665 m . S-2)

Glass capillary viscometers generally are categorized as lowshear stress instruments because i1Pis relatively small. The
typical ranges for shear stress, 0", and shear rate, 'y (at the wall), are 0.1-15 Paand 100-20,000 S-1, respectively.

The absolute dimensions of a capillary tube usually are too difficult to measure conveniently. As a result, an empirical
calibration isemployed for each viscometer tube. Collecting all the constants in Equations 3 and 4 into a single
viscometerconstant,' k, yields the approximate equation for kinematic viscosity:

v = k x t (5)

To determine k, analysts measure the flowtime for a liquidof known viscosity at a given temperature. This result isused
to calculate the viscometerconstant for that particulartemperature.

In work requiring a high degree of accuracy, analysts can use the following equation:

v =k x t - (E/t2) (6)

E =kinetic energy factor, in mm2 • s

The viscometerconstant, k, and kinetic factor, E, are determined from flowtimes measuredfor a set of stable, clean,
Newtonianfluids of known kinematic viscosity (viscosity standard reference materials).

Once the viscometerconstant(s) have been determined for a given temperature by the use of appropriate viscosity
standards, the valuescan be used until the viscometer is subjected to thermal or mechanical stress that alters the
dimensionsof the capillary.

Generally, calibration, operation, and cleaningof viscometers should be performedaccording to instrument
manufacturer's recommendations. Capillary viscometers must be scrupulously clean and should display no residual
adsorbed or particulate organic or inorganiccontamination. Surface contaminants may alter the dimensions of the
capillary and the interfacial tension.

The procedures detailed in Viscosity-Capillary Methods (91 1) are intended for usewith fluids that exhibit Newtonian
behaviorwhen subjected to shear stress.These procedures are not suitablefor the characterization of non-Newtonian
fluids because they may give erroneous and variable results ifused with such fluids.

Capillary viscometers described in (911) typically measure rheological propertiesat only one shear rate during one pass
of the sample through the capillary. Because of the nonlinearity of the shear rate-shear stress relationship for
non-Newtonian fluids, this measurement is inadequate unless provisions are made for flow measurements at multiple
rates of shear. Even more problematic for non-Newtonian fluids are the decrease in shear rate from the capillary wall
to the center of the capillary arid the variation in shear stresswith time as the liquid level in the capillary viscometer
decreases. Thus, capillary viscometers are inherentlyunsuitablefor use in characterizing non-Newtonianfluids.

Because of the small LJ P attained with glasscapillary viscometers, their use in measurements of high-viscosity fluids is
impractical. Capillary-extrusion viscometers that use an external pressurized gas reservoir or other source of constant
pressure are the only practical capillary instrumental alternative in these instances. In addition, capillary-extrusion
viscometers mayallowthe operator to varythe shear rate or stress,thus enablingthe characterization of non-Newtonian
fluids. Chapter (91 1) does not address such devices.

Measurement of Newtonian Viscosity Using a Rotational Viscometer
The principle ofthe method isto measurethe force (torque) acting on a rotorwhen it rotates at a constant angularvelocity

(rotationalspeed) in a liquid.' Rotational viscometers are used for measuring the viscosity of Newtonian fluids or the
apparent viscosity of non-Newtonian fluids. Detailed methods and procedures for rotational instrumentsare provided
in Viscosity-Rotational Methods (912). Measurement of Newtonian viscosity can be performed on rotational
viscometers/rheometersfollowing the methods and procedures proposed in Viscosity-Rotational Methods (912). The
calculatedviscosity of Newtonian fluids should be the same (withinexperimentalerror), regardless of the rate of shear
(or rotational speed).

• NON-NEWTONIAN RHEOLOGY
Newton's law of viscous deformation or flow, described in the section'on Newtonian viscosity, describes the relationship

between an applied stress, 0", and the resultantflowwith a rate of shear, or velocity gradient, of 'yo Disperse systems(Le.,
suspensions or emulsions) or fluids that contain macromolecularcomponents usually do not obey Newton's law. These
exceptionsto Newtonian behaviorare the subject of this section.The categorization ofsuch exceptionsinto differentflow
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behaviors such as shear-thinning(pseudoplastic), shear-thickening (dilatant), Bingham, etc., isnot rigid. Non-Newtonian
fluids mayexhibitdifferentrheological behaviordepending on shear rate, shearstress,and temperature. Time-dependent
rheological behavior, such as rheopexy or thixotropy, is not considered in this chapter.

The rheological behaviorof a non-Newtonianfluid isevident when shear stress is plotted as a function of shear rate. The
shear stress-shear rate relationship for Newtonian compositions islinearand passes through the origin, whereasthe shear
stress-shear rate relationship for non-Newtonian fluids isnonlinear and may not pass through the origin, or it islinearbut
does not pass through the origin (Bingham body). Rheograms, or flow curves, of some typical non-Newtonian fluids are
contrasted with those of Newtonian fluids in Figure 3.

Herschel-Bulkley

Figure 3. Rheograms of Newtonianand typical time-independent non-Newtonianfluids.

All the rheograms in Figure 3 can be described by the Herschel-Bulkley equation:

a = shear stress, in Pa
K = consistency coefficient
'y = shear rate, in S-1

n = the flow behavior index
(jo =yield stress, in Pa

K «na = .r + ao (7)

ForNewtonianfluids and Bingham plastics, Kisdesignated as the viscosity ('l) and plastic viscosity ('lpl), respectively. Because
the viscosity of Newtonianfluids and the plastic viscosity of Bingham plastics are independent of the shear stressor shear
rate, the flow behavior index, n, isequal to 1 for Newtonian fluids and Bingham plastics. Forshear-thinning fluids, 0 < n
< 1, and forshear-thickening fluids, 1 < n < 00. Shearthinning can be observedincertaincomplexsolutions suchasaqueous
hydrocolloid solutions. Dilatant behavior isgenerally exhibited by concentrated suspensionsof nonaggregating
monodispersesolid particles such as mixtures of corn starch and water. Atveryhigh viscosities or verylowshear stresses,
Bingham plastics exhibit a yield stress, (jo, a shear stress belowwhich no apparent deformation occurs(Figure 3). Other
non-Newtonianfluids do not appear to exhibita yield stress,(jo, becauseflowoccurseven at verylowshearstresses. Thus,
for non-Bingham bodies, in the absence of (jo the Herschel-Bulkley equation reduces to the power law, l.e., the Ostwald­
de Waele equation:

(8)

Many pharmaceutical macromolecular materials exhibit non-Newtonian behavior in solution.Although the viscosity of
Newtonianfluids isa constant, i.e., n=air so that 'l is independent of shear rate or shear stress, there isno singularvalue
of viscosity for non-Newtonian fluids because the viscosity of non-Newtonian fluids varies with shear rate or shear stress.
Accordingly, applying the Newtonian concept of viscosity to non-Newtonian fluids is inappropriate. The viscosity value
observedfor a non-Newtonianfluid isan apparent viscosity, 'lapp, and isa function of the conditionsof measurement.As
the shear rate or shear stress changes, the apparent viscosity is likely to change as well. Figure 4 depicts the dependence
of 'lapp on the shear rate for an aqueous solutionof a typical hydrocolloid.
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Figure 4. Log-log plot of the dependence of 'lapp on the shear rate for an aqueous solution of a typical hydrocolloid.

Figure 4 depicts apparent viscosities, 'lapp, rangingfrom high valuesat very low ratesof shear to lowvalues at very high rates
of shear. The curve's asymptotes-corresponding to the zero-shear viscosity ('lo) and the infinite-shear viscosity (1700)­
together with the linearlog-log regionat intermediate rates of shear, are characteristic of the shear-thinning behaviorof
these materials.

During the course of manufacturing, in-process materials that exhibit non-Newtonian behaviormay be subjected to wide
ranges of shear rates and shear stresses. Fluid dynamic conditions during drug product storage and administration and
releaseof the active constituent(s) could broaden those ranges even further. Formaterials that exhibit non-Newtonian
behavior in a solution or dispersion, the rheological profile (rheogram or flowcurve), as described in Figure 3, gives a
better functional characterization than a singleviscosity measurement of the apparent viscosity at a singleshear rate.

Determination of the rheological profiles of non-Newtonian solutions or dispersions requires the use of a rheometer or a
viscometerthat is capable of measuring rheological behaviorover the range of shear rates and/or shear stresses
encompassingthe conditionsthat the excipientor product islikely to encounter. Theexact mathematicalcharacterization
of deformation and flowof a test substance requires the precisedelineation of sampledimensions, the forcesexerted, and
the resulting deformation or flow. Instruments that enable a thorough, geometrically accurate analysis of deformation
and flow are termed absolute rheometers. Suchabsolute rheometers are preferredfor measurements of non-Newtonian
fluids so that results can be compared from instrument to instrument for corresponding ranges of shear stressesand shear
rates. Whenflow or deformation is not well defined or is indeterminate, the resulting measurements are likely to
correspond, at best, to approximations of the true rheological behaviorof the sample. Rheometers that can provide useful
information about material behavior, but do not enable the true rheological character of the material to be determined,
are known as relative rheometers. Suchinstrumentsare subject to geometry-dependent limitations. Results obtained with
relative rheometers generally are not comparable to those obtained with absolute rheometers or other differently
configuredrelative rheometers. Relative rheometersoften are calledviscometers. However, the term viscometer should be
reserved for a subset of rheometers that measure only steady shear flow and the corresponding Newtonian viscosity.

Temperature control during the course of measurement iscritical to the rheological evaluation of non-Newtonianfluids. An
Arrhenius-type equation has often been invoked to characterize Newtonian and non-Newtonian flow properties as a
function of temperature:

l=A.);(f<,l]
'1ref

'l = Newtonian or non-Newtonian viscosity at some absolute temperature T
'lref .= Newtonian or non-Newtonian viscosity at some reference temperature Tref

A =constant
Eo =energy for viscous flow
R = universal gas constant .

(9)
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Energies for viscous flow and the constant A are determined from experimental data. Energy dissipation by viscous flow isa
function of measuring system geometry, temperature control, shear rate, and shear stress, but increased variability is
observed in particular at high shear rates and for fluids that exhibit high apparent viscosity. Sample temperatures of
non-Newtonian fluids should be controlled to ±0.10, as is the case for Newtonianviscosity measurements.

Measurement of Viscosity Using a Rotational Rheometer
Rotational rheometers represent a more useful alternative to most capillary viscometers for measuring the rheological

characteristics of non-Newtonian fluids as long as variations in shear rate, sample temperature, and edge or end effects
can be minimized. The most common absolute rotational rheometer designs include concentric (coaxial) cylinder,
cone-and-plate, and parallel-plate instruments. All of these are available in models that can provideabsolute rheological
data-that is, data that do not require substantial correctionsfor end or edge effects, viscous heating, or variations in
shear rate or shear stress in the sample being evaluated. Rotating spindle rheometers-often described as viscometers
-are relative rheometers that typically are used to assess apparent viscosity.

An additional factor with all rheometers/viscometers that must be taken into consideration, particularly with multiphase
materials, isthe potential formation of a thin, less-viscous layerof fluidat the wall of the instrument. When wall effects,
or wall slip, occur, instrument measurements may be misleading because of the actual rheological behaviorof the
sample. Identification of walleffects is instrument specific. One useful method entails the comparison of resultswith a
roughened vs. a smooth rotor. Instrument manufacturers generally provide recommendations for identification of and
correction for wallslip.

Generally, calibration, operation, and cleaning of rheometers should be performed according to the instrument
manufacturer's recommendations.

General chapter Viscosity-Rotational Methods (912) describesthe procedures for the most common types of rheometers:
spindle rheometers (viscometers) and concentric (coaxial) cylinder, cone-and-plate, and parallel-plate (parallel disk)
instruments.

Calculation of shear rate, shear stress, and viscosity using a concentric (coaxial) cylinder rheometer:
Fornon-Newtonian liquids, it is essential to specifythe shear stress, (J, or the shear rate, y, at which the viscosity is

measured. Under narrow gap conditions (conditions satisfied in absolute rheometers), the shear rate yin s-l, and
the shear stress (J, in Pa (N . m-2 or kg . rrr' . S-2), are calculated using the following equations:

( 1 1 Ja> ---+--- M
41thRo

2 41rhR,2

~o)

(11)

Ro = radius of the outer cylinder(m)
R, =radius of the inner cylinder(m)
ta = angular velocity (radian/s)
M =torque acting on the cylindersurface (N . m)
h = height of immersionof the inner cylinder in the liquid medium (m)

Generally, the angular viscosity can be calculated using the equation:

w=(~~ )n (12)

n = rotational speed, in revolutions per min (rpm)

For laminarflow, the viscosity 11 (or apparent viscosity 'lApp), in Pa. s, isgiven by the following equation:
[NOTE-1 Pa-s = 1000 mPa· s.]

'lorry =_1_(_1 1_JM=k M (13)
App 41rh R/ R

0
2 OJ OJ

k =constant of the apparatus (radians/rn")

Calculation of shear rate, shear stress, and viscosity using a cone-and-plate rheometer:
The shear rate y in S-l, and the shear stress (J, in Pa, are calculated by the following equations:
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€X =angle between the flat plate and the cone (radians)
R = radius of the cone (m)
OJ = angular velocity (radlan/s)
M = torque acting on the cylindersurface(N . m)

Forlaminar flow, the viscosity n (or apparent viscosity 'lApp), in Pa-s, is given by the following equation:

k =constant of the apparatus (radlans/m")

Measurement of Rheological Properties Using a Nonrotational Rheometer
Alternative nonrotational rheometer proceduresfor measuring rheological propertiesof non-Newtonian fluids includeslit

rheometers, small- and large-amplitude oscillatory shear-based rheometers, and capillary-breakup elongational
rheometers. Equipmentmanufacturers generally providedetailed procedures, and these instruments and methods may
be appropriate for use after userscomplete characterization and validation studiesfor both the equipment and the
material under test. These types of rheometers are not described in Viscosity-Rotational Methods (912), as these are
not rotational rheometers.
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Chapters

(2021) MICROBIAL ENUMERATION TESTS-NUTRITIONAL AND
DIETARY SUPPLEMENTS

INTR'ODUCTION

Thischapter provides tests for the estimation of the number of viableaerobic microorganisms present in nutritional
supplements of allkinds, from raw materialsto the finished forms.Alternative methods may be substituted for the tests, provided
that they have been properlyvalidated as giving equivalent or better results. In preparing for and in applying the tests, observe
aseptic precautions in handling the specimens. The term "growth'" is used in a special sense herein, Le., to designate the
presence and presumed proliferation of viable microorganisms.

PREPARATORY TESTING

The validity of the results of the tests set forth in this chapter rests largely upon the adequacy of a demonstration that the
test specimens to which they are applied do not, of themselves, inhibit the multiplication, under the test conditions, of
microorganismsthat may be present. Therefore, preparatory to conducting the tests on a regular basisand as circumstances
require subsequently, inoculate diluted specimens of the material to be tested with separate viable cultures of the challenge
microorganisms. '

Forthe Soybean-Casein Digest Agar Medium used for TotalAerobic MicrobialCount, inoculate duplicate plates with 25-
250 cfu of Staphylococcus aureus (ATCCl No. 6538), Escherichia coli (ATCC No. 8739), and Bacillus subtilis(ATCC No. 6633) to
demonstrate a greater than 70% bioburden recovery in comparison to a control medium. Forthe Sabouraud Dextrose Agar
Medium used for TotalCombined Moldsand Yeasts Count, inoculate duplicate plates with 25-250 cfu of Candida albicans (ATCC
No.1 0231) and Aspergillus brasiliensis (ATCC No. 16404) to demonstrate a greater than 70% bioburden recoveryincomparison
to a control medium. ForEnterobacterial Count(Bile-Tolerant Gram-Negative Bacteria), appropriate dilutionsof Escherichia coli
(ATCC No. 8739) and Salmonella typhimurium (ATCC No. 13311) are used. Failure of the organism(s) to grow in the relevant
medium invalidates that portion of the examination and necessitates a modification of the procedure by (1) an increase in the
volume ofdiluent, the quantity of test material remaining the same, or by (2) the incorporation ofa sufficient quantity of suitable
inactivatingagent(s) in the diluents, or by (3) an appropriate combination of modifications to (1) and (2) soas to permit growth
of the inoculum.

The following are examples of ingredients and their concentrations that may be added to the culture medium to neutralize
inhibitorysubstances present in the sample: soy lecithin, 0.5%; and polysorbate 20, 4.0%. Alternatively, repeat the test as
described in the preceding paragraph, using FluidCasein Digest-Soy Lecithin-Polysorbate 20 Medium to demonstrate
neutralization of preservatives or other antimicrobial agents in the test material. Where inhibitorysubstances are contained in
the product and the latter is soluble, a suitable, validated adaptation of a procedure set forth under Procedure using the
Membrane FiltrationMethod may be used.

If, in spite of the incorporation of suitable inactivatingagents and a substantial increase in the volume of diluent, it isstill not
possibleto recover the viable cultures described above, and where the articleis not suitable for the employment of membrane
filtration, it can be assumed that the failure to isolatethe inoculated organism isattributable to the bactericidal or bacteriostatic
activityof such magnitude that treatments are not able to removethe activity. Thisinformationservesto indicate that the article
is not likely to allow proliferation or contamination with the given species of microorganism. Monitoring should be continued
in order to determine the inhibitory range and bactericidalactivityof the article.

1 Available from ATCC, 10801 University Boulevard, Manassas, VA 20110-2209. Equivalent microorganisms, provided that they are from a national
collectionrepository, can be used in lieuof ATCC strains. However, the viable microorganisms used in the test must not be more than fivepassages
removed from the originalATCC or national collection culture.
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Culture media may be prepared asfollows, or dehydrated culture media may be used provided that, when reconstituted as
directed by the manufacturer or distributor, they have similar ingredients and/or yield media comparable to those obtained
from the formulas given herein. .

In preparing media by the formulas set forth herein, dissolve the soluble solids in the water, using heat if necessaryto effect
complete solution, and add solutions of hydrochloric acid or sodium hydroxide in quantities sufficient to yield the desired pH
in the medium when it is ready for use. Determine the pH at 25 ± 2°.

Where agar is called for in a formula, use agar that has a moisture content of NMT 15%. Where water is called for in a
formula, use Purified Water.

pH 7.2 Phosphate Buffer

Prepare a stock solution by dissolving 34 g of monobasic potassium phosphate in about 500 mL of water contained in a
1OOO-mL volumetric flask. Adjust to a pH of 7.2 ± 0.1 by the addition of sodium hydroxide TS (about 175 mL), add water to
volume, and mix. Dispense and sterilize. Store under refrigeration. For use, dilute the stock solution with water in the ratio of
1-800, dispense as desired, and sterilize.

Media

Prepare media for the tests as described below. Alternatively, dehydrated formulations may be used provided that, when
reconstituted as directed by the manufacturer or distributor, they meet the requirements of Growth Promotion Testing. Unless
otherwise indicated elsewhere in this chapter, media are sterilized in autoclaves using a validated process. The exposure time
within the autoclave at 121° will depend on the volume of media to be sterilized. Thus, for example, a 500-mL volume would
need to be autoclaved using a temperature and time relationship that will ensure that the medium has attained at least an Fo
of 12-15 in the sterilization process. However, the appropriate time and temperature duration for sterilizing prepared media
at any given volume should be confirmed by a thermal penetration study using a thermocouple or thermoprobe placed within
the liquid medium.

FLUID CASEIN DIGEST-SOY LECITHIN-POLYSORBATE 20 MEDIUM

PancreaticDigestof Casein 20 9

SoyLecithin 5g

Polysorbate20 40mL

Water 960mL

Dissolve Pancreatic Digest of Casein and Soy Lecithin in 960 mL of water, heating in a water bath at 48°-50° for about 30 min
to effect solution. Add 40 mL of Polysorbate 20. Mix, dispense asdesired, and sterilize.

SOYBEAN-CASEIN DIGEST-AGAR MEDIUM

PancreaticDigestof Casein 15.0 9

PapaicDigestof Soybean Meal 5.0g

Sodium Chloride 5.0 9

Agar 15.0 9

Water 1000 mL

pH after sterilization: 7.3 ± 0.2.

FLUID SOYBEAN-CASEIN DIGEST MEDIUM

PancreaticDigestof Casein 17.0 9

Papaic Digestof Soybean Meal 3.0g

Sodium Chloride 5.0g

Dlbask Potassium Phosphate 2.5 9

Dextrose 2.5 9

Purified Water 1000 mL

. .

Dissolve the solids in the water, heating slightly to effect a solution. Cool the solution to room temperature, and adjust the
pH with 1 N sodium hydroxide so that after sterilization it will have a pH of 7.3 ± 0.2. Filter, if necessary, and dispense into
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suitable containers. Sterilize at a temperature and time relationship that will ensure that the medium has attained at least an Fa
of 12-15 in the sterilization process, or by a validated filtration process.

SABOURAUD DEXTROSE-AGAR MEDIUM

Dextrose 40.0 9

Mixtureof Peptic Digestof Animal Tissue and PancreaticDigestof Casein(1:1) 10.0 9

Agar 15.0 9

Water 1000 mL

Mix, and boil to effect solution.
pH after sterilization: 5.6 ± 0.2.

VIOLET-RED BILE AGAR WITH GLUCOSEAND LACTOSE

YeastExtract 3.0 9

PancreaticDigestof Gelatin 7.0 9

Bile Salts 1.5 9

Lactose 10.0 9

Sodium Chloride 5.0 9

D-Glucose Monohydrate 10.0 9

Agar 15.0 9

Neutral Red 30mg

Crystal Violet 2mg

Water 1000 mL

Adjust the pH so that it is 7.4 ± 0.2 after heating. Heat to boiling, but do not heat in an autoclave. Pour onto plates.

MOSSEL-ENTEROBACTERIACEAE ENRICHMENT BROTH

PancreaticDigestof Gelatin 10.0 9

D-Glucose Monohydrate 5.0 9

Dehydrated Ox Bile 20.0 9

MonobasicPotassium Phosphate 2.0 9

Dibasic Potassium Phosphate 8.0 9

Brilliant Green 15 mg

Water 1000 mL

Suspend the solids in water, and heat to boiling for 1-2 min. Transfer 120-mL portions to 250-mL volumetric flasksor 9-mL
portions to test tubes, all being capped with cotton plugs or loose-fitting caps. Heat on a steam bath for 30 min. Adjust the pH
so that it is 7.2 ± 0.2 after heating.

GROWTH PROMOTION TESTING

Each lot of dehydrated medium bearing the manufacturer's identifying number or each lot of medium prepared from basic
ingredients must be tested for its growth-promoting qualities. Cultures of Staphylococcus aureus (ATCC No. 6538),
Escherichia coli (ATCC No. 8739), Bacillus subtilis (ATCC No. 6633), Candidaa/bicans (ATCC No.1 0231), and Aspergillus
brasiliensis (ATCC No. 16404) are used. A 10-3 dilution of a 24-hour broth culture of the microorganism to the first dilution (in
pH 7.2 Phosphate Buffer or F/uid Soybean-Casein Digest Medium) may be used as the inocula. Serially streak plates of the media
with the appropriate inocula to obtain isolated colonies to demonstrate the. growth-promotion qualities of the Soybean-Casein
DigestAgar and Sabouraud Dextrose Agar media. Inoculate the Fluid Soybean-Casein DigestMedium and Mosse/­
Enterobacteriaceae Enrichment Brothwith 10-100 cfu of the appropriate challenge organisms to. demonstrate their
growth-promotion qualities.

SAMPLING

Provide 1O-mL or 10-g specimens for the tests called for in the individual monograph.
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Preparethe specimen to be tested by a treatment that is appropriate to its physical characteristics and that does not alter
the number and kind of microorganisms originally present, in order to obtain a solution or suspension of all or part of it in a
form suitable for the test procedure(s) to be carried out.

Fora solid that dissolves to an appreciable extent but not completely, reduce the substance to a moderately fine powder,
suspend it in the vehicle specified, and proceed as directed under TotalAerobic MicrobialCount.

For a fluid specimen that consistsof a true solution, or a suspension in water or a hydroalcoholic vehiclecontaining less than
30% ofalcohol,and for a solidthat dissolves readily and practically completely in 90 mL of pH 7.2 Phosphate Bufferor the media
specified, proceed as directed under TotalAerobic Microbial Count.

Forwater-immiscible products, prepare a suspensionwith the aid of a minimal quantity ofa suitable, sterileemulsifying agent
(such as one of the polysorbates), using a mechanical blender and warming to a temperature not exceeding 45°, ifnecessary,
and proceed with the suspension as directed under TotalAerobic Microbial Count.

Total Aerobic Microbial Count

Forspecimens that are freely soluble, use the Membrane Filtration Method or Plate Method. Forspecimens that are sufficiently
solubleor translucent to permit use of the Plate Method, use that method; otherwise, use the Multiple-Tube Method. Witheither,
method, first dissolve or suspend 10.0 g of the specimen if it is a solid, or 10 mL, accurately measured, if the specimen isa
liquid, in pH 7.2 Phosphate Buffer, Fluid Soybean-Casein DigestMedium, or Fluid Casein Digest-Soy Lecithin-Polysorbate 20
Medium to make 100 mL. Forviscous specimens that cannot be pipeted at this initial 1:10 dilution,dilute the specimen untila
suspension is obtained, Le., 1:50 or 1:100, etc., that can be pipeted. Performthe test for absence of inhibitory (antimicrobial)
properties as described under Preparatory Testing before the determination of TotalAerobic MicrobialCount.Add the specimen
to the medium NMT 1 h after preparing the appropriate dilutions for inoculation.

MEMBRANE FILTRATION METHOD

Dilute the fluid further, if necessary, so that 1 mL will be expected to yield 30-300 colonies. Pipet 1 mLof the final dilution
into 5-10 mL of pH 7.2 Phosphate Buffer, Fluid Soybean-Casein Digest Medium, or Fluid Casein Digest-Soy Lecithin-Polysorbate 20
Medium. Wash each membrane with an appropriate amount of one of the above diluents. Transfereach membrane to a Petri
dish containing Soybean-Casein Digest-Agar Medium, previously solidified at room temperature. Incubate the plates at a
temperature 30°-35° for 48-72 h. Following incubation, examine the plates for growth, count the number of colonies,and
express the average for the two plates in terms of the number of microorganismsper g or per mL of specimen. Ifno microbial
coloniesare recovered from the dishes representing the initial 1:10 dilution of the specimen, express the results as "lessthan
10 microorganisms per g or per mLof specimen".

PLATE METHOD

Dilute the fluid further, if necessary, so that 1 mL will be expected to yield 30-300 colonies. Pipet 1 mLof the final dilution
onto each of two sterile Petridishes. Promptly add to each dish 15-20 mLof Soybean-Casein Digest-AgarMedium, previously
melted and cooled to about 45°. Cover the Petri dishes, mix the sample with agar by gently tilting or rotating the dishes, and
allowthe contents to solidify at room temperature. Invert the Petridishes and incubate for 48-72 h. Following incubation,
examinethe plates for growth, count the number of colonies,and express the averagefor the two plates in terms of the number
of microorganisms per g or per mLof specimen. If no microbial colonies are recoveredfrom the dishes representing the initial
1:10 dilution of the specimen, express the results as "less than 10 microorganisms per g or per mL of specimen".

MULTIPLE-TUBE METHOD

Into each of 14 test tubes of similar size, place 9.0 mLof sterile FluidSoybean-Casein Digest Medium. Arrange 12 of the tubes
in four sets of three tubes each. Put aside one set of three tubes to serve as the controls. Into each of three tubes of one set
("100") and into a fourth tube (A) pipet 1 mL of the solution or suspension of the specimen, and mix. Pipet 1 mLfrom tube A
into the one remaining tube (B), not included in a set, and mix. These two tubes contain 100 mg or 100 ~L and 10 mg or 10
~L of the specimen, respectively. Into each of the second set ("10") of three tubes pipet 1 mL from tube A, and into each tube
of the third set ("1") pipet 1 mLfrom tube B. Discard the unused contents of tubes Aand B. Closewell, and incubate allof the
tubes. Following incubation, examine the tubes for growth: the three control tubes remain clear, and the observations in the
tubes containing the specimen, when interpreted by reference to Table 1, indicate the most probable number of
microorganisms per g or per mL.

Table 1. Most Probable Count by Multiple-Tube Method

Observed Combinations of Numbers of Tubes Showing
Growth in Each Set

Number of mg or /-IL of specimen per tube
Most Probable Number of Microorganisms

100 10 1 per g or per mL

3 3 3 More than 1100

3 3 2 1100

3 3 1 500
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Table 1. Most Probable Count by Multiple-Tube Method (continued)

Observed Combinations of Numbers of Tubes Showing
Growth in Each Set

Number of mg or IJl of specimen per tube
Most Probable Number of Microorganisms

100 10 1 per g or per ml

3 3 0 200

3 2 3 290

3 2 2 210

3 2 1 150

3 2 0 90

3 1 3 160

3 1 2 120

3 1 1 70

3 1 0 40

3 0 3 95

3 0 2 60

3 0 1 40

3 0 0 23

2 2 0 21

2 1 1 20

2 1 0 15

2 0 1 14

2 0 0 9

1 2 0 11

1 1 0 7

1 0 0 4

0 1 0 3

0 0 0 <3

Total Combined Molds and Yeasts Count

PROCEDURE

Proceed as directed for Membrane Filtration Method or Plate Method under TotalAerobic MicrobialCount, except to use the
same amount of Sabouraud Dextrose-Agar Medium instead of Soybean-Casein Digest-AgarMedium and to incubate the plates
for 5-7 days at 20°-25°.

RETEST

For the purpose of confirming a doubtful result by any of the procedures outlined in the foregoing tests following their
application to a 10-g specimen, a retest on an additional 10-g specimen from the original sample and a 10-g specimen from
the new sample of the nutritional supplement may be conducted. Proceed as directed under Procedure.

Enterobacterial Count (Bile-Tolerant Gram-Negative Bacteria)

Dissolve or suspend the sample in a sufficient volume of pH 7.2 Phosphate Bufferor Fluid Soybean-Casein Digest Medium and
dilute with Fluid Soybean-Casein Digest Medium to 100 mL. Pre-incubate for 2-5 h at 20°-25° in soybean-casein digest broth
diluent; inoculate suitable quantities of Mossel-Enterobacteriaceae Enrichment Broth to contain 0.1, 0.01, or 0.001 g or mL of
the product. Incubate at 30°-35° for 24-48 h. Subculture onto a plate of Violet-Red Bile Agarwith Glucose and Lactose, and
incubate at 30°-35° for 18-24 h. Growth of well developed, generally red or reddish, colonies of Gram-negative bacteria reveal
the presence of enterobacteria. Determine the most probable number of microorganisms per g or per mL byreference to Table
2.
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Table 2. Most Probable Enterobacterial Count
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Observed Presence of Enterobacteria

Number of 9 or ml of specimen per tube
Most Probable Number of Enterobacteria

0.1 0.01 0.001 per 9 or per mL

+ + + More than 103

+ + - Fewer than 103 but more than 102

+ - - Fewer than 102 but more than 101

- - - Fewer than 101

(2022) MICROBIOLOGICAL PROCEDURES FOR ABSENCE OF SPECIFIED
MICROORGANISMS-NUTRITIONAL AND DIETARY SUPPLEMENTS

INTRODUCTION

Good manufacturing practices require that objectionable organisms be absent from nonsterilenutritional and dietary
products. A microorganism can be considered objectionable if it represents a potential health hazard to the user who is using
the product as directed, or ifit iscapable of growing in the product. Objectionable microorganisms are defined as contaminants
that, depending on the microbial species, number of organisms, dosage form, intended use, and patient population, would
adverselyaffect product safety. Additionally, microorganisms may be deemed objectionable ifthey adverselyaffect product
stabilityor if they may damage the integrity of the container closure system.

Thischapter describes the testing of nutritionaland dietary articles for specified microorganisms, which are specified in the
individual monographs or whose absence is recommended by the guidance under Microbiological Attributesof Nonsterile
Nutritional and DietarySupplements (2023). When objectionable microorganismsare not specified in the individual monograph,
it isthe manufacturers' responsibility to determine which microorganisms in their products are objectionable. It is not intended
that allnonsterilenutritionaland dietaryarticles be tested forthe absence ofallof the microorganisms mentioned in this chapter,
nor is the testing of relevant microorganisms restricted to those presented in this chapter.

Alternative microbiological, physicochemical, and biotechnological methods, includingautomated methods, may be
substituted for these tests, provided they have been validatedas being equivalent in their suitability for determining compliance.

BUFFER AND MEDIA

General Considerations

See Buffer Solution and Media under Microbial Enumeration Tests-Nutritional and DietarySupplements (2021). The
appropriateness of each medium for the intended purpose isto be assessed. Control sets of Fluid Soybean-Casein DigestMedium
for Preparatory Testing are also used to assess the appropriateness of these media in the growth promotion of the specified
microorganisms. Forother media, streak agar plates to obtain isolated colonies of appropriate microorganisms, and inoculate
the fluid media with the appropriate microorganisms at a final concentration of lessthan 100 du per ml. Observe the growth
to establish the appropriateness of the media.

Buffer

BUFFER STOCK SOLUTION and pH 7.2 PHOSPHATE BUFFER

Proceed as directed under Microbial Enumeration Tests-Nutritional and DietarySupplements (2021).

Media

FLUID SOYBEAN-CASEIN DIGEST MEDIUM

Prepare as directed under Microbial Enumeration Tests-Nutritional and DietarySupplements (2021).

MANNITOL-SALT-AGAR MEDIUM

Pancreatic Digest of Casein

Peptic Digest of AnimalTissue

5.0 g

5.0 g
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BeefExtract LOg

o-Mannltol 10.0 9

Sodium Chloride 75.0 9

Agar 15.0 9

Phenol Red 0.025 9

Water 1000 mL

Mix, then heat with frequent agitation, and boil for 1 minute to effect solution.
pH after sterilization: 7.4 ± 0.2.

FLUID TETRATHIONATE MEDIUM

Pancreatic Digestof Casein 2.5 9

Peptic Digestof Animal Fat 2.5 9

Bile Salts 1.0 9

Calcium Carbonate 10.0 9

Sodium Thiosulfate 30.0 9

Water 1000 mL

Heat to boiling. Do not autoclave; use the same day. Immediately before use, add a solution prepared by dissolving 5 g of
potassium iodide and 6 g of iodine in 20 mL of water. Then add 10 mL of a solution of brilliant green (1 in 1000), and mix. Do
not heat after adding the brilliant green solution.

BRILLIANT GREEN-AGAR MEDIUM

YeastExtract 3.0 9

Peptic Digestof Animal Tissue 5.0 9

Pancreatic Digestof Casein 5.0 9

Lactose 10.0 9

Sodium Chloride 5.0 9

Sucrose 10.0 9

Phenol Red 80.0 9

Agar 20.0 9

Brilliant Green 12.5 mg

Water 1000 mL

Boil for 1 minute. Sterilize just prior to use, melt, pour into Petri dishes, and allow to cool.
pH after sterilization: 6.9 ± 0.2

XYLOSE-LYSINE-DESOXYCHOLATE-AGAR MEDIUM

Xylose 3.5 9

L-Lysine 5.0 9

Lactose 7.5 9

Sucrose 7.5 9

Sodium Chloride 5.0 9

YeastExtract 3.0 9

Phenol Red 80 mg

Agar 13.5 9

Sodium ,?esoxycholate(as Bile Salts) . 2.5 9

Sodium Thiosulfate 6.8 9

FerricAmmonium Citrate 800mg

Water 1000 mL
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Heat, with swirling, just to the boiling point. Do not overheat or sterilize. Transfer at once to a water bath maintained at
about 50°, and pour into Petri plates as soon as the Medium has cooled.

Final pH: 7.4 ± 0.2.

HEKTOEN ENTERIC AGAR MEDIUM

Protease Peptone 12.0 9

Yeast Extract 3.0 9

Lactose 12.0 9

Sucrose 2.0 9

Salicin 9.0 9

Bile Salts No. 3 9.0 9

Sodium Chloride 5.0 9

Sodium Thiosulfate 5.0 9

Ferric Ammonium Citrate 1.5 9

Acid Fuchsin 0.1 9

Bromothymol Blue 65 mg

Agar 14.0 9

Water 1000 mL

Mix, and allowto stand for 10 minutes. Heat gently, and allowto boilfor a few seconds to dissolve the agar. Do not sterilize.
Cool to 60°, and pour into Petridishes.

Final pH: 7.5 ± 0.2.

TRIPLE SUGAR-IRON-AGAR MEDIUM

Pancreatic Digest of Casein 10.0 9

Pancreatic Digest of Animal Tissue 10.0 9

Lactose 10.0 9

Sucrose 10.0 9

Dextrose 1.0 9

Ferrous Ammonium Sulfate 20'0 mg

Sodium Chloride 5.0g

Sodium Thiosulfate 200 mg

Agar 13.0 9

Phenol Red 25 mg

Water 1000 mL

pH after sterilization: 7.3 ± 0.2.

MACCONKEY AGAR MEDIUM

Pancreatic Digest of Gelatin 17.0 9

Pancreatic Digest of Casein 1.5 9

Peptic Digest of Animal Tissue 1.5 9

Lactose 10.0 9

Bile Salts Mixture 1.5 9

Sodium Salts Mixture 5.0 9

Agar 13.5 9

Neutral Red 30mg

Crystal Violet 1.0 mg

Water 1000 mL
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Boil for 1 minute to effect solution.
pH after sterilization: 7.1 ± 0.2.
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LEVINE EOSIN-METHYLENE BLUE-AGAR MEDIUM

PancreaticDigestof Gelatin 10.0 g

Dibasic Potassium Phosphate 2.0 g

Agar 15.0 9

Lactose 10.0g

Eosin Y 400mg

Methylene Blue 65 mg

Water 1000 mL

Dissolve pancreatic digest of gelatin, dibasic potassium phosphate, and agar in water, with warming, and allow to cool. Just
prior to use, liquefy the gelled agar solution, and add the remaining ingredients, as solutions, in the following amounts: for
each 100 mL of the liquefied agar solution, add 5 mL of lactose solution (1 in 5), 2 mL of the eosin Y solution (1 in 50), and
2 mL of methylene blue solution (1 in 300). Mix. The finished Medium may not be clear.

pH after sterilization: 7.1 ± 0.2.

BAIRD-PARKER AGAR MEDIUM

PancreaticDigestof Casein 10.0g

BeefExtract 5.0g

YeastExtract 1.0 9

Lithium Chloride 5.0g

Agar 20.0 9

Glycine 12.0 9

Sodium Pyruvate 10.0 9

Water 950 mL

Heat with frequent agitation, and boil for 1 minute. Sterilize, cool to between 45° and 50°, and add 10 mL of sterile potassium
tellurite solution (1 in 100) and 50 mL of egg yolk emulsion prepared as follows. Disinfect the surface of whole-shell eggs,
aseptically crack the eggs, transfer intact yolks to a sterile graduated cylinder, add sterile saline TS to obtain a 3 to 7 ratio of
egg yolk to saline, add to a sterile blender cup, and mix at high speed for 5 seconds. Mix all ingredients well but gently, and
pour into plates.

pH after sterilization: 6.8 ± 0.2.

VOGEL-JOHNSON AGAR MEDIUM

PancreaticDigestof Casein 10.0g

YeastExtract 5.0g

Mannitol 10.0 9

Dibasic Potassium Phosphate 5.0 g

Lithium Chloride 5.0 9

Glycine 10.0 9

Agar 16.0 9

Phenol Red 25.0 mg

Water 1000 mL

Boil for 1 minute. Sterilize, cool to between 45° and 50°, and add 20 rnl, of sterile potassium tellurite solution (1 in 100).
pH after sterilization: 7.2 ± 0.2.

FLUID SELENITE-CYSTINE MEDIUM

PancreaticDigestof Casein

Lactose

5.0g

4.0g
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Sodium Phosphate 10.0 9

Sodium Acid Selenite 4.0 9

l-Cystine 10.0 9

Water 1000 mL

Mix, and heat to effect solution. Then heat in flowing stream for 15 minutes. Do not sterilize.
Final pH: 7.0 ± 0.2.

REINFORCED MEDIUM FOR CLOSTRIDIA

Beef Extract 10.0 9

Peptone 10.0 9

Yeast Extract 3.0 9

Soluble Starch 1.0 9

Glucose Monohydrate 5.0 9

Cysteine Hydrochloride 0.5 9

Sodium Chloride 5.0 9

Sodium Acetate 3.0 9

Agar 0.5 9

Water 1000 mL

Dissolve agar in water by heating to boiling, while stirring continuously. Adjust the pH if necessary, and sterilize.
pH after sterilization: 6.8 ± 0.2.

COLUMBIA AGAR

Pancreatic Digest of Casein 10.0 9

Meat Peptic Digest 5.0 9

Heart Pancreatic Digest 3.0 9

Yeast Extract 5.0 9

Cornstarch LOg

Sodium Chloride 5.0 9

Agar 15.0 9

Water 1000 mL

Dissolve agar in water by heating to boiling and with continuous stirring. If necessary, adjust the pH. Sterilize, and allow to
cool to 45° to 50°. Add, when necessary, gentamicin sulfate, equivalent to about 20 mg of gentamicin base, and pour into Petri
dishes.

Pre-reduction of the medium is recommended.
. pH after sterilization: 7.3 ± 0.2.

RAPPAPORT VASSILIADIS SALMONELLA ENRICHMENT BROTH

Soya Peptone 4.5 9

Magnesium Chloride Hexahydrate 29.0 9

Sodium Chloride 8.0 9

Dipotassium Phosphate 0.4 9

Potassium Dihydrogen Phosphate 0.6 9

Malachite Green 0.036 9

Purified Water 1000 mL

Dissolve, warming slightly. Sterilize in an autoclave using a validated cycle,at a temperature not exceeding 115°.
The pH is 5.2 ± 0.2 at 25° after heating and autoclaving.
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Proceed as directed for Preparatory Testing under Microbial Enumeration Tests-Nutritional and DietarySupplements (2021).
For enrichment broth, selective media, and differential media use an inoculating loop to transfer the inoculum of each test

organism to the plated or liquid media being tested. If a plated medium is being tested, streak the surface of plate with the
loop in four directions to obtain a pattern of isolated colonies. Incubate the media, and examine the plated or liquid media for
the characteristic growth of the inocula (See Tables 7, 2, 3, and 4).

SAMPLING

Proceed as directed for Sampling under Microbial Enumeration Tests-Nutritional and DietarySupplements (2021).

TEST PROCEDURES

Test Preparation-Prepare as directed for Sampling. Transfer to a suitable container with 100 mLof Fluid Soybean-Casein
Digest Medium(FsCD). Mix by shaking gently. [NoTE-On the basis of results for Preparatory Testing, modify the Test Preparation
as appropriate.]

Test for Absence of Staphylococcus aureus

Incubate at 30° to 35° for 18 to 24 hours. Streak a loopful from FsCD onto the surface of one or more of the following media:
Vogel-johnson Agar Medium (Vj Agar), Mannitol-Salt-Agar Medium(Ms-Agar), and Baird-Parker Agar Medium (BP Agar). Cover
the Petri plates, invert them, and incubate at 30° to 35° for 24 to 48 hours.

Examine the plates of VjAgar,Ms-Agar, and/or BP Agar,and interpret the results with reference to Table 7: ifno plate contains
colonies having the characteristics described, the test specimen meets the requirement for the absence of Staphylococcus aureus.
If characteristic colonies are present, perform coagulase test as follows. Transfer representative colonies to separate tubes
containing 0.5 mL of rabbit plasma, horse plasma, or any other mammalian plasma. Incubate in a water bath at 37°. Examine
for coagulation after 3 hours of incubation and at suitable intervals up to 24 hours. Comparing with positive and negative
controls, the absence of a coagulase reaction indicates the absence of Staphylococcus aureus in the tested article.

Table 1. Characteristics of Staphylococcus aureus on Specified Agar Media
Agar Medium Colonial Morphology Gram Stain

Vogel-Johnson Black surrounded byyellowzone (+), cocci

Mannitol-Salt Yellow colonieswithyellowzone (+), cocci

Baird-Parker Black, shinysurrounded by 2-5-mm clearzones (+), cocci

Test for Absence of Salmonella Species

Incubate at 30° to 35° for 18 to 24 hours: From FsCD, pipet a l-mL aliquot into 10 mL of Rappaport Vassiliadis Salmonella
Enrichment Broth, mix, and incubate at 30° to 3SO for 18 to 24 hours. Streak a loopful from both incubated media onto individual
surfaces of one or more of following media: BrilliantGreen Agar Medium(BG-Agar), Xylose-Lysine-Desoxycholate-Agar Medium
(XLDC-Agar), and Hektoen Enteric AgarMedium(HE Agar).Cover, invert the plates, and incubate at 30° to 35° for 24 to 48 hours.
Examine the inoculated plates of BG-Agar, XLDC-Agar, and/or HE Agar,and interpret the results with reference to Table 2: if no
colonies having the characteristics described are observed, the test specimen meets the requirement for the absence of
Salmonella species. If colonies with characteristics described in Table 2 are present, the suspect colonies are transferred to a
slant of Triple sugar-lron-Agar Medium(Tsl) using an inoculating wire, by first streaking the surface of the slant, and then
stabbing the wire well beneath the surface. Incubate at 30° to 35° for 24 to 48 hours. Ifthe tubes do not have red alkaline slants
and yellow acid butts, with or without concomitant blackening of the butts from hydrogen sulfide production, the test specimen
meets the requirement for the absence of Salmonella species.

Table 2. Characteristics of Salmonella Species on Specified Agar Media

Agar Medium Colonial Morphology Gram Stain

Small, transparent and colorless; or opaque, pinkor white
BrilliantGreen (often surrounded by pinkto red zone) (-), rods

Xylose-Lysine-Desoxycholate Red, with or without blackcenters (-), rods

Hektoen Enteric Blue-green, with or without blackcenters (-), rods

Test for Absence of Escherichia coli

Incubate at 30° to 35° for 24 to 48 hours. From FsCD, pipet a l-mL aliquot into a container containing 10 ml of MacConkey
Broth, mix, and incubate at 42° to 44° for 24 to 48 hours. Streak a loopful from both incubated media onto individual surfaces
of MacConkey Agar Medium (Me Agar), and incubate at 30° to 35° for 18 to 24 hours. Examine the inoculated MCAgar plate,
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and interpret the resultswith reference to Table 3: ifno colonies having the characteristics described are observed, the test
specimen meets the requirement for the absence of Escherichia coli. Suspect colonies showing the characteristics described in
Table 3 are transferred individually, using an inoculating loop, to the surface of a plate with Levine Eosin-Methylene Blue-Agar
Medium (LEMB-Agar). If a large number of suspect coloniesare to be transferred, divide the surfaceof each plate into quadrants,
each quadrant being inoculated with a differentcolony.Covertheplates, invert, and incubate at 30° to 35°for 24 to 48 hours.
Ifnone of the coloniesexhibit a characteristic metallic sheen undeneflected light, and ifnone exhibit a blue-black appearance
under transmitted light, the test specimen meets the requirement for the absence of Escherichia coli.

Table 3. Characteristics of Escherichia coli on MacConlcey Agar Medium

Colonial Morphology Gram Stain

Brick red, mayhavesurroundingzone of precipitatedbile (-), rods

Test for Absence of Clostridium Species

TEST PREPARATION

Prepare as directed for Sampling. [NoTE-Onthe basisof resultsfor Preparatory Testing, modifythe Test Preparation as
appropriate.]

PROCEDURE-Take two equal portions of the Test Preparation, heat one to 80° for 10 minutes, and cool rapidly. Transfer
10 mLof each portion to separate containers, each containing 100 mL of Reinforced Mediumfor Clostridia, and incubate under
anaerobic conditions at 35° to 37°for 48 hours.After incubation, subculture each specimen on Columbia AgarMedium to which
gentamicin has been added, and incubate under anaerobic conditions at 35° to 37° for 48 hours. Examine the plates, and
interpret with reference to Table 4: if no growth of microorganisms is detected, the test specimen meets the requirement for
the absence of Clostridium species.

Table 4. Characteristics of Clostridium Species on Specified Media
- "

Medium Gram Stain Catalase

Reinforced Medium for Clostridia (+), rods

Columbia Agar (+), rods Negative

Ifgrowth occurs, subculture each distinct colony on Columbia Agar Medium, and separately incubate in aerobic and in
anaerobic conditions at 3SO to 37° for 48 hours. The occurrence of only anaerobic growth of gram-positive bacilli, givinga
negative catalase reaction, indicates the presence of Clostridium sporogenes. To perform the catalase test, transfer discrete
coloniesto glassslides, and apply a drop of dilute hydrogen peroxide solution: the reaction isnegative ifno gas bubbles evolve.
Ifthe test specimen exhibits none of these characteristics, it meets the requirement for the absence of Clostridium species.

RETEST

Forthe purpose of confirming a doubtful "result by any of the procedures outlined in the foregoing tests following their
applicationto a 109 specimen, a retest on a 25 g specimen of the nutritionalor dietary supplement may be conducted. Proceed
as directed under Procedure, but make allowances for the larger specimen size.

(2023) MICROBIOLOGICAL ATIRIBUTES OF NONSTERILE
NUTRITIONAL AND DIETARY SUPPLEMENTS

INTRODUCTION

The raw materials, pharmaceutical ingredients, and active ingredients used in the manufacture of nutritional and dietary
articles may range from chemicallysynthesized vitamins to plant extracts and animal byproducts, and these ingredients are
typically not sterile. Considerable experience has accrued with these highly refined plant- and animal-derived pharmaceutical
ingredients, such as microcrystalline cellulose, modified starch, lactose, and magnesium stearate, and their microbiological
attributes are well established. Botanicals may be microbiologically contaminated at any point during cultivation, harvesting,
processing, packing, and distribution. Majorsources of microbial contamination are associated with human or animal feces
used as plant manure; contaminated irrigation water and/or process water; and poor worker hygiene and sanitation practices
during harvesting, sorting, processing, packaging, and transportation. Furthermore, it is essential that microbiological
contamination be minimizedduring the manufacture of nonsterile dietary supplements. To achieve this, Good Manufacturing
Practices are employed and adequate microbiological specifications are established.

Microbiological process control, control of the bioburden of raw materials, and control of the manufacturing process to
minimize cross-contamination are necessaryto guarantee acceptable microbial quality in the final dosage forms. Because
nonaqueous or dry dosage forms do not support microbial growth because of lowwater activity, the microbial qualityof such
articles isa function of the microorganisms introduced through ingredients or during processing. In addition to considering
the intended use of the product, the frequency of microbial testing for the finished nonsterile dietary supplement would be a

www.webofpharma.com

https://nhathuocngocanh.com/



USP 43 Dietary Supplements / (2023) 8699

function of the historical microbial testing database of that product, knowledge of the manufacturing processes, the
susceptibility of the formulationto microbial proliferation, and the demonstrated effectiveness of programs c:ontrolling the raw
materials.

FORMULATION AND PROCESS DESIGN

From a microbiological perspective, the development of the formulation of nutritionalor dietary supplements includesan
evaluation of raw materialsand their suppliers and the contribution made to the products by each ingredient and the
manufacturing processes. Characterization of these elements allows the adequacy of the manufacturing process to be
demonstrated. Forexample, ifa product isformulated with an ingredient of botanicalor animal origin known to possessa high,
variable, or unpredictable level of microbiological contamination, it is necessaryto ensure that the microbiological monitoring
identifies ingredients that havean inappropriate bioburden level and that a premanufacturing processsuch asdrying, extraction,
heat treatment, irradiation, or gaseous sterilization treatment will inactivateor remove any objectionable contaminant possibly
present.

However, the selected treatment technique should not have any adverseeffects. The treatment of raw materialsby irradiation
and ethylene oxide may cause unwanted changes affecting the safety and efficacy of the raw material. For instance, when
treated by ethylene oxide, crude extracts containing alkaloids have shown reduced contents of alkaloids. Dryheat treatment
has been used for inactivation as well, but requires further evaluation because it may adversely affect stabilityand degradation
of the raw material.With regara to the design of the manufacturing process, appropriate consideration should be given to the
microbiological effect of wet granulation manufacturing processes.Wetting of a dry powder can result in increased levels of
microorganisms if the granulation is stored prior to drying. However, it is recognized that the pressure and temperature
associated with compression of tablets will decrease microbial counts. Antimicrobial activityis also achieved, especially with
aqueous preparations, by the addition of chemicalsthat have known antimicrobial properties and that are compatible with the
formulation.

However, antimicrobial preservation is not a substitute for Good Manufacturing Practices. A process has to be designed to
minimizethe microbiological population. Operating procedures, temperatures, and time limits, including holding times, are
establlshedto protect the product from microbiological contamination and growth. All processes have to be validated for their
intended purposes. Moreover, in-process manufacturing and testing controls necessaryfor microbiological quality should be
identified and implemented.

FACILITIES, EQUIPMENT, WATER, AND SANITIZATION

Facilities

The facilities, includingthe building and the-heating, ventilation, and air-conditioning (HVAC) systems, should be designed
to minimizemicrobiological contamination. The design offacilities usedfor the manufacture ofsupplements and their operating
parameters should be documented, and the documentation should include,when appropriate, HVAC filtertypes, space pressure
differentials, temperature, and relative humidity and air changes. Dryproducts processed in a dry environment do not possessa
high potential for increased microbial levels. However, some control iswarranted to minimize microbiological and chemical
contamination. Potentially problematic areas are those that utilize Purified Waterfor wet granulation, batching liquid products,
and film-coating tablets, because water encourages microbial growth.

Equipment

Equipment used for the processing of semisolid and dry supplements should be designed to promote sanitary conditions,
to be self-drying, and to be easyto clean. Dryers, ovens, wet granulation equipment, bulktanks, and equipment for preparation
of coating solutions are periodically evaluated to ensure that cleaning procedures are adequate.

Water

As one of the major components in nutritional and dietary supplement manufacturing processes, water deserves a special
consideration in the microbiological control of these articles. It isa growth medium for a varietyof microorganisms that present a
threat to product quality, safety, preservation, and stability. Water may even act as a carrier of objectionable microorganisms.
In view of this, water used in manufacturing is Purified Water. Forthe manufacture of raw materials, process water that meets
specific microbiological objectives and U.S. Environmental ProtectionAgency National Drinking Water standards or equivalent
European and Japanese standards may be used.

Cleaning and Sanitization

Detailed and specific cleaning and sanitization procedures should be evaluated, developed, and validated, with special
attention given to product contact surfaces. Personnel should possesssufficient knowledge of these procedures.
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SUPPLEMENT COMPONENTS

Raw materials, excipients, and active substances as components of nutritional and dietary supplements can be a primary
source of microbiological contamination. Specifications should be developed and sampling plans and test procedures should
be employed to guarantee the desired microbiological attributes of these materials. The nature and extent of microbiological
testing should be based upon a knowledge of the material's origin, its manufacturing process, use, historical data, and
experience. Forinstance, materialsof animal or botanical origin that are not highlyrefinedmight requirespecial, more frequent
testing than synthetic products.

Since members of the family Enterobacteriaceae are a major component of the normal epiphytic and endophytic microflora
(e.g., members of genera Klebsiella, Enterobocier, and Erwinia) and have been associated with the seeds, pods, roots, leaves,
and stems of plants of economic importance, coliform or Enterobacteriaceae counts will not be an appropriate general
microbiological criterionfor botanicals. However, when it is considered advantageous, coliform or Enterobacteriaceae counts
may be included in the individual monographs. Typically on new leaves, bacteria predominate in the microflora, whileyeast
and filamentous fungi succeed bacteria and become dominant late in the growing season. With dried botanicals, the bacterial
population will tend to change from Gram-negative bacteria to Gram-positive spore formersand fungi. Refinement of botanicals
from chopped or powdered plant material to powdered extracts using alcoholic, alkaline, acid hydro-alcoholic, or aqueous
extracting materialswill reduce the likelihood of vegetative microorganisms within the botanical material. The classification of
botanical materials iscontained in Table 1.

Table 1. Definitions of a Range of Botanical Materials
Botanical Preparation Definition

Hand-picked portionsof the botanical(e.g., leaves, flowers, roots, tubers, etc.) that are

Chopped or PowderedBotanicals
air drled; chopped, flaked, sectioned, ground, or pulverized to the consistency of a
powder.

Extracts are solids or semisolid preparationsof a botanicalthat are prepared by perco-
lation,filtration, and concentration by evaporationof the percolate.The extracting
material may be alcoholic, alkaline, acid hydro-alcoholic, or aqueous in nature. Typi-

Botanical Extracts
cally, an extract is4-10 timesas strong as the original botanical.The extracts may be
semisolids or dry powders termed powdered extracts.

Tinctures
Tinctures are solutions of botanicalsubstances in alcohol obtained by extractionof the
powdered, flaked, or sectionedbotanical.

Infusions are solutionsof botanicalprinciples obtained by soakingthe powdered bota-

Infusions
nicalin hot or cold water for a specified time and straining. Typically, infusions are 5%
in strength.

Decoctions
Decoctions aresolutions of botanicals prepared by boiling the material in water for at
least 15 min and straining.Typically, decoctions are 5% in strength.

Fluidextracts
Afluidextract isan alcoholicliquid extract made by percolation of a botanical so that
1 mLof the fluidextract represents1 g of the botanical. .

Botanicals to be treated with boiling water before use Dried botanicals to which boiling water isadded immediately prior to consumption.

MICROBIOLOGICAL TESTING

Frequency of Sampling and Testing

Microbiological attribute sampling and testing plans varywidely. Insome cases, no sampling or testing isnecessary; in other
cases, periodic monitoring iswarranted; and yet for some articles, each batch requiressampling and testing. The design of the
sampling and testing plans and the kind of attributes examined depend on the application and the type of the product, the
potential for contamination from components and processing, the growth promotion or inhibition properties of the
formulation, and the target population for the supplement. Forexample, a powdered botanical may have highlyvariable
microbiological attributes so that an incoming batch would be sampled and composite testing would not be advised, while a
highly refined botanical extract may not require routine microbial testing. Similarly, products with a lowwater activity will not
be susceptible to microbial growth during their shelflife provided they are protected from elevated humiditybytheir containers.

Microbial Enumeration Tests

See the Introduction under Microbial Enumeration Tests-Nutritional and DietarySupplements (2021). These te~ts provide
meaningful information regarding the microbiological acceptabilityofexcipients, activesubstances, and no~sterl!e supplement
formulations. Ifthe individual monograph does not specifymicrobial enumeration limits, the guidance provided In thl~ chapter
is used. Acceptable general limits of microbial levels for raw materials, excipients, and botanical products we~q~yvn In Table
2; and those for raw materials, excipients, active ingredients, and other nonsterile finished articles that ~rt nytntlonal
supplements, but do not contain botanicals, are shown in Table 3.
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Table 2. Recommended Microbial Limits for Botanical Ingredients and Products
Recommended Microbial limit Requirements

Material (cfu/g or ml)

Totalaerobic microbial count NMT lOs

Totalcombinedyeasts and moldscount NMT 103

Bile-tolerant Gram-negative bacteriaNMT 103

Driedor Powdered Botanicals Absenceof Salmonella spp. and E. coli in 109

Totalaerobic microbial count NMT 104

Totalcombined yeastsand moldscount NMT 103

Powdered Botanical Extracts Absenceof Salmonella spp. and E. coli in 109

Totalaerobic microbial count NMT 104

Tinctures Totalcombined yeastsand moldscount NMT 103

Totalaerobic microbial count NMT 104

Fluidextracts Totalcombinedyeastsand moldscount NMT 103

Totalaerobic microbial count NMT 102

Infusions/Decoctions Totalcombined yeastsand moldscount NMT 10

Totalaerobic microbial count NMT 104

Totalcombinedyeasts and moldscount NMT 103

Nutritional Supplementswith Botanicals Absenceof Salmonella spp. and E. coli in 109

Totalaerobic microbial count NMT 106

Totalcombined yeastsand moldscount NMT 104

Bile-tolerant Gram-negative bacteria NMT 102

Botanicals to be treated with boilingwater beforeuse Absenceof E. coliand Salmonella spp, in 109

Table 3. Recommended Microbial Limits for Dietary Supplement Ingredients and Products
Recommended MicrobialLimitRequirements

Material (cfu/g or ml)

Totalaerobic microbial count NMT 103

Other raw materialsand
Totalcombined yeasts and moldscount NMT 102

dietarysupplement ingredients Absenceof E. coli in 109

Totalaerobic microbial count NMT 103

Totalcombined yeasts and moldscount NMT 102

Nutritional supplements with syntheticor highlyrefinedingredients Absence of E. coli in 109

Absence of Objectionable Microorganisms

SeeIntroduction under Microbiological Procedures for Absence of Specified Microorganisms-Nutritional and DietarySupplements
(2022). Absence of one or more species of objectionable microorganisms is required in some individual monographs.

Test for Aflatoxins

Dietary and nutritional articles containing botanical products with a history of mycotoxin contamination are also typically
tested for aflatoxins, especially if the material is obtained from roots or rhizomes. See Articles of Botanical Origin (561) for the
details of a test for aflatoxins. Where necessary, this test is included in the individual monograph.

Solid Oral Dosage Forms

Among all dosage forms, solid oral dosage forms present the lowest microbiological risk because of their method of
manufacture, low water activity, and route of administration. When justified, reduced microbiological testing may be
approRriate.
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Other Concerns

USP 43

The presence ofsome microorganisms in articles can be an indicatorof processesthat are not under microbiological control.
Forexample, Purified Waterused at some stage of the manufactureof these products might contain a typical flora of
Gram-negative microorganisms. As with pharmaceutical products, inadequate processing of water and poor maintenance of
water systems may result in the contamination of processedformulations by Gram-negative microorganisms.

(2030) SUPPLEMENTAL INFORMATION FOR ARTICLES OF BOTANICAL
ORIGIN

This general chapter provides information about several aspectsof botanical articles not covered in USP standards
monographs. Although the standards in the monographs address the quality issues associatedwith botanical plant materials,
extracts, and preparations of Pharmacopeial articles, there isa need to develop appropriate information to optimize the
pre-harvestconditionsfor appropriate growth and the post-harvest handling to achieveconsistent quality with minimum
variations in the composition of chemical constituents.

PROTOCOL CONTENTS

Black Cohosh (Actaea racemosa L.)
Ginger (Zingiber officinaleRoscoe)
Valerian (Valeriana officinalis L.)
Elm (Ulmus rubra Muhlenberg)

GENERAL GUIDANCES

It is recommended that, at a minimum, growers and others involved in the handling and distribution of botanical products
should becomefamiliar withand follow the WHO Guidelines on GoodAgricultural and Collection Practices (GACP) for Medicinal
Plants (found at http://apps.who.int/medicinedocs/pdf/s4928e/s4928e.pdf).

Commercial trade in naturalproducts occurs ina globalmarket. Material of domestic originmust be produced incompliance
with all federal lawsof the United States. Material of foreign origin, imported into the U.S., must be produced and transported
in compliancewith the laws of the U.S., the country of origin, and relevantinternational treaties. These include, but may not
be limited to, the following:

1. The Convention on International Trade in Endangered Species of Wild Faunaand Flora (CITES) isan international
agreement between governments. Itsaim is to ensure that international trade in specimens of wild animals and plants
does not threaten their survival. Information about CITES isavailable at http://www.cites.org.

2. The Convention on Biological Diversity (CBD) establishes three main goals: the conservation of biological diversity, the
sustainableuse of its components, and the fair and equitable sharing of the benefitsfrom the use of genetic resources.
Each country that has ratified and isa party to the Convention is responsible for implementation by means of national
enabling legislation that can differ from country to country.

3. The EndangeredSpecies Act(ESA) was originally adopted in 1973. The ESA isa lawthat aims to protect speciesof fish,
wildlife, and plants believed to be threatened with extinction. The ESA isadministered primarily by the U.S. Fish and
Wildlife Service. Full text of the act is available at: http://epw.senate.gov/esa73.pdf.

Provided below isadditional information not covered in the compendial specifications: compendial history; sources;
collection and cultivation, including common adulterants; and drying, storing, and shipping. This information is providedto
complement the standards for quality control in the monographs for botanical articles.

Compendial History-The focus in this section ison historical compendial use that has strong validity, with only brief
referenceto anecdotal use.This isimportant information becausetraditional use isone of the elements taken into consideration
to support the safetyand the presumptionsof benefits of botanical dietarysupplements.

Sources-Included here is the point of origin of the botanical; it alsoencompasses cultivation (defined as agricultural
growing) and wildcratting (definedas collected in the wild), along with a listing of the primarygeographical (native)areas of
production.

Collection and Cultivation-This section discusses wildcrafting, the conservationof restricted and rare species, and
the trend to cultivation as an ecological alternative; such optimal harvesting and collection practicesserve to preserve the
integrityof speciesand botanical products. It isdivided into three subsections:

1. Collection (conservation and ecology)
2. Cultivation Practices
3. OptimalTimes for Harvest
Post-Harvest Handling (Optimal Handling and Processing Practices, Drying, Storage, and

Shipping)-Important factors regarding storage of herbal products and how they should be maintained includethe
followinq.
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1. Light: Protection from light is important for botanical articles. Light accelerates numerous chemical processes that may
lead to degradation or changes in the constituents of the articles.

2. Temperature: Storage temperatures in this Pharmacopeia are defined in Packaging and Storage Requirements (659), Storage
Conditions. Excessive heat may affectthe content of volatileconstituents (essential oils) and accelerate degradation
processes. However, heat treatments are sometimes useful in the maintenance of the article's quality and can be used in
drying, reducing microbial load, and inhibiting certain enzymes. Heat application during these processes must be
carefully controlled to achieve the desired balance between degradation and quality conservation.

3. Humidity: Moisture in the articles may allow certain enzymes such as glycosidases to become active, hence degrading
constituents. Highhumidityalso increasesthe danger of microbial proliferation. As a rule, it isadvisableto store botanical
articles below 60% relative humidity. Although controlled humidity and temperature warehouses are now required in
many good manufacturing practicesfor natural products, much of the world still lacks access to these facilities.

4. Degree of Comminution: The degree of comminution plays a role in determining the stabilityof the botanical articles
during storage. The increased surface area in fine powders allows oxidation and other degradation processes to occur
more extensivelyand rapidlythan in the case of a whole article. Plants containing tannins, bitter substances, and essential
oilsare particularly sensitive to the degree of comminution. In general, dried crude botanicals should be stored in a
minimally processed form.

5. Containers: Appropriate containers are defined in this Pharmacopeia in Packaging and Storage Requirements (659), General
Definitions.

Constituents-Where known, the substances mainly responsiblefor the activity of the product are listed, along with
other compounds contained in the plant.

SUPPLEMENTAL INFORMATION AND GENERAL GUIDANCE PROTOCOLS

Black Cohosh Actaea racemosa L.[Cimicifuga racemosa (L.) Nutt.] (Fam. Ranunculaceae)

BOTANICAL IDENTIFICATION

Actaea racemosa L. Herbaceous perennial from rhizome.
Stem: Erect, solitary, to 2.5 m tall, glabrous.
Leaves: Basal and cauline, alternate, 2-4-ternately compound, petioles 15 to 60 cm long, bases clasping stem; leaflets 20 to
70; terminal leafletof central division 3-lobed, 6 to 15 cm long, 6 to 16.5 cm wide, with 3 prominent veins arisingfrom base;
subterminal leaflets with blades ovate-Ianceolateto obovate, 4 to 12 cm long and 3 to 8 cm wide; margins toothed to deeply
incised; green above, paler below; glabrous or rarely pubescent along veins of undersurface.
Inflorescence: Terminal panicleof 4 to 9 slender branches, each 7 to 60 em long, pubescent; 1 bract subtending each pedicel.
Flowers: Perfect, radially symmetric; sepals 4, greenish-white, caducous; petals 0; staminodes (1-) 4 (-8), petaloid,
cream-colored, 2 to 3 mm long, clawed, apex bifid; stamens 55 to 110; pistils 1 (-3), glabrous to pubescent, ovary superior,
styleshort, stigma 0.5 mm wide.
Fruit: Many-seeded follicle, 5 to 10 mm long, ovoid, laterally compressed with curved, stout beak (peristent style), pubescent;
seeds hemispheric, brown, scales lacking. .
Chromosome number: n = 8.

There are currently two varieties of A. racemosa recognized on the basisof differences in leafmorphology: var. racemosa and
var. dissecta. The former variety has triternate-pinnate leaveswith serrate margins, while the latter has quadriternate-pinnate
leaves that are deeply incisedwith serrate lobes.Variety dissecta isonly knownfrom veryfew herbarium specimens, allof which
were collected well over 100 years ago, making this taxon of uncertain taxonomic significance.

COMPENDIAL HISTORY

Black cohosh appeared on the secondary listof substances in the first UnitedStates Pharmacopoeia (USP) of 1820, where it
was listed as an anti-inflammatoryand antispasmodic. It soon rose to the primary list in 1830, a position it held until the 10th
decennial revision of 1920. Black cohosh appeared in the first edition of the UnitedStates Dispensatory (USD) in 1833 and
remained through 1955 for a total of 122 years. Carryingforward the traditional NativeAmerican use of blackcohosh for
women's ailments and Barton's use for throat complaints, current therapeutics finds the plant used in a number of preparations
for coughs and for gynecological disorders. In 2001, both the rhizome and the dry rhizome extract of blackcohosh were
proposed once again for inclusion in the UnitedStates Pharmacopeia-National Formulary (USP-NF). (See revised proposal on
page 1455 of PF 28(5) [Sept.-Oct. 2002].) The monograph became official in the Second Supplement to USP 30-NF 25.

CONSTITUENTS

Majorconstituents of black cohosh are triterpene glycosides principally as beta-xylopyranosides and
alpha-arabinopyranosides.The aglyconesare mostlyderivedfrom acteol and cimigenol.The nomenclature of these compounds
isquite confusing in the literature,with different names often given to the same compounds. Acyclopropane ring isa common
feature of these compounds, which are structurally related to cycloartenol.The isoflavone formononetin has been reported in
some publications; however, recent evidence indicates its absence in the roots and rhizomesof Actaea racemosa. Other
constituents include tannins, resin, fatty acids, starch, sugars, and aromatic acids includingferulic acid, isoferulic acid, caffeic
acid, and salicylic acid.
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Sources-Black cohosh can be found in moist deciduous forests, ravines, moist meadows, creek margins, and mountainous
terrain. Black cohosh flowers from June to September and is native to eastern North America from Ontario south to Georgia
and west to Missouri. The entire supply of black cohosh comes from the United States. The major producers of blackcohosh
are Kentucky and Tennessee, with additional supplies coming from Georgia, Michigan, North Carolina, Ohio, South Carolina,
Virginia, West Virginia, and Wisconsin. Although there are reports of black cohosh being grown in China and Indiafor export,
the true identity of the cultivated material has not been verified and may well be an Asian species of Actaeasuch as A.
cimicifuga(syn. Cimicifuga foetida). The vast majorityof the commercial blackcohosh is wild harvested. Concern over the
conservation of blackcohosh due to increasing demand makes this species a good candidate for cultivation.
Distribution-North America (Ontario; Georgia, Kentucky, Michigan, Missouri, North Carolina, Ohio, South Carolina,
Tennessee, Virginia, West Virginia, and Wisconsin); China; and India.

COLLECTION AND CULTIVATION

Collection (Conservation and Ecology)-Traditionally, blackcohosh has been harvested after plants become reproductive,
which occurs anywhere from 2 to 8 years of age in cultivated plants, depending on growing techniques (see Cultivation
Practices). A portion of the rhizomewith a visible bud on it should be left in the ground to resprout the following year. There
is no published informationon the relationship between the constituent profile of the rhizome and its age, growing conditions,
or place of origin, although such studies are underway. The impact of harveston wild populations of blackcohosh iscurrently
unknown, and sourcesdifferin their opinion about it.Whereassome maintainthat current levels of harvestthreaten the viability
of wild populations, others feel that sustainable harvesting ispossible at current levels of demand. Astudy of sustainable harvest
limits is currently underway. The regulatory status regarding the trade of blackcohosh is under reviewby CITES. Refraining
from harvesting plants until after they have set seed and leaving a portion of the rhizome in the ground to resprout are key
components to sustainable harvesting:
Cultivation Practices-Black cohosh isgrown from rhizomecuttings or seeds and requiressome shading, depending on altitude
and other environmental conditions. Ifgrown from rhizome cuttings, a plant takes 2 to 3 years to become reproductive;grown
from seed sown in the greenhouse and then planted, takes 4 to 6 years; direct-seeded may take from 6 to 8 years. Preliminary
work indicates that blackcohosh can be propagated successfully using in vitro techniques.
Optimal Times for Harvest-Rhizomes and roots should be harvested in autumn when the plant isdormant. At that time the
underground portions of the plant have lower moisture content than in other seasons. Fall harvesting also allows plants to
produce mature seeds before being uprooted.

POST-HARVEST HANDLING

Optimal Handling and Processing Practices-Rhizomes with roots may be processed fresh or dried. Theyshould be
thoroughly washed directlyafter harvest and then laid out to dry. Freshly harvested roots should be solid but not woody.
Drying-Rhizomes with roots are cut and air-dried at 35° to 45°. Theyare fully dried when they are brittle and snap easily and
when no moisture is evident in cross section, either visibly or to the touch.
Storage-Follow general guidelinesfor storage by packing inairtightcontainers protected from light, heat, moisture,and insect
infestation.

ADULTERANTS AND CONTAMINANTS

Other speciesof Actaea, especially yellowcohosh (A. podocarpasyn. Cimicifuga americana), have commonly been mixedwith
A. racemosa because of similarity in aboveground appearance and common growing habitat between species.The two species
can be distinguished by differences in their freshly harvested underground parts: the fresh rhizome ofA.podocarpa has a distinct
yellowish hue, whereas that of A. racemosa is black. The rhizomesof both species are far more difficult to tell apart when dry
because A. podocarpa darkens upon drying. The underground portions of baneberry (Actaea pachypoda and A. rubra) occur as
occasional adulterants of blackcohosh supplies. Fruiting plants of baneberry may be distinguished from blackcohosh by their
fleshy white or red poisonous berries,which contrast with the dry follicles of blackcohosh. No informationwas available on
how to distinguish the underground portions of blackcohosh and baneberry from each other. According to one herb dealer,
the roots of baneberry are smaller than those of blackcohosh, and therefore are not often harvested by wildcrafters. In the
Pacific Northwest, Actaea elata (syn. Cimicifuga elata) is collected for medicinal use.

Ginger Zingiberofficinale Roscoe (Fam. Zingiberaceae)

BOTANICAL IDENTIFICATION

Zingiber officinale Roscoe. Herbaceous perennial from tuberous rhizome, aromatic because of the presence of volatile oils.
Stem: Erect, unbranched pseudostem formed by the tight overlap of sheathing leaf bases; 0.9 to 1.5 m tall.
Leaf: Simple, alternate and two-ranked, sessile or petiolesshort with basessheathing the stem and a ligule where the leafbase
meets the stem; blade linearto narrowly lanceolate, 15 to 25 cm long, 1.5 to 3 cm wide; margin entire; glabrous to pubescent.
Inflorescence: Terminal spike, 3.5 to 8 cm long, 1.5 to 2 cm wide, with conspicuous spirally arranged primarybracts; usually
borne,on specialized leafless stems.
Flower: Perfect, bilaterally symmetric; calyxtubular with 3 lobes; corolla tube 2 to 2;5 cm long with lanceolate apical lobes,
1.5 to 2 cm long, 2 to 3.5 mm wide, greenish yellow; stamen 1, anther cream-colored with dark purple, elongated connective
grasping upper part of style;staminodes 4, petaloid, 2 fused into an erect, ovate-oblong lip that is dull purple with cream
mottling; ovary inferior; style 1, slender, exerted beyond connective.
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Fruit: Loculicidal capsule; seeds shiny blackwith a white aril.
Chromosome number: n =11.

There are several different varieties and forms of ginger. The varying morphological characteristics of these are displayed in
Table 7.

Table 1. Morphological and Key Characteristics of Ginger from Different Areas of Production

Source Form Aroma Color (External)

Poorqualityis recog- Uncutsurfacedark grayish-
Flatsurfaces, mostlypeeled, starchy nized by its camphor- brown;cut surfacebrownish-

Africa and fibrous; 9 cm long, 1.5 cm wide aceous aroma black

Australia Citrus-like Buff

Bengal Flatsurfaces, scraped Gray-brown

Short stumpy lobes, unscraped,
China mostlysliced Strong,floral to citrus Palebrown

Creamcolorwith numerous
Cochin Lateral surfaces lacking cork Strong,floral to citrus blackresindots

Upto 12 cm long, 1 cm wide;
Jamaica surfacescompletelypeeled;
(unbleached) starchyand fibrousthin cortex Delicate, citrus-like All surfacesyellow-brown

Externally gray-whiteto light
Up to 7 cm long, 12 mm wide;flat grayish-brown, often with
surfacesusually completelypeeled; white powder from being

Japan starchy and fibrousthickcortex Bergamot-like coated with lime

Malabar
(Cochin and Corklayercompletelyremoved,
Calcutta) mostlytreated with chalk Citrus-like Almost white

Smaller in sizethan other varieties,
Nigeria rather lessdeeply scraped Delicate Somewhatdarker than other varieties

COMPENDIAL HISTORY

Gingerwas official in the United States Pharmacopoeia from the firstedition of 1820 through the fourteenth revision of 1950,
often appearing in multiple preparations. It also appeared in all editions of the United States Dispensatory from 1833 through
the final edition of 1973, where it was described as "a stimulant and carminative that has been used for treatment of dispepsia
and flatulent colic". .

CONSTITUENTS

The essential oilsand the pungent principles make up some of the major components of the rhizome of ginger: 4.0% to
10.0% of the rhizome consistsof an oleoresin composed of nonvolatile, pungent principles (phenols such as gingerols and their
related dehydration products, shogaols); nonpunqent fats and their waxes. The essential oil(1 % to 3%) contains sesquiterpenes
and monoterpenes, mainlygeranial and nerals. Generally, but not always, sesquiterpenes predominate (30% to 70%), such as
zingiberene, sesquiphellandrene, and beta-bisabolene, which decompose on drying and storage. The nonvolatile pungent
principles include the phenylalkanones, the gingerols, and the phenylalkanonols, shogaols with varying chain lengths.

SOURCES AND DISTRIBUTION

Sources-Ginger is cultivated in most tropical and subtropical countries to greater or lesserdegrees. The world production is
estimated to be 100,000 tons. China and India are reported to be the primary areas of production. Approximately 5000 tons'
of ginger are imported into the United States. An estimated 80% of this comes from China. In China, Sichuan and Guizhou
provinces reportedly produce the largest quantities and highest quality. It is also produced in Guangdong, Hubei, Shandong,
Shanxi, and Zhejian provinces. Most of the dried ginger from China available in the United States has had.the cortex scraped
or rubbed off before it is dried. Thisgives it a whitishappearance. The freshly dug root is soaked overnight in water, scraped
with a knife to remove the outer cortex, and then sun-dried. It has been reported that high arsenic levels in the soilof Changning
County of Hunan Province, China, has negatively affected ginger yields.

In India, ginger isgrown on a large scale in the warm, moist regions of Madras and Cochin, and to a lesserextent in Bengal
and the Punjab.Varieties grown in Bengal are reportedly the highest quality material in India. Other areas of production include
Africa (Nigeriaand Sierra Leone), Australia, the East Indies, Fiji, Hawaii, and Jamaica. The morphologicalcharacteristicsof ginger
cultivated inthese different areas are outlined in Table 7.

Inolder literature, Jamaicanginger is reported to be the highest quality and the most aromatic, though supplies are limited.
Distribution-Most tropical and subtropical countries, such as Australia, China (Guangdong, Guizhou, Hubei, Shandong,
Shanxi, Sichuan,and Zhejianprovinces), India (Bengal, Cochin, Malabar), the East Indies, Fiji, Jamaica, Japan, Nigeria, and Sierra
Leone, Hawaii in the United States.

www.webofpharma.com

https://nhathuocngocanh.com/



8706 (2030) / Dietary Supplements

COLLECTION AND CULTIVATION

USP 43

Collection (Conservation and Ecology)-When the stems wither and are white, the rhizomesare readyfor collection. Usually
ginger is harvested after 6 months of growth at the earliest, and sometimes not until as late as 20 months; or to obtain larger
roots, it is harvested in Januaryor February of the second year of growth. In tropical and subtropical areas, roots are harvested
asearlyas 4 months of growth, because they tend to become fibrousand tough as they get older.Asginger matures, it becomes
more fibrous and stronger in flavor. Ginger harvest can be described in three stages:

1. Ginger that has been harvested early is known as green ginger and is traded as fresh ginger. It is succulent and tender,
mellow, and mildly aromatic with a floral or lemony aroma and mildflavor.

2. Gingerharvested a few months later ismore fibrousand drierand iscollectedfor dryingand may be sold as a full-flavored,
pungent dried whole ginger.

3. The last harvest isusually around 9 months and yieldsthe strongest ginger, which isquite dry and also richest in pungent
components. Thisginger isdried and then ground into powder.

Cultivation Practices-Ginger isa perennial herb that grows well at subtropical temperatures where the rainfall isat least 1.98
meters per year. The plant is sterile and isgrown by vegetative means. Selected pieces of rhizome ("seed pieces" or "setts"),
each bearing a bud, are planted in holes or trenches. Ideally the soilshould be well-drained, rich clay loam. The growing
conditions resemble those of potato cultivation. Mulching or manuring is necessarybecause the plant rapidlyexhausts the soil
of nutrients.

Ginger is susceptible to waterlogging and root rot. Preventive methods include using only the cleanest ginger for planting
and washing it with fungicide before planting. Astudy growing ginger hydroponically yielded up to 125 tons per hectare in
6 to 7 months compared to 35 tons per hectare when grown in soil.
Optimal Times for Harvest: typically in December or January.

POST-HARVEST HANDLING

Optimal Handling and Processing Practices-After harvesting,,the rhizome iscleaned and stripped of its stems and roots.
Each area processes its ginger differently after harvest. This results in the different qualityand commercial grades available on
the market. Green ginger consists of the rhizomes sent to market without drying. Unscrapedor partially scraped varieties are
traded as coated or blackginger. These roots have been scalded with boilingwater and dried quickly. When dry, blackginger
breakswith a horny, blackish, somewhat diaphanous fracture, due to the pastycondition of the starch. Whiteginger isbleached,
usually by rubbing with chalk or lime, to lighten its color and to prevent insect infestation. Preserved ginger consists of soft,
yellowish-brown pieces obtained by steeping the fresh ginger in hot syrup and carefully bottling. It issoft, brown-yellow and
translucent. When baked, ginger loses its pungency and acquires a bitter taste.
Drying-In general, after harvest, the fresh roots are washed, and the whole dark outer skin, consisting of cork and a little
underlying parenchyma, is scraped away. Scrapingspeeds up the drying time of the crude drug. However, excessive scraping
can result in lower concentrations of essentialoil that is lost with the discarded epidermal tissue. Afterscraping, the rhizomes
are then laid out on clean floors and dried in the sun for 7 to 10 days. During this time they are occasionally turned and are
piled up every night. Ifthe fresh rhizomesare too fleshy or moist, drying will take longer and the product will end up looking
shriveled. To obtain a whiter product, the ginger is moistened after 5 or 6 days and dried for another 2 days, at which time it
is ready for export. Driedginger is more pungent and stronger in taste than fresh ginger.
Storage-Store in a tightly closed container, protected from light and moisture, in a cool area. Astudy was done on ginger
harvested after 8, 9.5, 11, or 12 months. Sampleswere stored at 10° to 15° and 45% to 55% relative humidity or 25° to 30°
and 75% relative humidityfor 0,4, or 8 weeks.Oil and oleoresinyieldsincreasedwith the age of the ginger. Room temperature
storage had adverse effects, but refrigeratedstorage for up to 4 weeks had no effecton quality. When stored for extended
periods of time, ground ginger loses its pungency.

ADULTERANTS

Because ginger is so characteristic, unintentional adulterants are rare. However, in East Asia sometimes the much larger
Zedoary cassumer and Zedoary zerumbet, along with Alpiniaallughas, are used and found in Europeancommerce. Theyare easy
to distinguish because of their characteristicaromas. Occasionally, Chinese sugar-candied "ginger" is prepared from Alpinia
galangal.

In older literature, other herbs have reportedly been used as adulterants. These includevariousspecies of Curcuma,
Capsicum, and Grains of Paradise (Amomum melegueta) added to exhausted material in order to enhance color and pungency.

Ginger powder is sometimes adulterated with plant starches such as those from wheat middlings, potatoes, corn, barley,
rice, legumes, acorns, flaxseed meal, mannihot, oilcakesfrom linseed, rapeseed, mustard, almond meal, palm kernel or olives,
hazelnut shells, and mineral additives.These may be easily identified microscopically. The extent of this type of adulteration in
trade is unknown.

Exhausted material should be considered an adulterant.

Valerian Valeriana officinalis L. (Fam. Valerianaceae)

BOTANICAL IDENTIFICATION

vatetiana officinalis L. Herbacious perennial, rhizomatous.
Stem: Solitary, hollow, 15 to 150 em.
Leaf: Basal and cauline, opposite, oddly once pinnately lobed, lobes 11 to 21 lanceolate, entire or dentate, basal leaves
petiolate, cauline leaves subsessile to clasping.
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Inflorescence: Compound cyme, terminal or axillary, many pale pinkto white, stronglyscented flowers.
Flower: Calyx 5-lobed, lobes inconspicuous inflower, becomingelongate and pappus-like infruit, corolla funnel-form, slightly
saccate at the base, 5-lobed, tube 4 mm, lobes 1 mm, stamens 3, filaments attached to corolla tube alternate to corolla lobes,
ovary inferior, triloculate, uniovulate, only 1 locule fertile, stigma tripartite.
Fruit: Achenecrowned by persistentcalyx, lanceolate-oblong, 4.5 to 5 mm, hairyor glabrous. Populations of V. officinalis range
in ploidy level from diploid to tetraploid or octaploid. British V. officina/is isusually octaploid, and central European supplies are
tetraploid.

Thereare three subspecies of V. officinalis: ssp. officinalis, ssp. collina(Wallr.) Nyman,and ssp. sambucifolia (Mikan fil.) Celak.
All three of these subspecies, as well as the other European species of valerian, V. repens Host, have been consideredacceptable
source material for medicinal preparations.
Macroscopic Identification-Various chemotypes will haveslightly differentcharacteristics. Whendried, the whole rhizome is
up to 50 mm long and up to 30 mm in diameter, obconical to cylindrical, with an elongated or compressed base. It has a
yellowish-brown to dark brown exteriorwith a circular stem and leafscars. The rhizomecontains numerous thick, light to dark
brown rootlets that are located around a thin ligneous cord. The root is longitudinally wrinkled, approximately 100 mmlong
and 1 to 3 mm in diameter, almost cylindrical, and almost the same color as the rhizome. In longitudinal section, the pith
exhibits a central cavity transversed by septa. The stolonsare 20 to 50 mm long, pale yellowish greywith prominent nodes
separated by longitudinally striated internodes. It is commonlysliced in halffor ease of cleaning.The rootlets, which contain
the majority of the essential oil, are brittle and break in short, hornyfractures and are whitish or yellowish internally. Aroma:
when dried properly, V. officinalis L., s.1. has onlya veryfaint characteristic, valeric acid-like aroma that becomes stronger as it
ages. Improperly dried or old material possesses a strong and characteristic odor due to the enzymatic hydrolysis of esters of
the valepotriates (isovaleric acid and hydroxyvaleric acid).Taste: mildly sweet and camphoraceouswith a slightly bitter and
spicyaftertaste.

COMPENDIAL HISTORY

Valerian was official in the UnitedStates Pharmacopoeia from the firstedition of 1820 through the eleventh revison of 1930,
often appearing in multiple preparations. At its peakfrom 1850through 1880 it appeared six to seven times in different
preparations.Valerian isamong the top 30 most listed botanicals in the historyof the USP. The root of valerian has been used
as a sedativeand spasmolytic in Europe since the 16th century.

CONSTITUENTS

Major constituents of valerian have been identified as sesquiterpenes of volatile oils and iridoids (epoxy-triesters) known as
valepotriates. The total content of volatile oilvaries widely withina singlespecies and between differentspecies. European
Va/eriana officinalis L. usually contains 0.1% to 2.8% volatile oil. The oil consists of mixtures of monoterpene and sesquiterpene
derivatives. The amount of valepotriates present alsovaries widely between species and genera and even within a species,
generally ranging from 0.5% to 1.2%. Valepotriates are particularly unstable; they decompose easily under the effectof
moisture, temperatures above 40°, or acidity(pH <3).

Valerian also contains small amounts of aliphatic acids, alkaloids, amino acids, phenolic acids, flavonoids, free fatty acids,
.sugars,and salts.Valerian constituents that have possible sedativeeffects includeacetoxyvalerenic acid,1-acevaltrate, baldrinal,
didrovaltrate, hydroxyvalerenic acid, kessanederivatives, valeranone, valerenal, valerenic acid, and valtrate.

SOURCES AND DISTRIBUTION

Sources-Valerian isfound in damp or dry meadows, scrub, or woods in most of Europe, although rare in the south, and it is
cultivated and naturalized in North America. Valerian iscultivated in Belgium, Britain, Eastern Europe, France,Germany, Japan,
the Netherlands, North America, and Russia. The majority of standardized extract products and crude cut and sifted material
on the domestic marketare prepared from European supplies. Alargenumber of liquid extracts are preparedfrom domestically
cultivated material. Manyspeciesother than V. officinalis are reported to be traded as medicinal valerian. These include V.
edulis Nutt. ex Torr. &:A. Gray, V. corneana Briq. k, V. stubendorfi Kreyer ex Kom., V. amurensis P. Smirn. ex Kom., V.
hardwickiiWaiL, V. exa/tataMikan, and V. wallichi DC. syn. V. jatamansiJones: The most frequently used North American
species include V. sitchensis Bong and V. edulis Nutt.' = V. edu/is Nutt. ex Torr. &: Grayssp. procera. Other species reported to
be used locally include V. arizonicaGray, V. capitata Pall ex Link., V. diocia L., and V. scou/eri Rydb. Detailed chemicalanalyses
of most American speciesare lacking. A limited number of assays of material cultivated in the Pacific Northwestshow varying
levels of essential oil ranging from 0.4% to 1.3%. Valerenic acid and valepotriates have been found to be present in fresh and
dry samplesof V. sitchensis Bong. V. sitchensis Bong exhibits a strong pungency when fresh. High quality material is reported
to contain from 1.0% to 1.5% essential oil,~30% extractablematter, and ~0.5% valerenic acid. .
Distribution-Europe (Belgium, Britain, Eastern Europe, France, Germany, the Netherlands), Japan,NorthAmerica, and Russia.

COLLECTION AND CULTIVATION

Collection (Conservation and Ecology)-The majority of valerian in trade comes from cultivatedmaterial. Harvest times will
varygeographically. The compositionof the essential oil varies greatlyamong differentpopulationsof the same subspecies and
even between the same population of plants from year to year. Essential oil content also varies with genotypes, harvest times,
growing conditions, age of root, drying techniques, and method of analysis. It has been reported that valerian harvested in
higher' elevations, grown in dryer regions, or cultivated in phosphate-rich soilyields relatively high levels of. essential oil.

• V. wallichi DC.and V. edulis Nutt. reportedly are lacking in valerenic acid and its derivatives.
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Older literaturereportsthat valerian should be harvested in the fall, betweenAugustand September, preferably in the second
year ofgrowth. Analyses of material cultivatedinthe Netherlandsreport that the majority ofconstituents, including the essential
oil and valerenic acid, were highest in roots harvested in the firstyear of growth, with essential oil being highest in September
and November (1.2% to 2.1%). The next highest level of essential oil was reported for material harvested in March (0.9% to
1.6%). Valerenic acid and itsderivatives were found to be highest in February and March (0.7% to 0.9%), followed by material
harvested in September (0.5% to 0.7%) and then in January (0.3% to 0.4%). From a commercial standpoint, it is more cost
effective to harvestthe roots in the same year the plants are sown than in the second year.
Cultivation Practices-Sowing seeds has been reported to be preferred over planting of seedlings. Best results were achieved
byflat field planting at row spacingsof 50 cm and a seed rate of 3 kg per hectare. Cutting off the flowering tops before the
plant has set seed causesthe rhizome to develop more fully.
Optimal Times for Harvest-s-Waqner reports that harvestshould take place in the morning during relatively coolweather, a
general recommendation for roots rich in essential oils.

POST-HARVEST HANDLING

Optimal Handling and Processing Practices-The essential oil islocated in the hypodermis of the rhizomein largethin-walled
cells. Therefore, care must be taken not to damage these cells during handling. Excess washing of the roots can result in a
significant reductionofextractive matter. Because of the sensitivity ofvolatile oils to heat, it isnecessary to minimize the amount
of time generated in the grindingor powdering processby doing small lotsat a time, with frequent interruptions in run times,
or by using a cryogenic grinder.
Drying-For maximum. preservation of the essential oils, valerian should be dried at 40° with a flow rate of 0.05 kg per sec
per rn-. Alternatively, dryingat 20° for approximately10 days, shade dryingat approximately 45°, lowtemperature
vacuum-drying, and freeze-drying are also reported to be appropriate drying techniques.

Careless or prolonged drying produces a darker color in the roots and results in the hydrolysis of the isovalerianic estersand
the liberation of isovaleric and hydroxyisovaleric acid.This produces the characteristic valerianic aroma. Properly dried valerian
will produce this same aroma over time.
Storage-Store in closedcontainers protected from light, air, and moisture. Hydroxyvalerenic acid, a decomposition product
of acetoxyvalerenic acid, isformed when the herb isstored at too high humidity.

Improperstorage conditionscan cause significant deterioration of the material. Although the essential oil is relatively stable,
it can evaporate with excessive exposure to air.The essential oilcan degrade quickly in powdered material. In powdered root,
the essential oil content can decrease by 50% within 6 months.

Valepotriates are sensitive to humidity, temperatures above 40°, and acid media (pH <3) and are generally not detected in
commercial products after 60 days.

ADULTERANTS

Other species of valerian: An unidentified Apiaceae species may be found in valerian trade. Adulteration of valerian in the
American market is not common. Manyspecies other than V. officinalis are reported to be traded as medicinal valerian. These
include V. edulis Nutt. ex Torr. &: A. Gray, V. coreana Briq. k, V. stubendorfi Kreyer ex Kom., V. amurensis P. Smirn. ex Kom., V.
hardwickiiWall, V. exaltata Mikan, and V. wallichi DC. syn. V. jatamansiJones.

Elm Ulmus rubra Muhlenberg [Ulmus fulva Michaux] (Fam. Ulmaceae)

BOTANICAL IDENTIFICATION

Ulmus rubra Muhlenberg; tree to 35 m high, with spreading branches and open flat crown; preparationsderivedfrom inner
bark. U. rubra appears to be more closely related to the introduced Asian species U. pumila L. than to other nativeAmerican
speciesof Ulmus; where the two co-occur, interbreeding iscommon.
Trunk: 18 to 35 m high, to 1 m in diameter; the trunk rises free of branches until about 5 to 6 m.
Branches: Erect, spreading;young twigs are scabrous-pubescent.
Bark: Dark brown to reddish-brown, deeply furrowed. Inner bark iswhitish (outer surfaceyellow-orange; inner surfacepale
yellow), fragrant (upon powdering, a distinctive fenugreek-like odor) and very rnucllaqinous upon chewing or moistening.
Leaves: Alternate; simple; petiolate with petiole (3-)5-7(-9) mm long; 7-18(-23) cm long, 5-10(-15) cm broad; ellipticalto
ovate, oblong, or obovate withoblique base and acuminate apex; marginsserrate toward base, elsewhere doublyserrate;upper
surfacescabrous, rough; lowersurface tomentose; secondary veins parallel, slightly curved, running to tips of marginal teeth.
Inflorescence: Axillary fascicles, roughly hemispherical, to 1.5(-2.5) cm in diameter.
Flowers: Small, perfect; pedicels 1-2(-3) mm long; calyx campanulate, 5-9-lobed at apex, about 2.6-3.5 mm in diameter,
reddish-pubescent; petals absent; stamens 5"':"9, exserted at flowering; styles 2. Flowers occur before the leaves from March
through early May.
Fruit: Wingedsamara,yellowish, irregularly suborbicular or occasionally broadlyelliptical or obovate, 10-20 mm in diameter,
reddish-pubescentover seed; wing papery-textured.

COMPENDIAL HISTORY

Slippery elm (Ulmus) inner barkappeared in the listof materia medica in the first UnitedStates Pharmacopoeia (US~) of:
1820 and remained official until it was removed from USP XI (1936). The USP 1.820 included instructions for the preparation
of Infusion ofSlippery Elm: "Take ofSlippery elm, sliced, oneounce. Boiling water, onepint. Infuse for twelve hours in a covered vessel,
near the fire with frequent agitation and strain."Immediately following its removal from USP XI (official: June 1, 1936), Slippery
Elm Bark became an official monograph in the sixth edition of the National Formulary (NF; official: June 1, 1936) until its..
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elimination from the 11th edition (official: October 1, 1961). It became official again, as Elm, on November 15, 1995, in the
US? section of the ThirdSupplement to the UnitedStates Pharmacopeia-National Formulary (USP 23-NF 78). A revision was
published in the Seventh Supplement on November 15, 1997.

In 1982, Elm Bark appeared in the Food and DrugAdministration (FDA) Advance Notice of Proposed Rulemaking (ANPR)
for the establishment of a therapeutic monograph for oral health care drug products for over-the-counter (OTC) human use.
In the ANPR (1982) as well as in the subsequent tentative final monograph of 1988 and in the amendment to the monograph
of 1991, Elm barkwas classified as a Category I(Generally Recognized as Safeand Effective (GRASE» OTC oral demulcent active
ingredient, and appropriate standards were urged to be developed in the official compendia.

Aside from USP-NF, the monograph of Elm had already appeared in the second edition of The Dispensatory of the United
States of America (1834), and its last appearance was in the 25th edition, 1960.

CONSTITUENTS

Constituentsof relevancefor conformance to Identification A under Elm-are mucilaginoussubstances. Elm inner barkmucilage
is readily extractable by water and consists principally of a polysaccharidewhich on hydrolysis yields D-galactose, D-methyl
galactose, L-rhamnose, and glucose. Borohydride reduction of the periodate-oxidized polysaccharideaffords, on partial
hydrolysis with hot acid, three oligosaccharides:
O-(3-0-methyl-~-D-galactopyranosyl)-(1 -4)-O-(3-0-methyl-~-D-galactopyranosyl)-(1 -4)-L-rhamnose,
O-(3-0-methyl-~-D-galactopyranosyl)-(1-4)-L-rhamnose, and O-(3-0-methyl-~-D-galactopyranosyl)-(1-4)­
3-0-methyl-D-galactose.

Other Elm constituents are traces of tannins, includingproanthocyanidins, some starch, traces ofoxalate salts, beta-sitosterol,
and minerals.

SOURCES AND DISTRIBUTION

Sources-Slippery elm bark isharvested from wildpopulations in eastern Canada and the United States,from southern Quebec
west to North Dakota, south to south-central Texas, and Florida.It is common throughout eastern, southern, and midwestern
U.S., and it grows in more than 25 states. An increasingamount of the commercial supply is being collected according to
sustainablewildresource management plansas a condition of organic certification for wildcrops. Conversely, Dutchelm disease
has had a significantnegative impact on elm populations, from 1930 when it was firstfound in the United States affecting over
50% of elm trees in the northern states.
Distribution-Canada (New Brunswick, Ontario, Quebec), the United States (Alabama, Arkansas, Connecticut, Delaware, the
District of Columbia, Florida, Georgia, Illinois, Indiana, Iowa, Kansas, Kentucky, Louisiana, Maine, Maryland, Massachusetts,
Michigan, Minnesota, Mississippi, Missouri, New Hampshire, New Jersey, New York, North Carolina, North Dakota, Ohio,
Oklahoma, Pennsylvania, Rhode Island, South Carolina, South Dakota,Tennessee, Texas, Virginia, Vermont, Wisconsin, and
WestVirginia).

COLLECTION AND CULTIVATION

Collection (Conservation and Ecology)-"Natural" (both inner and outer bark) and "rossed" (inner barkonly) are harvested,
but onlythe rossed bark will conform to the standards of the US? monograph. Harvesting should occur on dry, preferably warm
days with no chance of precipitation, and it usually commences in late morning after the morning dew and humidity pass.This
is because post-harvest processing (rossing)generallytakes place at the collectionsite outdoors and humidity can damage the
quality of the inner bark. Because the inner bark contains polysaccharidemucilage, when it comes in contact with moisture, it
begins to gel.

The bark,from trees of a minimum age of 10 years (some harvesters recommend selecting at least 12- to 15-year-old trees)
isobtained mainlyby pruning or trimming the lower limbsand branches, but can also be obtained from the bole (trunk) and,
very rarely, evenfrom the roots in cases where the entire tree isfelled.While the inner barkof the root reportedly contains more
mucilage than that of the trunk or branches, sustainable wild resource management dictates harvesting only the branches of
mature trees. Inpractice, commercial barkcollectorsare more likely to select branches from trees that are at least 30 to 50 years
old in order to obtain a high enough yield. After pruning, the tree will heal over where harvested and continue to grow, but
the trunk and/or branches should never be girdled, because this will kill the tree. Girdling is the stripping away of barkfrom
the trunk or a branch all the way around. In practice, the most sustainable method of harvest from mature healthy trees is to
prune off entire lower branches in a way that will not harm the tree. Ifsawn properlyso that rainwater will not drop directly
into the exposed cut area, the tree will grow over the cut area within a couple of years. The proper cut, which is made just
outside the branch collar and the branch bark ridge, does the least amount of damage to the trees.

Althoughelm barkshould not be gathered from alreadydead trees, selectivecollectionfrom dying trees-for example, those
affected with Dutch elm disease-is feasible. The fungus that causes Dutch elm disease, Ophiostoma ulmi and Ophiostoma
novo-ulmi(syn: Graphiumulmi or Ceratocystis uimt), is carried from tree to tree by the European elm bark beetle (Scolytus
multistriatus), which arrived in North America on a ship carrying logs from Europearound 1930, and to a much lesserextent
by the native elm bark beetle (Hylurgopinus rufipes). Elms appear to succumb to the disease at about 10 years of age and then
die off in a two-year period. Once a tree,isdiagnosed with Dutch elm disease, healthy bark can still be harvested for about two
years, up until the tree is near death. To monitor how long harvesting can continue, one can use a drawknife to take samples.
Once the inner barkisshowing increasingly noticeable blackstreaking,and as more and more limbsdie and debarking isevident,
the tree is near death. The near-dead tree can be dropped, and the remaining healthy bark can be stripped from the entire
tree. Discolored (black-streaked)inner barkshould be separated out and discarded. Pruninglower limbsfrom healthy trees and/
or selectively harvesting entire older trees that are near death can both be acceptable methods as part of a sustainable resource
management plan for a specificarea of forest under organic supervision.
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Following organic production system rules (e.g., for harvest site selection, absence of prohibited substances, testing of soil
and water, disallowed inputs, periodic residue testing, documentation control, independent inspection) will more likely result
in botanical raw material that meets the general requirements for pesticide residue and heavy metals limits, among other
potential contaminants. Certified organic production of wild elm bark requires producers to promote ecological balance and
conserve biodiversity. Wild collected elm bark that is to be certifiedorganic must be harvested from a designated area that has
had no prohibited substance applied to it for a period of 3 years.immediately preceding the harvest, and must be harvested
in a manner that ensures that such harvesting or gathering will not be destructive to the environment and will sustain the
growth and production of the wildcrop. Wild crop producers must complywith the same organic system plan requirements
and conditions, as applicable to their operation, as their counterparts who produce cultivated crops. The producer of organic
wild harvested elm bark must initiate practices to support biodiversity and avoid, to the extent practicable, any activities that
would diminish it. Production practicesmust maintain or improve the natural resourcesof the operation, includingsoil,water,
wetlands, woodlands, and wildlife. This isaccomplished, in part, by developing and executing a resource management plan
that requireswildharvestfrom stable populations, minimizing disruptionof priority species/sensitive habitats, avoidingerosion,
allowing reestablishment, and monitoring wild crop sustainability.
Cultivation Practices-Even though the commercial supply is harvested from wild populations, slipperyelm trees can be
propagated by cuttings or by seed. Forpropagation by seed, the ripe seeds are collectedfrom April to June from healthy and
successful (dominant) trees from an area similar to the proposed planting site. Aripeness indicator iswhen the samaras (fruits)
are green. It isbest to collectseed from trees within 160 km north or south of the planting site, as potential for success isoptimal
within this range from the parents. Twenty-five seeds per square foot can be scattered, 0.6 em deep. Slippery elm may be sown
as in its normal cycle in the spring in a raised peat moss soiland sand bed. The seedbeds may need a wire top to protect young
seedlings. Germination rate is 10% to 25%, with light germination insummer and increasedgermination the following spring.
The young trees can be transplanted into tree tubes within the first month of germination and field planted after one or two
years, depending on the sizeof the tree tube. The tree saplings must be watered during times of drought and routinelychecked
for insect predation and indications of fertilization needs.
Optimal Times for Harvest-Harvest should preferablyoccur in the spring (March to May), but can also take place in the
autumn. In the spring, bark is harvested from mature trees (minimum 10 years) when the sap begins to rise.

POST-HARVEST HANDLING

Optimal Handling and Processing Practices-To produce pharmacopeialqualityelm inner bark, the outer corkylayerof bark
must be removed, exposing the inner bark. Ifpost-harvest processing occurs at the wild collection site, the pruned limbs and
branches should be placed onto clean tarps and not directlyon the ground. The verysmall branches with leavesare stripped
offthe pruned limbsby hand and discarded.Tooptimizeconformance to standards for composition, identity,purity,and quality
(e.g., NMT 2% of adhering outer bark, NMT 2% foreign organic matter, NMT 10% total ash, and NMT 0.65% acid-insoluble
ash), a clean bark rosser (hand tool with handle and knife blade) should be used to shave off the outer bark.The rough, scaly
matter on the surfaceof the barkiscalledross, and to rossbark isto scrape or shave the outer barkfrom the limb.Anexperienced
rossercan visually discern that at least 98% of the outer bark has been shaved off. The inner bark iswhite in color (in the spring;
reddish later in the season) in obviousvisible contrast to the brown outer bark layer. After most of the outer bark is rossed off,
greater care must be exercised to very carefully sliceoff the remaining thin layerof outer bark so as not to waste any of the
inner bark in the process. Afterremoval of the outer bark, the inner bark can then be removed in strips, squares, or chips. An
incision is made with a clean knife down the center of the limb. Then a clean crowbar is slipped underneath the incision in
order to lift and peel the inner barkofffrom the cambium. The strips of inner barkare stacked on a clean tarp and later bundled
for transport to the drying facility.
Drying-Elm USP requires a losson drying limitof NMT 12%. So long as rain is not expected, fresh elm inner bark can be
sun-cured within a temperature range of 32° to 60°. Drying can also be carried out in a warm room with airflow or in a
greenhouse. Greenhouse drying takes about 3 to 4 days. Drying indoors can take 5 to 7 days, depending on the heat source.
Drying at commercial scale, however, isdone typically in enclosed drying chambers, in which time and temperature can be
better controlled. The strips of elm barkare placed onto a clean screen floor and dried over about 2 days' time at about 50°
with fan-forced heat through the floor. Because of additional phytosanitary requirements for export of tree barks to Europe,
higher heat exposure is necessary, usually at least 65° but up to 93° for up to two days. Post-drying, the strips of inner barkcan
be cut or sawn into pieces of equal length and bound into bundles with wire.The bundles usually consist offlat, oblong pieces,
about 30 em in length and from 10 to 15 em in Width. The bark strips can be stored this way until further processing (e.g.,
cutting or powderinq) is scheduled. .
Storage-To maintain pharmacopeial purity and quality (e.g., to prevent accumulation of excess moisture), dried elm inner
bark should be preserved in well-closed containers, and stored in a cool, dry place.

ADULTERANTS AND CONTAMINANTS

Common contaminants that could cause a material not to conform with the identification tests in the Elm monograph in
USP would include other plant parts: for example, greater than 2% outer bark, which lacks rnucllaqe. Insufficient shaving or
rossingof outer barkcould cause the material to exceed the monograph limitof NMT 2% of adhering outer bark.Other possible
contaminants would includevisible discolored inner bark,although no maximumlimithas been established (forexample, inner
bark with visible blackstreaking obtained from a diseased tree). Powdered bark can also be adulterated with cornmeal, rice
flour, starch, or other starchy substances. Consequences of contamination with outer bark or adulteration with flour or starch
are lower mucilage content, lower swelling index value, and correspondingly lessof a therapeutic demulcent effect that is
mucilage-dependent. Excess outer bark could also cause the material to fail the quantitative standard of NMT 10% total ash.
Methods to determine the presence of adulterants include microscopic examination in order to determine the presence of .
excess outer bark or any other adulterant and the concentration of mucilagecells. The Elm mucilagetest (Identification A) as
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wellas a modified swelling volume test (based on the test in the USP monograph Psyllium Husk) may also be useful to investigate
ifadulteration issuspected.

(2040) DISINTEGRATION AND DISSOLUTION OF DIETARY
SUPPLEMENTS

INTRODUCTION
Thisgeneral chapter is provided to determine compliance with the disintegration and dissolution standards for dietary

supplements where stated in the individual monographs.
Forthe purposes of this chapter, dietary supplement dosage forms have been divided into three categories: Vitamin-Mineral

Dosage Forms, Botanical Dosage Forms, and DietarySupplements Other Than Vitamin-Mineral and Botanical Dosage Forms.
Vitamin-MineralDosage Forms include articlesprepared with vitamins, minerals, or combinations of these dietary ingredients,
as described in Table 1. Botanical Dosage Forms comprise formulations containing ingredients of botanical origin, including
plant materials and extracts. DietarySupplements Other Than Vitamin-Mineral and Botanical Dosage Forms encompass dietary
supplements formulated with lawfully recognized dietary ingredients that are different from those pertaining to the two
foregoing categories (e.g., amino acids, chondroitin, and glucosamine).

Where a dietary supplement represents a combination of the categories mentioned above, and there is a difference between
the requirementsfor the individual categories, the more stringent requirement applies. [NOTE-"More stringent requirement"
means stricter acceptance criteria and/or milderoperational conditions.]

Disintegration and dissolution tests as described in this chapter are quality-control tools to assess performance characteristics
of dietary supplement finished dosage forms. These performance standards are intended to detect problems that may arise
due to use or misuse, or changes in coatings, lubricants, disintegrants, and other components. These performance tests are
also intended to detect manufacturing process issues, such as overcompressionand overdrying, that would affectthe release
characteristics of the final dosage forms. These tests are not intended to be used as a demonstration or as a surrogate for in
vivo absorption, bioavailability, or effectiveness, unless an in vitro-in vivocorrelation (IVIVC) has been established.
DISINTEGRATION

Thistest is provided to determine whether dietary supplement capsules or tablets disintegrate within the prescribed time
when placed in a liquid medium at the experimental conditions presented below. Compliance with the limits on
Disintegration stated in the individual monographs for dietary supplements is required, except where the label states
that the products are intended for use as troches, are to be chewed, or are designed as extended-release dosage forms.
Dietary supplements claiming to be extended-release dosage forms must comply with standards other than
disintegration to verify that the releaseof the dietary ingredients from the dosage form isfor a defined period of time.
Dietary supplements claiming to be extended-release dosage forms must not be labeled as in compliance with USP
unlessa USP monograph existsfor such product. Determine the type of dosage form under test from the labelingand
from observation, and apply the appropriate procedure to 6 or more units.

Forpurposes of this test, disintegration does not implycomplete solution of the unit or even of its active constituent.
Complete disintegration isdefined as that state in which any residue of the unit, except fragments of insolublecoating
or capsule shell, remaining on the screen of the test apparatus or adhering to the lowersurface of the disk(ifused) isa
soft mass having no palpably firm core.

• ApPARATUS
Apparatus A: Usethe Apparatusdescribed in Disintegration (701), Apparatus for capsules or tablets that are NMT 18 mm

long. For larger capsules or tablets, use Apparatus B.
Apparatus B: The apparatus consists of a basket-rack assembly, a 1OOO-mL low-form beaker for the immersion fluid, a
, thermostatic arrangement for heating the fluid between 35° and 39°, and a device for raising and lowering the basket

in the immersionfluid at a constant frequency rate between 29 and 32 cycles/min through a distance of 53-57 mm.
The volume of the fluid in the vessel is such that at the highest point of the upward stroke, the wire mesh remainsat
least 15 mm below the surfaceof the fluid and descends to NLT25 mm from the bottom of the vessel on the downward
stroke. At no time should the top of the basket-rack assembly become submerged. The time required for the upward
stroke isequal to the time required for the downward stroke, and the change in stroke direction isa smooth transition
rather than an abrupt reversal of motion. The basket-rack assembly moves vertically along its axis. There is no
appreciable horizontal motion or movement of the axis from the vertical.
Basket-rack assembly: The basket-rack assembly(see Figure 1) consists of three open-ended transparent tubes, each

77.5 ± 2.5 mm long and having an insidediameter of 32.0-34.6 mm and a wall 2.0-3.0 mm in thickness;the tubes
are held in a vertical position by two plastic plates, each 97 ± 2 mm in diameter and 7.5-10.5 mm in thickness,. with
three holes, 36.0-40.6 mm in diameter, equidistant from the center of the plate and equally spaced from one
another. Attached to the undersurface of the lower plate is 10-mesh No. 23 (0.025-inch) W-and M-gauge woven
stainless-steel wire cloth having a plain square weave. The parts of the apparatus are assembled and rigidly held by
means of three bolts passing through the two plasticplates. Asuitable means is provided to suspend the basket-rack
assemblyfrom the raising and loweringdevice, using a point on its axis. The design of the basket-rackassemblymay
be varied somewhat, provided that the specifications for the glass tubes and the screen mesh size are maintained.

Beaker: Low form, 1000 mL; the differencebetween the diameter of the plasticplates,which hold the tubes in a vertical
position, and the inside diameter of the beaker should be NMT 6 rnrn.'

Disks: Each tube is provided with a perforated cylindrical disk 15.3 ± 0.15 mm in thickness and 31.4 ± 0.13 mm in
diameter. The disk is made of a suitable, transparent plastic material having a specific gravityof between 1.18 and

1 1OOO-mL low-form beakers,designed incompliancewith the current ASTM E960 TypeIorType II or ISO 3819 specifications, meet the sizerequirements.
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1.20. Seven holes 3.15 ± 0.1 mm in diameter extend between the ends of the cylinder, one of the holes being in
the center and the other six parallel to it and spaced equally tangent to a circle with a radius of 4.2 mm from the
center of the disk. All surfacesof the diskare smooth."

Basket-rack assembly
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Figure 1. Basket-rack assembly, Disintegration, Apparatus B (dimensions in mm).

• PROCEDURE: Test 6 dosage units as described below for each type of dosage form. [NOTE-Two basket arrangements for a
total of sixtubes are necessaryfor Apparatus B.] If1 or 2 dosage units fail to disintegrate completely, repeat the test on
12 additional dosage units.
Uncoated tablets: Place1 tablet in each of the tubes of the basket and, if prescribed, add a diskto each tube. Operate

the apparatus, using water or the specified medium as the immersionfluid, maintained at 37 ± 2°.Atthe end of 30 min,
lift the basket from the fluid and observe the tablets.

Plain-coated tablets: Place 1 tablet in each of the tubes of the basket and, if the tablet has a soluble external sugar
. coating, immerse the basket in water at room temperature for 5 min. Then, ifprescribed, add a diskto each tube and

2 The use of automatic detection using modifieddisks is permitted where the use of disksisspecified or allowed.Such disks must comply with the
requirementsfor density and dimensionsgiven in this chapter.
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operate the apparatus, using water or the specified medium as the immersionfluid, maintained at 37 ± 2°. At the end
of 30 min, lift the basket from the fluid and observe the tablets.

Delayed-release (enteric-coated) tablets: Omit the use of a disk. Place 1 tablet in each of the six tubes of the basket,
and ifthe tablet has a solubleexternal sugar coating, immersethe basket in water at room temperature for 5 min. Then
operate the apparatus using simulated gastric fluid TS, maintained at 37 ± 2°, as the immersionfluid. After 1 h of
operation insimulated gastricfluidTS, lift the basketfrom the fluid and observethe tablets: the tablets show no evidence
of disintegration, cracking, or softening. Operate the apparatus using simulated intestinal fluid TS, maintained at 37
± 2°, as the immersionfluid for the time specified in the monograph. Lift the basket from the fluid and observe the
tablets.

Delayed-release (enteric-coated) soft-shell capsules: Place 1 softgel capsule in each of the sixtubes of the basket. Omit
the use of a disk. Operate the apparatus using simulated gastricfluidTS, maintained at 37 ±2°, as the immersionfluid.
After 1 h of operation in simulated gastric fluid TS, lift the basket from the fluid and observe the softgels: the softgels
show no evidence of disintegration or rupture that would permit the escape of the contents. Operate the apparatus
with disks using simulated intestinal fluid TS, maintained at 37 ±2°, as the immersionfluidfor NMT 60 min. Lift the
basket from the fluid and observe the capsules.

Hard-shell capsules: Applythe test for Uncoated tablets using, as the immersionfluid, maintained at 37 ± 2°, a 0.05 M
acetate bufferprepared by mixing 2.99 g of sodium acetate trihydrate and 1.66 mL of glacial acetic acid with water to
obtain a 1OOO-mL solution with a pH of 4.50 ± 0.05. Attach a removable wire cloth, as described in Basket-rack
assembly, to the surface of the upper plate of the basket-rack assembly.At the end of 30 min, lift the basket from the
fluid and observe the capsules.

Soft-shell capsules: Proceed as directed in the Rupture Test for Soit-Shell Capsules.
• USE OF DISKS

Vitamin-mineral dosage forms: Add a diskto each tube unlessotherwise specified in the Procedure above or in the
individual monograph.

Botanical dosage forms: Omit the use of disks unless otherwise specified in the Procedure above or in the individual
monograph.

Dietary supplements other than vitamin-mineral and botanical dosage forms: Omit the use of disks unlessotherwise
specified above or in the individual monograph.

• TOLERANCES: All of the 6 dosage units initially tested or NLT 16 of a total of 18 dosage units tested disintegrate completely.
RUPTURE TEST FOR SOFT-SHELL CAPSULES

Medium: Water; 500 mL
Apparatus: Use Apparatus 2 as described in Dissolution (711), Apparatus, operating at 50 rpm.
Time: 15 min

• PROCEDURE: Place 1 capsule ineach vessel, and allowthe capsule to sinkto the bottom of the vessel before starting rotation
of the blade. Use sinkers if the capsules float. Observe the capsules throughout the test and at the end of the test. The
capsule shell is considered ruptured if breached, exposing or allowing the fill contents to escape.

• TOLERANCES: The requirements are met ifallof the capsules tested rupture in NMT 15 min. If1 or 2 of the capsules rupture
in >15 min but NMT 30 min, repeat the test on 12 additional capsules: NMT 2 of the total of 18 capsules tested rupture
in >15 min but NMT 30 min. Forsoft gelatin capsules that do not conform to the above rupture test acceptance criteria,
repeat the test with the addition of papain to the Medium in the amount that resultsin an activity of NMT 550,000 units/
Lof Medium or with the addition of bromelain in the amount that results in an activity of NMT 30 gelatin-digesting units
(GDU)/L of Medium. [NoTE-Determinepapain activity usingthe Assay in the monograph for Papain and bromelain activity
using the procedure in bromelain, in the Reagent Specifications section.]

DISSOLUTION
This test isprovidedto determine compliance with the Dissolution requirements where stated inthe individual monographs

for dietary supplements. The operative assumption inherent in this test isthat ifthe index vitaminor mineralor marker
compound(s) for a botanical is dissolved within the time frame and under conditions specified, the dosage form does
not sufferfromformulation-or manufacturing-related problems affectingthe adequate releaseofthe active ingredients.

• FOR DOSAGE FORMS CONTAINING OR COATED WITH GELATIN
Forhard or soft gelatin capsules and gelatin-coated tablets that do not conform to the dissolution specification because

of the presence of cross-linking, the dissolution procedure should be repeated with the addition of enzymes to the
medium, as described below.

Dissolution medium with pH :::;4.0
Enzyme: Pepsin, activity determined by the procedure in pepsin, in the Reagent Specifications section
Amount: Aquantity of pepsin that results in an activityof NMT 750,000 units/L of dissolution medium

Dissolution medium with pH >4.0 and <6.8 .
Enzyme: Papain, activitydetermined by the Assay in the monograph for Papain; or bromelain, activitydetermined by

the procedure in bromelain, in the Reagent Specifications section
Amount: Aquantity of papain that results in an activity of NMT 550,000 units/L of dissolution medium, or a quantity

of bromelain that results in an activityof NMT 30 GDU/L of dissolution medium
Dissolution medium with pH ~6.8

Enzyme: Pancreatin, protease activitydetermined by the procedure in Assay for protease activity (Casein digestive
powder) in the monograph for Pancreatin

Amount: Aquantity of pancreatin that results in a protease activity of NMT 2,000 units/Lof dissolution medium
Dissolution medium containing surfactants or other components known to denature the enzyme: Ifthe dissolution

.medium contains surfactants or other components known to denature the enzyme to be used, a pretreatment step
should be applied. The pretreatment step isperformed under the same dissolution conditions (apparatus, rotation, and
flow rate), except to use a medium with the corresponding amount of enzyme as directed in the preceding section and
without the surfactant or component known to denature the enzyme. Toachievethe final specified volume of medium,
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the pretreatment step may be conducted with a smaller volume of medium without the surfactant or component in
such a manner that the final specified volume is achieved after the addition of the surfactant or component at the end
of the pretreatment step. Perform the pretreatment step until capsule rupture, but for NMT one-half of the total
dissolution time specified in the procedure. The pretreatment time is included in the total dissolution time specified in
the procedure.

• ApPARATUS: See(711) for a description of the apparatus used, apparatus suitability test, and other related Information.
Where the procedure specifies the use of a stationary basket, use the quadrangular basket of stainlesssteel wire gauze as
shown in Figure 20,and Figure 2b. '
The capsule is placed in a basket, soldered in one of its upper, narrow sides to the end of a steel rod (seeFigure 20). The

capsule cover is placed in the horizontal diagonal of the basket. The rod assembly is inserted vertically through the
cover of the dissolution vessel, and fixed by means of two teflon nuts, 3.2 cm from the center of the vessel, or by any
other appropriate means. The lower edge of the bottom of the basket is adjusted to about 1 cm above the top of the
paddle blade (see Figure 2b).

I

rn
I

rn

I
17.7 mm
±2mm

L

NOTES

1. Rod and Basket with a
Capsule cover placed in the
horizontal diagonal of the
basket

2. Basket and capsule cover
material; stainless steel

3. Basket gauze wire size: 8
mesh

. t
10.0mm
±'2mm

!
_--1.-
I 35.Jmm Ir--- ± 2 mm ---1

Figure 2a. Stationary Basket
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Figure 2b. Stationary Basket Configuration Diagram

Of the types of apparatus described in (711), use the one specified in the individual monograph.
• VITAMIN-MINERAL DOSAGE FORMS

All dietary supplement capsules, tablets, or chewable gels contalnlnq folic acid are subject to the dissolution test and
criteria for folic acid described in this chapter. This test is required becauseof the importance of the relationship between
folate deficiency and the risk of neural tube defects. Dietary supplement capsules, tablets, or chewable gels containing
water-soluble vitamins, minerals, or their combination are subjectto the dissolution test and criteria for index vitamins,
index minerals, or both, described in this chapter. Dietary supplement tablets, chewable gels, and hard-shell capsules
with solid content dosage forms containing vitamin A are subjectto the dissolution test and criteria for vitamin A
described in this chapter. Dissolution standards were not established and therefore are not applicable to vitamin A in
dietary supplement soft-shell capsulesfilled with liquids. Table 1 summarizes the dissolution requirements for the
assigned USP classes of dietary supplements. Vitamin-mineral combinations that do not belong to any of the USP classes
listed in Table 1 are subject to the Dissolution test and criteria specified in the individual monographs.

Table 1. Dietary Supplements-Vitamin-Mineral Dosage Forms

Dissolution Requirements for Tablets, Dissolution Requirements for
Chewable Gels, and Hard-Shell Soft-ShellCapsules

uSP Class Ingredients Capsules with Solid Contents Filledwith liquids

I Oil-soluble vitamins Vitamin A(ifpresent) Not applicable

One indexwater-soluble vitaminand folic One index water-soluble vitaminand folic
II Water-soluble vitamins acid (ifpresent) acid (if present)

One index water-soluble vitamin, one in- One index water-soluble vitamin,one in-
III Water-soluble vitaminswith minerals dex element, and folicacid (if present) dex element, and folicacid (ifpresent)

Vitamin A(ifpresent), one index
water-soluble vitamin, and folicacid (if One index water-soluble vitaminand folic

IV Oil-and water-soluble vitamins present) acid (if present)

Oil-and water-solublevitaminswith min-
Vitamin A(ifpresent), one index
water-soluble vitamin, one index One index water-soluble vitamin,one in-

V erals element, and folic acid (ifpresent) dex element, and folicacid (ifpresent)

VI Minerals One index element One index element

Oil-soluble vifamins with minerals
Vitamin A(ifpresent) and one index ele-

VII ment One index element

Selection of index water-soluble vitamins and index elements: Compliance with the dissolution requirements for
dietary supplements representing combinations of water-soluble vitamins and combinations of oil- and water-soluble
vitamins is determined by measuring the dissolution of a single index vitamin from the water-soluble vitamins present.
Riboflavin is the index vitamin when present in the formulation. For formulations that do not contain riboflavin,
pyridoxine is the index vitamin. If neither riboflavin nor pyridoxine is present in the formulation, the index vitamin is
niacinamide (or niacin), and in the absence of niacinamide (or niacin), the index vitamin is thiamine. If none of these
four water-soluble vitamins are present in the formulation, the index vitamin is ascorbic acid.
Compliance with the dissolution requirements for dietary supplements representing combinations of minerals is

determined by measuring the dissolution of only one index element. Iron is the index element when present in the
formulation. For formulations that do not contain iron, the index element is calcium. If neither iron nor calcium is
present, the index element is zinc. In the absence of all three of these elements, magnesium is the index element.
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Compliance with the dissolution requirements for dietary supplements representing combinations of water-soluble
vitaminsand minerals and combinations of oil-and water-soluble vitamins and minerals isdetermined by measuring
the dissolution of one index water-soluble vitamin and one index element, designated according to the respective
hierarchiesdescribed above.

Dissolution conditions for vitamin A: [Nora-Perform this test under light conditions that minimize photodegradation.]
Medium: 1% (w/v) sodium ascorbate and 1% (w/v) octoxynol 9 in 0.05 M phosphate buffer, pH 6.8; 900 mL
Apparatus 2: 75 rpm
Time: 45 min

Dissolution conditions for folic acid: [Nora-Perform this test under light conditions that minimizephotodegradation.]
Test 1

Medium: Water; 900 mL
Apparatus 1: 100 rpm, for capsules
Apparatus 2: 75 rpm, for tablets
Time: 1 h
If the units tested do not meet the requirements for dissolution in water, use the following conditions:
Buffer: Mix 95 mLof 0.1 M citricacid monohydrate and 405 mLof 0.1 M sodium citrate dihydrate, dilute with

water to 1000 mL, mix, and adjust to a pH of 6.0 by using either 0.1 M hydrochloric acid or 0.1 M sodium
hydroxide solution.

Medium: Buffer; 900 mL
Apparatus 1: 100 rpm, for capsules
Apparatus 2: 75 rpm, for tablets
Time: 1 h

Test 2 (for lipid-filled soft-shell capsules): Proceed as directed for TestZ under Dissolution conditions for index
water-soluble vitamins and index minerals. Ifthe articlecomplies with this test, the labeling indicatesthat it meets USP
Dissolution Test 2.

Test 3 (for lipid-filled soft-shell capsules): Proceed as directed for Test 3 under Dissolution conditions for index
water-soluble vitamins andindex minerals. Ifthe article.cornplles with this test, the labeling indicatesthat it meets USP
Dissolution Test 3.

[NoTE-Compliancewith the dissolution requirements for folic acid does not exempt the articlefrom compliance
with the dissolution requirements of the pertinent index vitamin or the corresponding index mineral.]

Dissolution conditions for index water-soluble vitamins and index minerals
Test 1

Medium: 0.1 N hydrochloric acid; 900 mL
Apparatus 1: 100 rpm, for capsules
Apparatus 2: 75 rpm, for tablets
Time: 1 h
Forformulations containing 25 rnq.or more of the index vitamin, riboflavin, use the following conditions:
Medium: 0.1 N hydrochloric acid; 1800 mL
Apparatus 1: 100 rpm, for capsules
Apparatus 2: 75 rpm, for tablets
Time: 1 h

Test 2 (for lipid-filled soft-shell capsules): Ifthe article complies with this test, the labeling indicates that it meets USP
Dissolution Test 2.
Medium: 0.25% (w/v) octoxynol 9, 0.02% (w/v) ascorbic acid, and 0.04% (w/v) simethicone in simulated gastric

fluid TS; 250 mL
Apparatus 3: 15 dpm
Screen (top and bottom): 20-mesh
Time: 1 h

Test 3 (for lipid-filled soft-shell capsules): Ifthe article complies with this test, the labeling indicates that it meets USP
Dissolution Test 3.
Medium: 0.25% (w/v) octoxynol 9 and 0.02% (w/v) ascorbic acid in simulated gastric fluidTS; 500 mL
Apparatus 2: 125 rpm; dosage unit placed in stationary basket (Figure 2a and Figure 2b)
Time: 1 h

[NoTE-Compliancewith dissolution requirements for the pertinent index vitamin or index mineraldoes not exempt
the article from compliance with the dissolution requirements for folic acid, if present.]

Procedures: In the following procedures, combine equal volumes of the filtered solutions of the six individual specimens
withdrawn, and use the pooled sample as the test specimen. Determine the average amount of vitamin A, folicacid,
or the index vitamin or element dissolved in the pooled sample. Make any necessary modifications, including
concentration of the analyte in the volume of Sample solution taken. Use the Medium for preparation of the Standard
solution and dilution, if necessary, of the Sample solution.
Vitamin A: Determine the percentage of retinyl acetate or retinyl palmitate dissolvedby using the following procedure.

Standard solution: Dissolve a suitable amount of USP Retinyl Acetate RS or USP Retinyl Palmitate RSinisopropyl
alcohol, and dilute with Medium to obtain a concentration similarto that expected in the Sample solution.
[NOTE-The amount of isopropyl alcohol should be 5%-10%.]

Sample solution: Withdraw a portion of the solution under test, pass through a suitable filterof 0.45-jJm pore size,
and use the pooled sample as the test specimen.

Solution A: Methanol and water (90:10) .
Solution B: Methanol and isopropyl alcohol (55:45)
Mobile phase: See Table 2.
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Time Solution A Solution B
(min) (0/0) (0/0)

0 100 0

8 0 100

13 0 100

13.1 100 0

15 100 0

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 325 nm
Column: 4.6-mm x 10-cm; 3-l...Im packing L1
Flow rate: 1.0 mL/min
Injection volume: 50 I...IL

System suitability
Sample: Standardsolution
Suitability requirements

Tailing factor: NMT 1.5 for retinyl acetate; NMT 2.0 for retinyl palmitate
Relative standard deviation: NMT 2.0%

Analysis
Samples: Appropriate Standardsolution and Sample solution

Result =(r v/rs) x (C s x V/L) x 100

r u = peak area of the all-trans-retinyl ester from the Sample solution
r s = peak area of the all-trans-retinyl ester from the appropriate Standardsolution
C s =concentration of retinol in the appropriate Standardsolution (l...Ig/mL)
V =volume of Medium, 900 mL
L =label claim of vitamin A, as retinol (l...Ig/tablet)

Folic acid: Determine the amount of folic acid (C19H19N706) dissolved by using the procedure set forth in the assay for
folic acid in the individual monograph. Make any necessarymodifications.

Niacin or niacinamide, pyridoxine, riboflavin, and thiamine: Determine the amount of the designated index vitamin
dissolved by using the procedure set forth in the assay for niacin or niacinamide, pyridoxine hydrochloride, riboflavin,
and thiamine in the individual monographs. Make any necessarymodifications.

Ascorbic acid: Determine the amount of ascorbic acid (C6Hs06)dissolved by using the procedure set forth in the assay
for ascorbic acid in the individual monograph. Make any necessarymodifications.

Iron, calcium, maqneslurn, and zinc: Determine the amount of the designated index element dissolved by using the
procedure set forth in the appropriate assay in the individual monographs. Make any necessarymodifications.

Tolerances: The requirements are met if NLT 75% of the labeled content of vitamin A, NLT 75% of the labeled content
of folic acid, and NLT 75% of the labeled content of the index vitamin or the index element from the units tested is
dissolved.

• BOTANICAL DOSAGE FORMS
Compliance with dissolution requirements necessitates the testing of 6 dosage units individually, or testing 2 or more

dosage units in each of the six vessels of the dissolution apparatus, and measuring the dissolution of one or more index/
marker compound(s) or the extract specified in the individual monograph.

Procedures: Combine equal volumes of the filtered solutions of the six or more individual specimens withdrawn, and use
the pooled sample as the Sample solution. Determine the average amount of index or marker compound(s) or the
extract dissolved in the pooledsample by the procedure specified in the individual monograph. Make any necessary
modifications, including concentration of the analyte in the volume of the Sample solution taken. Use the Medium for
preparation of the Standardsolution and dilution, if necessary, of the Sample solution:

Tolerances: Unlessotherwise specified in the individual monograph, the requirements are met if NLT 75% of the labeled
content of the index or marker compound(s) or the extract from the units tested is dissolved in 1 h.

• DIETARY SUPPLEMENTS OTHER THAN VITAMIN-MINERAL AND BOTANICAL DOSAGE FORMS
Unlessotherwise stated in the individual monographs for dietary supplement dosage forms in this category, compliance

requires the testing of 6 individual units, measuring the dissolution of the dietary ingredient as the average of the 6
units tested.

Procedures: Combine equal volumes of the filtered solutions of the six specimens withdrawn, and use the pooled sample
as the Sample solution. Determine the average amount of the dietary ingredient dissolved in the pooled sample by the

. procedure specified in the individual monograph. Make any necessary modifications, including concentration of the
analyte in the volume of the Sample solution taken. Use the Medium for preparation of the Standardsolution and for
dilution, if necessary, of.the Sample solution.
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Tolerances: Because of the diversity of chemical characteristics and solubilities of dietary ingredients pertaining to this
category, general tolerances cannot be established. See individual monographs for Tolerances.

(2091) WEIGHT VARIATION OF DIETARY SUPPLEMENTS

T~:f~II~\t\,fi~gtests provide limits for the permissible variations in the weights of individual tablets, capsules, ,~i~t~m~~~I:)I~
:geIS.((u'sPJ-oec;-2oi9) expressed in terms of the allowable deviationfrom the aV:~~Q:\t\,f:i~~t,~f,~s~~gl::c~:g~~~te procedures and
limits are described herein for capsules, uncoated tablets, coated tablets, ;~§!Qg~Ij.~\IY§!l)J~gE:!'S~i(tJSPH1~P¢(!':4~l~) that are intended
for use as dietary supplements. . . - . -

CAPSULES

Capsules meet the requirements of the following test with respect to variation in weight of contents.

Hard Shell Capsules

Weigh20 intact capsules individually, and determine the average weight. The requirements are met ifeach of the individual
weights iswithin the limits of 90% and 110% of the average weight.

If not allof the capsulesfall within the aforementioned limits, weiqh the 20 capsules individually, taking care to preservethe
identityof each capsule, and remove the contents of each capsule with the aid of a small brush or pledget of cotton. Weigh
the emptied shells individually, and calculate for each capsule the net weight of its contents by subtracting the weight of the
shell from the respectivegross weight. Determine the average net content from the sum of the individual net weights. Then
determine the difference between each individual net content and the average net content: the requirements are met if(a)
NMT 2 of the differences are greater than 10% of the average net content and (b) in no case is the differencegreater than
25%.

If more than 2 but NMT 6 capsules deviate from the average between 10% and 25%, determine the net contents of an
additional 40 capsules, and determine the average content of the entire 60 capsules. Determine the 60 deviationsfrom the
new average:the requirements are met if(a) NMT 6 of the 60 capsuleshave differences that are greater than 10% of the average
net content and (b) in no case does the differenceexceed 25%.

Soft Shell Capsules

Proceedas directed under HardShell Capsules, but determine the net weight of the contents of individual capsulesasfollows.
Weighthe intact capsules individually to obtain their gross weights, taking care to preserve the identity of each capsule.Then
cut open the capsules by means of a suitable clean, dry cutting instrument, such as scissors or a sharp open blade, and remove
the contents by washing with a suitable solvent. Allow the occluded solvent to evaporate from the shellsat room temperature
overa period of about 30 min, taking precautions to avoid uptake or loss of moisture.Weighthe individual shells, and calculate
the net contents. The requirements are as stated under HardShell Capsules.

TABLETS

Tabletsconform to the criteria given in Table 1.

Uncoated Tablets and Film-Coated Tablets

Weigh20 whole tablets individually, and calculate the average weight. The requirements are met ifthe weights ofNMT 2 of
the tablets differfrom the average weight by more than the percentage listed in Table 1, and no tablet differs in weight by
more than double that percentage.

Coated Tablets (Other Than Film-Coated Tablets)

Weigh 20 whole tablets individually, and calculate the average weight. Ifthe coated tablets do not conform to the criteria
in Table 1, place 20 tablets in a beaker of water at 370 and swirl gently for NMT 5 min. Examine the cores for evidence of
disintegrationand repeat the procedure for a shorter time ifdisintegration has begun. Drythe coresat 500 for 30 min.Accurately
weigh 20 individual tablet cores, and calculate the average weight. .

The'requirements are met ifthe weights of NMT 2 of the tablets differfrom the average weight by more than the percentage
listed in Table 1 and no tablet differs in weight by more than double that percentage.
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Table 1. Weight Variation Tolerances for Uncoated Tablets, Film-Coated Tablets, and Coated Tablets (Other Than
Film-Coated Tablets)

Average Weight of Tablet Difference
(mg) (%)

130 or less 10

From130 through 324 7.5

Morethan 324 5

Add the'followIng:

·CtlEWABLEGELS'

Chewablegels'meet tlierequifements of tliefollowin'g testwith respec(to,weightvariation,'lndlvldually weigh~nequal .
number of unitsof each'colorand shape to obtain a total of NLT20 andNMT30 individual weights, and calculatethe. average
weight: " ' , ' . ,.,' '. ' , .' .... '.'.," . .',... '

,The 'requirements"are' met ifno iri'divictua! weight deviatesfro'm the average weight,by moreth~n?5%:'lf m-ore thal1·'.unit
exceeds the specified limit,tne test fails.

If', unit falls outside of the limitS, ,repeatth~ procedure with.an, additioet of NLT'2<ranCi NtVlT 3-9 hldlvidhewable
gels.Therequirements aremetif none of theuniti tested in t~esecond se erfromtheiraverage weighfby moreth~ln
, O%.j. (USP1.0ec-2019)

(2232) ELEMENTAL CONTAMINANTS IN DIETARY SUPPLEMENTS

The objectiveof this general chapter is to limitthe amounts of elemental contaminants in finished dietarysupplement dosage
forms labeledas conformingto USP or NFstandards. This general chapter isnot intended to set limits for dietary ingredients.
Those limits are set in the corresponding individual monographs.

The focusof this general chapter ison the four majorelements of toxicological concern: arsenic, cadmium, lead, and mercury.
The extent of testing can be determined usinga risk-based approach that takes into account the likelihood of contamination.
Manufacturers should consider the presence of unexpected elemental contaminants to determine compliance.

LIMITS OF ELEMENTAL CONTAMINANTS
The levels of elementalcontaminants should be restricted as shown in Table 7 unless otherwise stated in the individual

monograph. Specific monographs may providedifferent limits for articles that need to be consumed in large quantities.

Table 1

POE
Element (lJg/day)a

Arsenic (inorganic) 15

Cadmium 5

Lead 5

Mercury (total) 15

Methylmercury (as Hg) 2

aPermitted Oaily Exposure (POE) isderivedfrom the Provisional Tolerable Weekly Intake(PTWI) that is recommended by the Foodand Agriculture Organizationof
the UnitedNationsand World HealthOrganization (FAO/WHO) by subtracting the dailyexposure (lJg/day)to each elementalcontaminant from air, food, and
drinking water. Abodyweight of50 kg and a safetyfactor are used to calculatethe POE. Other regulations(e.g., Proposition 65 in California) may requiredifferent
limits; manufacturers are responsible for compliancewith applicablelocal requirementsdiffering from these POE values.

Arsenic maybe measuredusinga nonspeciationprocedure under the assumptionthat all arsenic contained in the supplement
isin the inorganicform.Wherethe limitisexceeded usinga nonspeciation procedure, compliance with the limitfor inorganic
arsenicshall be demonstrated on the basis of a speciation procedure. Methylmercury determination is not necessary when
the content fortotal mercury is less than the limit for methylmercury.

OPTIONS FOR COMPLIANCE WITH THE LIMITS OF ELEMENTAL CONTAMINANTS
In order for a dietarysupplement finished dosage form to comply with the limits for elemental contaminants as described in

this. chapter, the level of elemental contaminant in the finished dietarysupplement should be NMT the POE. The following
three options are available for determining compliancewith the limits for elemental contaminants in dietary supplements.

• OIETARY SUPPLEMENT ANALYSIS OPTION
This' option isgenerally applicable. In this option the finished dietarysupplement dosage form isanalyzed according to the

proceduresinthe general chapter Elemental Impurities-Procedures (233)orthe speciation proceduresgivenin this chapter.
The results obtained from the analysis of a typical serving size, scaled to a maximum daily intake, are compared to the
POE, as stated in Table 7.
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Analysis: Proceed as directed below in this chapter.
Calculate the measured amount of each elemental contaminant, in fJg/daily intake, as:

Result = MVSS x N

USP 43

MVSS =measured amount of each elemental contaminant (fJg/serving size)
N = maximum daily intake of the supplement recommended in the labeling(servings/day)

Acceptance criteria: The measured amount/daily intake is NMT the PDE value given in Table 1.
• INDIVIDUAL COMPONENT OPTION

This option is applicable to finished dietary supplement dosage forms with a maximum daily intake of NMT 109 of the
dietary supplement finished product.

Analysis: Unless otherwise specified in the individual monograph, proceed with the individual ingredient as directed below
in this chapter.

Acceptance criteria: The product meets the requirements when each component used to prepare the finished dietary
supplement meets the limits given in Table 2.

Table 2

Individual Component Limits
Element (~g/g)a

Arsenic (lnorqanlc)" 1.5

Cadmium 0.5

Lead 0.5

Mercury(total) 1.5

Methylmercury (as Hg)C 0.2

aThe limits for individual components are based on a maximumdailyinlakeof109 ofa dietarysupplement and are intended foruseonlywith Options forCompliance
with the Limits of Elemental Contaminants, IndividualComponent Option.
b Arsenic may be measured using a nonspeciation procedure under the assumptionthat allarseniccontained in the supplement is in the inorganicform. Where
the limitisexceeded usinga nonspeciation procedure, compliancewith the limitfor inorganicarsenicshallbe demonstrated on the basisof a speciationprocedure.
C Methylmercury determination is not necessarywhen the content for total mercuryis lessthan the limitfor methylmercury.

[NOTE-If all components in a formulation meet the limits given for the Individual Component Limits, these components
can be used in any proportion. No further calculation is necessary.]

• SUMMATION OPTION
This option can be used for finished dietary.supplement dosage forms that are consumed in quantities greater than

109/day or where the acceptance limitfor any contaminant in any component of the dietary supplement exceeds the
applicable IndividualComponent Limits.

Analysis: Unless otherwise specified in the individual monograph, proceed with the individual ingredient as directed below
in this chapter.

Calculatethe amount of each elemental contaminant, in fJg/daily intake, present in the finished dietary supplement dosage
form:

Result = L(C; x Wi) x N

C; = elemental contaminant concentration in the individual component (fJg/g)
W; = weight of each individual component per servingof the dietary supplement (g/serving)
N = maximum daily intake of the supplement recommended in the labeling (servings/day)

Acceptance criteria: The calculated amount of each elemental contaminant/daily intake is NMT the PDE value given in
Table 1.

ANALYTICAL PROCEDURES FOR TOTAL ELEMENTAL CONTAMINANTS
Performance-based methodology for analysis of total elemental contaminants in general chapter Elemental Impurities­

Procedures (233) is applicable for dietary supplements. The validation necessitywill varydepending on the situation. In all
three options described in the section Optionsfor Compliance with the Limits of Elemental Contaminants, the use of Validation
of Limit Procedures (see Elemental Impurities-Procedures (233») may be appropriate. However, for the Summation Option,
acceptable levels of validation must be determined on a case-by-case basis. Validation of a procedure using the Validation of
QuantitativeProcedures (see Elemental Impurities-Procedures (233») isacceptable for alloptions under all circumstancesand
is generally preferred. The determination of the level of validation necessityis at the discretionof the manufacturer and the
competent regulatory authority.

• ANALYTICAL PROCEDURE FOR INORGANIC ARSENIC
Where the level of total arsenic exceeds the limit recommended in this chapter, speciation may be used to determine the

amount of inorganic arsenic present. The following procedure is suggested for determination of inorganic arsenic, but
any validated procedure shown to give equivalent or better resultscan be used.

Apparatus: See Figure 1.
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Figure 1. Special apparatus for the determination of inorganic arsenic (A, 250-mLdistillation flask; B, receiverchamber,
approximately 50-mLcapacity; C, reflux condenser; D, splash head or securityfunnel).

Reagents
Distillation-reducing solution: 30.0 g of potassium iodide in 100 mL of water. [Nors-Prepare fresh on the day of use.]
Control: 6.0 IJg of arsenic (As) (6.0 mLof StandardArsenic Solution). [NoTE-Use this amount rather than the 3.0 mL

specifiedfor StandardPreparation in the general chapter Arsenic (211), Method I.]
Sample solution: Transfera 2.00-g sample that has previously been ground to pass through a 60-mesh screen to a

distillation flask (A). To the flask add 35 mLof hydrochloric acid 6.6 Nand 15 mL of Distillation-reducing solution, let
stand for 5 min to ensure reduction of arsenic [As(V)], connect the flask to the receiverchamber (B), complete the
assembly of the apparatus, and begin circulatingtap water through the condenser (C). Half-fill the lower two bulbs of
the splash head (D)with water. Maneuverthe stopcock to cause the contents of the receiverchamber to drain into the
distillation flask, heat the flask until the temperature above the solution reaches 100°-110°, and continue refluxing at
this temperature for 15 min. Closethe stopcock, continue heating at 108°-110°, and collect 30-33 mLof distillate in
the receiverchamber. Remove the heating source, and allowthe temperature to drop to about 80°.
Closethe stopcock, and add a second 35-mLportion of 6.6 N hydrochloride(HCI) and 15 mLof the Distillation-reducing

solution through the thermometer opening to the distillation flask. Replace the thermometer, increase the
temperature to 100°-110°, and collect a second 30- to 33-mLportion of distillate in the receiverchamber. Drain the
second distillate into the beaker containing the first portion, and cool the combined distillate to room temperature.
Remove the splash head, and wash its contents into the beaker. Also, wash down the inside of the condenser and
receiverchamber with water, collecting the washings into the beaker. Transferto a 1OO-mL volumetricflask, and
complete with water to volume.

Analysis: Determine the arseniccontent by the ICP-MS procedure in Elemental Impurities-Procedures (233). Alternatively,
add 2 mLof potassium iodide TS and 0.5 mLof stronger acid stannous chloride TS to the Sample solutioncontained in
the Erlenmeyer flask, and proceed as directed in Arsenic (211), Method I, Procedure, beginning with "Allow to stand at
room temperaturefor 30 minutes."

• ANALYTICAL PROCEDURE FOR METHYLMERCURY
Where methylmercury determination is required, the following procedure is suggested. However, any validated procedure

shown to give equivalent or better resultscan be used.
Procedure 1

Thisprocedure uses an aqueous extraction of the mercury species with an L-cysteine solution, HPLC separation of the
derivatized mercury species with a mobile phase also containing L-cysteine, and ICP-MS detection.

Cysteine solution: 1% L-cysteine hydrochloride monohydrate in water
Mobile phase: 0.1% L-cysteine hydrochloride monohydrate and 0.1% L-cysteine free base in water
Standard stock solution: 1 IJg/mL of mercury (Hg)as methylmercury chloride, and 1 IJg of mercury (Hg) as mercury

chloride in 5% hydrochloric acid containing 0.2 .mg/mLoft-cysteine hydrochloride monohydrate
Standard solution: 2 ng/mL of mercury as methylmercuryfrom Standardstock solution in Cysteine solution
Sample solutions

For supplements in tablet form: Weigh, and finely powder a counted number oftablets. Transfer an accurately
weighed portion of the powder equivalent to 0.5 times the daily recommended intake to a tared vial. Add 50.0 mL
of Cysteine solution accurately weighed, cap the vial, and shake vigorously. Placethe vial in a water bath at 60° for
60 min. Shake the vial again, and return to the water bath foranother period of 60 min. Shakethe vial again, and
allow to cool at room temperature for about 20 min. Filter through a 0.45-lJm polyethylene membrane.
[NoTE-Preparefresh on the day of use.]

For supplements in capsule form: Weigh accurately NLT 20 capsules, and determine the average weight. Place a
. number ofcapsulesequivalent to about 5 timesthe dailyrecommended intake in ablender, add 500.0 mLof Cysteine

solutionand blend to obtain a homogenous analytical suspension. Transfer50.0 mLof this analytical suspension to a
vial, cap the vial, and shake vigorously. Placethe vial in a water bath at 60° for 60 min. Shakethe vial again, and
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return to the water bath for another period of 60 min. Shakethe vial again, and allowto cool at room temperature
for about 20 min. Filter through a 0.45-\..Im polyethylene membrane.

[NoTE-Prepare fresh on the day of use.]
For supplements in liquid form: Weigh accurately an amount of the liquidequivalent to 0.5 times the daily

recommended intake into a vial, and add 50.0 mLof Cysteine solution. Cap the vial, and shake vigorously. Place the
vial in a water bath at 60°for 60 min. Shakethe vial again, and return to the water bath for another period of 60 min.
Shakethe vial again, and allowto cool at room temperature for about 20 min. Filter through a 0.45-\..Im polyethylene
membrane.

[NoTE-Prepare fresh on the day of use.]
Chromatographic system

(See Chromatography (621), System SUitability.)
Mode: LC
Detector: ICP-MS at a mass-to-charge ratio of 202
Column: 4.6-mm x 15-cm; 4-\..Im packing L1
Flow rate: 1 mL/min
Injection volume: 50 \..IL

System suitability
Sample: Standard solution
Suitability requirements

Resolution: NLT 3 between the peak representing mercury (Hg2+) species at a relative retention time of about
0.56 and the peak representing methylmercury (Mehq') species at a relative retention time of 1.0

Relative standard deviation: NMT 10.0%, Standard solution
Analysis

Samples: Standard solution and the appropriate Sample solution
Determine the peak area of the peak representative of methylmercury in the chromatograms of the Sample solution

and Standard solution.
Acceptance criteria: 0.2 \..Ig/daily intake: The peak area,for methylmercury in the chromatogram of the Sample

solution is NMT the peak area for methylmercury in the chromatogram of the Standard solution.

(2250) DETECTION OF IRRADIATED DIETARY SUPPLEMENTS

INTRODUCTION

Federal regulations do not permit irradiation of dietary ingredients or dietary supplements for sanitation purposes. Under
section 201(s) of the Federal Food, Drug, and Cosmetic Act [21 USC 321(s)], irradiation isconsidered an additive, and as such
it requires FDA approval. Foods that are irradiated should be adequately labeled according to international and national
guidelines with statements such as "Treated with radiation" or "Treated by irradiation" in addition to information required by
other regulations, includingthe irradiation logo, the Radura [21 USC 321(s)]. Overexposure to irradiation may have negative
effects on product quality. Currently, several independent methods are used to identifyirradiated foodstuffs, including dietary
supplements. These methods have been validated and are recognized worldwide.

Procedures based on luminescenceare widelyapplied and includescreening by photostimulated luminescence(PSL), which
is a rapid, simple preliminary screening method to detect irradiation, and a subsequent thermoluminescence (TL) procedure
to confirmthat the sample has been irradiated. PSL is lesstime consuming than TL because the inorganic/silicate mineralsource
of luminescence does not need to be isolated from any organic components present. Both PSL and TL signal intensities are
affected by irradiation dose as well as bythe nature and amount of inorganicmaterial.TL analysis isone of the detection methods
used for confirming the presence of irradiated foods, herbs, spices, vegetables, and fruits, although it has certain limitations:
for example, samples must contain sufficient amounts of silicates that can be successfully separated from the samples. The
lengthy preparation and need for irradiation in all cases limits TL to a small number of laboratories.

The procedures described in this chapter can be used both by regulatoryauthorities and by producers and suppliersoffoods,
including dietary supplements, to detect undeclared irradiated products in the market for purposes of determining compliance
with regulations.

PRINCIPLES OF PHOTOSTIMULATED LUMINESCENCE AND THERMOLUMINESCENCE

Most of the natural dietary ingredients that are either cultivated or wild contain silicate minerals, calcite,or hydroxyapatite.
Exposure to ionizing radiation from gamma rays (60CO or 137CS), electron beams (up to 10 MeV), or x-rays (up to 5 MeV)
stimulates electrons in those types of crystals, resulting in energized electrons being stored in the crystal lattice.Trapped
high-energy electrons can be released by stimulation with light or controlled heat, leaving electron holes in the crystal lattice.
The energy thus released is detected as luminescence. PSL occurs if light is applied to the system, and TL occurswhen heat is
applied to the system. The recorded luminescence intensity is proportional to the initial radiation dose absorbed.

Samplesfor both PSL and TL measurements must be taken from a light-protected positionof the bulksamples, and exposure
to high temperature and light must be avoided after the samples are taken from the bulk.Sample preparation and subsequent
PSL or TL measurement must be conducted under subdued lighting conditions when possible. . " ,"

TL has been widelyused for detection of irradiation in food and dietary ingredients from which silicate minerals can be
isolated. In this chapter, PSL and TL are described as the most appropriate detection methods for the materialstypically used
as dietary ingredients. The two methods are both radiation-specific phenomena, based on the observation that photon counts
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of irradiated samples usuallyare higher than those of nonirradiated samples. However, all available methods have some
limitations in terms of their specific application range, product-to-product variation,complexityof or interferencefrom the food
matrix, and low concentration of radiation-induced markers.

GENERAL PROCEDURE FOR DETECTION Of IRRADIATION IN DIETARY INGREDIENTS AND
DIETARY SUPPLEMENTS

Screening Using Photostimuiated luminescence

PSL, also known as opticallystimulated luminescence, is based on the emissionof light in the 300-600 nm range from
irradiated samples when illuminatedat longer wavelengths in the near-IR region. PSL analysis allows multiple measurements to
be performed without sample pretreatment in a short period of time. PSL isalso a nondestructive method that does not require
separation of inorganic mineralsand organic compounds. PSL isbased on optical stimulationof mineraldebris, typically silicates,
and bioinorganic materials such as calcite, feldspar, or hydroxyapatite, and its sensitivity depends on the quantities and types
of minerals present in the sample. Before the measurement of PSL, two thresholds are set: the lower typically is set at 700
counts/min (Tl), and the upper typically is set at 5000 counts/min (T2).These two thresholds serve to classify the samples.
After initial screening of PSL intensityfrom the samples is performed, the resultsare classified into negative (counts/ min less
than Tl), intermediate (counts/min NLT Tl and NMT T2), or positive (counts/min more than T2). Asecond measurement
after a known irradiation dose, known as calibrated PSL (CaIPSL), is applied in cases of poorly defined sample matrices whose
luminescence sensitivities are not well established. By comparing the screening PSL measurement against its CalPSL response,
analystscan take into account variation in detection sensitivity due to variableamounts and differenttypes of mineralspresent
in a given sample. CalPSL measurements are recommended to rule out false negative results due to low mineral content.

INSTRUMENTATION

The PSL system consists of pulsed IR sources for photostimulation, a single-photon counting system for highlysensitive
detection of luminescence, a sample chamber, and a computer for data analysis.

The instrumental setup procedure includes checks of irradiated and nonirradiated materials, as well as establishing
measurement parameters (cycletime, thresholds, and data-recording conditions). Measurement of initial background counts
and periodic measurement of counts in the empty chamber should be conducted in subdued lighting to conflrrn lackof
instrument contamination. The PSL signals (photon counts) emitted from the sample/second are automaticallyaccumulated
in the computer and are reported as counts/min. [NOTE-All experiments should be conducted under subdued lighting. Inorder
to minimize the risk of cross-contamination, all preparations are performed in a laminar-flow cabinet.]

PHOTOSTIMULATED LUMINESCENCE MEASUREMENT

Procedure
PSL screening-Dispense and weigh two portions of the sample (5-10 g, depending on the density of the product) into two

separate 50-mm disposable Petridishes to cover the Petri base in a thin layer. Dispensesamples in subdued lighting to minimize
bleaching and under a laminar-flow cabinet to minimize cross-contamination. Measure the PSL of the sample for 1 min on the
duplicate aliquots, and calculate the mean.

CALIBRATED PSL (CAlPSL)- [NoTE-CaIPSL testing may be done only once as part of the validation of the procedure for each
rnaterlal.] .

Dispense and weigh two portions of the sample (5-10 g, depending on the density of the product) into 50-mm disposable
Petri dishes to cover the Petri base in a thin layer. Measure the PSL of the sample for 1 min on duplicate aliquots, and for each
sample calculate the mean. Irradiatethe sample to a knowndose of 1 kGy after the initial screening. Repeatthe PSL measurement
(CaIPSL).

Evaluation-Classify results in the following manner:
<Tl : negative, no evidence of PSL
>Tl and <T2: intermediate, weak PSL signal
>T2: positive, stronger signal.

ACCEPTANCE CRITERIA-Nonirradiated samples produce negative results in the PSL screening and are known to produce
positiveresults in the CaIPSL. [NOTE-Negative signals in the PSL screening are generallyassociatedwith nonirradiated material
but can result from low-sensitivity irradiated materials. To evaluate whether a sample isa low-sensitivity material, assessment
of the signals using the CalPSL option is necessary. Positive signals in the PSL screening are associated with irradiated material.
Samplesthat are classified as intermediate require further investigation by the TL method to determine their irradiationstatus.]

Confirmatory Analysis Using Thermoluminescence

The TL analysis isbased on physical changes insilicate mineralsthat are present in manyfood samplesand dietary ingredients.
The silicate minerals are able to store the absorbed radiation energy. ATL reader measures the amount of light that is emitted
during controlled heating. The TL of the sample (TL]) is compared to that of the same sample following irradiation at 1 kGy
(TL2) . If the TL ratio (TLdTL2 ) is greater than 0.1, the sample is considered to be irradiated. In order to use the TL method for
the detection of irradiated foods or dietary ingredients, silicateminerals must be isolatedfrom the samples.
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INSTRUMENTATION

TL measurements can be performed with a TL detector that meets the specifications in Table 7.

Table 1. Thermoluminesence Detector Specificationsa

USP 43

Photon:energies >5 keV
Neutron: thermal to 100 MeV

Radlatlon'' Electron/beta: energies>70 keV

10 IJGy to 1 Gy (1 mrad to 100 rad) linear
Measurement ranges 1 Gyto 20 Gy(100 rad to 2000 rad) supralinear

For1 mGy(100 mrad) 137CS doses, <2% standard deviationof 10 sequential
Repeatability measurements

Heating plate
50° to approximately500°,
approximately6°/s

a Harshaw TLD 3500 (Thermo Fisher Scientific, Waltham, MA) and NanograyTL2000 (Nanogray,Osaka,Japan) are suitable.
bGamma raysfrom 60CO or 1O-MeV electron beams are suitable radiationsources.

PROCEDURE FOR SAMPLE PREPARATION

Sodium polytungstate solution: Prepare a solution of sodium polytungstate in water with a final density of 2 g/mL.
Mineral extraction: Suspend 3-20 g of sample with 50-100 mL of pure water, and sonicate for about 5 min. Sieve through a
250-J.lm nylon mesh, rinsing the mesh with water each time by using a strong jet from a wash bottle into a larger beaker (500­
1000 mL). Allow the minerals to settlefor 5 min and decant most of the water, leavingthe minerals in <50 mL of water. Transfer
the mineral fraction to a centrifuge tube, and centrifuge for 1 min at 1000 x g. Discard the water layer.
Preconcentration density separation: Add 5 mLof the Sodium polytungstatesolution to the minerals in the centrifuge tube.
Shakeor mix on a vortex mixer, then sonicate for 5-15 min. Centrifugefor 2 min at 1000 x g. Silicate minerals (density 2.5­
2.7 g/mL) precipitate, whereas organic components float. Carefully overlay a layerof water on the Sodium polytungstate
solution, and discard the water layerand the organic materialsby decantation or vacuum suction, leavingthe minerals behind
in the polytungstate layer. Carefully remove the Sodium polytungstate solution layer, and wash the minerals twice with water
(centrifuge at 1000 x g briefly). Add 1-2 mLof 1 M hydrochloric acid, shake, and leavefor 10 min in the dark to dissolve
carbonates adhering to the silicate materials. Neutralize the acid with 1 Mammonium hydroxide. Fill the tube with water. Allow
the minerals to settle, and centrifuge. Discard the water, and wash the minerals twice with water.
Fixingthe minerals on disc for Tl measurement: Add 3 mLof acetone to the preconcentrated minerals,and shake to displace
residual water. Use a stainless steel disc suitable for the TL reader in use. [NOTE-Discs typically are 9-10 mm in diameter and
0.25-0.50 mm in thickness] . Carefully clean the disc by rinsing in water, wash two to three times with acetone, and dry in an
oven. Store under dust-free conditions. Record the weight of the clean disc immediately before use. Transfer the minerals (in
acetone), and dry the discat 50° overnight (lab oven).Weighthe disc,and calculatethe mass of minerals. Repeatthe extraction,
if necessary, to meet the system suitability requirements. [NOTE-The mineralsample amount is typically between 0.1 mg and
5 mg] . Thedeposited mineralscan be fixedon the discby usingsilicone spray(or by layering with 0.2% carboxymethylcellulose)
and drying at 50° overnight.
Blank discs: Useclean discs.

TL MEASUREMENT

TL measurements are performed using a TL reader. Register the TL emission as a function of temperature (glow curves).
Minimum detectable integrated Tl intensity level (MOL): Integrate the TL intensityof the first glow of the blank discs, and
calculate the standard deviation.The MDL isthree times the standard deviationof the integrated TL intensityof the blankdiscs.
System suitability: The integrated TL intensityof the irradiated sample (TL2) should be at least 10 times the MDL.
Measurement of TL I

First-glow TL I measurement-Set the instrument to an initial temperature of 70°,a heating rate of 6°/s, and a final temperature
of 350°. Flush the chamber with nitrogen. Place the sample disc on the heating plate of the TL reader, and measure the glow
curve. Determine TL I as the integrated TL signal between 150° and 250°. Measure the background glow for the sample (BC I )

after cooling the sample to 50°. After measuring TL I and BC I , measure the weight of the sample (BWI ) . .

Irradiation-Irradiate the discwith the minerals, with a defined radiationdose of about 1 kGy. [NOTE-A source of60CO gamma
rays is suitable.] Store at 50° overnight.
Measurement of TL2

Second-glow TL2 measurement-Measure the TL for the irradiatedsample (TL2) as described for TL T• Measurethe background
glow for the irradiatedsample (BC2) after cooling the sample to 50°, and record the weight of the sample plate with the sample
(BW2) . Measure the blank levels for processcontrol (without the sample), following the procedures at each stage. Calculatethe
MDL as the integrated TL intensityof the blank plus three standard deviations.
Tl glow ratio: The TL glow ratio per sample weight is calculated as described below:

TL glow ratio = [(TL T - BCI)/BWT]/ [(TL2 - BC2)/BW2]

TL T =irradiated sample for the first-glow measurement
BC T' = background glow for the irradiated first-glow sample
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BW, = weight of the irradiated first-glow sample
TL2 =irradiated sample for the second-glow measurement
Be2 = background flowfor the irradiated second-glowsample
BW2 = weight of the irradiated second-glow sample

Evaluation: TL glow ratiosfrom irradiated samplesare typically greater than 0.1. The ratiosfrom nonirradiated samplesare
below 0.1.
Acceptance criteria: The temperature that gives the maximum glow from TL , measurement must be equal to or higher than
the one from a nonirradiated sample. The TL glow ratio must be NMr 0.1 for nonirradiated materials.

(2251> SCREENING FOR UNDECLARED DRUGS AND DRUG
ANALOGUES

INTRODUCTION
The illegal addition of undeclared syntheticcompounds to products marketed as dietarysupplements' (OS) isan issue of

universal concern. This fraud is practiced to impart therapeutic effectsthat cannot be achieved by the dietary ingredients
alone. Increasingly, synthetic intermediates and structural analogues of the pharmaceuticals and drugs that have been
discontinuedor withdrawn from the marketare being used as adulterants. Multiple adulterating compounds may be added
to a single product, frequently in erraticamounts.

The proposed test methodologiesfacilitate screeningfor syntheticadulterants. No individual technique iscapable ofaddresslnq
all potential analytes; thus, a combinationof orthogonal approaches adds certainty to the analytical outcome. Mass
spectrometrictechniques providestrong substantiationof the analytical findings. Insome cases, e.g., with hormonal drugs,
the amounts of physiologically relevantadulterants may be so low that GC-MS or LC-MS may be the onlyfitting analytical
options.

The express purpose of assembling the procedures recommended herein istheir suitability for screening.The level of evidence
achievable byapplicationofone or several ofthe recommended procedures isultimately dictated bythe specific requirements
of the end-user. It should be noted that structure elucidation and quantitative assessmentare beyond the scope of this
chapter.

This chapter is meant to be updated regularly, as new concealment methodologies for the adulterants are introduced, or
improvements to the methods of analysis are realized.

ADULTERATION CATEGORIES
The folloWing major categories of adulterated products are recognized:

• Sexual Enhancement: This category isalso referred to as the Erectile Dysfunction (ED) category. It encompasses a
functionally coherent group of adulterants, including several approved drugs, their numerous approved and
unapprovedanalogues, and syntheticintermediates. Theirfunctionality ismanifested byinhibition of phosphodiesterase
type 5 enzyme (PDE5), which hydrolyzes cyclic guanosine 3',5'-monophosphate (cGMP); this group of compounds is
frequently identified as PDE5 inhibitors. Screening methods for products adulterated with ED compounds are
presented in Appendix A.

• Weight Loss (WL): This categorycomprises a functionally and chemically diverse collection ofcompounds that include
stimulants, laxatives, diuretics, anorexiants, and psychoactive drugs. Although stimulantsconstitute an important
segment of WL adulterants, the oral anorexiantsibutramine dominates this category, frequently in combination with
phenolphthalein, a laxative. Methodsfor analysis of products adulterated with WL compounds will be addressed in
Appendix B (to come).

• Sports Performance Enhancement (SPE): These compounds constitute the third major category of adulteration.
Professional and amateur athletes are targeted with designer anabolicsteroidsand stimulants, which are systematically
banned by the World Anti-Doping Agency. Functional and structural diversity, synthetic proclivity of the adulterators,
and the generallysmall amounts of the infringing substances required to elicita therapeutic effect make this category
especially challenging to address. These supplements are customarily formulated in protein- and fat-rich matrices,
thereby further complicating detection. For these reasons, GC-and LC-Msn techniques constitute primary analytical
methodologieswithinthis category.Analysis of products adulterated with SPE compounds will be addressed inAppendix
C(to come).

BULK INGREDIENTS AND DOSAGE FORMS
Adulteration mayoccur either at the level of bulk ingredientsor at any subsequent stage of the finished product manufacturing.

Analysts should be mindful of the possibility ofadulterants physically associatedwith the finished dosage matrixor excipients,
as well as components. In the latter, synthetic compounds have been found embedded into the capsule shell body. This
underscores the need for deliberate adjustment to the laboratory procedures that typically focus on the capsule contents
alone. Appropriate sampling practices for powdersand finished dosage.forms should be exercised, particularly when onlya
limited amount of sample isavailable.

1 In the United States, dietary supplements are defined as substances that are ingested, in agreement with 21 U.S. Code §321 (ff)(2)(A)(i).Definitions of
dietary supplements, nutritional supplements, functional foods, and bioactive food additives may vary extensively, depending on local or national
legislation. In the marketplace, there is a trend toward expanding the mode of delivery of the adulterating compounds to routes not covered by the
regulatory definition for dietary supplements, i.e., topical oils, creams, lotions, e-clqarettes, chewing gums, sprays, and others. Such novel delivery systems
present unique challenges, particularly from the standpoint of sample preparation, and are not considered for the purposes of this chapter to be dietary
supplements. However, recognizing the emerging threat, USP chooses to highlight the existence of these products. In no way should mention of these
products be interpreted as a comment on their legal status or be perceived as an expansion of the definition of OS.
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RECOMMENDED ANALYTICAL METHODOLOGIES
Adulterationanalysis may be broadlycategorized into targeted and nontargeted methods. The distinctionbetween these types

may be subtle, and a minor adjustment to the methodology will transform a nontargeted method into a targeted method.
Targeted

These techniques are warranted when the analytesare known.An example ofa targeted approach would be monitoringa
chromatographic run at a particularwavelength (or mass),and quantifyingthe analyte that appears within a predefined
retention time window. Targeted analysis is conceptually straightforward, because it relies on pre-existing knowledge
of the analyte and allows optimization of test methodology for its reliable detection. The targeted approach also isa
rarity in the adulterated products analysis, where the nature of the analyte may be anticipated only tentatively,and
variable amounts of multiple adulterants belonging to several functional categories are commonplace.

Nontargeted
These methods are better suited to a broad-spectrum detection requirement presented by adulterated products.

Nontargeted screening trades preciseknowledge of the analyte identity,along with specificity and accuracy,for a wider
detection scope. Examples of nontargeted chromatographic screening include acquisition of photodiode arraydata
and full mass-spectral scanning following a chromatographic separation. The procedures in this chapter are written
with an eye toward applyingall techniques ina nontargeted mode, even the ones considered to be inherentlytargeted,
thereby facilitating detection of a suspect adulterant even in the absence of a matching reference compound.

It is generally recommended to apply a broadly nontargeted methodology first, followed by a targeted procedure. It is
crucial to clearlydefine the end-purpose of analysis, and only then decide on the appropriate instrumentation and
assemble a logical testing strategyfrom the procedures provided.Thus,applicationof a nontargeted screening method
may satisfy the requirements of a manufacturer for the purposes of monitoring bulk raw materials. Conversely, a
laboratory requiring a higher level of evidence to enact an enforcement action may opt for a two-step procedure: a
preliminaryscreen, followed by confirmatoryanalysis of suspect samples.

USP Reference Standards recommended for screening are listedat the end of each relevant Appendix. However,
considering the rate of propagation of structural analogues and proliferation of newlydeveloped "designer" molecules,
establishing and maintaining an all-inclusive catalog of reference materials is both challenging and impractical. Several
commercial sources of the compounds of interest exist} Please note that mention of the external reference materials
suppliers does not in any way constitute their endorsement, as neither does the listing of reagents, supplies, and
instrumentation.

APPENDIX
• ApPENDIX A. SCREENING METHODOLOGIES FOR PDEs INHIBITORS

1. HPlC with Photodiode Array Detection
Solution A: 0.1% Formic acid in water
Solution B: 0.1% Formic acid in acetonitrile
Mobile phase: See Table 1.

Table 1
Time Solution A Solution B
(min) (%) (%)

0 95 5

15 5 95

23 5 95

24 95 5

31 95 5

Diluent: Acetonitrile and water (50:50)
Standard solution: 100 IJg/mL each of USP Sildenafil Citrate RS, USP Tadalafil RS, and USP Vardenafil Hydrochloride RS

in Diluent
Sample solution: Combine one-fifth of the dosage unit, 10-20 mg of bulk material, or a smallfragment of the capsule

shell (3 mm x 3 mm) with 10 mL of Diluent, sonicate for 30 min, and pass through a 0.2-lJm PTFE syringe filter.
Chromatographic system

(See Chromatography (621), System Suitability.)
Mode: LC
Detector: Photodiode array, 200-400 nm
Analytical wavelength: 290 nm
Column: 2.1-mm x 15-cm; 5-lJm packing L13

Column temperature: 40°
Flow rate: 0.2 mL/min
Injection volume: 1 IJL

System suitability
Sample: Standard solution

2 CacheSyn (http://www.cachesyn.com/); Santa Cruz Biotechnology, Inc. (http://www.scbt.com); TLC Pharmachem (http://
www.tlcpharmachem.com/); and Toronto Research Chemicals (http://www.trc-canada.com/) are some of the potential sourcesof rare andhard-to-find
adulterant reference materials.
3 The procedure was developed on the Agilent Technologies Zorbax SB-C18 column.
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Suitability requirements
Column efficiency: NlT 3000 theoretical plates
Tailing factor: NMT 1.5

Analysis
Sample: Sample solution
Examine the UV spectra of the prominent peaks for similarity to those in the Standard solution or other known PDE5

inhibitor compounds (Figure 1 and Table 5). Typical retention times of several PDE5 inhibitors are provided in Table
5. However, neither retention time match nor the absorbance spectrum similarity should be construed as sufficient
confirmation of the chemical identity of an adulterant.

2. HPlC with Mass-Spectrometric Detection
Preferably, a mass-spectrometric detector is connected in sequence to the UV-Vis detector. The settings below apply to

an ion-trap mass spectrometer. Other MS detectors are suitable; however, it is advisable to use spectrometers that
possess MS/MS capability.

Solution A: 0.1% Formic acid in water
Solution B: 0.1% Formic acid in acetonitrile
Mobile phase: See Table 2.

Table 2

Time Solution A Solution B
(min) (%) (%)

0 95 5

15 5 95

23 5 95

24 95 5

31 95 5
-~

Diluent: Acetonitrile and water (50:50)
Standard solution: 5 IJg/ml each of USP Sildenafil Citrate RS, USP Tadalafil RS, and USP Vardenafil Hydrochloride RS in

Diluent
Sample solution: Combine one-fifth portion of the dosage unit, 10-20 mg of bulk material, or a small fragment of the

capsule shell (3 mm x 3 mm) with 10 ml of Diluent, sonicate for 30 min, and pass through the 0.2-lJm PTFE syringe
filter. Dilute the filtrate 20-fold with Diluent before injection.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: lC
Detector: UV 290 nm
Column: 2.1-mm x 15-cm; 5-lJm packing l1 4

Column temperature: 40 0

Flow rate: 0.2 ml/min
Injection volume: 1 IJl

Mass spectrometric system­
(See Mass Spectrometry (736).)
Ionization: ESI
Polarity: Positive or negative
Sheath gas: 35 ml/min
Sweep gas: 5 ml/min
Capillary temperature: 3000

Source voltage: 5 kV
Collision: 45 meV
Scanning: m/z 90-1050 and dependent scan on the most intense ion

System suitability
Sample: Standard solution
Suitability requirements

Resolution: NlT 2.0 between vardenafil and sildenafil peaks
Tailing factor: NMT 1.5

Analysis
Sample: Sample solution .
Compare mass-to-charge ratios of the molecular ions [M+H]+ or [M-H]- and fragments to those of the Standard

solution or other known analytes listed in Table 4. Typical retention times of several common PDE5 inhibitors are
provided in Table 5.

4The procedure was developed on the Agilent Technologies Zorbax 58-(18 column.
SThe settings were found appropriate for ThermoElectron LTQ XL Linear IonTrap Mass Spectrometer. Users will need to optimizetheir respective
instrumentation accordingto the manufacturer's recommendations.
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3. High Performance Thin-Layer Chromatography (HPTLC) with Visual, UV, and/or MS Detection
Standard solution: Acomposite of 0.2-mg/ml each of USP Sildenafil Citrate RS, USP Tadalafil RS, and USP Vardenafil

Hydrochloride RS in methanol, with sonication if necessary. Additional reference materials may be available
commercially.

Sample solution: Comminute 1 dosage unit, including the capsule shell and tablet coating, or about 500 mg of raw
material; combine with 10 ml of methanol, and subject to ultrasonication for 30 min. Centrifugeor filter the solution,
and use the supernatant. [NOTE-Upon development, ifthe chromatographic bands appear too saturated and UV
densitometric spectra are distorted, dilute the Sample solution10-fold with methanoL]

Developing solvent system: tert-Butyl methyl ether, methanol, and 28.0% (w/w) ammonium hydroxide (20:2:1).
[NoTE-Strength of ammonium hydroxide was found to be crucial for adequate method performance. It is therefore
advisableto establishthe titer of higher-concentration ammonia" and to adjust the latter to exactly28.0% immediately
before the experiment.]

Chromatographic system
(See HPTLC for Articles ofBotanical Origin (203).)
Adsorbent: Chromatographic silica gel with an average particlesize of 5 IJm
Application volume: 3 IJl, as 8-mm bands
Relative humidity: Condition the plate to a relative humidity of 47% using a suitable device in the presence of a

saturated solution of potassium isothiocyanate.
Temperature: Ambient
Saturation: 20 min, with paper
Developing distance: 6 cm
Derivatization reagent: None
Drying: 5 min in a current of cold air
Detection 1: Visual, under illumination with 254- and 365-nm UV light
Detection 2: UV-Vis spectrometry (scanning densitometer), 190-550 nm
Detection 3: Massspectrometry, m/z 90-1050

Mass spectrometric system/
(See Mass Spectrometry (736).)
Ionization: ESI
Polarity: Positive, negative, or rapid switching
Desolvation gas (N2) : 300 l/h
Cone gas (N2) : 80 l/h
Temperatures

ESI probe: 1050

Desolvation: 1500

Capillary voltage: 3.0 kV
Cone voltage: 50 V
Scanning: m/z 90-1050

System sultabillty
Sample: Standardsolution
Suitability requirements: Under UV light at 254 nm, sildenafil, tadalafil, and vardenafil appear as dark bands against

the fluorescent background. Under UV lightat 365 nm, sildenafil, tadalafil, and vardenafil appear as blue fluorescent
bands.

Analysis: Inspect the plate under short-wave'(254 nm) and long-wave(365 nm) UV light. POE5 inhibitorsappear as dark
bands against the fluorescent background at 254 nm and typically exhibit different shades of blue fluorescence under
365 nm. Note the similarities in RF values between the bands in the Standardsolution and Sample solution; these may
be informative, however they do not constitute sufficient proof of identity. Relative intensities of the bands permit
approximation of the amounts. Using scanning densitometry, obtain UV spectra of the prominent bands in the Sample
solution, and compare them to those of the POE5 inhibitors in the Standardsolutionand those provided in Table 5 and
Figure 7. Mass-spectrometric interface, ifavailable, may facilitate more definitive assignment of the analyte bands:
compare mass-to-charge ratios of the molecular ions [M+H]+ or [M-H]- and fragments to those of the common
adulterants listed in Table 4.

4. Ambient Ionization Mass Spectrometry
Diluent: Acetonitrile and water (50:50), with 0.1% formic acid
Standard solution: Acomposite solution containing 20 IJg/mL each of USP Sildenafil Citrate RS, USP Tadalafil RS, and

USP Vardenafil Hydrochloride RS in Diluent.Additional reference materialsmay be available commercially.
Sample solution: Grind the entire dosage form, including the capsule shell and tablet coating, to a fine powder. Weigh

about 50 mg of the resulting powder, or about 50 mg of bulkmaterial, and combine with 5 mL of Diluent. Cap tightly,
subject to ultrasonicationfor 2 min, and vortex thoroughly. Centrifuge or filter the resulting solution, and dilute an
aliquot of the supernatant or filtrate 100-fold with Diluent.

Mass spectrometric system , ,
(See Applications of Mass Spectrometry (1 736), Mass Spectrometers, Ionization Procedures, AmbientIonization

Procedures.)
Ionization: Ambient with thermal desorption

632% Ammoniasolution is available from EMD Millipore.
7 Procedure was developed using Expression eMS mass spectrometer from Advion, equipped with a TLC-MS interfaceavailable from CAM~<? Ifother
mass spectrometers are used, relevantsettings will have to be optimized.The bands were directlyeluted with a mixtureofwater and acetonitrile(80:20)
containing 0.1% formic acid.
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Mode: Thermal profile
Polarity: Positive, negative, or rapid swltchlnq
Gas temperature: 150°, 250°, 350°, and 450°
Scanning: m/z 90-1050

System suitability: Deposit 3-I.IL aliquots of the Standardsolution onto the disposable sample cards. Set the compatible
mass spectrometer to a 30-s acquisition of 90-1050 Da. Using one sample card for each temperature setting, acquire
mass spectra at each of the following desorption gas temperatures: 150°, 250°, 350°, and 450° in positive ionization
mode. Switch polarity, and re-acquire spectra at the same four temperatures in the negative ionization mode.
[NOTE-If the massspectrometer permits rapid polarity switching, both positive and negative spectra may be acquired
simultaneously using a single sample.] Confirm that the [M+H]+ or [M-H]- ions of sildenafil, tadalafil, and vardenafil are
observed as listed in Table 4.

Analysis: Deposit 3-I.IL aliquots of the Sample solutiononto the disposable sample cards, and follow the procedure outlined
above for the Standardsolution. In the event that a single ion dominates the massspectrum at every temperature setting,
dilute the Sample solutions 10-fold with Diluent and re-analyze. Compare mass-to-charge ratios of the molecular ions
[M+H]+ or [M-H]- and fragments to those of the known analytes listed in Table 4.

5. NMR Spectroscopy-Low-Field and High-Field
(See NuclearMagnetic Resonance Spectroscopy (761), Qualitativeand QuantitativeNMRAnalysis.) [NoTE-Deuterated

acetonitrile (CD3CN) should be NLT 99.8 atom % D, and should contain 0.05% tetramethylsilane (TMS) asa chemical
shift reference. Useof solvents in sealed ampules is recommended. NMR tubes should be suitable for useat the selected
magnetic field strength.]

Standard solutions: Dissolve 10 mg of USP Sildenafil Citrate RS, USP Tadalafil RS, or USP Vardenafil Hydrochloride RS in
separate 1-mL aliquots of CD3CN, and transfer 700-I.ILaliquots of the resulting solutions into individual NMR tubes.
Additional reference materials are available commercially.

Sample solution: Grind the entire dosage form, including the capsule shell and tablet coating, to a fine powder. Transfer
100-200 mg of the ground material, or an equivalent amount of bulk raw material powder, into a 5-mL sealableglass
vial. Add 1 mL of CD3CN, vortex thoroughly, and allow the solids to settle. Transfer about 700 I.IL of the supernatant
to an NMR tube, taking care to minimize transfer of solids.

Instrument performance qualification
(See NuclearMagnetic Resonance Spectroscopy (761).)
Magnetic field strength: NLT 42.5 MHz eH operating frequency)

Data collection: Usethe parameters specified in Table 3; perform 90° pulse width calibration before the analysisaccording
to the recommendations of the equipment manufacturer.

Table 3
Parameter lH-NMR QualitativeMeasurement

Pulse program Single pulse1H

Spectral width 14 ppm (-1 to 13 ppm)

Transmitter offset Centerof spectral width

Relaxation delay 5-10 s

Acquisition time 2-5 s

Numberof data pointsper FlO" NLT 16,000

Temperature 250

a Free induction decay.

System suitability: Acquire a 1H spectrum of the Standardsolution using the settings outlined in Data collection. Record a
sufficient number of scansto ensure that signal-to-noise ratio of the TMS signal is NLT 10.

Analysis: Acquire a ' H spectrum of the Sample solutionunder the conditions outlined in Data collection. Record a sufficient
number of scansto ensure that the signal-to-noise ratio of the TMS signal is NLT 10. Referenceall acquired spectra to
the' H signal of TMS (0 ppm). Measure and record the chemical shift and multiplicity of the NMR signals in the spectra
of the Standardsolutions and Sample solution. Compare the 'H NMR spectrum of the Sample solution to those of the
Standardsolutions, paying particular attention to the aromatic region (5-9 ppm). Determine whether the chemical shift
and multiplicity of the NMR signals in the Sample solution exhibit sufficient similarity to those found in the Standard
solutions.

6. Bioassay"
PDE5enzyme? stock solution: Preparea concentration of approximately 3000 Units/I.IL. If necessary, dilute with 40 mM

tris(hydroxymethyl)aminomethane hydrochloride (tris-HCI), pH 8.0, 110 mM sodium chloride (Natl), 2.2 mM
potassium chloride (KCI), 3 mM dithiothreitol, and 20% glycerin. Vortex gently to mix.

8 The procedures were developed usingcommercialPromega PDE-Glo™ PhosphodiesteraseAssay Kit, Catalog # V1361 . It includesthe following reagents:
PDE-GloT~ ReactionBuffer 5X (Catalog # V133A); PDE-GloTM Detection Buffer 5X (Catalog # V134A); Protein Kinase ASolution(Catalog # V135A); PDE­
Glo™ Termination Buffer 5X(Catalog # Vl36A); cGMPStockSolution,1 mM(Catalog # V641 A); cAMP, 1 mM (Catalog # V642B); Kinase-Glo™ Substrate
(Catalog # V672A); and Kinase-GloTM Buffer (Catalog # V673A). Kits from alternative suppliersmay also be used, e.g., BPS Science, Catalog # 60350,
although re-optimization of test procedures willbe required.
9 The procedures were developed using human phosphodiesterase SAfrom BPS Bioscience Catalog # 60050. The enzyme is availablefrom numerous
suppliers, e.g., Sigma-Aldrich Catalog # E9034.
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PDES working solution (100 Units per 6.5 J.lL): Combine 400 J.lL of PDE-GloTM Reaction Buffer 5X, 10 IJLof PDES enzyme
stocksolution, and 1590 J.lL of water. Vortex gently to mix.

cGMP solution: Combine 400 J.lL of PDE-GloTM Reaction Buffer 5X, 40 IJLof 1-mM cGMP stock solution, and 1560 J.lL of
water. Mix thoroughly by vortexing.

100-mM IBMX stock solution in DMSO: Prepare a 22.2-mg/mL solution of 3-isobutyl-1-methylxanthine (IBMX) in
dimethylsulfoxide (DMSO), e.g., dissolve 100 mg of IBMX in 4.5 mL of DMSO. Mix thoroughly by vortexing.

Reaction buffer: Combine 400 J.lL of PDE-Glo™ Reaction Buffer 5X and 1600 IJLof water. Mix thoroughly by vortexing.
Reaction buffer with 4% DMSO: Combine 400 IJLof PDE-GloTM Reaction Buffer 5X, 80 J.lL of DMSO and 1520 J.lL of

water. Mix thoroughly by vortexing.
Termination buffer: Combine 400 IJLof PDE-GloTM Termination Buffer 5X, 40 IJLof 7OO-mM IBMX stocksolution

in DMSO, and 1560 J.lL of water. Mix thoroughly by vortexing.
Detection buffer: Combine 400 IJLof PDE-GloTM Detection Buffer 5X, 16 J.lL of Protein Kinase A Solution, and 1584 J.lL

of water. Vortex gently to mix.
Kinase-GloTM reagent: Add 10 mL of Kinase-GloTM Buffer to the vial of Klnase-Glol'" Substrate, and vortex gently.
Standard solution (400 nM): Dissolve 5 mg of USP Sildenafil Citrate RS in 3.0 mL of DMSO to obtain a 2.5-mM stock

solution. Combine a 1O-J.lL aliquot of the resulting solution with 240 J.lL of DMSO, and mix thoroughly (100 IJM).
Combine a 1O-IJL aliquot of the resulting solution with 90 IJLof DMSO, and mix thoroughly (10 IJM). Combine a 10-J.lL
aliquot of the resulting solution with 240 IJLof Reaction buffer, and mix thoroughly (400 nM); the last dilution is the
Standardsolution.

Control solution: Combine 10 J.lL of DMSO with 240 J.lL of Reaction buffer, and mix thoroughly by vortexing.
Sample solution: Grind the entire dosage form, including the capsule shell and tablet coating, to a fine powder. Transfer

100 mg of the ground material into a 5-mL polypropylene vial. Add 3.0 mL of DMSO, and vortex for 60 s. Allow solids
to settle, combine 50 J.lL of the clear supernatant with 200 J.lL of DMSO, and mix thoroughly by vortexing. Combine a
1O-J.lL aliquot of the resulting solution with 90 IJLof DMSO, and mix thoroughly by vortexing. Combine a 1O-J.lL aliquot
of the resulting solution with 240 J.lL of Reaction buffer, and mix thoroughly by vortexing; the last dilution is the Sample
solution.

Analysis
1. Dispense 12.5-J.lL aliquots of the Standardsolution, Controlsolution, and Sample solution into microplate wells,

in triplicate. Usea white, flat-bottom, opaque polystyrene, nontreated, 96-well microtiter plate.'? [NOTE-Do
not use treated plates, black plates, or clear plates.]

2. Add 6.5 J.lL of PDES working solution to each well. Incubate for 5 min.
3. Add 6.0 IJLof cGMP solution to effect a 5-IJM cGMP concentration in a 25-J.lL volume. Incubate for 30 min.
4. Add 12.5 J.lL of Termination buffer. Incubate for 5 min.
5. Add 12.5 J.lL of Detection buffer. Incubate for 20 min.
6. Add 50 IJLof Kinase-Clot» reagent. Incubate for 10 min.
7. Record luminescence at 560 nm with a microplate luminometer at 0.5 s/well.

[NOTE-Incubate the plate at room temperature, preferably using a plate shaker.]
Calculate average luminescence values for the replicate preparations. Assess the degree of PDE5inhibition in the Sample

solution relative to that observed in the Standardsolution and Controlsolution. Inhibition of PDE5 is manifested as
reduction of luminescence: the samples that exhibit suppression of luminescent output comparable to or in excess
of that observed with the Standardsolution are likely adulterated with synthetic PDE5 inhibitors.

• USP REFERENCE STANDARDS (11)
USPSildenafil Citrate RS
USP Tadalafil RS
USPVardenafil Hydrochloride RS

Table 4. Mass Spectral Data for Select PDES Inhlbitorsa

Chemical For-
# Name CAS Number mula Exact Mass [M+H]+ [M-H]- Fragments

- 455 [M+Na]+, 391,
1 Acetaminotadalafil 1446144-71-3 CZ3HzoN40S 432.1434 433 311,269,250

- 329,300,285,268,
2 Acetil acid 147676-78-6 ClsHzoN404 356.1485 357 256,242, 166, 131

449, 439, 420, 404,
396, 381, 355, 353,

- 339,
325,324,311,297,
285, 166, 127, 111,

3 Acetildenafil (Hongdenafil) 831217-01-7 CZSHHN603 466.26924 467.28 99,97

- 439,396,341,317,
4 Acetylvardenafil 1261351-28-3 CZSH34N603 466.2692 467 270

- 432,377,313,311,
489.23 283,113,99

Aildenafil (Dimethylsildenafil,
460, 310, 2825 Methisosildenafil) 496835-35-9 CnHnN604S 488.22057 - 487.40

10 Conforming plates are available from Corning (Costar 3912 or Costar 3963), Thermo Scientific (Nunc" Catalog #236105), and other vendors.
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Table 4. Mass Spectral Data for Select PDE5 Inhibitorsa (continued)
Chemical For-

# Name CAS Number mula Exact Mass [M+H]+ [M-H]- Fragments

- 269,262,241,239,
391.14 224, 197, 169

6 Aminotadalafil CZ1H1SN404 - 362, 298, 262, 234,
385769-84-6 390.1328 389.1248 233,232

(S,R)-Aminotadalafil
[(+)-trans- -

7 Aminotadalafil] 1093940-70-5 CZ1H1SN404 390.1328 391 No data

8 Avanafil 330784-47-9 CZ3Hz6N703CI 483.1786 484.186 - 375, 349, 221

9 Benzylsildenafil 1446089-82-2 CZSH34N604S 550.2362 551 - 377,283

10 N-Butylnortadalafil 171596-31-9 CzsHzsN304 431.18451 432.25 - 310, b 282,' 197, 169

11 Carbodenafil (Fondenafil) 944241-52-5 CZ4H32N603 452.2536 453 - 283

Chlorodenafil C19Hz1CINP3 - 360, 311,291,254,
12 1058653-74-9 388.8485 390 183, 136

429, 395, 349, 334,
- 302, 287, 262, 229,

13 Chloropretadalafil 171489-59-1 CZZH19CINzOs 426.0982 427 159, 135

Cinnamyldenafil C3zH3SN603 - 488, 354, 297, 283,
14 1446089-83-3 554.3005 554 215, 166, 117, 91

15 Cyclopentynafil 1173706-34-7 CZ6H36N604S 528.2519 529 - 461,153

- 381, 351, 327, 299,
409 285, 272

16 Depiperazinothiosildenafil 1353018-10-6 C17HzoN404SZ 408.0926 - 407.0845 378,314

418,377,360,311,
- 299, 283, 255, 151,

17 Descarbonsildenafil 1393816-99-3 CZ1H30N604S 462.2049 463 87

392, 377, 376, 329,
- 313,312,299,284,

18 N-Desethylvardenafil 448184-46-1 CZ1HzsN604S 460.18927 461.20 283, 151

19 Desmethylcarbodenafil 147676-79-7' C23H31N603 438.523 439.2451 - 339, 311

CZ1HzsN604S - 377,313,311,299,
20 N-Desmethylsildenafil 139755-82-1 460.18927 461.19 283

21 Dimethylacetildenafil 1417999-76-8 CzsH3403N6 466.2771 467 - 279, 149, 177

22 Dioxo-acetildenafil 1609405-33-5 CZSH30N60S 494.2278 495 - No data

23 Dithio-desmethylcarbodenafil 1333233-46-7 CZ3H30N60SZ 470.6572 471.1991 - 371, 343

- 327, 298, 285, 283,
24 Gendenafil 147676-66-2 C19HuN403 354.16919 355.31 256,242

25 Gisadenafil 334826-98-1 CZ3H33N70SS 519.22639 520 - No data

467,461, 377, 313,
- 311,283,127,111,

26 Homosildenafil 642928-07-2 C23H32N60 4S 488.22057 489.23 113,99,97

465,447, 439, 396,
Hydroxyacetildenafil - 35~ 339, 325, 311,

27 (Hydroxyhongdenafil) 147676-56-0 CZSH34N604 482.26415 483.27 297

28 Hydroxychlorodenafil 1391054-00-4 C19Hz3CIN403 390.1459 391 - No data

487,461,423,377,

- 312,311,283,284,
225, 166, 129, 112,

505.22 99,97

29 Hydroxyhomosildenafil 139755-85-4 CZ3H32N60SS 504.21549 - 503.31 475,310,282

30 2-Hydroxypropylnortadalafil 1353020-85-5 CZ4Hz3N30S 433.16377 434.15 - 312,284,197,169

Hydroxythiohomosildenafil
(Hydroxyhomosildenafil thi- - 503,477,461,419,
one, 393, 355, 354, 327,

31 Sulfohydroxyhomosildenafil) 479073-82-0 C23H32N604SZ 520.19264 521.20 325,291

32 Hydroxythiovardenafil 912576-30-8 C23H32N604SZ 520.1926 521 - No data
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Table 4. Mass Spectral Data for Select PDE5 Inhibitors8 (continued)

USP43

Chemical For-
# Name CAS Number mula Exact Mass [M+H]+ [M-H]- Fragments

- 344, 312,253, 169,
505.26 99

33 Hydroxyvardenafil 224785-98-2 CZ3H3ZN60SS 504.2155 - 503 475,310,282

Imidazosagatriazinone -34 (Desulfovardenafil) 139756-21-1 C17HzoN40Z 312.1586 313 284, 256, 169, 151

483 - -

- 453,422, 379, 336,
35 Isopiperazinonafif 1335201-06-3 CZSH34N604 482.2642 481 325, 311, 309

36 Lodenafif carbonate 398507-55-6 C47H6ZN120115z 1034.4102 1035 - 518,487,377,377

- 488, 404, 362, 296,
37 Mirodenafif 862189-95-5 CZ6H37NsOs5 531.6698 532 268

38 Mutaprodenafil 1387577-30-1 CZ7H3SN90SSZ 629.7635 630.2279 - 489,377, 142, 113

307, 289, 261, 217,
- 176, 154, 136, 107,

39 Nitrodenafil 147676-99-1 C17H19Ns04 357.3647 358 89

40 Nitroso-prodenafif 1266755-08-1 CZ7H3SN90s5z 629.2203 630 - 142

425, 406, 396, 380,

- 367, 355, 353, 339,
Noracetildenafil 325, 324, 313,297,

41 (Demethylhongdenafil) 949091-38-7 CZ4H32N603 452.25359 453.26 296,253

Norneosildenafif - 432, 377, 329, 311,
42 (Piperidino sildenafil) 371959-09-0 C22Hz9Ns04S 459.19403 460.20 299,283

- 329, 307, 289, 176,
43 Norneovardenafif 358390-39-3 ClsHzoN404 356.1485 357 154, 136, 107, 99

Nortadalafil (Demethyltadala-
CZ1H17N30444 fiI) 171596-36-4 375.1219 376 374.1138 262,234,233,232

N-Octylnortadalafil -45 (Octylnortadalafif) 1173706-35-8 Cz9H33NP4 487.2471 488 366,227

- 451,396,354,339,
46 Oxohongdenafil 1446144-70-2 CZSH32N604 480.2485 481 312,297,289

483 - -

453, 435, 348, 336,
Piperazinonafil (Piperazonifil, - 321,311,309,282,

47 Dihydroacetildenafil) 1335201-04-1 CZSH34NP4 482.2642 481 267

Piperidino acetildenafil - 410, 408, 355, 353,
48 (Piperiacetildenafil) 147676-50-4 Cz4H31NS03 437.2427 438 341, 325, 297, 288

432,403,391,377,
Piperidinovardenafil - 349,329,312,311,
(Piperidenafil, 301, 299, 284, 283,

49 Pseudovardenafil) 224788-34-5 CZZHZ9Ns045 459.19403 460.20 270, 256, 169, 151

50 Propoxyphenyl aifdenafil 1391053-82-9 CZ4H34N604S 502.2362 503 - 252

Propoxyphenyl
hydroxyhomosildenafil - 501,475,391,331,
(Methylhydroxyhomosilde- 325, 299, 283, 129,

51 nafil) 139755-87-6 CZ4H34N60s5 518.2311 519 112,99

- 447, 391, 325, 299,
52 Propoxyphenyl sildenafil 877777-10-1 CZ3H32N604S ·488.2205 489.2272 283, 100

Propoxyphenyl thioaifdenafil
(Propoxyphenyl -

53 thiomethisosifdenafil) 856190-49-3 CZ4H34N603SZ 518.2133 519 260

517, 359, 34L 315,
Propoxyphenyl - 299,271,129,112,

54 thiohydroxyhomosildenafil 479073-90-0 CZ4H34N6045z 534.2083 535.2150 99

447, 418, 391, 377,

- 374, 346,329, 311,
297, 283, 255, 163,

475.21 160, 100

55 Sildenafil 139755-83-2 CZZH30N6045 474.20492 - 473.45 445, 310,282
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Table 4. Mass Spectral Data for Select PDES Inhibitorsa (continued)

Chemical For-
# Name CAS Number mula Exact Mass [M+H]+ [M-H]- Fragments

- 302, 268, 262, 250,
390 240, 197, 169, 135

56 Tadalafil (Tildenafil) 171596-29-5 C22H19N304 389.13756 - 388.1288 262, 234, 233, 232

(-)-trans-Tadalafil - 779 [2M+H]+, 262,
57 (ent-Tadalafil) 629652-72-8 C22H19N304 389.1376 390 250, 135

Thioaildenafil (Sulfoaildenafil,
Thiomethisosildenafil, -Sulfodimethyl sildenafil, 448, 393, 327, 299,

58 Dimethylthiosildenafil) 856190-47-1 C23H32N603S2 504.19773 505.21 113,99

Thiohomosildenafil
r:

477, 421, 393, 357,
(Sulfohomosildenafil, - 355, 343, 327, 315,

59 Homosildenafil thione) 479073-80-8 C23H32N603S2 504.19773 505.21 299, 271, 113, 99

- 363, 246, 225, 204,
60 Thioquinapiperifil (KF31327) 220060-39-9 C24H28N60S 448.2045 449 121

407,393,343,341,
Thiosildenafil (Sulfosildenafil, - 327, 315, 313, 299,

61 Sildenafil thione) 479073-79-5 C22H30N603S2 490.18208 491.19 283, 271, 163, 99

- 474,418, 347, 325,
62 Udenafil 268203-93-6 C2sH36N604S 516.2519 517.260 299,283

461, 420, 377, 376,

- 375, 346, 339, 329,
312, 299, 284, 283,

489.2274 169,151,123,99

63 Vardenafil 224785-90-4 C23H32N604S 488.22057 - 487.33 459,310,282

Xanthoanthrafil - 344,252,223, 151,
64 (Benzamidenafil) 1020251-53-9 C19H23N306 389.15869 390.31 107/91

a Compiled from peer-reviewedliterature, and communications with USP collaborators. See corresponding chemicalstructures in Figure 2.
b Bold, fragment subjected to MS3 fragmentation.
c Italics, MS3 fragments derivedfrom the parent fragment (bold).

Table S. UV Absorbance Maxima and Retention Time Data for Select PDES Inhibitorsa

UVAbsorb- Relative Re-
UVAbsorb- ance Spec- Reten- tention Time

Chemical ance Maxima trum Type tion Time with Respect
# Name CAS Number Formula (nm) (Figure 1) (rnln)" to Sildenafil

1 Acetaminotadalafil 1446144-71-3 CnH2oN40S 202,222,282 b 14.3 1.1

2 Acetil acid 147676-78-6 C18H20N404 230,260,285 - - -

3 Acetildenafil (Hongdenafil) 831217-01·7 C2sH34N603 234,282 e 12.5 1.0

218,246,
4 Acetylvardenafil 1261351-28-3 C2sH34N603 268(s)C d 11.4 0.9

Aildenafil (Dimethylsildenafil,
CnH32N604S5 Methisosildenafil) 496835-35-9 226,294 a 13.3 1.0

200,220,
6 Aminotadalafil 385769-84-6 C21H18N404 284,290(s) b 14.2 1.1

(S,R)-Aminotadalafil
[(+)-trans- - - -

7 Aminotadalafil] 1093940-70-5 C21H18N404 225,283

8 Avanafil 330784·47-9 C23H26NP3CI 198,244 f 13.0 1.0

9 Benzylsildenafil 1446089-82-2 C28H34N604S 291 - - -

10 N-Butylnortadalafil 171596-31-9 C2sH2SN304 222,284 - - -

11 Carbodenafil(Fondenafil) 944241-52-5 C24H32N603 295 - - -

12 Chlorodenafil 1058653-74-9 C19H21CIN403 211,235,279 - - -

13 Chloropretadalafil 171489-59-1 C22H19CIN20S 204,222,284 b 17.4 1.3

14 Clnnarnyldenaff 1446089·83-3 C32H38N603 239 - - -

15 Cyclopentynafil 1173706·34-7 C26H36N604S 218,290 - - -

16 Deplperazinothiosildenafil 1353018-10-6 C17H20N404S2 295/ 354 - - -
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Table 5. UV Absorbance Maxima and Retention Time Data for Select PDE5lnhibitors" (continued)

USP 43

UV Absorb- Relative Re-
UV Absorb- ance Spec- Reten- tention Time

Chemical ance Maxima trum Type tion Time with Respect
# Name CAS Number Formula (nm) (Figure 1) (mln)" to Sildenafil

17 Descarbonsildenafil 1393816-99-3 C21H301\l604S 225,295 - - -

18 N-Desethylvardenafil 448184-46-1 C21H28N604S 226, 246(s) d 11.9 0.9

19 Desmethylcarbodenafil 147676-79-7 C23H31N603 226,296 a 11.9 0.9

20 N-Desmethylsildenafil 139755-82-1 C21H28N604S 224,294 a 12.9 1.0

21 Dimethylacetildenafll 1417999-76-8 C2sH3403N6 233,276 - - -

22 Dioxo-acetildenafil 1609405-33-5 C2sH30N60S No data - - -

23 Dithio-desmethylcarbodenafil 1333233-46-7 C23H30N60S2 258,285,356 - - -

24 Gendenafil 147676-66-2 C19H22N403 232,274 f 16.8 1.3

25 Gisadenafil 334826-98-1 C23H33N70SS No data - - -

26 Homosildenafil 642928-07-2 C23H32N604S 226,292 a 13.3 1.0

Hydroxyacetildenafil
C2sH34N60427 (Hydroxyhongdenafil) 147676-56-0 234,280 e 12.2 0.9

28 Hydroxychlorodenafil 1391054-00-4 C19H23CIN403 212,303 - - -

29 Hydroxyhomosildenafil 139755-85-4 C23H32N60SS 226,296 a 12.9 1.0

30 2-Hydroxypropylnortadalafil 1353020-85-5 C24H23N30S 222,284 - - -
Hydroxythiohomosildenafil
(Hydroxyhomosildenafil thione,

C23H32N604S231 Sulfohydroxyhomosildenafil) 479073-82-0 228,296,352 c 15.0 1.2

32 Hydroxythiovardenafil 912576-30-8 C23H32N604S2 203,235,316 - - -

33 Hydroxyvardenafil 224785-98-2 C23H32N60SS 216 - - -
Imidazosagatriazinone

C17H20N402 - - -34 (Desulfovardenafil) 139756-21-1 212,253

35 Isopiperazinonafil 1335201-06-3 C2sH34N604 221,290 - - -

36 lodenafil carbonate 398507-55-6 C47H62N12011S2 226,296 a 15.4 1.2

37 Mirodenafil 862189-95-5 C26H37NsOsS 216,248 f 14.5 1.1

218,240, - - -38 Mutaprodenafil 1387577-30-1 C27H3SNPsS2 283,297,335

39 Nitrodenafil 147676-99-1 C17H19Ns04 212,298 - - -

40 Nitroso-prodenafil 1266755-08-1 C27H3SN90SS2 241,301 - - -
Noracetildenafil

41 (Demethylhongdenafil) 949091-38-7 C24H32N603 234,280 e 12.3 0.9

Norneosildenafil
42 (Piperidinosildenafil) 371959-09-0 C22H29Ns04S 226, 300 a 18.7 1.4

43 Norneovardenafil 358390-39-3 C18H20N404 215,241 - - -

Nortadalafil - - -44 (Demethyltadalafil) 171596-36-4 C21H17N304 No data

N-Octylnortadalafil - - -45 (Octylnortadalafil) 1173706-35-8 C29H33N304 281

46 Oxohongdenafil 1446144-70-2 C2sH32N604 481 - - -

Piperazinonafil
(Piperazonifil, - - -

47 Dlhydroacetlldenatll) 1335201-04-1 C2sH34N604 221,290

Piperidinoacetildenafil
C24H31NS03 13.1 1.048 (Piperiacetildenafil) 147676-50-4 234,284 e

Piperidinovardenafil
(Piperidenafil,

C22H 29Ns04S 224, 246(s) d 16.5 1.349' Pseudovardenafil) 224788-34-5

50 Propoxyphenylaildenafil 1391053-82-9 C24H34N604S 215,225,295 - - -
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Table 5. UVAbsorbance Maxima and Retention Time Data for Select PDE5 Inhibitorsa (continued)

UVAbsorb- Relative Re-
UVAbsorb- ance Spec- Reten- tention Time

Chemical ance Maxima trum Type tion Time with Respect
# Name CAS Number Formula (nm) (Figure 1) (rntn)" to Sildenafil

Propoxyphenyl
hydroxyhomosildenafil

CZ4H34N60SS51 (Methylhydroxyhomosildenafil) 139755-87-6 226,294 a 13.4 1.0

52 Propoxyphenylsildenafil 877777-10-1 CZ3H32N604S 226,292 a 13.6 1.0

Propoxyphenylthioaildenafil
(Propoxyphenyl - - -

53 thiomethisosildenafil) 856190-49-3 CZ4HHN603Sz 227,295, 355

Propoxyphenyl
CZ4H34N604SZ - - -54 thiohydroxyhomosildenafil 479073-90-0 227, 295, 353

55 Sildenafil 139755-83-2 CZZH30N604S 224,294 a 13.0 1.0

200,222,
56 Tadalafil (Tildenafil) 171596-29-5 CZZH19N304 284, 292(s) b 15.0 1.2

(-)-trans-Tadalafil - - -57 (ent-Tadalafil) 629652-72-8 CZZH19NP4 231,282,289

Thioaildenafil
(Sulfoaildenafil,
Thiomethisosildenafil, 228, 250(s),
Sulfodimethyl sildenafil, 296, 352,

58 Dimethylthiosildenafil) 856190-47-1 CnH32N603SZ 366(s) c 15.5 1.2

Thiohomosildenafil 228, 248(s),
(Sulfohomosildenafil, 296,354,

59 Homosildenafil thione) 479073-80-8 CnH32N603Sz 370(s) c 14.4 1.1

60 Thioquinapiperifil (KF31327) 220060-39-9 CZ4HzsN60S 211, 268, 363 - - -
Thiosildenafil 228, 250(s),
(Sulfosildenafil, 296,356,

61 Sildenafil thione) 479073-79-5 CZZH30N603SZ 368(s) c 15.2 1.2

62 Udenafil 268203-93-6 CZSH36N604S 228,298 f 13.6 1.0

63 Vardenafil 224785-90-4 CZ3H32N604S 226,252(s) d 12.1 0.9

Xanthoanthrafil 202,228,
64 (Benzamidenafil) 1020251·53-9 C19Hz3NP6 278, 390 f 15.3 1.2

a Compiled from peer-reviewedliterature, and contributed by the USP collaborators.See corresponding chemical structures in Figure 2.
b Retention times derived from the experiments conducted as described in HPLC with Photodiode ArrayDetection and in HPLC with Mass-Spectrometric Detection
methods. .
C (s) denotes a shoulder.
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a. Sildenafil and Analogues b.Tadalafll and Analogues
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11 Data contributed by USP collaborators.
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Figure 2. Chemical structures of select PDE5 lnhlbltors.'!
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Figure 2. Chemical structures of select PDE5 lnhlbltors.P (continued)
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Figure 2 Chemical structures of select PDE5 lnhlbltors.'! (continued)
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Figure2 Chemicalstructures of select POES inhibitors12 (continued)
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Figure2. Chemicalstructures of select PDES inhibltors.P (continued)
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Figure 2. Chemical structures of select PDE5 lnhibltors.P (continued)
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(2750) MANUFACTURING PRACTICES FOR DIETARY SUPPLEMENTS

GENERAL PROVISIONS

The principles included in this chapter contain recommended minimum current good manufacturing practicesfor the
methods to be used in, and the facilities and controls to be used for, the manufacture, holding, packaging, labeling, and
distribution of dietary ingredients and dietary supplements. These principles are set forth to ensure that such products meet
the requirements of safety, have the identity and strength, and meet the quality and purity characteristics that they are
represented to possess.

Excluded from this chapter are establishments engaged solely in the harvesting,storage, or distributionof one or more "raw
agricultural commodities" as defined in Section 201(r) of the Federal Food, Drug, and Cosmetic Act [21 U.S.c. 321(r)], which
are ordinarilycleaned, prepared, treated, or otherwise processed before being marketed to the consuming public.

The requirements pertaining to holding dietary ingredients and dietary supplements do not apply to holding those dietary
supplements at a retail establishment for the sole purpose of direct retail sale to individual consumers. A retail establishment
does not include a warehouse or other storage facility for a retaileror a warehouse or other storage facility that sells directlyto
individual consumers.

A Glossary of terms used in this chapter is presented at the end.

12 Data compiledfrom published sources.
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ORGANIZATION AND PERSONNEL

Responsibilities of a Quality Control Unit

Aqualitycontrol unit shall be establishedthat has the responsibility and authority to approve or rejectall raw materials,
product containers, closures, in-process materials, packaging material, labeling, and finished dietarysupplements, and the
authority to review production records to ensure that no errors have occurred or, iferrorshave occurred, that they have been
fully investigated. The qualitycontrol unit should be responsible for approving or rejecting products manufactured, processed,
packed, or held under contract by another company.

Adequate laboratoryfacilities for the testing and approval (or rejection) of raw materials, product containers, closures,
packaging materials, in-process materials, dietary ingredients, and dietarysupplements should be available to the quality
control unit.

The qualitycontrol unit should have the responsibility for approving or rejecting all proceduresor specifications that impact
on the identity, strength, quality, and purityof the dietarysupplement. All responsibilities and proceduresapplicable to the
qualitycontrol unit shall be in writing.

The designated person within the Quality Control Unit who conducts a material review and makes the disposition decision
must, at the time of performance, document the material review and disposition decision made.

Personnel Qualifications

Each person engaged in the manufactureof dietaryingredientsand dietarysupplements should have the proper education,
training, and experience(or any combination thereof) needed to performthe assignedfunctions. Training should be in the
particular operation(s) that the employee performs as they relate to the employee's functions.

Appropriate documentation of training shall be retained by the company.
Each person responsible for supervising the manufactureof a dietary ingredient, a dietarysupplement, or both should have

the proper education, training, and experience (or any combination thereof) to perform assignedfunctions in such a manner
as to provideassurancethat the product has the safety, identity, strength, quality, and puritythat it is represented to possess.

An adequate number of qualified personnel to performand supervise the manufactureof each dietary ingredient, dietary
supplement, or both products should be provided.

Personnel Responsibilities

The company management shall take all reasonablemeasuresand precautions to ensure the following:
• Disease control: Any person who, by medical examination or supervisory observation, is shown to have, or appears to

have: an illness; open lesion, including boils, sores,or infected wounds; or any other abnormal source of microbial
contamination by which there isa reasonable possibility of an in-process or finished dietary ingredient or dietary
supplement becoming adulterated; or processing equipment, utensils, or packaging materials becoming contaminated
shall be excludedfrom any operations that may be expected to result in such adulteration or contamination until the
condition iscorrected. Personnel shall be instructed to report such health conditionsto their supervisors.

• Cleanliness: All personsworking indirect contact with raw materials, in-process or finished dietaryingredientsand dietary
supplements, processing equipment, utensils, or packagingmaterials shall conformto hygienic practiceswhileon duty to
the extent necessary to protect against adulteration or contamination of such materials. The methods for maintaining
cleanliness include, but are not limited to, the following:

o Wearing outer garments suitableto the operation ina manner that protects against the adulterationof raw materials
or of in-process or finished dietary ingredientsand dietarysupplements, or contamination of processing equipment,
utensils, or packaging materials;

o Maintaining adequate personalcleanliness;
o Removing cosmeticsfrom partsof the body that maycontact rawmaterials, in-process or finished dietary ingredients

and dietarysupplements, equipment, utensils, or containers;
o Washing hands thoroughly (and sanitizing ifnecessary to protect against contamination with undesirable

microorganisms) inan adequate hand-washing facility beforestartingwork, aftereach absencefromthe workstation,
and at any other time when the hands may have become soiledor contaminated;

o Removing all unsecured jewelry and other objects that might fall into raw materials, in-process or finished dietary
ingredients and dietarysupplements, equipment, or containers, and removing hand jewelry that cannot be
adequately sanitized during periods in which in-process or finished product is manipulated by hand. If such hand
jewelry and cosmetics cannot be removed, they may be covered by material that can be maintained in an intact,
clean, and sanitarycondition and that effectively protects against the adulteration of dietary ingredientsand dietary
supplements or contamination of processing equipment, utensils, or packaging materials;

o Maintaining gloves, ifthey are used in rawmaterials or in in-process or finished product handling, in an intact, clean,
and sanitarycondition.The gloves should be ofa materialthat adequately protects the product from contamination;

o Wearing, where appropriate, in an effective manner, hair nets, caps, beard covers, or other effective hair restraints;
,0 Storingclothingor other personal belongingsin areas other than where in-process or finished product isexposed or

where processing equipment or utensils are washed;
o Confining the following actions to areas other than where in-process or finished product may be stored or exposed,

or where processing equipment or utensils are washed: eating food, chewing gum, drinking beverages, or using
tobacco; and
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o Taking any other necessary precautions to protect against adulteration of raw materialsor of in-processor finished
product; or contamination of processing equipment, utensils, or packaging materials with microorganisms or foreign
substances, including but not limited to, perspiration, hair, cosmetics, tobacco, chemicals, and medicinesapplied to
the skin. .

GROUNDS, BUILDINGS, AND FACILITIES

Grounds

The grounds around a dietary ingredient manufacturing plant and a dietary supplement manufacturing plant under the
control of the operator shall be kept in a condition that will protect against the adulteration of dietary ingredients and dietary
supplements. The methods for adequate maintenance of grounds include, but are not limited to, the following:

• Properly storing equipment, removing litter and waste, and cutting weeds or grass within the immediate vicinity of the
plant building or structures that may constitute an attractant, breeding place, or harborage for pests;

• Maintaining roads, yards, and parking lots so that they do not constitute a source of adulteration in areas where product
is exposed;

• Adequately draining areas that may contribute to product adulteration by seepage, foot-borne filth, or providing a
breeding placefor pests; and

• Operating systemsfor waste treatment and disposal in an adequate manner so that they do not constitute a source of
adulteration in areas where product is exposed. Ifthe plant grounds are bordered by grounds not under the operator's
control and not maintained in the manner described above, care shall be exercised in the plant by inspection,
extermination, or other means to exclude pests, dirt, and filth that may be a source of product adulteration.

Building Design

Any buildingor buildingsused in the manufacture ofa dietary ingredient, a dietary supplement, or both should be of suitable
size and shall be constructed in such a manner that floors, walls, and ceilings may be adequately cleaned and kept clean and
in good repair; that dripsor condensates from fixtures, ducts, and pipes do not adulterate raw materialsor in-processor finished
dietary ingredients and dietary supplements, or contaminate product containers, utensils, or packaging materials; and that
aisles or workingspaces are provided between equipment and walls and are adequately unobstructed and of adequate width
to permit employeesto performtheir duties and to protect against adulterating in-process or finishedproduct, or contaminating
processing equipment with clothing or personal contact. Adequate screening or other protection against pests and insects
should be installed, where necessary. The building should have adequate space for the orderly placement of equipment.and
materials to prevent mixups between different raw materials, product containers, closures, labeling, in-process materials, or
finished products, and to prevent contamination. The flow of raw materials, product containers, closures, labeling, in-process
materials, and products through the building or buildingsshould be designed to prevent contamination.

Operations should be performed within specifically defined areas of adequate size to prevent contamination or mixupsor
adulteration of in-process or finished dietary ingredients and dietary supplements, or contamination of processing equipment,
utensils, or packaging materialswith microorganisms, chemicals, filth, or other extraneous materials. The potential for mixups
and product adulteration may be reduced by adequate product safety controls and operating practices or effective design,
includingthe separationofoperations inwhich contamination islikely to occur, by one or more of the following means: location,
time, partition, airflow, enclosed systems, or other effective means. There should be separate or defined areas as follows:

• An area for the receipt, identification, storage, and withholding from use of components, product containers, closures,
and labeling, pending the appropriate sampling, testing, or examination by the quality control unit before releasefor
manufacturing or packaging; .

• An area for the storage of released components, product containers, closures, and labeling;
• An area for storage of in-process materials;
• An area for manufacturing and processing operations;
• An area for packaging and labeling operations; and
• An area for control and laboratory operations.
Any building used in the manufacture of a dietary ingredient or a dietary supplement shall permit the taking of proper

precautions to protect dietary ingredients or dietary supplements in outdoor bulkfermentation vessels by any effective means,
inclu'ding the following:

• Using protective coverings,
• Controlling areas over and around the vessels to eliminate harborages for pests,
• Checking on a regular basisfor pests and pest infestation, and
• Skimming the fermentation vessels, as necessary.

Lighting

Adequate lighting shall be provided in all areas and should not expose bulkor finished product to adulteration or .
contamination. Adequate lighting should be provided in hand-washing areas, dressing and lockerrooms, and toilet rooms, and
in all areas where product is examined, processed, or stored and where equipment or utensils are cleaned; and such lighting
should provide safety-type light bulbs, fixtures, skylights, or other glasssuspended over exposed product in any step of
preparation or otherwise protect against product adulteration in case of glass breakage.
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Ventilation, Air Filtration, Air Heating, and Cooling

Adequateventilation shall be provided,as well as equipment for adequate control over microorganisms, dust, humidity, and
temperature when used in the manufacture of a dietary ingredient and a dietarysupplement to minimize odors and vapors
(including steam and noxiousfumes) in areaswhere they may adulterate dietary ingredients and dietarysupplements; and to
locate and operate fans and other air-blowing equipment in a manner that minimizes the potential for adulterating raw
materials, in-process or finished dietary ingredientsand dietarysupplements, or contaminating processing equipment, utensils,
or packaging materials. .

Plumbing

The plumbing in the physical plant must be of an adequate sizeand design and be adequately installed and maintainedto:
• Carrysufficient amounts of water to the required locations throughout the physical plant;
• Properly conveysewage and liquid disposablewaste from the physical plant; and
• Avoid being a source of contamination to components, raw materials, dietary ingredients, dietarysupplements, water

supplies, or any contact surface, or creating an unsanitary condition.
Potablewater at a suitable temperature, and under pressureas needed, should be supplied in a plumbing systemfree of

defects that could contribute contamination to any dietary ingredients and dietarysupplements. Potablewater should meet
the standards prescribed in the Environmental Protection Agency's Primary Drinking Water Regulations (40 CFR Part 141) or
any state or localdrinkingwater requirements that are more stringent. Water not meeting such standards should not be
permitted in the potable water systemfor Purified Water. If potable water isto be used as a raw material, it should be further
purified to satisfy compendial requirements.

Drains should be of adequate sizeand, where connected directly to a sewer, should have an air breakor other mechanical
deviceto prevent back-siphonage.

Sewage and Refuse

Sewage,trash, and other refuse in and from the buildingand immediate premises shall be disposed of in a safeand sanitary
manner.

Washing and Toilet Facilities

Adequate washingfacilities shall be provided, including hot and cold water, soap or detergent, air driers or single-service
towels, and clean toilet facilities easily accessible to working areas.

General Maintenance and Sanitation

Any buildingused in the manufacture of a dietary ingredient, a dietarysupplement, or both should be maintained in a clean
and sanitaryconditionand shall be kept in repairsufficient to prevent rawmaterials and in-process or finished dietaryingredients
and dietarysupplements from becoming adulterated. Itshall be free of infestation by rodents, birds, insects, and other vermin.
Trash and organic waste matter shall be held and disposed of in a timelyand sanitarymanner.

Cleaning compounds and sanitizing agents used in cleaning and sanitizing procedures shall be free from undesirable
microorganisms and shallbe safeand adequate under the conditionsof use. Compliance with this requirement may be verified
by any effective means, including purchase of these substances under a supplier'sguarantee or certification, or examination of
these substances for contamination. Onlythe following toxic materials may be used or stored in a plant where product is
processedor exposed:

• Those required to maintain clean and sanitaryconditions,
• Those necessary for use in laboratorytesting procedures,
• Those necessary for plant and equipment maintenance and operation, and
• Those necessary for use in the plant's operations.
Written proceduresassigningresponsibility for sanitationand describinginsufficient detail the cleaningschedules, methods,

equipment, and materials to be used in cleaning the buildingand facilities shall be required.
Toxic cleaningcompounds, sanitizing agents, and pesticidechemicals shall be identified, used, held, and stored in a manner

that protects against adulteration of raw materials or of in-process or finished product, or contamination of processing
equipment or packaging materials. All relevantregulations promulgated by other federal, state, and local government agencies
for the application, use, or holding of these products should be followed.

No pests shall be allowed in any area of a dietary ingredient manufacturing plant and a dietarysupplement manufacturing
plant. Effective measures shall be taken to exclude pests from the processing areas and to protect against the adulteration by
pests of product on the premises. The use of insecticides or rodenticides is permitted only under precautionsand restrictions
that will protect against the adulteration of raw materials, in-process or finished product, or contamination of processing
equipment, utensils, or packaging materials.

Written proceduresare alsorequiredfor useofsuitablerodenticides, insecticides, fungicides, fumigatingagents, and cleaning
and sanitizing agents. Theseproceduresshould be designed to prevent the contaminationofequipment, rawmaterials, product
containers,closures, packaging, labeling materials, or products. Rodenticides, insecticides, and fungicides should be registered
and used in accordance with the Federal Insecticide, Fungicide, and Rodenticide Act.
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Sanitation procedures shall apply to work performed by contractors or temporary employees as well as work performed by
full-time employees during the ordinary course of operations.

EQUIPMENT AND UTENSILS

Equipmentand utensils used in the manufacture ofdietary ingredientsand dietarysupplements shallbe ofappropriate design
or selection, adequate size, and suitablylocated to facilitate operationsfor its intended use and for itscleaning and maintenance
and to ensure that the specifications of dietary ingredients and dietary supplements are correct and are met.

Equipment and utensils include, but are not limitedto, the following:
• Equipment used to hold or convey;
• Equipment used to measure;
• Equipment using compressed air or gas;
• Equipment used to carryout processes in closed pipes and vessels; and
• Equipment used in automatic, mechanical, or electronic systems.

Construction

All equipment and utensils shall be:
• Constructed so that surfaces that contact raw materials, in-process materials, orfinished products are not reactive, additive,

or absorptive so as to alter the safety, identity, strength, quality, or purity of the product beyond the established
requirements;

• Made of nontoxic materials;
• Designed and constructed to withstand the environment in which they are used; the action of raw materials, in-process

materials, dietary ingredients, or dietary supplements; and, ifapplicable, cleaning compounds and sanitizingagents; and
• Maintained to protect raw materials, in-process materials;dietary ingredients, and dietary supplements from being

contaminated by any source.
Equipment and utensils must have seams that are smoothly bonded or maintained to minimize the accumulation of dirt,

filth, organic material, particles of raw materials, in-process materials, dietary ingredients, or dietary supplements, or any other
extraneous materials or contaminants, to minimize the opportunity for growth of microorganisms.

Each freezer, refrigerator, and coldstorage compartment used to hold rawmaterials, in-processmaterials, dietary ingredients,
or dietary supplements:

• Must be fitted with an indicating thermometer, temperature-measuring device, or temperature-recording device that
shows, indicates, and records, or allows for recording by hand, the temperature accuratelywithin the compartment; and

• Must have an automated devicefor regulating temperature or an automated alarm system to indicate a significant
temperature change in a manual operation.

The design, construction, and use of equipment and utensils shall preclude the adulteration of raw materials, packaging
materials, in-process materials, or finished product with any substances required for operation, such as:

• Lubricants,
• Fuel,
• Coolants,
• Metal or glass. fragments,
• Filth or any other extraneous material,
• Contaminated water, or
• Any other contaminants.
Instruments or controls used in the manufacturing, packaging, labeling, or holding of a dietary ingredient, a dietary

supplement, or both; and instruments or controls that are used to measure, regulate, or record temperatures, hydrogen-ion
concentration (pH), water activity, or other conditions, and to control or prevent the growth of microorganismsor other
contamination must be:

• Accurateand precise,
• Adequately maintained, and
• Adequate in number for their designated uses.
Forany automated, mechanical, or electronic equipment that is used to manufacture, package, label, or hold a dietary

ingredient, a dietary supplement, or both:
• The suitability of the equipment must be determined by ensuring that the equipment iscapable of operating satisfactorily

within the operating limits required by the process;
• The equipment mustbe routinelycalibrated, inspected, or checked to ensure proper performance. The quality control

unit must approve these calibrations, inspections, or checks; .
• The appropriate controls for automated, mechanical, and electronic equipment (includingsoftware for a

computer-controlled process)must be established and used to ensure that any changes to the manufacturing, packaging,
-Iabellnq, holding, or other operations are approved by the quality control unit and instituted only by authorized
personnel; and . .

• The appropriate controlsrnust be established and used to ensure that the equipment functions in accordance with its
intended use. These controls must be approved bythe quality control unit.

www.webofpharma.com

https://nhathuocngocanh.com/



USP 43 Dietary Supplements / (2750) 8747

Compressed airor other gases introduced mechanically into or onto raw materials, in-process materials, dietary ingredients,
dietarysupplements, or contact surfaces, or that are used to clean any contact surface, must be treated in such a way that the
raw material, in-process material, dietary ingredient, dietarysupplement, or contact surface is not contaminated.

Cleaning and Maintenance

Equipmentand utensils shall be cleaned, maintained, and sanitized at adequate intervals, between the manufacture of
differentbatches of the same product and between the manufactureof different products, to prevent malfunctions or
contamination that would alter the safety, identity, strength, quality, or purity of the product beyond the established
requirements.

Inwet processing during manufacturing, all contact surfaces must be cleaned and sanitized, as necessary, to protect against
the introductionofmicroorganisms into components, dietaryingredients, or dietarysupplements.Whencleaningand sanitizing
are necessary, all contact surfaces must be cleaned and sanitized beforeuse and after any interruptionduring which the contact
surface may have become contaminated.

Ina continuous production operation or in back-to-hack consecutive operations,whichinvolve different batches of the same
dietary ingredient or dietary supplement, the contact surfaces must be adequately cleaned and sanitized.

The surfaces that do not come into direct contact with raw materials, in-process materials, dietary ingredients,or dietary
supplements must be cleaned as frequently as necessary to protect against contaminating raw materials, in-process materials,
dietary ingredients, or dietarysupplements.

Single-service articles (such as utensils intended for one-time use, paper cups, and paper towels) must be:
• Stored in appropriate containers; and
• Handled, dispensed, used, and disposed of in a manner that protects against contamination of raw materials, in-process

materials, dietary ingredients, dietary supplements, or any contact surface.
Cleaning compounds and sanitizing agents must be adequate for their intended use and safe under their conditions of use.
The portable equipment and utensils that have contact surfaces must be cleaned, sanitized, and then stored in a location

and manner that protects them from contamination. .
Written proceduresfor cleaningand maintaining equipment, including utensils, used inthe manufactureof a product should

be established and followed. These procedures should include, but are not necessarily limited to, the following:
• Assignment of responsibility for cleaning and maintaining equipment;
• Maintenanceand cleaning schedules, including, where adequate, sanitizing schedules;
• Adescription in sufficient detail of the methods, equipment, and materials used in cleaningand maintenance operations,

and the methods ofdisassembling and reassembling equipment, as necessary, to ensureproper cleaningand maintenance;
• Removal or obliterationof previous batch identification;
• Identification and protection of clean equipment from contamination before use;
• Inspection of equipment for cleanliness immediately before use;
• Regular calibration and inspectionof equipment, or checking machines,to ensure proper performanceand function must

be conducted:
o Before first use, and
o At a frequencyspecified in writing by supporting references.

• Instruments or controls that cannot be adjusted to agree with the referencestandard must be repaired or replaced.
Awritten record of calibration, inspection, maintenance of equipment, and major equipment cleaning and use shall be

maintained in individual equipment logs that show the date, product, and lot number of each batch processed.The persons
performing the cleaningshall record in the logthat the workwas performed. Entries in the logshould be inchronological order.

The following isspecified to keep records related to automated or electricequipment:
• There must be backup file(s) of current softwareprograms(and of outdated software that is necessary to retrieverecords

that are requiredto be retained, in accordance with the section Records and Reports in this chapter, when current software
is not able to retrieve such records) and of data entered into computer systems used to manufacture, package, label, or
hold dietarysupplements.

o Abackupfile (e.g., a hard copy of data entered, diskettes, tapes, microfilm, or compact disks) must be an exact and
complete record of the data entered.

o Backup software programs and data must be kept securefrom alterations, inadvertent erasures, or loss.

RAW MATERIALS, PRODUCT CONTAINERS, AND CLOSURES

Written procedures describing in sufficient detail the receipt, identification, storage, handling, sampling, testing, and
approval or rejection of raw materials, product containers, and closures should be provided.

Raw materials, product containers, and closures at all times should be handled and stored in a manner to prevent
contamination.

Raw agricultural materials that contain soil or other contaminants shall be washed or cleaned as necessary. Water used for
washing, rinsing, or conveying raw agricultural materials shall be safeand of adequate sanitary quality. Notwithstanding the
general requirementfor potable water, water may be reusedfor washing, rinsing, or conveying raw agricultural materials if it
does not increase the level of contamination of such materials.

Baggedor boxed raw materials of product containersor closures should be stored offthe floorand suitablyspaced to permit
cleaning and inspection. .

Each lot should be appropriately identified as to itsstatus (i.e., quarantined, approved, or rejected).
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Written procedures shall be established and followed describing the receipt, identification, examination, handling, and
sampling of raw materials. Upon receipt and before acceptance, each container or grouping of containers of raw materials,
product containers, and closuresshould be examined visually for appropriate labeling as to contents, container damage, or
broken seals, and for contamination. Theyare then stored under quarantine until they have been tested or examined, as
appropriate, and released.

Raw materialsshall be held in bulk, or in containersdesigned and constructed so as to protect against adulteration, and shall
be held at such temperature and relative humidityand insuch a manner as to preventa dietary ingredient or dietarysupplement
from becoming adulterated. Frozen raw materials and other ingredients shall be kept frozen. Ifthawing is required before use,
it shall be done in a manner that prevents the raw materialsand other ingredients from becoming adulterated within the
meaning of the Act.

Testing and Approval or Rejection

Each lot of raw materials, product containers, and closuresshould be sampled, tested, or examined, as appropriate, and
releasedfor use by the quality control unit. On the basisof adequate process verification, in-processcontrols, and statistical
confidence, a skip-lot testing plan isan alternativeto fully testing everybatch providedthat at leastone identity test isconducted.
Anappropriate amount of each lot of raw materials should be reservedfor 1 year beyond the shelf life appearing on the label
of finished dietary supplements in which the raw materialswere used. Ifadverse event reports are received (see the subsection
Adverse Event Reports), the reservedraw materials should be kept for 6 years (serious events) or 3 years (nonserious events)from
the date the first report is received.

Representative samples should be collectedfor testing or examination. Samplingof botanicalsshould be in compliancewith
the provisions set in Articles of Botanical Origin(561). The number of containers sampled, and the amount of material taken
from each container, should be based upon appropriate criteriasuch as statistical criteria for raw materialvariability, confidence
levels, and degree of precisiondesired, the past quality historyof the supplier, and the quantity needed for analysis and reserve
where required. The following procedures should be used to collect the samples:

• The containers of raw materialsselected should be cleaned, where necessary, by adequate means.
• The containers should be opened, sampled, and resealed in a manner designed to prevent contamination of their contents

and contamination of other raw materials, product containers, or closures.
• Thesecontainers should be identified so that the following informationcan be determined: name of the materialsampled,

the lot number, the container from which the sample was taken, the date on which the sample was taken, and the name
of the person who collected the sample.

Use the following procedure to examine and test the samples:
• At least one test should be conducted to verify the identity of each raw material of a product even in cases where skip-lot

testing is used. Such tests may include any appropriate test with established sufficient specificity to determine identity,
including chemical and laboratory tests, gross organoleptic analysis, microscopic identification, or analysis of constituent
markers.

• Each raw material should be tested for conformitywith all appropriate written specifications for purity, strength, and
quality. However, a report of analysis may be accepted from the supplierof a raw material,provided that the manufacturer
establishes the reliability of the supplier's analyses and provided that at least one identity test is conducted on such raw
material by the manufacturer.

• Containers and closuresshould be tested for conformance with all appropriate written procedures. However, a'certificate
of testing may be accepted from the supplier, provided that at least a visual identification isconducted on such containers
or closures by the manufacturer.

• Each lot of a raw material, rework, product container, or closurethat is liable to contamination with filth, insect infestation,
or other extraneous adulterant should be examined against established specifications for such contamination and shall
comply with any applicable Food and DrugAdministration regulations and guidelines. Skip-lot examination should not
apply in such cases.

• Each lot of a raw material that is liable to microbiological contamination that isobjectionable in viewof its intended use
shall be subjected to microbiological tests before use. Raw materialseither shall not contain levels of microorganisms that
may produce food poisoning or other disease in humans, or shall be otherwise treated during manufacturing operations
so that they no longer contain levels that would cause the product to be adulterated within the meaning of the Act. In
lieu of such testing by the manufacturer, a guarantee or certification of analysis may be accepted from the supplier of a
component provided that the manufacturer establishes the reliability of the supplier's analysis.

• Raw materialsand other ingredients susceptible to adulteration with aflatoxin, other natural toxins, pesticides, or heavy
metals shall comply with current Food and Drug Administration regulations, guidelines, and action levels for poisonous
or deleterious substances and the requirements in (561), or in each monograph, before these materialsor ingredients are
incorporated into a finished dietary ingredient or dietary supplement. Compliance with this requirement may be
accomplished by analyzingthese materials and ingredients for aflatoxins and other natural toxins;or, in lieuof such testing
by the manufacturer, a guarantee or certification of analysis may be accepted from the supplier of a raw materialprovided
that the manufacturer establishesthe reliability of the supplier's analysis. . .

• .Anylot of raw material,product container, or closure that meets the appropriate written specifications of identity,strength,
quality, and purity and related tests may be approved and released for use. Any lot of such material that does not meet
such specifications should be rejected.
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Use of Approved Raw Materials, Product Containers, and Closures

Raw materials, product containers, and closures approvedfor useshould be rotated so that the oldest approved stock isused
first. Deviation from the requirement is permitted ifsuch deviation is temporary and adequate.

Retesting of Approved Raw Materials, Product Containers, and Closures

Raw materials, product containers, and closures should be retested or reexamined, as appropriate, for identity, strength,
quality, and purityand approved or rejected by the quality control unit after a specified time in storage or as necessary, e.g.,
after exposure to air, heat, or other conditions that might adversely affectthe raw material, product container, or closureor
after storage of activeand inactive ingredients and in-process materials for long periods of time. .

Rejected Raw Materials, Product Containers, and Closures

Rejected raw materials, product containers, and closures should be identified and controlled under a quarantine systemthat
prevents their use in manufacturingor processinq operationsfor which they are unsuitable.

PRODUCTION AND PROCESS CONTROLS

Written Procedures

Written proceduresshould be provided for production and processcontrols designed to ensure that the dietary ingredients
and dietarysupplements havethe identity,strength, quality, and puritythat they are represented to possess. Theseprocedures
should be drafted, reviewed, and approved by the appropriate organizational units and reviewed and approved by the quality
control unit. These production and processcontrol proceduresshould be followed in the execution of the various production
and processcontrolfunctions and should be documented at the timeof performance.Any deviation fromthe written procedures
should be recorded and justified.

• All operations in the receiving, inspecting, transporting, segregating, preparing, manufacturing, packaging, and storing
of dietary ingredientsand dietary supplements shall be conducted in accordance with adequate sanitation principles.

• All reasonableprecautionsshall be taken to ensure that production procedures do not contribute adulteration from any
source.Chemical, microbial, or extraneous-material testing proceduresshall be used where necessary to identify sanitation
failures or possible product adulteration.

• All product that has become contaminated to the extent that it is adulterated within the meaning of the Actshall be
rejected, or ifpermissible, treated or processed to eliminate the contamination.

• All product manufacturing, including packagingand storage, shall be conducted under such conditionsand controlsas
are necessary to minimize the potential for the growth of microorganisms, or for the adulteration of raw materials,
in-process materials, and finished product.

• Measures taken to destroy microorganisms, reduce the microbial load, or prevent the growth of undesirable
microorganisms, particularly those of public health significance, shall be adequate under the conditionsof manufacture,
handling, and distribution to prevent dietarysupplementsand ingredientsfrom being adulterated within the meaning of
the Act. Thesemeasures shall alsocomplywith current regulations affecting dietarysupplement products and ingredients.

• Work-in-process shall be handled in a manner that protects against adulteration.
• In-process material must be held under appropriate conditions of temperature, humidity, and light.
• Effective measures shall be taken to protect finished dietaryingredientsand dietarysupplements from adulteration by raw

materials, in-process materials, or refuse. When raw materials, in-process materials, or refuse are unprotected, they shall
not be handled simultaneously in a receiving, loading, or shippingarea ifthat handling could resultin adulterated dietary
ingredientsand dietarysupplements. Dietary ingredients and dietary supplements transported by conveyorshall be
protected against adulteration as necessary.

• Effective measures shall be taken as necessary to protect against the inclusion of metal or other extraneous material in
product. Compliance with this requirement may be accomplished by using sieves, traps, magnets, electronicmetal
detectors, or other suitable effective means.

• Mechanical manufacturing steps such as cutting, sorting, inspecting, shredding, drying, grinding, blending, and sifting
shall be performedso as to protect dietary ingredientsand dietarysupplements against adulteration. Compliance with
this requirement may be accomplished by providing adequate physical protection of dietary ingredientsand dietary
supplements from contact with adulterants. Protection may be provided by adequate cleaningand sanitizing of all .
processing equipment between each manufacturing step.

• Heat blanching,when required in the preparation of a dietary ingredient or a dietary supplement, should be effected by
heating the product to the required temperature, holding it at this temperature for the required time, and then either
rapidly cooling the material or passing it to subsequent manufacturing without delay.Thermophilic growth and
contamination in blanchersshould be minimized bythe useofadequate operating temperatures and by periodiccleaning.
Where the blanched product iswashed before filling, potable water shall be used.

• Intermediateof dehydrated dietary ingredients and dietarysupplements that relyon the control of water (ow) for
preventing the growth of undesirable microorganisms shall be processed to and maintained at a safe moisture level.
Compliance with this requirement may be accomplished by any effective means, including employment of one or more
of the following practices:
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o Monitoring the water activity (ow) of the material;
o Controlling the soluble solids-water ratio in finished product; and
o ProteCting finished product from moisture pickup, by use of a moisture barrier or by other means, so that the water

activity (ow) of the product does not increase to an unsafe level.
• Dietaryingredients and dietary supplements that rely principally on the control of pH for preventing the growth of

undesirable microorganisms shall be monitored and maintained at an appropriate pH. Compliance with this requirement
may be accomplished by any effective means, including employment of one or more of the following practices:

o Monitoringthe pH and water activity, ifappropriate, of raw materials, in-processmaterial, and finished product; and
o Controlling the amount of acid added to the product.

• When ice is used in contact with dietary ingredients and dietary supplements, it shall be made from potable water, and
shall be used only ifit has been manufactured in accordance with current good manufacturing practice in manufacturing,
packing, or holding human food as outlined in 21 CFR Part 110.

Charge-In of Raw Materials

Written production and control procedures should include the following, which are designed to ensure that the dietary
supplements have the identity, strength, quality, and purity that they are represented to possess:

• The batch should be formulated with the intent to provide NLT 100% of the labeled or established amount of dietary
ingredient.

• Raw materialsfor product manufacturing should be weighed, measured, or subdivided as appropriate and the appropriate
signatures recorded in the batch record.

• Actual yieldsand percentages of theoretical yield should be determined at appropriate phases of processing.
Material scheduled for reworkshall be identified as such.

Equipment Identification

All compounding and storage containers, processing lines, and major equipment used during the production of a batch of a
product should be properly identified to indicate their contents and, when necessary, the phase of processing of the batch.

Sampling and Testing of In-Process Materials, Dietary Ingredients, and Dietary Supplements

To ensure batch uniformityand integrity of dietary supplements, written procedures should be established and followedthat
describe the in-processcontrols and tests or examinations to be conducted on appropriate samples of in-process materials.On
the basisof process verification, in-process controls, and statisticalconfidence, a skip-lottesting plan isan alternative to testing
every batch of finished products provided that at least one representative measure is performed. Control procedures should be
established to monitor the output of those manufacturing processes that may be responsible for causing variability in the
characteristicsof in-processmaterial and the finished product. Such control procedures may include, but are not limited to, the
following, where appropriate:

• Friability
• Weight variation
• Disintegration time
• Dissolution time
• Clarity, completeness, or pH of solutions
• Blend uniformity
In-processspecifications for such characteristics should be consistent with finished product specifications. Examination and

testing of samples should ensure that the in-process material and dietary supplement conform to the established specifications.
In-processmaterialsshould be tested for identity, strength, quality, and purityas adequate, and approved or rejected by the

quality control unit during the production process, e.g., at commencement or completion of significantphases or after storage
for long periods. .

Rejected or adulterated in-process materials should be identified and controlled under a quarantine system designed to
prevent their use in manufacturing or processing operations for which they are unsuitable and to prevent the adulteration of
other products.

LABELING AND PACKAGING

Materials Examination and Usage Criteria

Written procedures should be provided describing in sufficientdetail the receipt, identification, storage, handling, sampling,
examination, testing of labeling and packaging materials, or products receivedfor packaging or labeling. Eachimmediate
container or grouping of immediate containers in a shipment of product received for packaging or labeling, or of packaging
and labeling materials, must be visually examined for appropriate content label, container damage, or broken sealsto determine
whether the container condition may have resulted in contamination or deterioration of the received product. The supplier's
invoice, guarantee, or certification in a shipment of the received product must be visually examined to ensure thatthe received
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product isconsistentwith the purchase order. Labeling and packagingmaterials or products received for packaging or labeling
should be quarantined until:

• Representative samplesofeach unique shipment, and ofeach unique lotwithineach uniqueshipment, of received product
for packagingor labeling, or of packaging and labeling materials, are collected;

• The qualitycontrol unit reviews and approves the documentation to determine whether the received product for
packagingor labeling, or packaging and labeling materials, meets the specifications; and

• The qualitycontrol unit approves the received product for packagingor labeling, or packagingand labeling materials,
and releasesfor use from quarantine.

Thosethat do not meet such specifications should be identified and rejected to prevent their use in operationsfor which
they are unsuitable.

Arecord should be kept of each shipment received of each differentlabeling and packaging material, or each different
received product for packagingor labeling, indicatingreceipt,date ofexamination or testing, and whether accepted or rejected.

Each unique lot within each unique shipment of received product for packagingor labeling, or of packagingand labeling
materials, must be identified in a manner that allows the recipient to trace the lot to the supplier, the date received, the name
of the received product, the status of the received product (e.g., quarantined, approved, or rejected), and to the product that
was packaged or labeled and distributed. .

This unique identifier must be used whenever the disposition of each unique lotwithineach unique shipment of the received
product for packaging or labeling, or of packaging and labeling materials, is recorded.

Labels and other labeling materials for each differentproduct, strength, product type, or quantity of contents should be
stored separatelyunder conditionsthat will protect againstcontaminationand deterioration and avoid mixups. Onlyauthorized
personnel should have access to the storage area.

Packaging and labelsmust be held under appropriate conditionsso that the packaging and labels are not adversely affected
(e.g., contamination or deterioration).

Gang printingof labeling to be used for differentproducts or differentstrengths of the same product (or labeling of the same
sizeand identical or similarformator colorschemes)should be minimized. If gang printingisemployed, packagingand labeling
operationsshould provideforspecial control procedures,taking into consideration sheet layout, stacking, cutting, and handling
during and after printing.

Printing deviceson, or associatedwith, manufacturing lines used to imprint labeling upon the product unit label or case
should be monitored to ensure that all imprinting conformsto the print specified in the batch production record.

Obsolete and outdated labels, labeling, other packaging materials, and products received for packagingor labeling should
be destroyed and documented.

Labeling Issuance

Strictcontrol should be exercised over labeling issued for use in product labeling operations. The control procedures
employed should be in writingwith sufficient detail.

Labeling materials issuedfor a batch should be carefully examined for identityand conformity to the labeling specified in
the master and batch production records.

Procedures should be used to reconcile the quantities of labeling issued, used, and returned, and should requireevaluation
of discrepancies found. If discrepancies are found between the quantity of product finished and the quantity of labeling issued
and are outside preset limits based on historical operating data, such discrepancies should be investigated.

Returned labeling should be maintained and sorted in a manner to prevent mixupsand provide proper identification.
All excesslabeling bearing lot or control numbers should be destroyed and documented.

Operations

Written proceduresdesigned to ensure that correct labels, labeling, and packagingmaterials are usedfor dietarysupplements
should incorporate the following features:

• Prevention of mixupsand cross-contamination by physical or spatial separation from operations on other products;
• Identification of the product with a lot or control number;
• Examination of packaging and labeling materials for suitability and correctnessbefore packagingoperations, and

documentation of such examination in the batch production record; and
• Inspection of the packagingand labeling facilities immediately before use to ensure that all products have been removed

from previous operations. Inspection should also be made to ensure that packagingand labeling materials not suitable
for subsequent operations have been removed. Results of the inspection should be documented in the batch production
records.

Relabeling and Repackaging

• Dietary ingredients and dietarysupplements may be repackaged or relabeled only after the qualitycontrol unit has
approved such repackagingor relabeling.

• Arepresentative sample of each batch of repackaged or relabeled dietary ingredients and dietarysupplements must be
examined to determine whether the repackaged or relabeled dietary ingredientsand dietary supplements meet all
established specifications.

• The qualitycontrol unit must approve or reject each batch of repackaged or relabeled dietary ingredients and dietary
supplements before its releasefor distribution.
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Each manufacturer and packer who packages a dietary supplement for retail sale shall package the product in a
tamper-resistant package, ifthis product isaccessible to the publicwhileheld for sale.Atamper-resistant package isone having
an indicator or barrier to entry which, if breached or missing, can reasonably be expected to provide visible evidence to
consumers that tampering has occurred. To reduce the likelihood of substitution of a tamper-resistant feature after tampering,
the indicator or barrier to entry is required to be distinctive by design or by the use of an identifying characteristic (e.g., a
pattern, name, registered trademark, logo, or picture). Forpurposes of this section, the term "distinctiveby design" means that
the packaging cannot be duplicated with commonly available materials or through commonly available processes. A
tamper-resistant package may involve an immediate-container and closuresystem, or secondary-container or carton system,
or any combination of systems intended to provide a visual indicationof package integrity. The tamper-resistant feature should
be designed to remain intact when handled in a reasonable manner during manufacture, distribution, and retail display.

LABELING

Each retail package of a dietary supplement covered by this section shall bear a statement that isprominently placed so that
consumers are alerted to the specific tamper-resistant feature of the package. The labelingstatement should be so placed that.
it will be unaffected ifthe tamper-resistant feature of the packaging isbreached or missing. Ifthe tamper-resistant feature chosen
to meet the requirement above is one that uses an identifying characteristic, that characteristicshould be referred to in the
labelingstatement. Forexample, the labeling statement on a bottle with a shrinkband could say "Foryour protection, this
bottle has an imprinted seal around the neck."

Dietary Supplement Examination

Packaged and labeled products should be examined during finishing operations to ensure that containers and packages in
the lot have the correct label. A representative sample of units should be collected at the completion of finishing operations
and visually examined for correct labeling. Results of these examinationsshould be recorded in the batch production or control
records.

Contact Information

The manufacturer, packer,or distributorof dietary supplements is required to complywith the current labeling requirements
inthe lawthat alsoincludea domestic address or phone number through whichan adverseevent report for a dietary supplement
may be received.

Shelf life

Dietarysupplements should bear a date lndicatlve of their shelf life, determined by appropriate testing, to ensure that they
meet applicable standards of identity, strength, quality, and purity at or before the labeled shelf-life date.

Shelflife should be related to any storage conditions stated on the labeling.

HOLDING AND DISTRIBUTION

Warehousing Procedures

Storage and transportation of the finished product shall be under conditions that will protect the product against physical,
chemical, and microbial adulteration as well as against deterioration of the product and the container.

Written procedures describing the warehousing of dietary supplements should be established and followed and should
include the following:

• Quarantine of finished products before disposition by the quality control unit; and
• Storage of finished products under appropriate conditions of temperature, humidity, and light so that the identity,

strength, quality, and purity of the products are not affected.

Distribution Procedures

Written procedures describing the distribution of dietary supplements shall be established and followed and should include
the followinq:

• A procedure whereby the oldest approved stock of a product is distributed first. (Deviation from this requirement is
permitted ifsuch deviation is temporary and adequate.)

• Asystem by which the distribution of each lot of product can be readily determined to facilitate its recall if necessary.
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The establishmentof any specifications, standards, sampling plans,test procedures,or other laboratorycontrol mechanisms
required by this chapter, including any change in such specifications, standards, sampling plans, test procedures,or other
laboratory control mechanisms, shall be drafted by the appropriate organizational unit and reviewed and approved by the
qualitycontrol unit. The requirements in this section should be followed and documented at the time of performance. Any
deviation from the written specifications, standards, sampling plans, test procedures, or other laboratorycontrol mechanisms
shall be recorded and justified.

Quality control operations include the establishment of scientifically sound and appropriate specifications, standards,
sampling plans, and test procedures designed to ensure that raw materials, product containers, closures, in-process materials,
labeling, products received for labeling and packaging operations as dietary supplements, and finished products conformto
adequate standards of identity, strength, quality, and purity.These controls include the following:

• Determination of conformance to appropriate written specifications for the acceptance of each lot withineach shipment
of raw materials, product containers, closures, and labeling used in the manufacture of dietary ingredientsand dietary
supplements, and of products received for labeling and packaging operations as dietarysupplements. (Thespecifications
include a description of the sampling and testing procedures used. Samples should be representativeand adequately
identified. Such procedures also require appropriate retesting of any raw material, product container, or closurethat is
subject to deterioration.) On the basis of adequate processverification, in-process controls, and statistical confidence, a
skip-lot testing plan isan alternativeto testing everybatch, excluding raw materials, which require 100% identitytesting.

• Determination ofconformanceto writtenspecifications and a description ofsamplingand testing proceduresfor in-process
materials. (Suchsamplesshould be representativeand properlyidentified.)

• Determination of conformanceto written descriptions of sampling proceduresand appropriate specifications forfinished
products. (Such samplesshould be representativeand properly identified.)

• Thecalibration of instruments, at suitable intervals, in accordancewithan established written program containingspecific
directions, schedules, limits for accuracyand precision, and provisions for remedial action in the event that accuracyand/
or precision limits are not met. Instruments not meeting established specifications shall not be used until repaired.

Testing and Release for Distribution

Thereshould be appropriate laboratorydetermination ofsatisfactory conformanceto specifications for the finished product,
including the identityand strength beforerelease. On the basisofadequate process verification, in-process controls, or statistical
confidence, a skip-lot or composite testing plan isan alternativeto testing everybatch.

Thereshould be appropriate laboratorytesting, as necessary, of each batch of dietary supplement required to be free of
objectionablemicroorganisms. The accuracy, linearity, sensitivity, specificity, and precision of test methods employed by the
firm, when they differ from compendial methods, should be established and documented.

Written proceduresshould describeany sampling and testing plans, whichshould includethe method of samplingand the
number of units per batch to be tested.

Products failing to meet established standards or specifications and any other relevantqualitycontrol criteria should be
rejected. Rejected or adulterated dietary ingredients and dietary supplements shall be identified, stored, and disposed of in a
manner that protects against the adulteration of the other products. Reprocessing may be performed. Before acceptance and
use, reprocessed material must meet establishedstandards, specifications, and any other relevantcriteria. Written procedures
shall be established and followed prescribing the method for reprocessing batches or operations start-up materials that do not
conform to finished goods standards or specifications. Finished goods manufactured using such materials shall meet all
established purity, composition, and qualitystandards.

Stability Testing

Thereshould be a written protocol designed to assess the stability characteristics of dietarysupplements. The results of such
testing should be used in determining appropriate storage conditionsand shelflife. This protocol should includethe following:

• Sample sizeand test intervals based on statistical criteria for each attribute should be examined to ensure valid estimates
of stability;

• Storage conditionsfor samples retained for testing;
• Reliable, meaningful, and specific test methods should be used; and
• The dietarysupplement should be tested in the same type of container-closuresystem as that in which the dietary

supplement is marketed.
An adequate number of batches of each dietary supplement should be tested to determine an adequate shelf life, and a

recordof these data should be maintained.Accelerated studies combined with basicstability information on the raw materials,
dietarysupplements, and container-closuresystems may be used to support tentative shelf life iffull shelf-life studies are not
available-. ~ill1plified stability testing procedures may be used where data from similar product formulations are available to
~uppprt ..a.sr~!fdife estimation of a new product. Where data from accelerated studies are used to project a tentative shelf-life
date that IS bey~nd a date supported by actual shelf-life studies, stability studies should be conducted, including dietary
supplement testing at appropriate intervals, until the tentative shelf life isverified or the adequate shelf life isdetermined.
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Anappropriately identified reservesample that isrepresentativeofeach lot or batch of dietarysupplement should be retained
and stored under conditions consistent with product labelinguntilat least 3 years after the shelf life of the product. The reserve
sample should be stored in the same immediate container-closure system in which the finished product is marketed or in one
that has essentially the same characteristics. The reservesample consistsof at least twice the quantity necessary to perform all
of the required tests. Ifan adverse event report is received, the reservesamples of dietary supplements and dietary ingredients
from the same lot or batch must be analyzed by an appropriate procedure to confirm their identity and determine any
adulteration or contamination. The recovered samples associated with adverse event reports from consumers, distributors, or
both should also be analyzed, following the same method used for the reservedsamples, ifavailable. The resultsshould be
reported with other required informationto the federal authority, usingthe requiredform. The reservesamplesfrom a particular
lot or batch associated with an adverse event report should be held for 6 years (seriousevents) or 3 years (nonserious events)
from the date when the first adverse event report is received by the manufacturer, packer, or distributor.

RECORDS AND REPORTS

Any record for production, control, quality control operations, or distribution that is required to be maintained and is
specifically associated with a batch of a product should be retained for at least 3 years after the shelf life of the batch.

Records should be maintained for all raw materials, product containers, closures, and labelingfor at least 3 years after the
shelf life of the last lot of product incorporating the raw material or using the container, closure, or labeling.

Master Production and Control Records

To ensure uniformity from batch to batch, master production and control records for each product should be prepared,
dated, and signed by one person and independently checked, dated, and signed by a second person from the quality
control unit. .

Master production and control records should include the following:
• The name and strength of the product;
• The name and weight or measure of each dietary ingredient per unit or portion or per unit of weight or measure of the

product, and a statement of the total weight or measure of any dosage unit;
• Acomplete listof raw materialsdesignated by names or codes sufficiently specific to indicate any special quality

characteristic;
• Anaccurate statement of the weight or measure of each raw material, using the same weight system (metric, avoirdupois,

or apothecary) for each raw material;
• Astatement concerning any calculated excess of raw material;
• Astatement of theoretical weight or measure at appropriate phases of processing;
• Astatement of theoretical yield, including the maximum and minimum percentages of theoretical yield beyond which

investigation is required;
• Adescription of the product containers, closures, and packaging materials, includinga specimen or copy of each label

and all other labeling signed and dated by the person or persons responsiblefor approval of such labelingor, in lieu of
specimens or copies of each label or other labeling, a positive identification of all labeling used; and

• Complete manufacturing and control instructions, testing procedures, acceptance limits, specialnotations, and
precautions to be followed.

• Specific actions necessaryto perform and verify points, steps, or stages in the manufacturing processwhere control is
necessaryto ensure the qualityof dietary ingredients and dietary supplements, and to ensure that dietary ingredients and
dietary supplements are packaged and labeled as specified in the master production record.

a Such specific actions must include verifying the weight or measure of any component and verifying the addition of
any component; and

a For manual operations, such specific actions must include:
• One person weighing or measuring a component and another person verifying the weight or measure; and
• One person adding the component and another person verifying the addition.

• Correctiveaction plans for use when a specification is not met.

Batch Production and Control Records

Batch production and control recordsshould be prepared for each batch of product produced and should include complete
information relating to the production and control of each batch. These records should be reviewed and signed by a second
person from the qualitycontrol unit. These records should include accurate reproduction of the appropriate master production
or control record and documentation that each significantstep in the manufacture, processing,packing,or holdingof the batch
was accomplished, including the following:

• .Dates;
• Identity of individual major equipment and lines used;
• Specific identification of each batch of raw material or in-process material used;
• Weights and measures of raw materials used in the course of processing;

www.webofpharma.com

https://nhathuocngocanh.com/



USP 43 Dietary Supplements / (2750) 8755

• In-process and laboratorycontrol results;
• Inspection of the packagingand labeling areas before and after use;
• Astatement of the actualyieldand a statement of the percentage of theoretical yieldat appropriate phases of processing;
• Description of product containersand closures used;
• Complete labeling control records, including:

o The unique identifier assigned to packagingand labels used, the quantity of the packaging and labelsused, and,
when label reconciliation is required, reconciliation of any discrepancies between issuance and use of labels; and

o An actual or representativelabel, or a cross-reference to the physical location of the actual or representative label
specified in the master manufacturing record;

• Any sampling performed;
• Identification of the persons performing and directly supervising or checking any step in the operation;
• Any investigation made;
• The results of any tests or examinationsconducted on packaged and labeled dietarysupplements (including repackaged

or relabeled dietarysupplements), or a cross-reference to the physical location of such results; ,
• Documentation at the time of performancethat qualitycontrol unit:

o Reviewed the batch production record, including:
.. Review of any required monitoring operation, and
.. Review of the results of any tests and examinations, including tests and examinationsconducted on

components, in-process materials, finished batches of dietarysupplements, and packaged and labeled dietary
ingredients and dietarysupplements;

o Approved or rejected any reprocessing or repackaging;
o Approved and released, or rejected, the batch for distribution, including any reprocessed batch; and
o Approved and released, or rejected, the packaged and labeled dietarysupplement, including any repackaged or

relabeled dietarysupplement; .
• Documentation at the time of performanceof any required material review and disposition decision; and
• Documentation at the time of performanceof any reprocessing.

Records for Raw Materials, Packaging, and Labelsand for Product Received for Packaging or
Labeling as a Dietary Supplement

The following records must be made and retained:
• Written procedures for fulfilling the requirementsfor raw materials, packaging, and labels and for product received for

packagingor labeling;
• Receiving records (including recordssuch as certificates of analysis, suppliers' invoices, and suppliers'guarantees) for

components, packaging, and labels and for products received for packagingor labeling; and
• Documentation that the requirements of RawMaterials, Product Containers, and Closures were met:

o The person who performsthe required operation must document, at the time of performance, that the required
operation was performed; and

o The documentation must include:
.. The date of receipt of the raw materials, packaging, labels, or products received for packagingor labeling as a

dietarysupplement;
.. The initials of the person performing the required operation;
.. The results of any tests or examinations conducted on raw materials, packaging, or labels, and of any visual

examination of product received for packagingor labeling as a dietarysupplement; and
.. Any material review and disposition decision conducted on raw materials, packaging, labels, or products

received for packagingor labeling as a dietarysupplement.

Laboratory Records

Laboratory records should include complete data derivedfrom all tests necessary to ensure compliancewith established
specifications and standards, including examinationsand assays, as follows:

• Adescription of the sample received for testing with identification of source (that is, locationfrom where sample was
obtained), quantity, lot number or other distinctive code, and date sample was taken.

• Astatement of each method used in the testing of the sample.
• Astatement of the weight or measure of sample used for each test, where appropriate.
• Acomplete record of alldata secured in the course of each test, including all graphs, charts, and spectra from laboratory

instrumentation, properly identified to show the specific raw material, product container, closure, in-process material, or
finished product, and lot tested.

• A record of all calculations performed in connection with the test, including units of measure, conversion factors, and
equivalency factors.

• Astatement of the results of tests and how the results compare with established standards of identity, strength, quality,
and purityfor the raw material, product container, closure, in-process material, or finished product tested.

• The initials or signature of the person who performseach test and the date(s) the tests were performed.
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Complete records should be maintained of any modification of an established method employed in testing. Such records
should include the reason for the modification and data to verify that the modification produced resultsthat are at least as
accurate and reliable for the material being tested as the established method.

Complete records should be maintained of any testing and standardization of laboratory referencestandards, reagents, and
standard solutions, the periodiccalibration of laboratoryinstruments, and allstability testing should be performed. Any deviation
should be reviewed and signed by the management of the quality control unit.

Quality Control Operation Records

The following records must be made and retained:
• Written procedures for the responsibilities of the qualitycontrol operations, including written procedures for conducting a

material review and making a disposition decision and written procedures for approving or rejecting any reprocessing;
• Written documentation, at the time of performance, that qualitycontrol unit performed the review, approval, or rejection

requirements, by recording the following:
o Date on which the review, approval, or rejectionwas performed; and
o Signature of the person performing the review, approval, or rejection; and

• Documentation of any material review and disposition decision and follow-up. Such documentation must be included in
the appropriate batch production record and must include:(

o Description of the investigation into the causeof the deviationfrom the specification or the unanticipated occurrence;
o Evaluation of whether the deviation or unanticipated occurrence has resulted in, or could lead to, a failure to ensure

the quality of the dietary supplement or a failure to package and label the dietary supplement as specified in the
master manufacturing record;

o Identification of the action(s) taken to correct, and prevent a recurrence of, the deviation or the unanticipated
occurrence;

o Explanation of the actions taken with the raw material, dietary supplement, packaging, or label;
o Ascientifically valid reasonfor any reprocessing of a dietarysupplement that isrejected or any treatment or in-process

adjustment of a component that is rejected; and
o The signatures of 7) the individual(s) designated to perform the qualitycontrol operation, who have conducted the

material review and made the disposition decision; and.in addition, 2) each qualified individual who has provided
information relevant to that material review and disposition decision.

Distribution Records

Distribution records should contain the name and strength of the product, name and address of the consignee, date and
quantity shipped, and lot or control number of the finished product.

Record Keeping

The manufacturer, packer, or distributor of dietarysupplements must keep all required records, as shown in this chapter, for
1 year beyond the shelf life of dietary supplements associated with those records. Ifadverse event reports are received, thos-e
records must be kept for an additional 6 years (serious events) or for 3 years (nonseriousevents) from the date when the first
report is received. All records must be accessible by the regulatory authority when requested.

Records must be kept as original records, as true copies (such as photocopies, microfilm, microfiche, or other accurate
reproductions of the original records), or as electronic records.

All electronic records must comply with part 11 of Code of Federal Regulations Title 21 (21 CFR Part 11).
Ifreduction techniques are used, such as microfilming, suitable reader and photocopying equipment must be readily available

to auditors and inspectors.

Complaint Files

Written procedures describing the handling of allwritten and oral complaints regarding a dietary supplement shall be
established and followed. These procedures should include provisions for review by the quality control unit of any complaint
involving the possiblefailure ofa product to meet any of itsspecifications and a determination as to the need for an investigation.

Each complaint should be recorded in a file designed especially for dietary supplement complaints. Written records should
be maintained untilat least 3 years after the shelflife of the product, or 3 years after the date when the complaint was received,
whichever is longer. . .

The written record should include the following information, where known: the name and strength of the product, lot
number, name of complainant, nature of complaint, and reply to complainant.

Ifan investigation is necessary, the written record should include the findings of the investigation and follow-up. '
The reviewand investigation of the product complaint by a qualified person, the review by qualitycontrol unit about whether

to investigate a product complaint, and the findings and follow-up action of any investigation performed must extend to all
relevant batches and records.
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Adverse event reports include reports on any health-related adverseevent associatedwith the use of a dietarysupplement
that isadverse. It includes both nonserious and seriousadverse event reports.

The manufacturer, packer, or distributorof a dietarysupplement (called the "responsible person") whose name appears on
the labelshall be responsible for keeping reports of all nonserious adverseevents along with any related records (e.g., records
of communicationswith the person who reported the nonserious event). All such records of nonserious adverseevents should
be kept for 6years.' .

The responsible person whose name appears on the label shall also be responsible for reporting any serious adverseevent
reported to it, and associated with a dietarysupplement that is marketed and used in the same country, to the regulatory
authority as soon as appropriate, but NlT 15 business daysafter receipt of the report, using the appropriate form as defined
by the regulation (http://www.fda.gov/food/dietarysupplements/reportadverseevent/ucm111110.htm). Aseriousadverse
event is an event that results in any of folloWing:

• Death,
• Alife-threatening experience,
• Inpatient hospitalization,
• A persistentor significant disability or inability,
• Acongenital anomalyor birth defect, or
• Acondition that requires, according to reasonable medical judgment, a medicalor surgical intervention to prevent one

of the five outcomes listedabove.
Aretailerwhose name appears on the labelas a distributormay, by agreement, authorize the manufactureror packerto

submit the required reports to the regulatoryauthority, as long as the retailer directs all received adverseevent reports to the
manufacturer or packer. Each seriousadverseevent report should includea copy of the product's label, the information
described in the preceding section Complaint Files, and ifpossible, the contact information of the complainant;daily intake;
alcohol consumption and amount; use of prescription medicine and OTe medicine, including a daily dose; and other medical
information. The information associatedwith personalidentification and medical recordsshould be obtained onlyfor the reports
and kept safefrom disclosure. Any new medical information that isrelated to an alreadysubmitted serious adverseevent report
that is received within 1 year of the initial report shall be submitted to the regulatoryauthority as soon as appropriate, but NlT
15 business days after receiptof the information. The records related to each report of a seriousadverseevent received by the
manufacturer, packer,or retailershould be maintainedfor 6 years.The authorized person who isdesignated by the regulatory
authority should be permitted access to those records.

RETURNED AND SALVAGED PRODUCTS

Returned Dietary Supplements

Returned products should be identified as such and held. If the conditions under which returned dietary ingredientsand
dietarysupplements have been held, stored, or shipped beforeor during their return, or ifthe condition of the product, its
container, carton, or labeling, as a resultof storage or shipping, casts doubt on the safety, identity, strength, quality, or purity
of the product, the returned product should be destroyed unless examination, testing, or other investigations provethe product
meets appropriate standards of safety, identity, strength, quality, or purity. The returned products associated with adverse
eventsmust be destroyedaftera sufficient sampleofproductsisstoredforthe purpose offurther investigation only. The products
relatedto the adverseevent that have been returned shouldbe keptfor 6 years(serious events)or for 3years(nonserious events)
from the date when the first report is received. A product may be reprocessed provided that the subsequent product meets
adequate standards, specifications, and characteristics. Records of returned products should be maintainedand should include
the name and label potency of the product, lot number (or control number or batch number), reasonfor the return, quantity
returned, date of disposition, and ultimate disposition of the returned product. If the reason for a product being returned
implicates associated batches, an appropriate investigation is necessary.

Dietary Supplement Salvaging

. Productsthat have been involved in adverseevents or subjected to improper storage conditions, including extremes in
temperature or humidity, smoke, fumes, pressure, age, or radiation due to natural disasters, fires, accidents, or equipment
failures should not be salvagedand returned to the marketplace. Whenever there isa question whether products have been
subjected to such conditions, salvaging operations may be conducted only ifthere is a) evidence from laboratorytests and
assays that the products meet allapplicable standards of identity, strength, quality, and purity; and b) evidencethat the products
and their associated packagingwere not subjected to improperstorage conditions as a resultof the disasteror accident.
Organolepticexaminations should be accepted only as supplementalevidencethat the dietarysupplement meets appropriate
standards of identity,strength, quality, and purity. Records including name, lot number, and disposition should be maintained
for salvagedproducts. Ifthe products are involved inadverseevents,the instructions described in the precedingsection Records
and Reports should be followed.

Defect Action Levels

Some dietary ingredientsand dietary supplements, even when produced under current good manufacturing practice,
contain natural or unavoidable defects that at low levels are not hazardous to health. The Foodand DrugAdministration
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establishes maximum levels for these defects in dietary ingredients and dietary supplements produced under current good
manufacturing practice and uses these levels in deciding whether to recommend regulatory action.

Defectaction levels are established for dietary ingredients and dietary supplements whenever it is necessaryand feasible to
do so. These levels are subject to change upon the development of new technology or the availability of new information.

Compliancewith defect action levels does not excuseviolation of the requirement in section402(a)(4) of the Actthat dietary
ingredients and dietary supplements shall not be prepared, packed, or held under unsanitaryconditions or the requirements
in this part that manufacturers, distributors, and holdersof both dietary ingredients and dietary supplements shall observe
current good manufacturing practice. Evidence indicating that such a violationexists causes a dietary ingredient and a dietary
supplement to be adulterated within the meaning ofthe Act, although the amounts of natural or unavoidabledefects are lower
than the currentlyestablished defect action levels. The manufacturer, distributor, and holder of a dietary ingredient or a dietary
supplement shall, at all times, utilize quality control operations that reduce natural or unavoidable defects to the lowest level
currentlyfeasible.

The mixing ofa dietaryingredient or dietary supplement containing defects above the current defect action level with another
lot of dietary ingredient or dietary supplement is not permitted and renders the final product adulterated within the meaning
of the Act, regardless of the defect level of the final product.

Acompilation of the current defect action levels for natural or unavoidable defects in dietary ingredients and dietary
supplements that present no health hazard may be obtained upon request from the IndustryActivities Staff(HFS-565), Center
for Food Safety and Applied Nutrition, U.S. Food and DrugAdministration, 5100 Paint Branch Parkway, College Park, MD
20740-3835.

GLOSSARY
Acceptance criteria: The product specifications and acceptance or rejection criteria, such as acceptable quality level and

unacceptable quality level, with an associated sampling plan, that are necessaryfor making a decision to accept or reject a lot
or batch (or any other convenient subgroups of manufactured units).

Act: Federal Food, Drug and Cosmetic Act [United States Code (U.S.c.) Title21, Chapter 9].
Adequate: That which is needed to accomplish the intended purpose in keeping with good public health practice.
Adverse event: Any health-related event that is adverse and that isassociated with the use of a dietary supplement.
Adverse event report: A report of an adverse event (see definition above). (See also Serious adverse eventreport.)
Batch: Aspecific quantity of a finished product or other material that is intended to have uniform character and quality,

within specified limits, and is produced according to a single manufacturing order during the same cycle of manufacture.
Blanching: Aprepackaging heat treatment of a dietary ingredient and a dietary supplement for a sufficient time and at a

sufficient temperature to partiallyor completely inactivate the naturally occurring enzymes and to.effectother physical or
biochemical changes in the product.

Composition: 1) The identityof a dietary ingredient or dietarysupplement, and 2) the concentration ofa dietary ingredient
(e.g., weight or other unit of use/weight or volume), or the potency or activityof one or more dietary ingredients, as indicated
by appropriate procedures.

Dietary ingredient: An ingredient intended for use or used in a dietary supplement that is:
• Avitamin;
• A mineral;
• An herb or other botanical;
• An amino acid;
• Adietary substance for use by humans to supplement the diet by increasing the total dietary intake, or a concentrate,

metabolite, constituent, extract; or
• Acombination of any of the foregoing ingredients.
Dietary supplement: A product (other than tobacco) that is intended to supplement the diet and that bears or contains

one or more of the following dietary ingredients: a vitamin, a mineral,'an herb or other botanical, an amino acid, a dietary
substance for use by humans to supplement the diet by increasing the total daily intake, or a concentrate, metabolite,
constituent, extract or combination of these ingredients, that is intended for ingestion in a pill, capsule, tablet or liquid form,
that is not represented for use as a conventional food or as the sole item of a meal or diet, and that is labeled as a dietary
supplement, and includes products such as a new drug, certified antibiotic, or licensed biologicthat was marketed as a dietary
supplement or food before approval, certification, or license unless a sanitary authority waives this provision.

Inactive ingredient: Anyraw material other than a dietary ingredient.
In-process material: Anymaterial fabricated, compounded, blended, ground, extracted, sifted, sterilized, or processed

in any other way that is produced for, and used in, the preparation of the dietary supplement. . ",
Lot: Abatch, or a specific identified portion of a batch, having uniform character and qualitywithin specified limits. .
Lot number, control number, or batch number: Any distinctivecombination ofletters, numbers, orsymbols, or any

combination of them from which the complete history of the manufacture, processing, packing, holding,and distribution of a
batch or lot of finished dietary ingredient, dietary supplement, or other material can be determined. . ..

Manufacture or manufacturing: Includesalloperations associated with the production ofdietaryingredient~ and dietary
supplements, including packaging and labeling operations, testing, and.quality control of a dietary ingredient or dietary
supplement. ' . '. . .... ,. ".

Microorganisms: Yeast, molds, bacteria, and viruses and includes, but is not limited to, specieshaving public health
significance. The term "undesirable microorganisms" includes those microorganismsthat are of publichealth significance, that
subject a dietary ingredient or a dietary supplement to decomposition, that indicate that a dietary ingredient or dietary
supplement is contaminated with filth, or that otherwise may cause a dietary.ingredient or a dietary supplement to be
adulterated within the meaning of the Act. Occasionally in these regulations, the adjective "microbial" is used instead of an
adjectival phrase containing the word "microorganism". . .

Pest: Any objectionable animals or insects including, but not limited to, bird, rodents, flies, and larvae.
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Plant: The building or facility or parts thereof, used for or in connection with the manufacturing, packaging, labeling, or
holding of a dietary ingredient and a dietarysupplement.

Process evaluation: Aset of tests performed on a process intended to evaluate its capacity to consistently produce the
results that it is intended for.

Quality control operation: A planned and systematicprocedure for taking all actions necessary to prevent a dietary
ingredient and a dietarysupplement from being adulterated.

Quality control unit: Any personor organizationalelement designated bythe firm to be responsible for the duties relating
to qualitycontrol operations.

Raw material: Any ingredientintended for use in the manufactureofa dietaryingredientor dietarysupplement, including
those that may not appear in such finished product. (A dietary ingredient isa raw material when consideringthe manufacture
of a dietary supplement.)

Representative sample: Asample that consistsof a number of units that are drawn based on rationalcriteria, such as
random sampling, and is intended to ensure that the sample accurately portraysthe material being sampled.

Rework: Aclean, unadulterated material that has been removedfrom processing for reasons other than unsanitary
conditionsor that has been successfully reconditioned by reprocessing and that issuitablefor use in the manufactureofa dietary
ingredient or a dietarysupplement.

Sanitizing: To adequately treat equipment, containers, or utensils by a processthat iseffective in destroyingvegetative
cells of microorganisms of publichealthsignificance and insubstantially reducingother undesirable microorganisms but without
affecting the product or itssafetyfor the consumer.

Serious adverse event report: Areport of an adverseevent that istermed "serious" because it meets certain criteria (see
the subsection Adverse Event Reports). The Dietary Supplement and Nonprescription Drug Consumer Protection Act requires
manufacturers and distributors of dietarysupplements and OTC drugs to report allseriousadverse events to the Secretary of
the Foodand Drug Administration (FDA). This is an entirelynew requirementfor dietarysupplements.

Shall: Used to state requirementsthat must be met under the provisions of this guideline.
Shelf life: The periodof time after manufacturing inwhich the dietarysupplement isensured to meet applicablestandards

of identity, strength, quality, and purity.
Shelf-life (Use by) date: Thedate beyond whichthe dietarysupplement isno longerensured to meet applicable standards

of identity, strength, quality, and purity.
Should: Used to state recommended or advisory procedures or identify recommended equipment.
Skip-lot testing (or sampling): A reduced level of testing (or sampling)for a particularspecified parameter(s) based

upon one or more of the following:
• Statistical analysis of an adequate quantity of historical test data;
• Statistical confidence in the capability of the manufacturing processas determined by suitable verification; or
• Ongoing monitoringof the process using recognized statistical process control (SPC) techniques.
Strength: The concentration of the active substance (weight/weight, weight/volume, or unit of use/volumeor weight

basis); and/or the potency, i.e., the activity of the product as indicated by appropriate laboratorytests.
Water activity (ow): Ameasure of the free moisture in a dietary ingredient or dietarysupplement and isthe quotient of

the water vapor pressureof the substance divided by the vapor pressureof pure water at the same temperature. .
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Page citations refer to the pages of Volumes 7, 2, 3, 4 and 5 of USP 43-NF 38. This index is repeated in
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1-2482
2483-4722
4723-6108
6109-7208
7209-8760

Volume 1
Volume 2
Volume 3
Volume 4
Volume 5

Numbers in angle brackets such as (421) refer to chapter numbers in the General Chapters section.

A
Abacavir

oral solution, 19
sulfate, 23
tablets, 20
and lamivudine tablets, 21

Abiraterone
acetate, 25
acetate tablets, 26

Absolute
alcohol, 6133
ether, 6131

Absorbable
dusting powder, 1569
gelatin film, 2092
gelatin sponge, 2093
surgical suture, 4189

Absorbent
cotton, 6132
gauze, 2091

Acacia, 5597
syrup, 5597

Acamprosate calcium, 28
Acarbose, 30

tablets, 31
Acebutolol hydrochloride, 33

capsules, 35
Acepromazine maleate, 36

injection, 37
tablets, 38

Acesulfame potassium, 5598
Acetal, 6132
Acetaldehyde, 6132

TS,6225
Acetaldehyde ammonia trimer trihydrate,

6132
Acetaminophen, 38

aspirin and caffeine tablets, 49
and aspirin tablets, 48
butalbital and caffeine capsules, 645
butalbital and caffeine tablets, 646
and caffeine tablets, 51
capsules, 40

and (salts of) chlorpheniramine,
dextrornethorphan, and
pseudoephedrine, capsules containing at
least three of the following, 52

and (salts of) chlorpheniramine,
dextromethorphan, and
pseudoephedrine, oral powder
containing at least three of the
following, 54

and (salts of) chlorpheniramine,
dextrornethorphan, and
pseudoephedrine, oral solution
containing at least three of the
following, 56

and (salts of) chlorpheniramine,
. dextromethorphan, and
pseudoephedrine, tablets containing at
least three of the following, 58

chlorphenirarnlne maleate, and
dextromethorphan hydrobromide
tablets, 60

and codeine phosphate capsules, 52
and codeine phosphate oral solution, 54
and codeine phosphate oral suspension,

56
and codeine phosphate tablets, 66
dextromethorphan hydrobromide,

doxylamine succinate, and
pseudoephedrine hydrochloride oral
solution, 67

and diphenhydramine citrate tablets, 69
diphenhydramine hydrochloride, and

pseudoephedrine hydrochloride tablets,
70

and hydrocodone bitartrate tablets, 2224
isometheptene mucate, and

dichloralphenazone capsules, 2423
and oxycodone capsules, 3341
and oxycodone tablets, 3343
and pentazocine tablets, 3460
and pseudoephedrine hydrochloride

tablets, 72
oral solution, 41
for effervescent oral solution, 42
suppositories, 44
oral suspension, 42
tablets, 45
extended-release tablets, 47

and tramadol hydrochloride oral
suspension, 4452

Acetanilide, 6132
Acetate

methyl, 6178
Acetate buffer, 6145

TS,6225
Acetazolamide, 73

for injection, 74
oral suspension, 76
tablets, 76

Acetic acid, 5599, 6132
ammonium acetate buffer TS, 6225
diluted, 5599, 6132, 6159
double-normal (2 N), 6238
glacial, 77, 6132, 6168
glacial, TS, 6229
and hydrocortisone otic solution, 2235
irrigation, 78
metaphosphoric, TS, 6231
otic solution, 78
strong, TS, 6225
1 M TS, 6225
2 M TS, 6225

Acetic acid in peptides, 6741
0.008 M Acetic acid TS, 6225
0.3 N Acetic acid TS, 6225
Acetic anhydride, 6132
Acetohydroxamic acid, 78

tablets, 79
Acetone, 5600, 6132

anhydrous, 6132
neutralized, 6132, 6227

Acetonitrile, 6132
spectrophotometric, 6132

Acetophenone, 6132
p-Acetotoluidide, 6132
Acetylacetone, 6132
Acetyl chloride, 6132
Acetylcholine chloride, 80, 6132

for ophthalmic solution, 81
Acetylcysteine, 82
Acetylcysteine

compounded solution, 83
and isoproterenol hydrochloride inhalation

solution, 84
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1-2 Acety-Alumi Combined Index to USP 43 and NF 38

Acetylcysteine (continued)
solution, 82

N-Acetylglucosamine, 4745
2-Acetylresorcinol, 6133
3-Acetylthio-2-methylpropanoic acid, 6133
Acetyltributyl citrate, 5601
Acetyltriethyl citrate, 5601
N-Acetyltyrosine, 4746
N-Acetyl-L-tyrosine ethyl ester, 6133
Acid

acrylic, 6133
alpha lipoic, 5124
dehydroacetic, 5741
ferric chloride TS, 6225
ferrous sulfate TS, 6225
Folic, compounded oral soultion, 2027
iminodiacetic, 6172
stannous chloride TS, 6225
stannous chloride TS, stronger, 6225

Acid-neutralizing capacity (301), 6661
Acidulated phosphate and sodium fluoride

topical solution, 4074
Acitretin, 85

capsules, 86
Acoustic emission (1005), 7230, 7644, 8117
Acrylic acid, 6133
Activated

alumina, 6133
charcoal, 923, 6133
magnesium silicate, 6133

Acyclovir, 88
capsules, 89
for injection, 90
ointment, 91
oral suspension, 92
tablets, 92

Adamantane, 6133
Adapalene, 93

gel,96
Ademetionine disulfate tosylate, 4747
Adenine, 97

sulfate, 6133
Adenosine, 98

injection, 99
Adipic acid, 5602, 6133
Admissions

to NF 38,
to USP 43, xxxi

Aerosol
Bacitracin and polymyxin B sulfate topical,

468
Benzocaine, butamben, and tetracaine

hydrochloride topical, 513
Benzocaine and menthol topical, 518
Benzocaine topical, 503
Fluticasone propionate and salmeterol

inhalation, 2005
Fluticasone propionate inhalation, 1988
Inhalation and nasal drug products:

aerosols, sprays, and powders­
performance quality tests (601), 6819

Isoproterenol sulfate inhalation, 2437
Lidocaine topical, 2622
Polymyxin B sulfate and bacitracin zinc

topical, 3591
Povidone-iodine topical, 3635
Thimerosal topical, 4346
Tolnaftate topical, 4425
Triamcinolone acetonide topical, 4483

Agar, 5603, 6133
Agarose, 6133
Air, medical, 100
Air-helium certified standard, 6133
Alanine, 101
L-Alanyl-L-glutamine, 4748
Albendazole, 102

oral suspension, 102
tablets, 103

Albumen TS, 6225
Albumin

bovine serum, 6133
human, 104

rAlbumin human, 5604
Albuterol, 104

sulfate, 109
tablets, 105
extended-release tablets, 106

Alclometasone dipropionate, 110
cream, 111
ointment, 112

Alcohol, 113, 6133
70 percent, 80 percent, and 90 percent,

6133
absolute, 6133
aldehyde-free, 6134
alpha-(2-(methylamino)ethyl)benzyl, 6134
amyl,6134
tert-amyl, 6134, 6137, 6173
butyl,5648
dehydrated, 115, 6134, 6155
dehydrated isopropyl, 6134
denaturated, 6134
denaturated, TS, 6228
determination (611), 6848
in dextrose injection, 117
diluted, 5607, 6134
injection, dehydrated, 11 7
isobutyl, 6134
isopropyl, 6134
methyl, 6134
neutralized, 6134, 6182
phenol TS, 6225
n-propyl, 6134
rubbing, 118
secondary butyl, 6134
tertiary butyl, 6134

Alcoholic
ammonia TS, 6225
mercuric bromide TS, 6226
potassium hydroxide TSi 6226
potassium hydroxide TS 2, 6234
TS,6225

Alcoholic potassium hydroxide
0.2 N VS, 6238

Alcoholometric table, 6346
Aldehyde dehydrogenase, 6134
Alendronate sodium, 119

tablets, 120
Alfadex, 5607
Alfentanil

hydrochloride, 122
injection, 123

Alfuzosin hydrochloride, 124
extended-release tablets, 125

Alginates assay (311), 6662
Alginic acid, 5608
Alizarin complexone, 6134
Alkaline

cupric citrate TS, 6226
cupric citrate TS 2, 6226
cupric iodide TS, 6226
mercuric-potassium iodide TS, 6226
phosphatase enzyme, 6134
picrate TS, 6226

pyrogallol TS, 6234
sodium hydrosulfite TS, 6226

Alkaline borate buffer, 6145
Alkaline cupric tartrate TS, 6226
Alkyl (C12-15) benzoate, 5609
Alkylphenoxypolyethoxyethanol, 6134
Allantoin, 130
Allopurinol, 131

oral suspension, 133
tablets, 134

Allyl isothiocyanate, 135
Almond oil, 5609
Almotriptan

tablets, 138
Almotriptan malate, 135
Aloe, 140
Alosetron

tablets, 142
Alosetron hydrochloride, 141
Alpha

lipoic acid, 5124
Alpha-chymotrypsin, 6134
Alpha cyclodextrin hydrate, 6134
Alpha-(2-(methylamino)ethyl)benzyl. alcohol,

6134
Alphanaphthol, 6134
Alphazurine 2G, 6220
Alprazolam, 144

oral suspension, 145
tablets, 146
extended-release tablets, 148
orally disintegrating tablets, 152

Alprenolol hydrochloride, 6134
Alprostadil, 154

injection, 156
Alteplase, 157

for injection, 160
Alternative microbiological sampling methods

for nonsterile inhaled and nasal products
(610), 6846

Altretamine, 163
capsules, 164

Alum, 6134
ammonium, 165, 6134
potassium, 166, 6192

Alumina, 6134
activated, 6133, 6134, 6138
anhydrous, 6134
aspirin, codeine phosphate, and magnesia

tablets, 404
aspirin, and magnesia tablets, 397
aspirin, and magnesium oxide tablets, 399
magnesia, and calcium carbonate

chewable tablets, 169
magnesia, calcium carbonate, and .

simethicone chewable tablets, 170
magnesia, and calcium carbonate oral

suspension; 168
magnesia, and simethicone oral

suspension, 173
magnesia, and simethicone chewable

tablets, 174
and magnesia oral suspension, 166
and magnesia tablets, 167
magnesium carbonate, and magnesium

oxide tablets, 178
and magnesium carbonate oral suspension,

176
and magnesium carbonate tablets, 177
and magnesium trisilicate oral suspension,

179
and magnesium trisilicate tablets, 180

Aluminon, 6134
Aluminum, 6135

acetate topical solution, 181
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Aluminum (continued)
chloride, 181
chlorohydrate, 182
chlorohydrate solution, 183
chlorohydrex polyethylene glycol, 184
chlorohydrex propylene glycol, 185
dichlorohydrate, 185
dichlorohydrate solution, 186
dichlorohydrex polyethylene glycol, 187
dichlorohydrex propylene glycol, 188
hydroxide gel, 188 '
hydroxide gel, dried, 189
hydroxide gel capsules, dried, 190
hydroxide gel tablets, dried, 190
monostearate, 5612
oxide, 5613
oxide, acid-washed, 6134, 6135
phosphate gel, 190
potassium sulfate, 6135
sesquichlorohydrate, 191
sesquichlorohydrate solution, 191
sesquichlorohydrex polyethylene glycol,

192
sesquichlorohydrex propylene glycol, 192
subacetate topical solution, 193
sulfate, 193
sulfate and calcium acetate tablets for

topical solution, 19~,J

zirconium octachlorohyJrate, 195
zirconium octachlorohydrate solution, 196
zirconium octachlorohydrex gly, 197
zirconium octachlorohydrex gly solution,

198
zirconium pentachlorohydrate, 199
zirconium pentachlorohydrate solution,

199
zirconium pentachlorohydrex gly, 200
zirconium pentachlorohydrex gly solution,

201
zirconium tetrachlorohydrate, 202
zirconium tetrachlorohydrate solution, 203
zirconium tetrachlorohydrex gly, 203
zirconium tetrachlorohydrex gly solution,

204
zirconium trichlorohydrate, 205
zirconium trichlorohydrate solution, 206
zirconium trichlorohydrex gly, 206
zirconium trichlorohydrex gly solution, 207

Aluminum oxide strips, 6135
Aluminum tartrate, 6137
Aluminum (206), 6605
Aluminum chloride, 6135
Aluminum chloride hexahydrate, 6135
Aluminum sulfate

and calcium acetate for topical solution,
194

Amantadine hydrochloride, 208
capsules, 209
oral solution, 212

Amaranth, 6135
TS,6226

Amcinonide, 214
cream, 214
ointment, 215

American ginseng, 4750
capsules, 4754
extract, powdered, 4753
powdered, 4752
tablets,-4757

Amifostine, 216
for. injection, 217

Amikacin, 219
sulfate, 220
sulfate injection, 221

Amiloride hydrochloride, 222
and hydrochlorothiazide tablets, 224
tablets, 223

Amiloxate, 227
Aminoacetic acid, 61 35
4-Aminoantipyrine, 6135
Aminobenzoate

potassium, 228
potassium capsules, 230
sodium, 231

Aminobenzoic acid, 233
gel,234

p-Aminobenzoic acid, 6135
2-Aminobenzonitrile, 6135
Aminocaproic acid, 235

injection, 236
oral solution, 236
tablets, 237

4-Amino-6-chloro-l,3-benzenedisulfonamide,
6135

4-Amino-2-chlorobenzoic acid, 6135, 6151
2-Amino-5-chlorobenzophenone, 6151, 6151
7-Aminodesacetoxycephalosporanic acid,

6135
2-Aminoethyl diphenylborinate, 6135
1-(2-Aminoethyl)piperazine, 6135
Aminoguanidine bicarbonate, 6136
2-Aminoheptane, 6136 ,
N-Aminohexamethyleneimine, 6136
Aminohippurate sodium injection, 237
Aminohippuric acid, 238
4-Amino-3-hydroxy-l-naphthalenesulfonic

acid, 6136
Aminolevulinic acid

hydrochloride, 238
Amino methacrylate copolymer, 5614
l,2,4-Aminonaphtholsulfonic acid, 6136
Aminonaphtholsulfonic acid TS, 6226
Aminopentamide sulfate, 239

injection, 240
tablets, 240

2-Aminophenol, 6136
4-Aminophenol in acetaminophen-containing

drug products (227), 6637
m-Aminophenol, 6136
p-Aminophenol, 6136
Aminophylline, 241

injection, 243
oral solution, 245
rectal solution, 246
suppositories, 247
tablets, 248
delayed-release tablets, 250

3-Amino-1-propanol, 6136
3-Aminopropionic acid, 6136
Aminosalicylic acid, 251
3-Aminosalicylic acid, 6136
Amiodarone

hydrochloride injection, 254
Amiodarone hydrochloride, 253

oral suspension, 257
Amiodarone hydrochloride

tablets, 257
Amitraz, 259

concentrate for dip, 260
Amitriptyline hydrochloride, 261

and chlordiazepoxide tablets, 938
and perphenazine tablets, 3487
tablets, 263

Amlodipine
oral suspension, 264
and olmesartan medoxomil tablets, 272
and benazepril hydrochloride capsules, 269
and valsartan tablets, 275

valsartan and hydrochlorothiazide tablets,
279

Amlodipine and atorvastatin
tablets, 265

Amlodipine besylate, 285
tablets, 286

Ammonia
alcoholic TS, 6225
detector tube, 6136
N 13 injection, 3183
nitrate TS, silver, 6234
solution, diluted, 6136
solution, strong, 5616
spirit, aromatic, 287
TS, 6136, 6226
TS 2,6226
TS alcoholic, 6226
TS stronger, 6226
water, stronger, 6207, 6226
water, 25 percent, 61 36

Ammonia-ammonium chloride buffer TS,
6226

Ammoniacal potassium ferricyanide TS, 6226
Ammonia-cyanide TS, 6226
Ammoniated cupric oxide TS, 6226
Ammonio methacrylate copolymer, 5616

dispersion, 5618
Ammonium

acetate, 6136
acetate TS, 6226
alum, 165
bicarbonate, 6136
bisulfate, 6136
bromide, 6136
carbonate, 5619, 6137
carbonate TS, 6226
carbonate TS 2, 6226
chloride, 288, 6137
chloride-ammonium hydroxide TS, 6226
chloride injection, 288
chloride, potassium gluconate, and

potassium citrate oral solution, 3622
chloride delayed-release tablets, 288
chloride TS, 6226
citrate, dibasic, 6137, 6156
citrate, ferric, 289
citrate for oral solution, ferric, 290
dihydrogen phosphate, 6137
fluoride, 6137
formate, 6137
glycyrrhizate, 5619
hydroxide, 6137
hydroxide 6 N, 6137
molybdate, 290, 6137
molybdate injection, 291
molybdate TS, 6226
nitrate, 6137
nitrate, ceric TS, 6227
nitrate TS, silver, 6234
oxalate, 6137
oxalate TS, 6226
persulfate, 6137
phosphate, 5620
phosphate, dibasic, 6137, 6156
phosphate, dibasic, TS, 6226
phosphate, monobasic, 6137
polysulfide TS, 6226
pyrrolidinedithiocarbamate, 6137
pyrrolidinedithiocarbamate, saturated, TS,

6226
reineckate, 6137
reineckate TS, 6226
sulfamate, 6137
sulfate, 5621, 6137
sulfate, cupric TS, 6227
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Ammonium (continued)
sulfate, ferric TS, 6229
sulfide TS, 6226
thiocyanate, 6137
thiocyanate, tenth-normal (0.1 N), 6238
thiocyanate TS, 6226
vanadate, 6137
vanadate TS, 6226

Ammonium hydrogen difluoride, 6137
Ammonium hydroxide

1 M TS, 6226
2 M TS, 6226

Amobarbital sodium, 291
for injection, 292

Amodiaquine, 292
hydrochloride, 293
hydrochloride tablets, 294

Amoxapine, 295
tablets, 297

Amoxiciflin, 297
boluses, 299
capsules, 300
and c1avulanate potassium for oral

suspension, 308
and c1avulanate potassium tablets, 308
and c1avulanic acid extended-release

tablets, 310
for injectable suspension, 302
intramammary infusion, 302
oral suspension, 303
for oral suspension, 303
tablets, 304
tablets for oral suspension, 306

Amphetamine
sulfate, 312
sulfate tablets, 313

Amphotericin B, 314
cream, 315
for injection, 315
lotion, 316
ointment, 316

Ampicillin, 316
boluses, 321
capsules, 321
for injectable suspension, 324
for injection, 323
and probenecid for oral suspension, 326
sodium, 327
soluble powder, 323
and sulbactam for injection, 328
for oral suspension, 324
tablets, 325

Amprofium, 329
soluble powder, 330
oral solution, 331

Amyl
acetate, 6134, 6137, 6173
alcohol, 6137
nitrite, 331
nitrite inhalant, 332

a-Amylase, 6137
Amylene hydrate, 5622
tert-Amyl alcohol, 6137
Anagrelide

capsules, 334
hydrochloride, 332

Analysis of biological assays (1034), 7351
Analytical data-interpretation and treatment

(1010), 7233
Analytical instrument qualification (1058),

7522
Analytical methodologies based on scattering

phenomena-electrophoretic fight
scattering (determination of zeta potential)
(1430.4), 8389

Analytical methodologies based on scattering
phenomena-general (1430), 8376

Analytical methodologies based on scattering
phenomena-light diffraction
measurements of particle size (1430.2),
8386

Analytical methodologies based on scattering
phenomena-small angle x-ray scattering
and small angle neutron scattering (1430.
5), 8392

Analytical methodologies based on scattering
phenomena-static fight scattering (1430.
1), 8379

Analytical procedures for recombinant
therapeutic monoclonal antibodies (129),
6565

Anastrozole, 336
- tablets, 337

Ancillary materials for cell, gene, and tissue­
engineered products (1043), 7381

Andrographis, 4758
extract, powdered, 4762
powdered, 4760

Anethole, 5622
(E)-Anethole, 6138
Angustifolia

extract, powdered echinacea, 4941
powdered echinacea, 4938

Anhydrous
acetone, 6132
alumina, 6138
barium chloride, 6138
calcium chloride, 6138
calcium phosphate, dibasic, 710
citric acid, 1040
cupric sulfate, 6138
dibasic sodium phosphate, 6138
magnesium perchlorate, 6138
magnesium sulfate, 6138
'methanol, 6138
potassium carbonate, 6138
sodium acetate, 6138
sodium carbonate, 6138
sodium phosphate, monobasic, 6205
sodium sulfate, 6138
sodium sulfite, 6138

Anileridine, 339
hydrochloride, 340
hydrochloride tablets, 341
injection, 339

Aniline, 6138
blue, 6138
sulfate, 6138

Animal drugs for use in animal feeds (1152),
7952

Anion-exchange resin
strong, lightly cross-linked, in the chloride

forni, 6138
50- to 100-mesh, styrene-divinylbenzene,

6138, 6208
styrene-divinylbenzene, 6138

p-Anisaldehyde, 6139
Anise oil, 5624
p-Anisidine, 6139
Anisole, 6139
Annotations

to NF 38,
to USP 43, xxxiii

Antazoline phosphate, 342
Anthracene, 6139
Anthralin, 343

cream, 344
ointment, 344

Anthrone, 61 39
TS,6226

Antlblotks-c-rnicroblal assays (81), 6488
Anticoagulant

citrate dextrose solution, 345
citrate phosphate dextrose solution, 347
citrate phosphate dextrose adenine

solution, 348
heparin solution, 2194
sodium citrate solution, 350

Anti-D reagent, 6139
Anti-D (Rho) reagent, 6139
Anti-factor Xa and anti-factor lIa assays for

unfractionated and low molecular weight
heparins (208), 6611

Antifoam reagent, 6139
Antihuman globulin reagent, 6139
Antimicrobial

agents-content (341), 6664
effectiveness testing (51), 6449

Antimony
pentachlorlde.: §139
potassium tart~~~e, 350
sodium tartrate,' 351
trichloride, 6140
trichloride TS, 6226

Antipyrine, 351
and benzocaine otic solution, 352
benzocaine, and phenylephrine

hydrochloride otic solution, 354
Antithrombin III, 6140

human, 355
Apomorphine hydrochloride, 357

tablets, 358 .
Apparent intrinsic dissolution-dissolution

testing procedures for rotating disk and
stationary disk (1087), 7681

Applications of mass spectrometry (1736),
8508

Applications of nuclear magnetic resonance
spectroscopy (1761), 8529

Application of water activity determination to
nonsterile pharmaceutical products (1112),
7820

Apraclonidine
hydrochloride, 359
ophthalmic solution, 359

Aprepitant, 360
capsules, 362

Aprobarbital, 6140
Aprotinin, 364

injection, 367
Aqua regia, 6140
Argatroban, 368
Arginine, 371

capsules, 4763
hydrochloride, 371
hydrochloride injection, 373
tablets, 4764

Aripiprazole, 373
orally disintegrating tablets, 377
tablets, 375

Aromatic
castor oil, 807
elixir, 5624

Arsanilic acid, 379
Arsenazo III acid, 6140
Arsenic

in reagents, 6128
trioxide, 6140
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Arsenic (211), 6621
Articaine

hydrochloride, 380
hydrochloride and epinephrine injection,

381
Articles

appearing in USP 43 that were not
included in USP 40 including
supplements, xxix

of Incorporation, xxvii
Articles of botanical origin (561), 6774
Ascorbic acid, 383, 6140

compounded oral solution, 385
injection, 383
oral solution, 384
tablets, 385
10 TS, 6227

Ascorbic acid chewable
gels, 4765

Ascorbyl palmitate, 5624
Ashwagandha root, 4766

extract, powdered, 4768
powdered, 4771

Asian ginseng, 4774
extract, powdered, 4776
powdered, 4775
tablets, 4778

Asparagine, 5625
L-Asparagine, 6140
Aspart

insulin, 2339
Aspartame, 5626

acesulfame, 5627
Aspartic acid, 386
L-Aspartic acid, 6140
Aspirin, 388

acetaminophen and caffeine tablets, 49
and acetaminophen tablets, 48
alumina and magnesia tablets, 397
alumina and magnesium oxide tablets, 399
boluses, 388
butalbital, and caffeine capsules, 648
butalbital, caffeine, and codeine phosphate

capsules, 651
butalbital, and caffeine tablets, 649
and butalbital tablets, 646
caffeine, and dihydrocodeine bitartrate

capsules, 402
capsules, 389
delayed-release capsules, 390
carisoprodol, and codeine phosphate

tablets, 780
and carisoprodol tablets, 778.
codeine phosphate, alumina, and

magnesia tablets, 404
and codeine phosphate tablets, 403
effervescent tablets for oral solution, 395
orphenadrine citrate and caffeine tablets,

3288
and oxycodone tablets, 3344
and pentazocine tablets, 3461
suppositories, 391
tablets, 392
tablets, buffered, 393
delayed-release tablets,394
extended-release tablets, 396

Assay
alginates (311), 6662
antibiotics, iodometric (425), 6696
for citric acld/citrate and phosphate (345),

6668 . .:
dexpanthenol (115),6547
epinephrine (391), 6676
folic acid (411), 6689
niacin or niacinamide (441); 6704

riboflavin (481), 6735
single-steroid (511), 6750
for steroids (351), 6669
thiamine (531), 6756
vitamin A (571), 6801
vitamin B12 activity (171), q584
vitamin D (581), 6808
vitamin E (551), 6767

Assays
antibiotics-microbial (81), 6488
design and analysis of biological (111),

6543
insulin (121), 6547

Assessment of drug product performance­
bioavailability, bioequivalence, and
dissolution (1090), 7695

Assessment of drug product leachables
associated with pharmaceutical packaging/
delivery systems (1664), 8455

Assessment of extractables associated with
pharmaceutical packaging/delivery systems
(1663), 8442

Astaxanthin esters, 4779
Astragalus root, 4782

dry extract, 4787
powder, 4785

Atenolol, 405
and chlorthalidone tablets, 409
injection, 406
oral solution, 407
tablets, 407

Atenolol compounded
oral suspension, 408

Atenolol compounded, veterinary
oral suspension, 409

Atomic absorption spectroscopy (852), 7142
Atomic absorption spectroscopy-theory and

practice (1852), 8632
Atomic masses, 6345
Atomic weights, 6344
Atomoxetine

capsules, 412
Atornoxetlne hydrochloride, 411
Atorvastatin calcium, 414
Atorvastatin calcium

tablets, 418
Atovaquone, 422

oral suspension, 423
Atracurium besylate, 424

injection, 426
Atropine, 428

sulfate, 428
sulfate and diphenoxylate hydrochloride

oral solution, 1438
sulfate and diphenoxylate hydrochloride

tablets, 1439
sulfate injection, 430
sulfate ophthalmic ointment, 431
sulfate ophthalmic solution, 432

Attapulgite, activated, 433
colloidal, 433

Aurothioglucose, 434
injectable suspension, 434

Auxiliary packaging components (670), 6916
Avobenzone, 435
Azaperone, 435

injection, 436
Azatadine maleate, 437

tablets, 438
Azathioprine, 438

oral suspension, 440
sodium for injection, 442
tablets, 441

Azelastine hydrochloride, 443

Azelastine hydrochloride
ophthalmic solution, 445

Azithromycin, 446
capsules, 450
for injection, 451
for oral suspension, 454
tablets, 457

Azo violet, 6220
Aztec marigold zeaxanthin

extract, 4789
Aztreonam, 460

injection, 462
for injection, 463

Azure A, 6140

B
Bacillus coagulans, 4791
Bacillus coagulans capsules, 4794
Bacillus subtilis subsp. subtilis menaquinone-7

extract, 5152
Bacitracin, 464

for injection, 466
methylene disalicylate, soluble, 467
methylene disalicylate soluble powder, 467
neomycin and polymyxin B sulfates and

hydrocortisone acetate ointment, 3116
neomycin and polymyxin B sulfates and

hydrocortisone acetate ophthalmic
ointment, 3116

neomycin and polymyxin B sulfates and
lidocaine ointment, 3117

and neomycin and polymyxin B sulfates
ointment, 3115

and neomycin and polymyxin B sulfates
ophthalmic ointment, 3115

and neomycin sulfate ointment, 3104
ointment, 466
ophthalmic ointment, 467
and polymyxin B sulfate topical aerosol,

468
zinc, 468
zinc, neomycin and polymyxin B sulfates,

and hydrocortisone ointment, 3118
zinc, neomycin and polymyxin B sulfates,

and hydrocortisone ophthalmic
ointment, 3119

zinc, neomycin and polymyxin B sulfates,
and hydrocortisone acetate ophthalmic
ointment, 3120

zinc, neomycin and polymyxin B sulfates,
and lidocaine ointment, 3120

zinc and neomycin and polymyxin B
sulfates ointment, 3118

zinc and neomycin and polymyxin B
sulfates ophthalmic ointment, 3118

zinc and neomycin sulfate ointment, 3104
zinc ointment, 470
zinc and polymyxin B sulfate topical

aerosol, 3591
zinc and polymyxin B sulfate ointment,

471
zinc and polymyxin B sulfate ophthalmic

ointment, 471
zinc and polymyxin B sulfate topical

powder, 3591
zinc soluble powder, 470

Baclofen, 471
oral suspension, 473
tablets, 473
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Bacopa, 4797
extract, powdered, 4800
powdered,4798

Bacterial
alkaline protease preparation, 6140
endotoxins test (85), 6508

Bacteriostatic
sodium chloride injection, 4067
water for injection, 4652

Balances (41), 6449
Balsalazide disodium, 475

capsules, 477
Banaba leaf, 4801

extract, dry, 4805
powder, 4803

Bandage .
adhesive, 478
gauze, 478

Barbital sodium, 6140
Barbituric acid, 6140
Barium

acetate, 6140
chloride, 6140
chloride, anhydrous, 6138, 6140
chloride dihydrate, 6140
chloride TS, 6227
hydroxide, 6140
hydroxide lime, 479
hydroxide TS, 6227
nitrate, 6141
nitrate TS, 6227
sulfate, 479
sulfate for suspension, 482
sulfate paste, 480
sulfate suspension, 481
sulfate tablets, 483

0.05 M Barium perchlorate VS, 6238
Basic fuchsin, 6141
Beclomethasone, 6141
Beclomethasone dipropionate, 483
Beclomethasone dipropionate compounded

oral solution, 484
Beef extract, 6141
Behenoyl polyoxylglycerides, 5628
Belladonna

leaf, 485
extract, 486
extract tablets, 487
tincture, 488

Benazepril hydrochloride, 488
and amlodipine hydrochloride capsules,

269
tablets, 491

Benazepril hydrochloride compounded,
veterinary
oral suspension, 490

Bendamustine hydrochloride, 493
Bendamustine hydrochloride for injection,

495.
Bendroflumethiazide, 496

and nadolol tablets, 3062
tablets, 497

Benoxinate hydrochloride, 498
and fluorescein sodium ophthalmic

solution, 1944
ophthalmic solution, 499

Bentonite, 5629
magma, 5632
purified; 5630

Benzaldehyde, 5632, 6141
elixir, compound, 5634

Benzalkonium chloride, 5634, 6141
solution, 5636

Benzamidine hydrochloride hydrate, 6141
Benzani1ide, 6141

Benzene, 6141
Benzenesulfonamide, 6141
Benzenesulfonyl chloride, 6141
Benzethonium chloride, 499

concentrate, 500
topical solution, 501
tincture, 501

Benzhydrol, 6141
Benzil,6141
Benzocaine, 502

topical aerosol, 503
and antipyrine otic solution, 352
antipyrine, and phenylephrine

hydrochloride otic solution, 354
butarnben, and tetracaine hydrochloride

topical aerosol, 513
butamben, and tetracaine hydrochloride

gel,514
butamben, and tetracaine hydrochloride

ointment, 516
butamben, and tetracaine hydrochloride

topical solution, 517
cream, 505
gel,506
lozenges, 507
and menthol topical aerosol, 518
ointment, 509
otic solution, 510
topical solution, 511

Benzoic
acid, 520, 6141
and salicylicacids ointment, 521

Benzoin, 522
tincture, compound, 522

Benzonatate, 523
capsules, 523

Benzophenone, 6141
p-Benzoquinone, 6197
Benzoyl

chloride, 6141
peroxide and erythromycin topical gel,

1692
peroxide gel, 526
peroxide, hydrous, 525
peroxide lotion, 527

N-Benzoyl+arginine ethyl ester
hydrochloride, 6141

3-Benzoylbenzoic acid, 6141
Benzoylformic acid, 6141
Benzphetamine hydrochloride, 6141
Benzphetamine hydrochloride, 528

tablets, 530
Benztropine mesylate, 532

injection, 532
tablets, 533

Benzyl
alcohol, 5639
benzoate, 534
benzoate lotion, 535

N-Benzylacetamide, 6142
2-Benzylaminopyridine, 6142
l-Benzylimidazole, 6142
Benzylpenicilloyl polylysine

concentrate, 535
injection, 536

Benzyltrimethylammonium chloride, 6142
Beta carotene, 536

capsules, 538
preparation, 4806

Betadex, 5641 .
sulfobutyl ether sodium, 5643

Beta glucan, 4808
Betahistine hydrochloride, 540
Betaine hydrochloride, 540
Beta-lactoglobulin, 6174

Beta-lactoglobulin A, 6174
Betamethasone, 541

acetate, 544
acetate and betamethasone sodium

phosphate injectable suspension, 551
acetate and gentamicin sulfate ophthalmic

solution, 2102
benzoate, 544
benzoate gel, 545
cream, 541
dipropionate, 546
dipropionate and c1otrimazole cream, 1124
dipropionate cream, 547
dipropionate lotion, 548
dipropionate ointment, 548
sodium phosphate, 549
sodium phosphate and betamethasone

acetate injectable suspension, 551
sodium phosphate injection, 551
oral solution, 542
valerate, 552
valerate cream, 553
valerate and gentamicin sulfate ointment,

2103
valerate and gentamicin sulfate otic

solution, 2104
valerate and gentamicin sulfate topical

solution, 2105
valerate lotion, 554
valerate ointment, 556

Betanaphthol, 6142
TS,6227

Betaxolol
hydrochloride, 557
ophthalmic solution, 558
tablets, 559

Bethanechol chloride, 561
injection, 562
oral solution, 563
oral suspension, 564
tablets, 564

Beta-Iactamase, 6142, 6186
Bibenzyl, 6142, 6156
Bicalutamide, 566

tablets, 567
Bifidobacterium animalissubsp. lactis, 4811
Bilberry

extract, powdered, 4813
Bile salts, 6142, 6203
(S)-Binol, 6142
Bioburden control of nonsterile drug

substances and products (1115), 7827
Biocompatibility of materials used in drug

containers, medical devices, and implants,
the (1031),7313

Biological
assay chapters-overview and glossary

(1030), 7300
assay validation (1033), 7337
indicators-resistance performance tests

(55), 6452
indicators for sterilization (1229.5), 8216
reactivity tests, in vitro (87),6514
reactivity tests, in vivo (88), 6516

Biologics (1041), 7379
Biotechnology products: stability testing of

biotechnological/biological products,
quality of (1049), 7454

Biotechnology-derived articles
amino acid analysis (1052), 7481
isoelectric focusing (1054), 7499
peptide mapping (1055), 7501
polyacrylamide gel electrophoresis (1056),

7508
total protein assay (1057), 7515
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Biotechnology products derived from cell
lines of human or animal origin, viral safety
evaluation of (1050), 7459

Biotin, 569
capsules, 570
tablets, 571

Biotin compounded
oral suspension, 571

Biphenyl, 6142
2,2'-Bipyridine, 6162
Bis(4-sulfobutyl) ether disodium, 6143
Bisacodyl, 572

rectal suspension, 574
suppositories, 573
delayed-release tablets, 574

4,4'-Bis(4-amino-naphthylazo)-2,2'­
stilbenedisulfonic acid, 6143

Bis(2-ethylhexyl)
maleate, 6143
(phosphoric acid), 6143
phthalate, 6143
sebacate, 6143

Bismuth, 6143
citrate, 576
iodide TS, potassium, 6233
milk of, 575
nitrate pentahydrate, 6143
nitrate, 0.01 mol/L, 6239
subcarbonate, 576
subgallate, 577
subnitrate, 578, 6143
subsalicylate, 579
subsalicylate magma, 580
subsalicylate oral suspension, 582
subsalicylate tablets, 583
sulfite, 6220
sulfite agar, 6143

Bisoctrizole, 583
Bisoprolol fumarate, 585

and hydrochlorothiazide tablets, 587
tablets, 586

Bis(trimethylsilyl)
acetamide, 6143
trifluoroacetamide, 6143
trifluoroacetamide with

trimethylchlorosilane, 6143
Biuret reagent TS, 6227
Black cohosh, 4815

fluidextract, 4821
powdered, 481 7
powdered extract, 4820
tablets, 4823

Black pepper, 4825
powdered, extract, 4829
powdered, 4827

Bleomycin
for injection, 588
sulfate, 589

Blood
Blood, 6143
Grouping reagent, anti-A, grouping

reagent, anti-B, and grouping reagent,
anti-AB, 6143

Technetium Tc 99m red blood cells
injection, 4235

Blue
G TS, brilliant, 6227
tetrazolium, 6144

tetrazolium TS, 6227
Board of trustees

USP Convention (2015-2020), ix
Boiling or distilling range for reagents, 6128
Boldine, 6144 .
Boluses

amoxicillin, 299
ampicillin, 321
aspirin, 388
dihydrostreptomycin sulfate, 1391
neomycin, 3102
phenylbutazone, 3511
tetracycline, 4302

Borage seed oil, 4830
capsules, 4831

Boric acid, 5646, 6144
(-)-Bornyl acetate, 6144
Boron trifluoride, 6144
14% Boron trifluoride-methanol, 6144
Boswellia serrata, 4832

extract, 4834
Botanical

extracts (565), 6798
origin, identification of articles of (563),

6788
Bovine collagen, 6144
Bovine serum (1024), 7260
7 percent bovine serum albumin certified

standard, 6144
Branched polymeric sucrose, 6144
Bretylium tosylate, 590

in dextrose injection, 591
injection, 590

Brilliant
blue G TS, 6227
green, 6220
yellow, 6220

Brimonidine tartrate, 591
Brinz6lamide, 592

ophthalmic suspension, 594
Bromelain, 6144
Bromine, 6145

sodium acetate TS, 6227
tenth-normal (0.1 N), 6239
TS, 6227

a-Bromo-2'-acetonaphthone, 6145
p-Bromoaniline, 6145

TS, 6227
Bromocresol

blue, 6220
blue TS, 6220
green, 6220
green-methyl red TS, 6227
green sodium salt, 6220
green TS, 6220, 6227
purple, 6220
purple sodium salt, 6220
purple TS, 6227

Bromocriptine mesylate, 595
capsules, 596
tablets, 597

Bromodiphenhydramine hydrochloride, 599
and codeine phosphate oral solution, 600
oral solution, 599

Bromofluoromethane, 6145
Bromophenol blue, 6220

sodium, 6220
TS,6227

N-Bromosuccinimide, 6145
Bromothymol blue, 6220

TS,6227
Brompheniramine maleate, 601

injection, 602
and pseudoephedrine sulfate oral solution,

603

oral solution, 602
tablets, 603

Brucine sulfate, 6145
Budesonide, 604

Buffer
Acetate TS, 6225
Acetic acid-ammonium acetate TS, 6225
Acetone buffered, TS, 6227
Acid phthalate, 6145
Alkaline borate, 6145
Hydrochloric acid, 6145
Neutralized phthalate, 6145

Buffered acetone TS, 6227
Buffers, 6145
Buffer solutions, 6145, 6223

acetate buffer, 6145
alkaline borate buffer, 6145
hydrochloric acid buffer, 6145
neutralized phthalate buffer, 6145
phosphate buffer, 6145

Bulk density and tapped density of powders
(616), 6850

Bulk pharmaceutical excipients-certificate of
analysis (1080), 7647

Bulk powder sampling procedures (1097),
7732

Bumetanide, 606
injection, 607
tablets, 608

Bupivacaine hydrochloride, 610
in dextrose injection, 612
and epinephrine injection, 612
injection, 611

Bupivacaine Hydrochloride
fentanyl citrate compounded injection,

1850
Buprenorphine

hydrochloride, 614
Buprenorphine and naloxone

sublingual tablets, 616
Buprenorphine compounded, veterinary

buccal solution, 615
Bupropion hydrochloride, 618

tablets, 620
extended-release tablets, 621

Buspirone hydrochloride, 634
tablets, 637

Busulfan, 639
tablets, 640

Butabarbital, 640
sodium, 641
sodium oral solution, 642
sodium tablets, 643

Butalbital, 644
acetaminophen, and caffeine capsules, 645
acetaminophen, and caffeine tablets, 646
aspirin, and caffeine capsules, 648
aspirin, caffeine, and codeine phosphate

capsules, 651
aspirin, and caffeine tablets, 649
and aspirin tablets, 646

Butamben, 653
benzocaine, and tetracaine hydrochloride

topical aerosol, 513
benzocaine, and tetracaine hydrochloride

gel, 514
benzocaine, and tetracaine hydrochloride

ointment, 516
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Butamben (continued)
benzocaine, and tetracaine hydrochloride

topical solution, 517
Butane, 5647
Butane-l,2-diol, 6145
Butane-I.a-dlol, 6145
Butane-2,3-diol, 6145
1,3-Butanediol, 6145
2,3-Butanedione, 6145, 6156
1-Butanesulfonic acid sodium salt, 6145
1,4-Butane sultone, 6145
Butanol, 6145
Butoconazole nitrate, 654

vaginal cream, 655
Butorphanol tartrate, 655

injection, 656
nasal spray, 657

Butyl
acetate, normal, 6145
alcohol, 5648, 6145, 6146, 6184
alcohol, normal, 6145
alcohol, secondary, 6134, 6146, 6198
alcohol, tertiary, 6134, 6209
benzoate, 6146
ether, 6146
methacrylate, .6146
palmitostearate, 5649
stearate, 5650

n-Butyl chloride, 6146, 6151
tert-Butyl methyl ether, 6146
n-Butylamine, 6146, 6184
tert-Butylamine, 6146, 6184
4-(Butylaminp)benzoic acid, 6146
Butylated

hydroxyanisole, 5651
n-Butylboronic acid, 6146
tert-Butyldimethylchlorosilane in N-methyl-N­

tert-butyldimethylsilyltrifluoroacetamide, (1
in 100), 6146

Butylene glycol, 5653
Butylparaben, 5655,6146
4-tert-Butylphenol, 6146
t-Butylthiol, 6146
Butyraldehyde, 6146
Butyric acid, 6146
Butyrolactone, 6146
Butyrophenone, 6147

c
C13

for oral solution, urea, 767
urea, 766

C14
capsules, urea, 768

Cabergoline, 658
tablets, 659

Cadmium
acetate, 6147
nitrate, 6147

Caffeine, 661
acetaminophen and aspirin tablets, 49
and acetaminophen tablets, 51
aspirin and dihydrocodeine bitartrate

capsules, 402
butalbital, and acetaminophen capsules,

645
butalbital, and acetaminophen tablets, 646
butalbital, and aspirin capsules, 648
butalbital, aspirin, and codeine phosphate

capsules, 651

butalbital, and aspirin tablets, 649
citrate injection, 662
citrate oral solution, 663
and ergotamine tartrate suppositories,

1680
and ergotamine tartrate tablets, 1681
orphenadrine citrate and aspirin tablets,

3288
and sodium benzoate injeCtion, 664

Calamine, 664
topical suspension, phenolated, 665
topical suspension, 665

Calcifediol, 666
capsules, 666

Calcipotriene, 667
ointment, 668

Calcitonin salmon, 670
injection, 674
nasal solution, 675

Calcitriol, 675
injection, 677

Calcium
acetate, 677, 6147
acetate and aluminum sulfate tablets for

topical solution, 195
acetate tablets, 682
ascorbate, 682
carbonate, 683, 5656, 6147
carbonate, alumina, and magnesia

chewable tablets, 169
carbonate, alumina, magnesia, and

simethicone chewable tablets, 170
carbonate, alumina, and magnesia oral

suspension, 168
carbonate, chelometric standard, 6147
carbonate lozenges, 685
carbonate, magnesia, and simethicone

chewable tablets, 689
carbonate and magnesia chewable tablets,

688
carbonate oral suspension, 686
carbonate tablets, 687
caseinate, 6147
chloride, 692, 6147
chloride, anhydrous, 6138, 6147
chloride injection, 693
chloride IS, 6227
citrate, 693, 6147
citrate tablets, 4835
glubionate syrup, 695
gluceptate, 696
gluceptate injection, 697
gluconate, 697
gluconate injection, 700
gluconate tablets, 701
glycerophosphate, 4836
hydroxide, 701, 6147
hydroxide topical solution, 702
hydroxide IS, 6227
lactate, 702, 6147
lactate tablets, 703
lactobionate, 704
Leucovorin comounded oral solution, 2570
levulinate, 705
levulinate injection, 705
and magnesium carbonates oral

suspension, 691
and magnesium carbonates tablets, 691
nitrate, 6148
pantothenate, 706
pantothenate assay (91), 6536
pantothenate, dextro, 6148
pantothenate, racemic, 708
pantothenate tablets, 707
phosphate, anhydrous dibasic, 710

phosphate tablets, dibasic, 712
phosphate, tribasic, 5657
phosphate dihydrate, dibasic, 708
polycarbophil, 713
propionate, 5658
saccharate, 713
silicate, 5659
stearate, 5661
succinate, 714
sulfate, 5662, 6148
sulfate IS, 6227
undecylenate, 714
and vitamin D with minerals tablets, 4845

. with vitamin D tablets, 4843
Calcium acetate

and aluminum sulfate for topical solution,
194

Calcium acetate
capsules, 680

Calcium citrate malate, 694
Calcium glubionate

syrup, 695
Calcium L-5-methyltetrahydrofolate, 4838

capsules, 4841
tablets, 4842

Calconcarboxylic acid, 6148
triturate, 6148

Calf thymus DNA, 6148
dl-Camphene, 6148
Camphor, 715

spirit, 715
d-l O-Camphorsulfonic acid, 6148
dl-1O-Camphorsulfonic acid, 6148
Canada balsam, 6148
Candelilla wax, 5663
Candesartan cilexetil, 716

and hydrochlorothiazide tablets, 719
tablets, 71 7

Canola oil, 5664
Capecitabine, 722

tablets, 723
Capillary electrophoresis (1053), 7492
Capreomycin

for injection, 726
sulfate, 725

Capric acid, 6148
Caprylic acid, 5664
Caprylocaproyl polyoxylglycerides, 5665
Capsaicin, 727
Capsicum, 728

oleoresin, 730
tincture, 732

Capsules
Acebutolol hydrochloride, 35
Acetaminophen, 40
Containing at least three of the

following-acetaminophen and (salts of)
chlorpheniramine, dextromethorphan,
and pseudoephedrine, 52

Acetaminophen and codeine phosphate,
52

Acitretin, 86
Acyclovir, 89
Altretamine, 164
Aluminum hydroxide gel, dried, 190
Amantadine hydrochloride, 209
Aminobenzoate potassium, 230
Amlodipine and benazepril hydrochloride,

269
Amoxicillin, 300
Ampicillin, 321
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Capsules (continued)
Anagrelide, 334
Aprepitant, 362
Arginine, 4763
Aspirin, 389
Aspirin, caffeine, and dihydrocodeine

bitartrate, 402
Aspirin delayed-release, 390
Atomoxetine, 412
Azithromycin, 450
Bacillus coagulans, 4794
Balsalazide disodium, 477
Benzonatate, 523
Beta carotene, 538
Biotin, 570
Borageseed oil, 4831
Bromocriptine mesylate, 596
Butalbital, acetaminophen, and caffeine,

645
Butalbital, aspirin, and caffeine, 648
Butalbital, aspirin, caffeine, and codeine

phosphate, 651
Calcifediol, 666
Calcium acetate, 680
Calcium L-5-methyltetrahydrofolate, 4841
C 14, urea, 768
Castor oil, 805
Cat's claw, 4857
Cefaclor, 809
Cefadroxil, 815
Cefdinir, 827
Cephalexin, 897
Cephradine, 907
Chloral hydrate, 924
Chloramphenicol, 928
Chlordiazepoxide hydrochloride, 941
Chlordiazepoxide hydrochloride and

c1idinium bromide, 943
Chlorpheniramine maleate extended­

release, 970
Chlorpheniramine maleate and

pseudoephedrine hydrochloride
extended-release, 972

Cholecalciferol, 986
Clindamycin hydrochloride, 1065
Clofazimine, 1085
Clofibrate, 1088
Clomipramine hydrochloride, 1093
Cloxacillin sodium, 1129
Cod liveroil, 4910
Crypthecodinium cohnii oil, 4925
Curcuminoids, 4929
Cyclobenzaprine hydrochloride extended-

release capsules, 1197
Cycloserine, 1211
Cyclosporine, 1213
Danazol, 1234
Dantrolene sodium, 1236
Diazoxide, 1333
Dicloxacillin sodium, 1358
Dicyclomine hydrochloride, 1360
Didanosine delayed-release, 1364
Digitalis, 1380
Dihydrotachysterol, 1392
Diltiazem hydrochloride extended-release,

1399
Diphenhydramine hydrochloride, 1425
Diphenhydramine hydrochloride and

ibuprofen, 1431
Diphenhydramine and pseudoephedrine,

1435
Disopyramide phosphate, 1450
Disopyramide phosphate extended-release,

1450
Divalproex sodium delayed-release, 1454

Docusate calcium, 1476
Docusate potassium, 1478
Docusate sodium, 1479
Doxepin hydrochloride, 1509
Doxycycline, 1519
Doxycycline extended-release, 1521
Doxycycline hyclate, 1534
Doxycycline hyclate delayed-release, 1536
Dronabinol, 1549
Duloxetinedelayed-release, 1559
Echinacea species, 4966
Echinacea species dry extract, 4960
Efavirenz, 1588
Eleuthero root and rhizome dry extract,

4972
Eleuthero root and rhizome powder, 4976
Ephedrinesulfate, 1642
Ergocalciferol, 1666
Ergoloid mesylates, 1670
Erythromycin delayed-release, 1686
Erythromycin estolate, 1693
Esomeprazole magnesium delayed-release,

1716
Ethchlorvynol, 1766
Ethosuximide, 1774
Etodolac, 1786
Etoposide, 1794
Evening primrose oil, 4980
Fenofibrate, 1834
Fenoprofen calcium, 1845
Ferrous gluconate, 1859
Fexofenadinehydrochloride, 1870
Fish oil containing omega-3 acids, 4994
Fish oil containing omega-3 acids, delayed-

release, 4997
Flax seed oil, 4999
Flucytosine, 1916
Fluoxetine, 1958
Fluoxetine delayed-release, 1959
Flurazepam hydrochloride, 1978
Flutamide, 1984
Fluvastatin, 2020
Gabapentin, 2058
Galantamine extended-release, 2074
Gemfibrozil, 2097
Ginger, 5032
Ginkgo, 5037
Ginseng, American, 4754
Griseofulvin, 2165
Guaifenesin, 2170
Guaifenesin and pseudoephedrine

hydrochloride, 2174
Guaifenesin, pseudoephedrine

hydrochloride, and dextromethorphan
hydrobromide, 2175

Hydrochlorothiazide, 2219
Hydroxyurea, 2263
Hydroxyzine pamoate, 2271
Imipramine pamoate, 2304
Indomethacin, 2324
Indomethacin extended-release, 2325
Sodium iodide I 123, 2365
Sodium iodide I 131, 2368
Isometheptene mucate,

dichloralphenazone, and
acetaminophen, 2423

Isosorbide dinitrate extended-release, 2441
Isotretinoin, 2458
Isradipine, 2465
itraconazole, 2468
Kanamycin sulfate, 2503
Ketoprofen, 2510
Ketoprofen extended-release,· 2511
Krill oil, 5104
Krill oil delayed-release, 5107

Lansoprazole delayed-release, 2553
Lincomycin hydrochloride, 2634
Alpha lipoic acid, 5125
Lithium carbonate, 2650
Lomustine, 2656
Loperamide hydrochloride, 2660
Loxapine, 2697
Lutein, 5128
Magnesium oxide, 2721
Meclofenamate sodium, 2754
Mefenamic acid, 2758
Menaquinone-7, 5147
Mesalamineextended-release, 2802
Methoxsalen, 2863
Methsuximide, 2870
Methyltestosterone, 2906
Metronidazole, 2934
Metyrosine, 2942
Mexiletine hydrochloride, 2944
Milk thistle, 5162
Minerals, 5164
Minocycline hydrochloride, 2965
Morphine sulfate extended-release, 3024
Mycophenolate mofetil, 3044
Nifedipine, 3161
Nitrofurantoin, 3174
Nizatidine, 3192
Nortriptyline hydrochloride, 3216
Oil- and water-soluble vitamins with

minerals, 5435
Olanzapine and fluoxetine, 3237
Oleovitamin A and D, 3242
Omega-3 ethyl esters, 3253
Omeprazole delayed-release, 3258
Orlistat, 3280
Oseltamivir phosphate, 3293
Oxazepam, 3314
Oxycodone and acetaminophen, 3341
Oxytetracycline hydrochloride, 3362
Pancrelipase, 3384
Pancrelipase delayed-release, 3384
Paricalcitol, 3404
Paromomycin sulfate, 3408
Penicillamine, 3427
Phendimetrazine tartrate, 3493
Phenoxybenzamine hydrochloride, 3503
Phentermine hydrochloride, 3506
Phenytoin sodium, extended, 3531
Piroxicam, 3578
Potassium chloride extended-release, 3602
Prazosin hydrochloride, 3653
Procainamide hydrochloride, 3689
Procarbazine hydrochloride, 3696
Propranolol hydrochloride extended-

release, 3747
Pseudoephedrine hydrochloride extended-

release, 3762
Pygeum, 5200
Quinidine sulfate, 3813
Quinine sulfate, 3819
Ramipril, 3839
Rhodiola rosea, 5224
Ribavirin, 3863
Rifabutin, 3873
Rifampin, 3876
Rifampin and isoniazid, 3878
Ritonavir, 3914
Rivastigmine tartrate, 3925
Propafenone hydrochloride extended-

release, 3729
St. John's wort flowering top dry extract,

5242
Salsalate, 3981
Saquinavir, 3984
Saw palmetto, 5259
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Capsules (continued)
Schlzochytrlurrr oil, 5269
Secobarbital sodium, 4015
Selegiline hydrochloride, 4018
Simethicone, 4043
Soy isoflavones, 5276
Stavudine, 4120
Sulfinpyrazone, 4172
Tacrolimus, 4196
Tamsulosin hydrochloride, 4213
Temazepam, 4251
Temozolomide, 4253
Terazosin, 4261
Tetracycline hydrochloride, 4305
Tetracycline hydrochloride and nystatin,

4313
Thalidomide, 4318
Theophylline, 4321
Theophylline extended-release, 4322
Theophylline and guaifenesin, 4331
Thiothixene, 4359
Tienchi ginseng root and rhizome dry

extract, 5309
Tienchi ginseng root and rhizome powder,

5304
Tolmetin sodium, 4423
Topiramate, 4432
Triamterene, 4495
Triamterene and hydrochlorothiazide, 4496
Trientine hydrochloride, 4510
Trihexyphenidyl hydrochloride extended-

release, 4518
Trimethobenzamide hydrochloride, 4524
Ubidecarenone, 5320
Ursodiol, 4558
Valerian root dry extract, 5332
Valerian root powder, 5333
Valproic acid, 4573
Vancomycin hydrochloride, 4588
Venlafaxine hydrochloride extended-

release, 4598
Verapamil hydrochloride extended-release,

4605
Vinpocetine, 5336
Vitamin A, 4633
Vitamin E, 4639
Vitamins with minerals, oil-soluble, 5361
Vitamins with minerals, oil- and water-

soluble, 5435
Vitamins with minerals, water-soluble,

5523
Vitamins, oil-soluble, 5346
Vitamins, oil- and water-soluble, 5389
Vitamins, water-soluble, 5499
Zaleplon, 4669
Zidovudine, 4674
Ziprasidone, 4695
Zonisamide, 4719

Capsules-dissolution testing and related
quality attributes (1094), 7725

Captopril, 733
and hydrochlorothiazide tablets, 737
oral solution, 734
oral suspension, 735
tablets, 735

Caramel, 5666
Caraway, 5666

oil,5667
Carbachol, 738

intraocular solution, 739
ophthalmic solution, 739

Carbamazepine, 740
oral suspension, 742
tablets, 743
extended-release tablets, 746

Carbamide peroxide, 747
topical solution, 747

Carbazole sulfate, 6148
Carbenicillin

disodium, 748
indanyl sodium, 748
indanyl sodium tablets, 749
for injection, 748

Carbidopa, 750
and levodopa extended-release tablets,

753
and levodopa orally disintegrating tablets,

759
and levodopa tablets, 751

Carbinoxamine maleate, 761
pseudoephedrine hydrochloride, and

dextromethorphan hydrobromide oral
solution, 3767

tablets, 763
Carbol-fuchsin topical solution, 765
Carbomer

934, 5667
934P, 5668
940, 5670
941, 5671
1342,5672
copolymer, 5673
homopolymer, 5676
interpolymer, 5679

Carbon
C 13 for oral solution, urea, 767
C 13, urea, 766
C 14 capsules, urea, 768
dioxide, 765
dioxide detector tube, 6148
disulfide, chromatographic, 6148
disulfide, CS, 6148 '
monoxide detector tube, 6148
tetrachloride, 6148

Carbonates
calcium and magnesium, oral suspension,

691
calcium and magnesium, tablets, 691

Carboplatin, 768
for injection, 769

Carboprost
tromethamine, 771
tromethamine injection, 772

Carboxylate (sodium form) cation-exchange
resin (50- to 100-mesh), 6148

Carboxymethoxylamine hemihydrochloride,
6149

Carboxymethylcellulose
calcium, 5682
sodium, 773
sodium 12, 5684
sodium, low-substituted, 5682
sodium and microcrystalline cellulose,

5698
sodium paste, 774
sodium tablets, 774

Carboxymethylcellulose sodium
enzymatically-hydrolyzed, 5685

Cardamom
oil,5688
seed,5688
tincture, compound, 5689

Carisoprodol, 776
aspirin and codeine phosphate tablets, 780
and aspirin tablets, 778
tablets, 777

Carmellose, 5689
Carmine, 6149
Carmustine, 782

for injection, 784
Carotenes, 4850
Carprofen, 785

tablets, 786
Carrageenan, 5690
Carteolol hydrochloride, 788

ophthalmic solution, 789
tablets, 790

Carvedilol, 791
tablets, 793

(R)-(-)-Carvone, 6149
Casanthranol, 795
Cascara

fluidextract, aromatic, 801
sagrada, 797
sagrada extract, 798
sagrada fluidextract, 801
tablets, 800

Casein, 6149
hammersten, 6149

Castor oil, 802
aromatic, 807
capsules, 805
emulsion, 806
hydrogenated, 5691
polyoxyl 35, 5956

Catechol, 6149
Cation-exchange resin, 6149

carboxylate (sodium form) (50- to 100-
mesh), 6148, 6149

polystyrene, 6149, 6192
styrene-divinylbenzene, 6149
styrene-divinylbenzene, strongly acidic,

6149
sulfonic acid, 6149, 6209

Cat's claw, 4852
capsules, 4857
extract, powdered, 4855
powdered, 4854
tablets, 4858

Cedar oil, 6149
Cefaclor, 807

capsules, 809
for oral suspension, 810
extended-release tablets, 811

Cefadroxil, 813
capsules, 815
for oral suspension, 816
tablets, 817

Cefamandole nafate, 818
for injection, 819

Cefazolin, 820
injection, 822
for injection, 823
sodium, 824

Cefdinir, 826
capsules, 827
for oral suspension, 830

Cefepime
hydrochloride, 834
for injection, 832

Cefixime, 836
for oral suspension, 837
tablets, 838

Cefmenoxime
hydrqchloride, 839
for injection, 839

Cefmetazole, 840
injection, 841
for injection, 841
sodium, 842
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Cefonicid
for injection, 842
sodium, 843

Cefoperazone
injection, 844
for injection, 844
sodium, 845

Ceforanide, 846
for injection, 846

Cefotaxime
injection, 847
for injection, 848
sodium, 850

Cefotetan, 853
disodium, 855
injection, 853
for injection, 854

Cefotiam
hydrochloride, 856
for injection, 857

Cefoxitin
injection, 859
for injection, 860
sodium, 858

Cefpiramide, 860
for injection, 862

Cefpodoxime proxetil, 863
for oral suspension, 864
tablets, 864

Cefprozil, 865
for oral suspension, 869
tablets, 870

Ceftazidime, 872
injection, 872
for injection, 873

Ceftiofur
hydrochloride, 875
sodium, 877

Ceftizoxime
injection, 880
for injection, 881
sodium, 880

Ceftriaxone
injection, 881
for injection, 882
sodium, 884

Cefuroxime
axetil, 887
axetil for oral suspension, 888
axetil tablets, 889
injection, 886
for injection, 886
sodium, 891

Celecoxib, 892
Cellaburate, 5694
Cellacefate, 5696
Cellular and tissue-based products (1046),

7400
Cellulose

acetate, 5701
chromatographic, 6149
microcrystalline, 5696, 6150
microcrystalline and

carboxymethylcellulose sodium, 5698
mixture, chromatographic, 6150
oxidized, 893
oxidized regenerated, 894
powdered, 5700
silicified microcrystalline, 5699
sodium phosphate, 895
sodium phosphate for oral suspension, 896

Cellulose diethylaminoethyl; 6150 .
Centella asiatica, 4859

extract, powdered; 4863
powdered, 4861

triterpenes, 4864
Cephalexin, 896

capsules, 897
hydrochloride, 900
for oral suspension, 898
tablets, 899
tablets for oral suspension, 899

Cephalothin
injection, 901
for injection, 901
sodium, 902

Cephapirin
benzathine, 904
benzathine intramammary infusion, 905
for injection, 903
sodium, 905
sodium intramammary infusion, 906

Cephradine, 906
capsules, 907
for injection, 908
for oral suspension, 909
tablets, 909

Ceric
ammonium nitrate, 6150
ammonium nitrate TS, 6227
ammonium nitrate, twentieth-normal (0.05

N), 6239
ammonium sulfate, 6150
sulfate, 6150
sulfate, tenth-normal (0.1 N), 6239

Cesium chloride, 6150
Cetirizine hydrochloride, 910

and pseudoephedrine hydrochloride
extended-release tablets, 91 7

oral solution, 912
tablets, 913
orally disintegrating tablets, 915

Cetostearyl alcohol, 5702
Cetrimide, 6150
Cetrimonium bromide, 5704
Cetyl

alcohol, 5705
esters wax, 5706
palmitate, 5708

Cetylpyridinium chloride, 921
lozenges, 922
topical solution, 923

Cetyltrimethylammonium bromide, 6150,
6169

Cetyltrimethylammonium chloride, 25
percent in water, 6150

Chamomile, 4866
Characterization of crystalline and partially

crystalline solids by X-ray powder
diffraction (XRPD) (941), 7201

Characterization of crystalline solids by
rnicrocalorlrnetry and solution calorimetry
(696), 6931

Charcoal
activated, 923, 6133, 6150

Chaste tree, 4868
powdered, 4870
powdered, extract, 4872

Chelating ion exchange resin, 6150
Chemometrics (1039), 7363
Chenodeoxycholic acid, 6150
Cherry

juice, 5709
syrup, 5709

Chia seed
oil, 4877

Chinese salvia, 4878
powdered, 4880

Chinese skullcap root, 4883
powder, 4885

Chinese skullcap root dry
extract, 4887

Chitosan, 5710
Chloral hydrate, 924

capsules, 924
oral solution, 924
TS, 6227

Chlorambucil, 925
tablets, 926

Chloramine T, 6150
Chloramphenicol, 927

capsules, 928
cream, 928
and hydrocortisone acetate for ophthalmic

suspension, 932
injection, 928
ophthalmic ointment, 929
ophthalmic solution, 929
for ophthalmic solution, 930
otic solution, 931
palmitate, 933
palmitate oral suspension, 934
and polymyxin B sulfate ophthalmic

ointment, 933
sodium succinate, 935
sodium succinate for injection, 936
oral solution, 930
tablets, 932

Chlordiazepoxide, 936
and amitriptyline hydrochloride tablets,

938
hydrochloride, 940
hydrochloride capsules, 941
hydrochloride and c1idinium bromide

capsules, 943
tablets, 937

Chlorhexidine
acetate, 945
acetate topical solution, 947
gluconate oral rinse, 949
gluconate solution, 948
gluconate topical solution, 951
hydrochloride, 952

Chlorhexidine gluconate
topical gel, 4741

Chloride
cobaltous, TS, 6227
ferric, TS, 6229
ferrous tetra hydrate, 6166
gold, 6169
gold, TS, 6229
platinic, 6191
platinic, TS, 6233
in reagents, 6129
stannous, 6041
and sulfate (221), 6636

Chlorine, 6150
detector tube, 6150
TS,6227

m-Chloroacetanilide, 6150
p-Chloroacetanilide, 6150
l-Chloroadamantane, 6151
2-Chloro-4-aminobenzoic acid, 6151
5-Chloro-2-aminobenzophenone, 6151
3-Chloroaniline, 6151
p-Chloroaniline, 6151
Chlorobenzene, 6151
4-Chlorobenzoic acid, 6151
m-Chlorobenzoic acid, 6151
4-Chlorobenzophenone, 6151
2-Chlorobenzophenone, 6151
l-Chlorobutane, 615'1
Chlorobutanol, 5714
Chlorocresol, 5715
2-Chloroethanol, 6151
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2-Chloroethylamine monohydrochloride,
6151

Chloroform, 6151
alcohol-free, 6151
methyl, 6151

Chlorogenic acid, 6151
Chloromethylated polystyrene-divinylbenzene

anion-exchange resin, 6151
1-Chloronaphthalene, 6151
4-Chloro-l-naphthol, 6151
2-Chloronicotinic acid, 6151
2-Chloro-4-nitroaniline, 99%, 6152
Chlorophyllin copper complex sodium, 954
Chloroplatinic acid, 6152
Chloroprocaine hydrochloride, 956

injection, 957
Chloroquine, 957

hydrochloride injection, 958
phosphate, 959
phosphate oral suspension, 960
phosphate tablets, 961

5-Chlorosalicylic acid, 6152
Chlorothiazide, 962

and reserpine tablets, 3859
sodium for injection, 966
oral suspension, 963
tablets, 964

Chlorothiazide compounded
oral suspension, 963

1-Chloro-2,2,2­
trifluoroethylchlorodifluoromethyl ether,
6152

Chlorotrimethylsilane, 6152, 6215
Chloroxylenol, 966
Chlorpheniramine

dextrornethorphan, pseudoephedrine,
(salts of), and acetaminophen, capsules
containing at least three of the
following, 52

dextromethorphan, pseudoephedrine (salts
of), and acetaminophen, oral powder
containing at least three of the
following, 54

dextromethorphan, pseudoephedrine (salts
of), and acetaminophen, oral solution
containing at least three of the
following, 56

dextromethorphan, pseudoephedrine (salts
of), and acetaminophen, tablets
containing at least three of the
following, 58

maleate, 968
maleate extended-release capsules, 970
maleate injection, 971
maleate, penicillin G procaine,

dihydrostreptomycin sulfate, and
dexamethasone injectable suspension,
3445

maleate and pseudoephedrine
hydrochloride extended-release capsules,
972

maleate and pseudoephedrine
hydrochloride oral solution, 973

maleate oral solution, 971
maleate tablets, 971
maleate, acetaminophen, and

dextromethorphan hydrobromide
tablets, 60

Chlorpromazine, 974
hydrochloride, 975
hydrochloride injection, 976
hydrochloride oral concentrate, 975
hydrochloride syrup, 976
hydrochloride tablets, 977
suppositories, 974

Chlorpropamide, 978
tablets, 978

Chlortetracycline
bisulfate, 979
hydrochloride, 980, 6152
hydrochloride ointment, 980
hydrochloride ophthalmic ointment, 987
hydrochloride soluble powder, 987
hydrochloride tablets, 987
and sulfamethazine bisulfates soluble

powder, 980
Chlorthalidone, 982

and atenolol tablets, 409
and clonidine hydrochloride tablets, 1104
tablets, 983

Chlorzoxazone, 983
tablets, 984

Chocolate, 5715
syrup, 5716

Cholecalciferol, 985
capsules, 986
solution, 987
tablets, 988

Cholecalciferol chewable
gels, 4889

Cholestane, 6152
Cholestanol, 6152
Cholesterol, 5716, 6152
Cholesteryl .

benzoate, 6152
n-heptylate, 6152

Cholestyramine
resin, 989
for oral suspension, 990

Choline
bitartrate, 4891
chloride, 4892, 6152

Chondroitin sulfate sodium, 4894
and glucosamine tablets, 5043
glucosamine, and methylsulfonylmethane

tablets, 5051
shark,4898
tablets, 4897

Chromate, sodium, Cr 51 injection, 992
Chromatographic

columns, 6252
fuller's earth, 6152
n-heptane, 6152
magnesium oxide, 6152
reagents, 6152
silica gel, 6152
silica gel mixture, 6152
siliceous earth, 6152
siliceous earth, silanized, 6152
solvent hexane, 6152

Chromatography (621), 6853
Chromatography, ion (1065), 7588
Chromic chloride, 990

injection, 991
Chromium

Cr 51 injection, sodium chromate, 992
picolinate, 4901
picolinate tablets, 4902
potassium sulfate dodecahydrate, 6152
trioxide, 6152

Chromogenic
substrate for amidolytic test, 6152

Chromotrope 2R, 6152
Chromotropic acid, 6152, 6202

disodium salt, 6153
TS,6227

Chymotrypsin, 993
for ophthalmic solution, 994

Ciclopirox, 995
olamine, 997

olamine cream, 998
olamine topical suspension, 998
topical solution, 996

Cidofovir, 999
injection, 1000

Cilastatin
and imipenem for injectable suspension,

2298
and imipenem for injection, 2297
sodium, 1001

Cilostazol, 1003
tablets, 1004

Cimetidine, 1005
hydrochloride, 1008
injection, 1006
in sodium chloride injection, 1007
tablets, 1007

Cinchonidine, 6153
Cinchonine, 6153
Cinnamomum cassia

twig, 4902
twig powder, 4904

Ciprofloxacin, 1009
and dexamethasone otic suspension, 1021
extended-release tablets, 101 7
hydrochloride, 1011
injection, 1012
ophthalmic ointment, 1014
ophthalmic solution, 1015
for oral suspension, 1019
tablets, 1015

Cisapride, 1024
Cisapride compounded, veterinary

injection, 1024
oral suspension, 1025

Cisatracurium besylate, 1026
injection, 1028

Cisplatin, 1030
for injection, 1032

Citalopram
hydrobromide, 1037
oral solution, 1034
tablets, 1035

Citicoline sodium, 4906
Citrate

cupric TS, alkaline, 6226, 6228
cupric TS 2, alkaline, 6226, 6228

Citric acid, 6153
anhydrous, 1040, 6153
and magnesium carbonate for oral

solution, 2710
magnesium carbonate, and potassium

citrate for oral solution, 2711
magnesium oxide, and sodium carbonate

irrigation, 1044
monohydrate, 1042
and potassium citrate oral solution, 3617
and potassium and sodium bicarbonates

effervescent tablets for oral solution,
3598

and sodium citrate oral solution, 4069
TS,6227

Citrulline, 4908
Cladribine, 1045

injection, 1046
Clarithromycin, 1047

for oral suspension, 1049
tablets, 1049
extended-release tablets, 1051

Clavulanate
potassium, 1055
potassium and amoxicillinfor oral

suspension, 308
potassium and amoxicillin tablets, 308
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Clavulanic acid
and amoxicillin extended-release tablets,

310
Clavulanic acid

and ticarcillin injection, 4371
and ticarcillin for injection, 4372

Cleaning glass apparatus (1051), 7481
Clemastine fumarate, 1057

tablets, 1059
Clenbuterol hydrochloride, 1060
Clidinium bromide, 1061

and chlordiazepoxide hydrochloride
capsules, 943

Clindamycin
hydrochloride, 1063
hydrochloride capsules, 1065
hydrochloride oral solution, 1066
injection, 1062
for injection, 1063
palmitate hydrochloride, 1068
palmitate hydrochloride for oral solution,

1068
phosphate, 1069
phosphate gel, 1071
phosphate topical solution, 1072
phosphate topical suspension, 1072
phosphate vaginal cream, 1071
phosphate vaginal inserts, 1073

Clindamycin hydrochloride compounded
oral solution, 1066

Clioquinol, 1074
cream, 1075
and hydrocortisone cream, 1077
and hydrocortisone ointment, 1078
ointment, 1076
topical powder, compound, 1076

Clobetasol propionate, 1079
cream, 1080
ointment, 1081
topical solution, 1082

Clocortolone pivalate, 1083
cream, 1084

Clofazimine, 1084
capsules, 1085

Clofibrate, 1087
capsules, 1088

Clomiphene citrate, 1088
tablets, 1090

Clomipramine compounded
oral suspension, veterinary, 1091

Clomipramine hydrochloride, 1092
capsules, 1093

Clonazepam, 1096
oral suspension, 1097
tablets, 1098
orally disintegrating tablets, 1099

Clonidine, 1100
hydrochloride, 1101
hydrochloride and chlorthalidone tablets,

1104
hydrochloride tablets, 1103
transdermal system, 1105

Clonidine hydrochloride compounded
oral suspension, 1103

Clopidogrel
bisulfate, 1109
tablets, 1111

Clopidogrel compounded
oral suspension, 1111

Cloprostenol
injection, 111 3
sodium, 111 3

Clorazepate dipotassium, 1114
tablets, 1115

Clorsulon, 111 7
and ivermectin injection, 2477

Clotrimazole, ·1118
and betamethasone dipropionate cream,

1124
cream, 1119
lotion, 111 9
lozenges, 1120
topical solution, 1122
vaginal inserts, 1123

Clove oil, 5718
Clover, red, 5203

extract, powdered, 5210
powdered, 5207
tablets, 5212

Cloxacillin
benzathine, 1125
benzathine intramammary infusion, 1126
sodium, 1127
sodium capsules, 1129
sodium intramammary infusion, 1129
sodium for oral solution, 1130

Clozapine, 1130
tablets, 1132

Cloxapine N-oxide, 6153
Coal tar, 1133

ointment, 1133
topical solution, 1133 .

Cobalt
chloride, 61,)3
nitrate, 6153
platinum, T5, 6233
uranyl acetate T5, 6227

Cobaltous
acetate, 6153
chloride, 6153
chloride C5, 6224
chloride T5, 6227

Cocaine, 1133
hydrochloride, 1134
hydrochloride tablets for topical solution,

1134
Cocoa butter, 5718
Coconut

oil, 5719
oil, hydrbgenated, 5720

Codeine, 1137
phosphate, 1137
phosphate and acetaminophen capsules,

52
phosphate and acetaminophen oral

solution, 54
phosphate and acetaminophen oral

suspension, 56
phosphate and acetaminophen tablets, 66
phosphate, aspirin, alumina, and magnesia

tablets, 404
phosphate and aspirin tablets, 403
phosphate and bromodiphenhydramine

hydrochloride oral solution, 600
phosphate, butalbital, aspirin, and caffeine

capsules, 651
phosphate, carisoprodol, and aspirin

tablets, 780
phosphate and guaifenesin oral solution,

2172
phosphate injection, 1138
phosphate tablets, 1139
phosphate and promethazine and

phenylephrine hydrochloride oral
solution, 3724

phosphate oral solution, 1138
sulfate, 1140
sulfate oral solution, 1141
sulfate tablets, 1142

and terpin hydrate oral solution, 4284
Cod liver oil, 11 35

capsules, 4910
Coenzyme Q9, 6153
Coffee fruit dry

extract, 4912
Cohosh

black fluidextract, 4821
Coix seed, 4915

powder, 4917
Colchicine, 1143

injection, 1144
and probenecid tablets, 3687
tablets, 1145

Colestipol hydrochloride, 1145
for oral suspension, 1147
tablets, 1147

Colistimethate
for injection, 1149
sodium, 1148

Colistin
and neomycin sulfates and hydrocortisone

acetate otic suspension, 1150
sulfate, 1149
sulfate for oral suspension, 1150

Collagen, 6153
rat tail, 6153

Collagenase, 6153
Collagenase I (89.1), 6524
Collagenase /I (89.2), 6529
Collodion, 1151

flexible, 1151
Colloidal oatmeal, 1152
Color

and achromicity (631), 6865
instrumental measurement (1061), 7553

Colorimetric solutions (C5), 6224
Compactin, 6153
Completeness of solution (641), 6866
Compound cardamom tincture, 5689
Compounded topical gel

ondansetron, 3272
Compounding for phase I investigational

studies, 7985
Conductivity of solutions (644), 6868
Congealing temperature (651), 6874
Congore~ 615~ 6220

T5,6227
Constitution and bylaws, xxviii
Construct human fibroblasts in bilayer

synthetic scaffold, 1153
Construct human fibroblasts in polyglactin

scaffold, 1157
Container content for injections (697), 6934
Containers

glass (660), 6881
performance testing (671), 6922

Container specifications for capsules and
tablets, 6259

Coomassie
blue G-250, 6153
brilliant blue R-250, 6153

Copovidone, 5721
Copper, 6153

gluconate, 1168
Copper sulfate pentahydrate, 6153
Coriander oil, 5723
Corn

oil,5723
starch, 6044
syrup, 5724
high fructose syrup, 5727
syrup solids, 5731

Corticotropin
injection, 11 70
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Corticotropin (continued)
for injection, 1172
injection, repository, 1174

Cortisone, 6153
acetate, 1175
acetate tablets, 1176

Cosyntropin, 1178
Cotton

absorbent, 6153
purified, 1180

Cotton (691),·6929
Cottonseed oil, 5733

hydrogenated; 5.734
Council of experts

(2015-2020), ix
Cr 51 .

injection, sodium chromate, 992
Cranberry

liquid preparation, 4919

Cream'
Alclometasonedipropionate, 111
Amcinonide, 214
Amphotericin B, 315
Anthralin, 344
Benzocaine, 505
Betamethasone, 541
Betarnethasone dipropionate, 547
Betarnethasone valerate, 553
Butoconazole nitrate, vaginal, 655
Chloramphenicol, 928
Ciclopirox olamine, 998
Clindamycin phosphate, vaginal, 1071
Clioquinol, 1075
Clioquinol and hydrocortisone, 1077
Clobetasol propionate, 1080
Clocortolone pivalate, 1084
Clotrimazole, 1119
Clotrimazole and betamethasone

dipropionate, 1124
Crotamiton, 1187
Desoximetasone, 1274
Dibucaine, 1336
Diflorasone diacetate, 1374
Dioxybenzone and oxybenzone, 1418
Estradiol, vaginal, 1725
estriol compounded vaginal, 1743
Estropipate, vaginal, 1754
Flumethasone pivalate, 1928
Fluocinolone acetonide, 1935
Fluocinonide, 1937
Fluorometholone, 1952
Fluorouracil, 1956
Flurandrenolide, 1975
Fluticasone propionate, 1987
Gentamicin sulfate, 2101
Gentian violet, 2108
Halc;inonide, 2184
Hydrocortisone, 2229
Hydrocortisone acetate, 2237
Hydrocortisone butyrate, 2239
Hydrocortisone valerate, 2245
Hydroqulnone, 2255
Lidocaine and prilocaine, 2630
Lindane, 2635
Mafenide acetate, 2703
Miconazole nitrate, 2949
Mometasone furoate, 3002
Mupirocin, 3040
Naftifine hydrochloride, 3065
Neomycin and polymyxin B sulfates, 3114

Neomycin and polymyxin B sulfates and
gramicidin, 3122

Neomycin and polymyxin B sulfates,
gramicidin, and hydrocortisone acetate,
3123

Neomycin and polymyxin B sulfates and
hydrocortisone acetate, 3125

Neomycin and polymyxin B sulfates and
lidocaine, 3126

Neomycin and polymyxin B sulfates and
pramoxine hydrochloride, 3126

Neomycin sulfate, 3103
Neomycin sulfate and dexamethasone

sodium phosphate, 3104
Neomycin sulfate and fluocinolone

acetonide, 3107
Neomycin sulfate and flurandrenolide,

3107
Neomycin sulfate and hydrocortisone,

3109
Neomycin sulfate and hydrocortisone

acetate, 3110
Neomycin sulfate and methylprednisolone

acetate, 3113
Neomycin sulfate and triamcinolone

acetonide, 3129
Nystatin, 3219
Nystatin, neomycin sulfate, gramicidin,

and triamcinolone acetonide, 3222
Nystatin, neomycin sulfate, thiostrepton,

and triamcinolone acetonide, 3223
Nystatin and triamcinolone acetonide,

3224
Piroxicam, 3579
Pramoxine hydrochloride, 3641
Prednicarbate, 3656
Prednisolone, 3660
Sulfadiazine, silver, 4150
Sulfa, vaginal, triple, 4137
Tetracaine hydrochloride, 4296
Tolnaftate, 4426
Tretinoin, 4478
Triamcinolone acetonide, 4484

Creatine, 4920
Creatinine, 5734
Cresol, 5735

red, 6220
red-thymol blue TS, 6227
red TS, 6227

m-Cresol purple, 6154
TS,6227

Cromolyn sodium, 1180
inhalation powder, 1182
inhalation solution, 1182
nasal solution, 1184
ophthalmic solution, 1185

Croscarmellose sodium, 5736
Crospovidone, 5737
Crotamiton, 1186

cream, 1187
Cryopreservation of cells (1044), 7389
Crypthecodinium cohniioil, 4922

capsules, 4925
Crystallinity (695), 6931
Crystal violet, 6220

TS,6232
Cupric

acetate, 6154
acetate TS, 6227
acetate TS, stronger, 6236
ammonium sulfate TS, 6227
chloride, 1187, 6154

chloride injection, 1188
citrate, 6154
citrate TS, 6228
citrate TS, alkaline, 6226, 6228
citrate TS 2, alkaline, 6226, 6228
iodide TS, alkaline, 6226, 6228
nitrate hydrate, 6154
nitrate, tenth-normal (0.1 N), 6239
oxide, ammoniated, TS, 6226, 6228, 6234,

6234
sulfate, 1189, 6154
sulfate, anhydrous, 6138, 6154
sulfate CS, 6225
sulfate injection, 1190
sulfate test paper, 6222
sulfate TS, 6222, 6228
tartrate, alkaline, solution (Fehling's

solution), 6239
tartrate TS, alkaline, 6226, 6228, 6229

Cupriethylenediamine hydroxide solution, 1.
OM,6154

Curcuminoids, 4927
capsules, 4929
tablets, 4930

Cyanoacetic acid, 6154
Cyanocobalamin, 1190

injection, 1191
tablets, 1192

Cyanocobalamin chewable gels, 4931
Cyanogen bromide, 6154
4-Cyanophenol, 6154
4-Cyanopyridine, 6154
Cyclam, 6154
Cyclandelate, 1193
Cyclizine hydrochloride, 1194

tablets, 1195
Cyclobenzaprine hydrochloride, 1196

extended-release capsules, 1197
tablets, 1199

1,1-Cyclobutanedicarboxylic acid, 6154
a-Cyclodextrin, 6154
~-Cyclodextrin, 6154
Cyclohexane, 6154
Cyclohexanol, .6154
(1,2-Cyclohexylenedinitrilo)tetraacetic acid,

6154
Cyclohexylmethanol, 6154
3-Cyclohexylpropionic acid, 6154
Cyclomethicone, 5740
Cyclopentolate hydrochloride, 1200

ophthalmic solution, 1201
Cyclophosphamide, 1202

for injection, 1204
tablets, 1209

Cyclophosphamide compounded
oral suspension, 1208

Cyclopropane, 1210
Cycloserine, 1211

capsules, 1211
Cyclosporine, 1212

capsules, 1213
injection, 1214
oral solution, 1216

Cyclosporine compounded, veterinary
ophthalmic solution, 1217

Cyproheptadine hydrochloride, 1218
oral solution, 1219
tablets, 1220

Cyromazine, 1221
Cysteine hydrochloride, 1221

injection, 1222
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Cystine, 4933
L-Cystine, 6154
Cytarabine, 1223

for injection, 1224

D
Dacarbazine, 1225

for injection, 1226
Dactinomycin, 1227

for injection, 1228
Dalfampridine, 1228
Dalteparin

sodium, 1230
Danazol, 1233

capsules, 1234
Dantrolene sodium, 1234

capsules, 1236
for injection, 1238

Dapsone, 1239
oral suspension, 1240
tablets, 1241

Daunorubicin hydrochloride, 1242
for injection, 1242

DEAE-Agarose, 6154
Decanol, 6154
Decoquinate, 1243

premix, 1243
Decyl sodium sulfate, 6154
Deferoxamine mesylate, 1244

for injection, 1245
Dehydrated alcohol, 6155
Dehydroacetic acid, 5741
Dehydrocholic acid, 1246
Delafield's hematoxylin TS, 6228
Deliverable volume (698),· 6935
Delta-Bvtetrahydrocannabinol, 6211
Demecarium bromide, 1246

ophthalmic solution, 1247
Demeclocycline, 1247

hydrochloride, 1248
hydrochloride tablets, 1249

Denatonium benzoate, 5741
Denaturated alcohol TS, 6228
Denlqes' reaqent; 6228
Density of solids (699),6938
Dental paste

triamcinolone acetonide, 4485
Deoxyadenosine triphosphate, 6155
Deoxycytidlnetrlphosphate, 6155
Deoxyguanosine:triphosphate, 6155
Deoxyrlbonuclek. acid polymerase, 6155
Deoxythyrnidinetriphosphate, 6155
Depyrogenatioo(1228)i 8176
Depyrogenatioo,pyfiltration (1228.3), 8184
Depyrogenation by Rinsing, 8187
Deschloroclotrimazole, 6155
Description and relative solubility of USP and

NF art:ides, 6273
Desflurane, 1253
Design,' evaluation and characterization of

viral clearance 'procedures ,(1050.1), 7472
Design and 'C1oalysisof biological assays

(111),6543
Design and development of biological assays

(1032)iI732Q"j,<" ,
Desipramin~.b'ydrpchloride, 1255

tablets,.J2-56j) '.
Deslanoside,l 258

injection, 1259.

Desloratadine, 1259
tablets, 1261
orally disintegrating tablets, 1263

Desmopressin acetate, 1265
injection, 1266
nasal spray, 1267

Desogestrel, 1268
and ethinyl estradiol tablets, 1270

Desonide, 1271
Desoximetasone, 1272

cream, 1274
gel, 1275
ointment, 1275

Desoxycholic acid, 1276
Desoxycorticosterone

pivalate, 1278
pivalate injectable suspension, 1279

Desoxycorticosterone acetate, 6155
Desvenlafaxine, 1280
Desvenlafaxine fumarate, 1281
Desvenlafaxine succinate, 1283
Detection of irradiated dietary supplements

(2250), 8722
Determination

methoxy (431), 6702
nitrogen (461), 6709

Deuterated ethanol, 6155
Deuterated methanol, 6155
Deuterated Wilier, 6155
Deuterium

chloride, 6155
oxide, 6155

Deuterium chloride
solution, 6155

Deuterochloroform, 6155
Devarda's alloy, 6155
Dexamethasone, 1284

acetate, 1290
acetate injectable suspension, 1291
and ciprofloxacin otic suspension, 1021
elixir, 1286
injection, 1286
and neomycin and polymyxin B sulfates

ophthalmic ointment, 3121
and neomycin and polymyxin B sulfates

ophthalmic suspension, 3122
ophthalmic suspension, 1287
penicillin G procaine, dihydrostreptomycin

sulfate, and chlorpheniramine maleate
injectable suspension, 3445

sodium phosphate, 1292
sodium phosphate injection, 1294
sodium phosphate and neomycin sulfate

cream, 3104
sodium phosphate and neomycin sulfate

ophthalmic ointment, 3105
sodium phosphate and neomycin sulfate

ophthalmic solution, 3106
sodium phosphate ophthalmic solution,

1296
oral solution, 1288
tablets, 1289
and tobramycin ophthalmic ointment,

4409
and tobramycin ophthalmic suspension,

4411
Dexamethasone sodium phosphate

compounded
injection, 1295

Dexbrompheniramine maleate, 1296
and pseudoephedrine sulfate oral solution,

1298
Dexchlorpheniramine maleate, 1299

oral solution, 1301
tablets, 1301

Dexmedetomidine
injection, 1304

Dexmedetomidine hydrochloride, 1302
Dexpanthenol, 1305

assay (115), 6547
preparation, 1306

Dextran
1, 1307
40, 1309
40 in dextrose injection, 1311
40 in sodium chloride injection, 1312
70, 1313
70 in dextrose injection, 1315
70 in sodium chloride injection, 1316
high molecular weight, 6155

Dextrates, 5742
Dextrin, 5743, 6155
Dextro calcium pantothenate, 6155
Dextroamphetamine sulfate, 1316

tablets, 1318
Dextromethorphan, 1319

chlorpheniramine, pseudoephedrine (salts
of), and acetaminophen, capsules
containing at least three of the
following, 52

chlorpheniramine, pseudoephedrine (salts
of), and acetaminophen, oral powder
containing at least three of the
following, 54

chlorpheniramine, pseudoephedrine (salts
of), and acetaminophen, oral solution
containing at least three of the
following, 56

chlorpheniramine, pseudoephedrine (salts
of), and acetaminophen, tablets
containing at least three of the
following, 58

hydrobromide, 1320
hydrobromide, acetaminophen,

doxylamine succinate, and
pseudoephedrine hydrochloride oral
solution, 67

hydrobromide, guaifenesin, and
pseudoephedrine hydrochloride
capsules, 2175

hydrobromide, pseudoephedrine
hydrochloride, and carbinoxamine
maleate oral solution, 3767

hydrobromide oral solution, 1321
hydrobromide, acetaminophen, and

chlorpheniramine maleate tablets, 60
Dextrose, 1321

adenine solution, anticoagulant citrate
phosphate, 348

anhydrous, 6156
and dopamine hydrochloride injection,

1495
excipient, 5743
and half-strength lactated Ringer's

injection, 3895
injection, 1323
injection, alcohol in, 117
injection, bretylium tosylate in, 591
injection, bupivacaine hydrochloride in,

612
injection, dobutamine in, 1470
injection, magnesium sulfate in, 2727
injection, potassium chloride in, 3607
injection and potassium chloride in

lactated ringer's, 3610
injection and sodium chloride injection,

potassium chloride in, 3608
injection, tetracaine hydrochloride in, 4300
injection, theophylline in, 4328
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Dextrose (continued)
injection type 1 and multiple electrolytes,

1598
injection type 2 and multiple electrolytes,

1601
injection type 3 and multiple electrolytes,

1605
and lactated Ringer's injection, 3893
and lidocaine hydrochloride injection,

2628
and modified lactated Ringer's injection,

3898
and Ringer's injection, 3889
and sodium chloride injection, 1323
solution, anticoagulant citrate, 345
solution, anticoagulant citrate phosphate,

347
Diacetyl, 6156
Diacetylated monoglycerides, 5745
3,3/-Diaminobenzidine hydrochloride, 6156
2,3-Diaminonaphthalene, 6156
2,6-Diaminopyridine, 6156
Diatomaceous earth, 6156

flux-calcined, 6156
silanized, 6156

Diatomaceous silica
calcined, 6156, 6199

Diatrizoate
meglumine, 1324
meglumine and diatrizoate sodium

injection, 1326
meglumine and diatrizoate sodium

solution, 1327
meglumine injection, 1325
sodium, 1327
sodium and diatrizoate meglumine

injection, 1326
sodium and diatrizoate meglumine

solution, 1327
sodium injection, 1328
sodium solution, 1329

Diatrizoic acid, 1329
Diaveridine, 6156
Diazepam, 1330

injection, 1331
tablets, 1332

Diazobenzenesulfonic acid T5, 6228
Diazoxide, 1333

capsules, 1333
injection, 1334
oral suspension, 1335

Dibasic
ammonium citrate, 6156
ammonium phosphate, 6156
calcium phosphate, anhydrous, 710
calcium phosphate dihydrate, 708
calcium phosphate tablets, 712
potassium phosphate, 3628, 6156
sodium phosphate, 4087

Dibenzyl, 6156
2,6-Dibromoquinone-chlorimide, 6156
Dibucaine, 1336

cream, 1336
hydrochloride, 1337
hydrochloride injection, 1338
ointment, 1337

Dibutyl
phthalate, 5745, 6156
sebacate, 5746

Dibutylamine, 6156
Dibutylammonium phosphate, 6156.
l,3-Dicaffeoylquinic acid, 6157
Dichloralphenazone, 1338

isometheptene mucate and
acetaminophen capsules, 2423

Dichloroacetic acid, 6157
2,5-Dichloroaniline, 6157
2,6-Dichloroaniline, 6157
a-Dichlorobenzene, 6157
l,2-Dichloroethane, 6157
Dichlorofluorescein, 6157

T5, 6228
Dichlorofluoromethane, 6157
2,6-Dichloroindophenol sodium, 6157
Dichloromethane, 6157
2,4-Dichloro-l-naphthol, 6157
2,6-Dichlorophenol-indophenol sodium,

6157, 6157
Dichlorophenol-indophenol solution,

standard, 6240
2,6-Dichlorophenylacetic acid, 6157
2,6-Dichloroquinone-chlorimide, 6157
Dichlorphenamide, 1339

tablets, 1340
Diclazuril, 1341
Diclofenac potassium, 1343

tablets, 1345
Diclofenac potassium for

oral solution, 1344
Diclofenac sodium, 1347

and misoprostol delayed-release tablets,
1353

delayed-release tablets, 1348
extended-release tablets, 1350

Diclofenac sodium
topical solution, 1352

Dicloxacillin sodium, 1357
capsules, 1358

Dicyclohexyl, 6157
Dicyclohexylamine, 6158
Dicyclohexyl phthalate, 6157
Dicyclomine hydrochloride, 1359

capsules, 1360
injection, 1361
oral solution, 1361
tablets, 1362

Didanosine, 1363
delayed-release capsules, 1364
for oral solution, 1366
tablets for oral suspension, 1367

Dietary Supplements
Chinese skullcap root, 4883
Chinese skullcap root dry extract, 4887
Chinese skullcap root powder, 4885
l-alpha-qlycerylphosphorylchollne, 5055
Omega-3 free fatty acids, 5188
N-acetylglucosamine, 4745
Ademetionine disulfate tosylate, 4747
L-Alanyl-L-glutamine, 4748
Andrographis, 4758
Andrographis, powdered, 4760
Andrographis extract, powdered, 4762
Arginine capsules, 4763
Arginine tablets, 4764
Ascorbic acid chewable gels, 4765
Ashwagandha root, 4766
Ashwagandha root extract, powdered,

4768
Ashwagandha root, powdered, 4771
Astaxanthin esters, 4779
Astragalus root, 4782
Astragalus root dry extract, 4787
Astragalus root powder, 4785
Aztec marigold zeaxanthin extract, 4789
Bacillus coagulans, 4791
Bacillus coagulans capsules, 4794

Bacillus subtilissubsp. subtifis
menaquinone-7 extract, 5152

Bacopa, 4797
Bacopa, powdered, 4798
Bacopa extract, powdered, 4800
Banaba leaf, 4801
Banaba leaf dry extract, 4805
Banaba leaf powder, 4803
Beta carotene preparation, 4806
Beta glucan, 4808
Bifidobacterium animalissubsp. factis, 4811
Bilberry extract, powdered, 4813
Black cohosh, 4815
Black cohosh, powdered, 4817
Black cohosh extract, powdered, 4820
Black cohosh tablets, 4823
Black pepper, 4825
Powdered black pepper extract, 4829
Powdered black pepper, 4827
Borage seed oil, 4830
Borage seed oil capsules, 4831
Boswellia serrata, 4832
Boswellia serrata extract, 4834
Calcium citrate tablets, 4835
Calcium L-5-methyltetrahydrofolate, 4838
Calcium L-5-methyltetrahydrofolate

capsules, 4841
Calcium L-5-methyltetrahydrofolate tablets,

4842
Calcium and vitamin D with minerals

tablets, 4845
Calcium with vitamin D tablets, 4843
Carotenes, 4850
Cat's claw, 4852
Cat's claw capsules, 4857
Cat's claw extract, powdered, 4855
Cat's claw, powdered, 4854
Cat's claw tablets, 4858
Centella asiatica, 4859
Centella asiatica, powdered, 4861
Centella asiaticaextract, powdered, 4863
Centella asiatica triterpenes, 4864
Chamomile, 4866
Chaste tree, 4868
Chaste tree, powdered, 4870
Chaste tree extract, powdered, 4872
Chia seed oil, 4877
Chinese salvia, 4878
Chinese salvia, powdered, 4880
Cholecalciferol chewable gels, 4889
Choline bitartrate, 4891
Choline chloride, 4892
Chondroitin sulfate sodium, 4894
Chondroitin sulfate sodium, shark, 4898
Chondroitin sulfate sodium tablets, 4897
Chromium picolinate, 4901
Chromium picolinate tablets, 4902
Cinnamomum cassia twig, 4902
Cinnamomum cassia twig powder, 4904
Citrulline, 4908
Clover, red, 5203
Clover, powdered red, 5207
Clover extract, powdered red, 5210
Clover tablets, red, 5212
Cod liver oil capsules, 4910
Coffee fruit dry extract, 4912
Cohosh, black, fluidextract, 4821
Coix seed, 4915
Coixseedpowder, 4917
Cranberry liquid preparation, 4919
Crypthecodinium cohnii oil, 4922
Crypthecodinium cohnii oil capsules, 4925
Curcuminoids, 4927
Curcuminoids capsules, 4929
Curcuminoids tablets, 4930
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Dietary Supplements (continued)
Cyanocobalamin chewable gels, 4931
Diosmin, 4934
Echinacea angustifolia, 4935
Echinacea angustifolia, powdered, 4938
Echinacea angustifolia extract, powdered,

4941
Echinacea pallida, 4944
Echinacea pallida, powdered, 4946
Echinacea pallida, powdered, extract, 4948
Echinacea purpurea aerial parts, 4950
Echinacea purpurea, powdered, 4955
Echinacea purpurea, powdered, extract,

4958
Echinacea purpurea root, 4953
Echinacea Species Dry Extract Capsules,

4960
Echinacea Species Dry Extract Tablets,

4963
Echinacea species powder capsules, 4966
Eleuthero, 4969
Eleuthero, powdered, 4975
Eleuthero extract, powdered, 4970
Eleuthero root and rhizome dry extract

capsules, 4972
Eleuthero root and rhizome dry extract

tablets, 4973
Eleuthero root and rhizome powder

capsules, 4976
European elder berry dry extract, 4978
Evening primrose oil, 4980
Evening primrose oil capsules, 4980
Fenugreek seed, 4982
Fenugreek seed powder, 4984
Fenugreek seed powdered extract, 4987
Feverfew, 4989
Feverfew, powdered, 4990
Fish oil containing omega-3 acids, 4992
Fish oil containing omega-3 acids capsules,

4994
Fish oil containing omega-3 acids delayed-

release capsules, 4997
Flax seed oil, 4998
Flax seed oil capsules, 4999
Forskohlii, 5000
Powdered forskohlii, 5002
Powdered forskohlii extract, 5003
Ganoderma lucidum fruiting body, 5004
Ganoderma lucidum fruiting body powder,

5008
Garcinia cambogia, 5011
Garcinia cambogia, powdered, 5012
Garcinia hydroxycitrate extract, powdered,

5014
Garcinia indica, 5015
Garcinia indica, powdered, 5016
Garlic, 5018
Garlic, powdered, 5020
Garlic extract, powdered, 5022
Garlic fluidextract, 5023
Garlic delayed-release tablets, 5024
Ginger, 5026
Ginger, powdered, 5028
Ginger capsules, 5032
Ginger tincture, 5030
Ginkgo, 5034
Ginkgo extract, powdered, 5038
Ginkgo capsules, 5037
Ginkgo tablets, 5041
Ginseng, American, 4750
Ginseng, American, capsules, 4754 .
Ginseng, American, powdered, 4752
Ginseng, American extract, powdered,

4753 .
Ginseng, American, tablets, 4757

Ginseng, Asian, 4774
Ginseng, Asian, powdered, 4775
Ginseng, Asian extract, powdered, 4776
Ginseng, Asian, tablets, 4778
Glucosamine and chondroitin sulfate

sodium tablets, 5043
Glucosamine hydrochloride, 5045
Glucosamine tablets, 5046
Glucosamine sulfate potassium chloride,

5047
Glucosamine sulfate sodium chloride, 5048
Glucosamine and methylsulfonylmethane

tablets, 5049
Glucosamine, chondroitin sulfate sodium,

and methylsulfonylmethane tablets,
5051

Glutamic acid, 5053
Glutathione, 5054
Glycyl-L-glutamine, 5058
Glycyl-L-tyrosine, 5059
Goldenseal, 5061
Goldenseal, powdered extract, 5064
Goldenseal, powdered, 5063
Grape seeds oligomeric proanthocyanidins,

5065
Green tea extract, decaffeinated,

powdered, 5067
Guggul, 5069
Guggul extract, native, 5070
Guggul extrac.t, purified, 5071
Guggul tablets, 5072
Gyrnnerna, 5074
Gymnema extract, native, 5077
Gymnema, powdered, 5075
Gymnema extract, purified, 5078
Hawthorn leaf with flower, 5080
Hawthorn leaf with flower, powdered,

5082
Hesperidln, 5084
Holy basil leaf, 5085
Holy basil leaf powdered, 5087
Holy basil leaf extract, powdered, 5089
Horse chestnut, 4873
Horse chestnut, powdered, 4875
Horse chestnut extract, powdered, 4876
5-Hydroxy-L-tryptophan, 531 3
Japanese honeysuckle flower, 5091
Japanese honeysuckle flower dry extract,

5094
Japanese honeysuckle flower powder, 5097
Krill oil capsules, 5104
Krill oil delayed-release capsules, 5107
Lactobacillus acidophilus La-14, 5111
Lactobacillus acidophilus NCFM, 5113
Lactobacillus paracasei LPC-37, 5115
Lactobacillus rhamnosus HN001, 5117
Licorice, 5119
Licorice, powdered, 5120
Licorice extract, powdered, 5121
Ground limestone, 5121
Linoleic acids-free fatty acids, conjugated,

5123
Lipoic acid, alpha, 5124
Lipoic acid capsules, alpha, 5125
Lipoic acid tablets, alpha, 5126
Lutein, 5126
Lutein capsules, 5128
Lutein preparation, 5128
Lycopene, 5130
Lycopene preparation, 51 31
Lysine hydrochloride tablets, 5135
Malabar-nut-tree, leaf, 51 36
Malabar-nut-tree, leaf, powdered, 5137
Malabar-nut-tree, leaf extract, powdered,

5138

Maritime pine, 5139
Maritime pine extract, 5141
Melatonin, 5143
Melatonin tablets, 5144
Menaquinone-4, 5145
Menaquinone-7, 5146
Menaquinone-7 capsules, 5147
Menaquinone-7 preparation, 5149
Menaquinone-7 tablets, 5151
Methylcobalamin, 5153
Methylcobalamin tablets, 5154
Methylsulfonylmethane, 5155
Methylsulfonylmethane tablets, 5156
Milk thistle, 5157
Milk thistle, powdered, 5159
Milk thistle extract, powdered, 5160
Milk thistle capsules, 5162
Milk thistle tablets, 5163
Minerals capsules, 5164
Minerals tablets, 5172
Northern schisandra fruit, 5261
Northern schisandra fruit dry extract, 5263
Northern schisandra fruit powder, 5265
Oliveleaf, 5181
Olive leaf dry extract, 5182
Olive leaf powder, 5184
Omega-3 acids triglycerides, 5185
Phyllanthus amarus, 5191
Phyllanthus amarus, powdered, 5193
Plant stanol esters, 5194
Potassium citrate tablets, 5196
Powdered Rhodiola rosea, 5220
Powdered Rhodiola rosea extract, 5221
Powdered rosemary, 5232
Pygeum extract, 5198
Quercetin, 5202
Red clover aerial parts isoflavone aglycones

dry extract, 5206
Rhodiola crenulata root and rhizome, 5213
Rhodiola crenulata root and rhizome dry

extract, 5215
Rhodiola crenulata root and rhizome

powder, 5216
Rhodiola rosea, 5218
Rhodiola rosea capsules, 5224
Rhodiola rosea tablets, 5227
Rhodiola rosea tincture, 5223
Ribose, 5229
Rosemary, 5230
Rosemary leaf dry aqueous extract, 5234
Rutin, 5235
St. John's wort flowering top, 5237
St. John's wort flowering top dry extract

capsules, 5242
St. John's wort flowering top extract, dry,

5240
St. John's wort flowering top powder,

5238
St. John's wort flowering top dry extract

tablets, 5244
Salix species bark, 5245
Salixspecies bark dry extract, 5247
Salixspecies bark powder, 5249
Saw palmetto, 5251
Saw palmetto, powdered, 5254
Saw palmetto capsules, 5259
Saw palmetto extract, 5256
Schizochytrium oil, 5266
Schizochytrium oil capsules, 5269
Selenomethionine, 5272
Sodium ferrous citrate, 5273
Soy isoflavones capsules, 5276
Soy isoflavones extract, powdered, 5274
Soy isoflavones tablets, 5278
Spirulina, 5279
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Dietary Supplements (continued)
Spirulina tablets, 5283
Stinging nettle, 5286
Stinging nettle, powdered extract, 5290
Stinging nettle, powdered, 5288
Tangerine peel, 5292
Tangerine peel dry extract, 5294
Tangerine peel powder, 5296
Tienchi ginseng root and rhizome, 5299
Tienchi ginseng root and rhizome dry

extract capsules, 5309
Tienchi ginseng root and rhizome dry

extract, 5307
Tienchi ginseng root and rhizome powder,

5301
Tienchi ginseng root and rhizome powder

capsules, 5304
Tienchi ginseng root and rhizome dry

extract tablets, 5311
Tienchi ginseng root and rhizome powder

tablets, 5306
Tomato extract containing Iycopene, 5133
Turmeric, 5314
Turmeric, powdered, 5316
Turmeric extract, powdered, 5317
Ubidecarenone, 5319
Ubidecarenone capsules, 5320
Ubidecarenone tablets, 5321
Ubiquinol, 5322
Ubiquinol capsules, 5323
Valerian, 5324
Valerian, powdered, 5326
Valerian extract, powdered, 5327
Valerian root dry extract capsules, 5332
Valerian root powder capsules, 5333
Valerian tablets, 5329
Valerian tincture, 5330
Vinpocetine, 5335
Vinpocetine capsules, 5336
Vinpocetine tablets, 5337
Vitamin A oral liquid preparation, 4634
Vitamins capsules, oil- and water-soluble,

5389
Vitamins with minerals capsules, oil- and

water-soluble, 5435
Vitamins with minerals capsules, water­

soluble, 5523
Vitamins with minerals oral solution, water­

soluble, 5543
Vitamins with minerals tablets, oil- and

water-soluble, 5476
Vitamins with minerals tablets, water­

soluble, 5552
Vitamins tablets, oil- and water-soluble,

5419
Vitamins capsules, oil-soluble, 5346
Vitamins capsules, water-soluble, 5499
Vitamins with minerals oral solution, oil-

and water-soluble, 5462
Oil-soluble vitamins with minerals capsules,

5361
Oil-soluble vitamins with minerals oral

solution, 5372
Oil-soluble vitamins with minerals tablets,

5378
Vitamins oral solution, oil- and water­

soluble, 5409
Oil-soluble vitamins oral solution, 5353
Vitamins tablets, oil-soluble, 5356

.Vitamins tablets, water-soluble, 5512
Vitamins with minerals oral powder, 5338
meso-Zeaxanthin, 5570 .
meso-Zeaxanthin preparation, 5572
Zinc citrate, 5574
Zinc citrate tablets, 5575

Zinc and vitamin C lozenges, 5576

Dlethanolamlne, 5747
Diethyl phthalate, 6158
Diethylamine, 6158
Diethylamine phosphate, 6158
N,N-Diethylaniline, 6158
Diethylcarbamazine citrate, 1368

tablets, 1369
Diethylene glycol, 6158

monoethyl ether, 5749
stearates, 5751
succinate polyester, 6158

Di(ethylene glycol) methyl ether, 6158
Diethylenetriamine, 6158
Di(2-ethylhexyl)phthalate, 6158
Diethyl phthalate, 5748
Diethylpropion hydrochloride, 1370

tablets, 1371
Diethylpyrocarbonate, 6158
Diethyl sebacate, 5748
Diethylstilbestrol, 1372
Diethyl sulfone, 6158
Diethyltoluamide, 1372

topical solution, 1373
Diflorasone diacetate, 1374

cream, 1374
ointment, 1375

Diflunisal, 1375
tablets, 1376

Digitalis, 1377
capsules, 1380
powdered, 1379
tablets, 1380

Digitonin, 6158
Digitoxin, 1381

injection, 1381
tablets, 1382

Digoxigenin, 6158
Digoxin, 1383

injection, 1384
'oral solution, 1385
tablets, 1385

Dihydrocodeine bitartrate, 1386
aspirin and caffeine capsules, 402

Dihydroergotamine mesylate, 1388
injection, 1389

7,8-Dihydrofolic acid, 6158
24,25-Dihydrolanosterol, 6158
Dihydroquinidine hydrochloride, 6158
Dihydroquinine, 6158
Dihydrostreptomycin

injection, 1391
sulfate, 1390
sulfate boluses, 1391
sulfate, penicillin G procaine,

chlorpheniramine maleate, and
dexamethasone injectable suspension,
3445

sulfate and penicillin G procaine injectable
suspension, 3444

sulfate and penicillin G procaine
intramammary infusion, 3444

sulfate, penicillin G procaine, and
prednisolone injectable suspension, 3447

Dihydrotachysterol, 1391
capsules, 1392
oral solution, 1392
tablets, 1393

Dihydroxyacetone, 1393
Dihydroxyaluminum

aminoacetate, 1394
aminoacetate magma, 1395

sodium carbonate, 1395
sodium carbonate chewable tablets, 1396

Dihydroxybenzaldehyde, 6159
2,5-Dihydroxybenzoic acid, 6159
2,7-Dihydroxynaphthalene, 6159
2,7-Dihydroxynaphthalene TS, 6228
Dihydroxyphenylacetone, 6159
4,5-Dihydroxy- 3-(p-sulfophenylazo )-2,7­

napthalenedisulfonic acid, trisodium salt,
6220

Diiodofluorescein, 6159
TS,6228

Diisodecyl phthalate, 6159
Diisopropanolamine, 5752
Diisopropyl ether, 6159, 6163, 6174
Diisopropylamine, 6159
Diisopropylethylamine, 6159
n,n'-Diisopropylethylenediamine, 6159
1,2-Dilinoleoyl-3-oleoyl-rac-glycerol, 6159
1,2-Dilinoleoyl-3-palmitoyl-rac-glycerol, 6159
Diloxanide furoate, 1397
Diltiazem hydrochloride, 1398

extended-release capsules, 1399
oral solution, 1405
oral suspension, 1406
tablets, 1406

Diluted
acetic acid, 5599, 6159
alcohol, 6159
hydrochloric acid, 6159
lead subacetate TS, 6228
nitric acid, 6159
sulfuric acid, 6159

Dimenhydrinate, 1408
injection, 1409
oral solution, 1410
tablets, 1410

Dimercaprol, 1411
injection, 1412

Dimethicone, 5753
viscosity 500 centistokes, 6159

2,5-Dimethoxybenzaldehyde, 6159
1,2-Dimethoxyethane, 6160
Dimethoxymethane, 6160
(3,4-Dimethoxyphenyl)-acetonitrile, 6160
Dimethyl

phthalate, 6160
sulfone, 6160
sulfoxide, 1413, 6180
sulfoxide gel, 141 3
sulfoxide irrigation, 1414
sulfoxide topical solution, 1414
sulfoxide spectrophotometric grade, 6160

N,N-Dimethylacetamide, 6160
p-Dimethylaminoazobenzene, 6160
p-Dimethylaminobenzaldehyde, 6160

TS,6228
p-Dimethylaminocinnamaldehyde, 6160
2-Dimethylaminoethyl methacrylate, 6160
Dimethylaminophenol, 6160
Dimethylaniline (223), 6636
2,6-Dimethylaniline, 6160
N,N-Dimethylaniline, 6160
3,4-Dimethylbenzophenone, 6160
Dimethylcarbonate, 6161
5,5-Dimethyl-1,3-cyclohexanedione, 6161
N,N-Dimethyldecylamine, 6161
1,5-Dimethyl-1 ,5-diazaundecamethylene

polymethobromide, 6161
N,N-Dimethyldodecylamine-N-oxide, 6161
Dimethylethyl(3-hydroxyphenyl)ammonium

chloride, 6161
Dimethylformamide, 6161
N,N-Dimethylformamide diethyl acetal, 6161
1,3-Dimethyl-2-imidazolidinone, 6161
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1,9-Dimethyl-methylene blue, 6161
N,N-Dimethyl-1-naphthylamine, 6161
N,N-Dimethyloctylamine, 6161
2,5-Dimethylphenol, 6161
2,6-Dimethylphenol, 6161
3,5-Dimethylphenol, 6161
3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyl

tetrazolium bromide, 6161
Dimethyltin dibromide, 6161
N,N-Dimethyl-p-phenylenediamine

dihydrochloride, 6161
Dimidium

bromide, 6162
m-Dinitrobenzene, 6162
3,5-Dinitrobenzoyl chloride, 6162
2,4-Dinitrochlorobenzene, 6162
2,4-Dinitrofluorobenzene, 6162
2,4-Dinitrophenylhydrazine, 6162
Dinitrophenylhydrazine TS, 6228
Dinoprost tromethamine, 1415

injection, 1416
Dinoprostone, 141 7
Dioctyl sodium sulfosuccinate, 6162
Diosmin, 4934
Dioxane, 6162
Dioxybenzone, 1418

and oxybenzone cream, 1418
Diphenhydramine

citrate, 1419
citrate and acetaminophen tablets, 69
citrate and ibuprofen tablets, 1421
hydrochloride, 1423
hydrochloride, acetaminophen, and

pseudoephedrine hydrochloride tablets,
70

hydrochloride capsules, 1425
hydrochloride injection, 1426
hydrochloride oral solution, 1429
hydrochloride and ibuprofen capsules,

1431
and phenylephrine hydrochloride tablets,

1433
and pseudoephedrine capsules, 1435

Diphenoxylate hydrochloride, 1437
and atropine sulfate oral solution, 1438
and atropine sulfate tablets, 1439

Diphenyl ether, 6163, 6189
Diphenylamine, 6162

TS,6228
Diphenylborinic acid, ethanolamine ester,

6135, 6162
Diphenylcarbazide, 6162
Diphenylcarbazone, 6162

TS,6228
2,2-Diphenylglycine, 6162
Diphtheria antitoxin potency testing for

human immune globulins (162), 6582
Dipicolinic acid, 6162
Dipicrylamine, 6162
Dipivefrin hydrochloride, 1440

ophthalmic solution, 1442
Dipropyl phthalate, 6162
Dipyridamole, 1443

injection, 1445
oral suspension, 1445
tablets, 1446

4,4'-Dipyridyl, 6162
a,a'-Dipyridyl, 6162
Direct red 80, 6197
Dirithromycin, 1447

delayed-release tablets, 1448
Disinfectants arid antiseptics (1072), 7608
Disintegration

(701), 6940

and dissolution of dietary supplements
(2040), 8711

Disodium
chromotropate, 6162
ethylenediaminetetraacetate, 6162

Disopyramide phosphate, 1449
capsules, 1450
extended-release capsules, 1450

Dissolution (711), 6945
The dissolution procedure: development and

validation (1092), 7707
Distilling range (721), 6955
Disulfiram, 1451

tablets, 1452
5,5'-Dithiobis (2-nitrobenzoic acid), 6162
Dithiothreitol, 6162
Dithizone, 6162

TS,6228
Divalproex sodium, 1453

delayed-release capsules, 1454
delayed-release tablets, 1457
extended-release tablets, 1458

Dobutamine
in dextrose injection, 1470
hydrochloride, 1466
injection, 1468
for injection, 1469

Docetaxel, 1471
injection, 1474

Docusate
calcium, 1475
calcium capsules, 1476
potassium, 1477
potassium capsules, 1478
sodium, 1479
sodium capsules, 1479
sodium and ferrous fumarate extended-

release tablets, 1856
sodium solution, 1480
sodium syrup, 1481
sodium tablets, 1481

l-Dodecanol, 6162
Dodecyl

alcohol, 6162
lithium sulfate, 6162
sodium sulfonate, 6163

3-(Dodecyldimethylammonio)
propanesulfonate, 6162

Dodecyltriethylammonium phosphate, 0.5
M,6163

Dodecyltrimethylammonium bromide, 6163
Dofetilide, 1482
Dolasetron mesylate, 1483

oral solution, 1485
oral suspension, 1485

Donepezil hydrochloride, 1486
tablets, 1488
orally disintegrating tablets, 1492

Dopamine hydrochloride, 1494
and dextrose injection, 1495
injection, 1495

Dorzolamide
Hydrochloride and timolol maleate

ophthalmic solution, 1499
Dorzolamide hydrochloride

ophthalmic solution, 1497
Dorzolamide hydrochloride, 1496
Doxapram hydrochloride, 1502

injection, 1503
Doxazosin mesylate, 1504

tablets, 1506
Doxepin hydrochloride, 1507

capsules, 1509
oral solution, 1510

Doxercalciferol, 1510

Doxorubicin hydrochloride, 1512
injection, 1514
for injection, 1516

Doxycycline, 1518
calcium oral suspension, 1529
capsules, 1519
extended-release capsules, 1521
hyclate, 1532
hyclate capsules, 1534
hyclate delayed-release capsules, 1536
hyclate tablets, 1537
hyclate delayed-release tablets, 1539
for injection, 1523
for oral suspension, 1525
tablets, 1527

Doxycycline compounded, veterinary oral
suspension, 1530

Doxylamine succinate, 1544
acetaminophen, dextromethorphan

hydrobromide, and pseudoephedrine
hydrochloride oral solution, 67

oral solution, 1546
tablets, 1546

Drabkin's reagent, 6163
Dragendorff's TS, 6228
Dried peptone, 6163
Dronabinol, 1547

capsules, 1549
Dronedarone

hydrochloride, 1549
tablets, 1551

Droperidol, 1552
injection, 1553

Drospirenone, 1554
and ethinyl estradiol tablets, 1556

Drug release (724), 6957
Dry heat depyrogenation (1228.1), 8181
Dry heat sterilization (1229.8), 8225
Duloxetine

delayed-release capsules, 1559
Duloxetine hydrochloride, 1565
Dusting powder, absorbable, 1569
Dutasteride, 1567
Dyclonine hydrochloride, 1570

gel, 1570
topical solution, 1571

Dydrogesterone, 1571
tablets, 1572

Dyphylline, 1572
and guaifenesin oral solution, 1575
and guaifenesin tablets, 1575
injection, 1573
oral solution, 1573
tablets, 1574

E
Earth, chromatographic, silanized, acid-base

washed, 6163
Ecamsule

solution, 1576
Echinacea

angustifolia, 4935
angustifo/ia, powdered, 4938
angustifolia extract, powdered, 4941
pallida, 4944
pallida, powdered, 4946
pallida extract, powdered, 4948
purpurea aerial parts, 4950
purpurea, powdered, 4955
purpurea root, 4953
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Echinacea (continued)
putpurea extract, powdered, 4958

Echinacea species
dry extract capsules, 4960
dry extract tablets, 4963
powder capsules, 4966

Echothiophate
iodide, 1578
iodide for ophthalmic solution, 1579

Econazole nitrate, 1580
Edetate

calcium disbdium, 1582
calcium dlsodlurn injection, 1583
disodium, 1583, 6162, 6163
disodium injection, 1584
disodlum TS, 6228
disodium, twentieth-molar (0.05 M), 6240

Edetate disodium
0.01 M TS, 6228
0.002 M VS, 6240
0.01 M VS, 6240
0.02 M VS, 6240

Edetic acid, 5754, 6163
Edrophonium

chloride, 1584
chloride injection, 1585

Efa\(irenz, 1585 '
capsules, 1588
Tablets, 1591

Egg phospholipids, 5755
n-Eicosane, 61,63
Eicosanol, 6163
Elastomeric closures for injections (381),

6669
Electrolytes

and dextrose injection type 1, multiple,
1598

and dextrose injection type 2, multiple,
1601

and dextrose injection type 3, multiple,
1605

and polyethylene glycol 3350 for oral
solution, 3587

injection type 1, multiple, 1593
injection type 2, multiple, 1595

Elemental contaminants in dietary
supplements (2232), 8719

Elemental impurities-limits (232), 6641
Elemental impurities-procedures (233),

6645
Elements

injection, trace, 1608
Eleuthero, 4969

extract, powdered, 4970
powdered, 4975

Eleuthero
root and rhizome dry extract capsules,

4972
root and rhizome dry extract tablets, 4973
root and rhizome powder capsules, 4976

Elixir
Aromatic, 5624
Benzaldehyde, compound, 5634
Dexamethasone, 1286
Fluphenazine hydrochloride, 1971
Hyoscyamine sulfate, 2276

Elm, 1609

Emedastine
difumarate, 1610
ophthalmic solution, 1610

Enalapril maleate, 1611
and hydrochlorothiazide tablets, 1616
tablets, 1614

Enalaprilat, 1619
injection, 1619

Enalapril maleate
oral suspension, 1613

Enalapril maleate compounded, veterinary
oral suspension, 1613

Endotoxin indicator for depyrogenation,
1621

Endotoxin indicators for depyrogenation
(1228.5), 8190

Enflurane, 1622
Enoxaparin sodium, 1623

injection, 1626
Enrofloxacin, 1628
Enrofloxacin compounded, veterinary

oral suspension, 1630
Ensulizole, 1631
Entacapone, 1631

tablets, 1632
Entecavir, 1634

oral solution, 1636
tablets, 1637

Enzacamene, 1639
Enzymatically-hydrolyzed

carboxymethylcellulose sodium, 5685
Enzymes used as ancillary materials in

pharmaceutical manufacturing (89), 6521
Eosin Y, 6163, 6220

TS,6228
Ephedrine, 1640

hydrochloride, 1641
hydrochloride, theophylline, and
. phenobarbital tablets, 4330

sulfate, 1642
sulfate capsules, 1642
sulfate injection, 1643

.sulfate nasal solution, 1644
sulfate oral soiution, 1644

Epiandrosterone, 6163
4-Epianhydrotetracycline (226), 6636
15-Epicarboprost, 6163
Epinephrine, 1645

and articaine hydrochloride injection, 381
assay (391), 6676
bitartrate, 1650
bitartrate ophthalmic solution, 1651
bitartrate for ophthalmic solution, 1652
and bupivacaine hydrochloride injection,

612
inhalation solution, 1648
injection, 1648
and lidocaine hydrochloride injection,

2629
nasal solution, 1,649
ophthalmic solution, 1649
and prilocaine injection, 3679
and procaine hydrochloride injection, 3694

Epinephryl borate ophthalmic solution, 1652
Epirubicin hydrochloride, 1653

injection, 1654
Epitetracycline hydrochloride, 1656
Epoetin, 1657
Eprinomectin, 1660
Eprosartan mesylate, 1662
Equilenin, 6163
Equilin, 1664
Ergocalciferol, 1665

capsules, 1666
oral solution, 1667

tablets, 1668
a-Ergocryptine, 6163
Ergoloid mesylates, 1669

capsules, 1670
oral solution, 1671
tablets, 1671

Ergonovine maleate, 1672
injection, 1673
tablets, 1674

Ergotamine tartrate, 1675
and caffeine suppositories, 1680
and caffeine tablets, 1681
injection, 1677
sublingual tablets, 1679
tablets, 1678

Eriochrome
black T, 6220
black TS, 6229
black T-sodium chloride indicator, 6222
black T trituration, 6221
cyanine R, 6163
cyanine TS, 6229

Erythorbic acid, 5756
Erythritol, 5757
Erythromycin, 1683

and benzoyl peroxide topical gel, 1692
delayed-release capsules, 1686
estolate, 1693
estolate capsules, 1693
estolate and sulfisoxazole acetyl oral

suspension, 1695
estolate oral suspension, 1693
estolate for oral suspension, 1694
estolate tablets, 1694
ethylsuccinate, 1696
ethylsuccinate injection, 1698
ethylsuccinate, sterile, 1698
ethylsuccinate and sulfisoxazole acetyl for

oral suspension, 1701
ethylsuccinate oral suspension, 1698
ethylsuccinate for oral suspension, 1699
ethylsuccinate tablets, 1699
topical gel, 1686
gluceptate, sterile, 1702
injection, 1687
intramammary infusion, 1687
lactobionate for injection, 1703
lactobionate, sterile, 1703
ointment, 1688
ophthalmic ointment, 1689
pledgets, 1690
topical solution, 1690
stearate, 1704
stearate tablets, 1706
tablets, 1691
delayed-release tablets, 1691

Erythropoietin bioassays (124), 6557
Escin, 6163
Escitalopram

oral solution, 1706
Escitalopram oxalate, 1711
Escitalopram

tablets, 1708
Esmolol hydrochloride, 1712
Esomeprazole magnesium, 1714

delayed-release capsules, 1716
Esomeprazole strontium, 1720
Estazolam, 1722

tablets, 1723
Estradiol, 1724

vagini'll cream, 1725
vaginal inserts, 1726
transdermal system, 1728
tablets, 1732
benzoate, 1736
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Estradiol (continued)
cypionate, 1737
cypionate injection, 1738
and norethindrone acetate tablets, 1733
valerate, 1739
valerate injection, 1741

Estriol,1741
Estriol compounded vaginal

cream, 1743
Estrogens

conjugated, 1744
esterified, 1749
tablets, conjugated, 1746
tablets, esterified, 1750

Estrone, 1751
injectable suspension, 1752

Estropipate, 1753
tablets, 1754
vaginal cream, 1754

Eszopiclone, 1755
tablets, 1757

Ethacrynate sodium for injection, 1759
Ethacrynic acid, 1760

tablets, 1761
Ethambutol hydrochloride, 1762

rifampin, isoniazid, and pyrazinamide
tablets, 3881

Compounded oral suspension, 1763
tablets, 1764

Ethanesulfonic acid, 6163
Ethchlorvynol, 1765

capsules, 1766
Ether, 1767, 6163

absolute, 6131, 6163
diphenyl, 6163
isopropyl, 6163
nonyl phenyl polyethylene glycol, 6163
peroxide-free, 6164

Ethidium bromide, 6164
Ethinyl estradiol, 1768

and desogestrel tablets, 1270
and drospirenone tablets, 1556
and ethynodiol diacetate tablets, 1781
and levonorgestrel tablets, 2612
and norethindrone acetate tablets, 3208
and norethindrone tablets, 3201
and norgestimate tablets, 3211
and norgestrel tablets, 3214
tablets, 1768

Ethiodized oil injection, 1770
Ethionamide, 1771

tablets, 1771
Ethopabate, 1772
Ethosuximide, 1773

capsules, 1774
oral solution, 1776

Ethotoin, 1777
tablets, 1778

4'-Ethoxyacetophenone, 6164
2-Ethoxyethanol, 6164
Ethyl

acetate, 5759, 6164
acrylate, 6164
acrylate and methacrylic acid copolymer,

5878
acrylate and methacrylic acid copolymer,

partially-neutralized, 5881
acrylate and methyl methacrylate

copolymer dispersion, 5760
alcohol, 6164
arachidate, 6164
benzoate, 6164
chloride, 1779
cyanoacetate, 6164
ether, 6163, 6164

ether, anhydrous, 6131, 6163, 6164
maltol, 5761
oleate, 5762
salicylate, 6164
vanillin, 5763

Ethyl p-toluenesulfonate, 6164
2-Ethylaminopropiophenone hydrochloride,

6164
4-Ethylbenzaldehyde, 6164
Ethylbenzene, 6164
Ethylcellulose, 5763

aqueous dispersion, 5765
dispersion type b, 5766

Ethylene
dichloride, 6157, 6164
glycol, 6164
glycol, diethylene glycol, and triethylene

glycol in ethoxylated substances (469),
6733

glycol monoethyl ether, 6164
glycol stearates, 5771
glycol and vinyl alcohol graft copolymer,

5769
oxide and dioxane (228), 6639
oxide in methylene chloride (50 mg/mL),

6165
Ethylenediamine, 1779, 6165
2-Ethylhexanoic acid, 6165
N-Ethylmaleimide, 6165
2-Ethyl-2-methylsuccinic acid, 6165
Ethylparaben, 5772, 6165
Ethylparaben sodium, 5773
l-Ethylquinaldinium iodide, 6165
Ethynodiol diacetate, 1780

and ethinyl estradiol tablets, 1781
and mestranol tablets, 1781

Etidronate disodium, 1782
tablets, 1784

Etodoiac, 1785
capsules, 1786
tablets, 1787
extended-release tablets, 1788

Etomidate, 1789
injection, 1790

Etoposide, 1792
capsules,' 1794
injection, 1795

Eucalyptol, 1797
Eucalyptus oil, 5774
Eugenol, 1797
European elder berry dry

extract, 4978
Evaluation of plastic packaging systems and

their materials of construction with respect
to their user safety impact (1661), 8434

Evaluation of screening technologies for
assessing medicine quality (1850), 8626

Evaluation of the inner surface durability of
glass containers (1660), 8429

Evening primrose oil, 4980
capsules, 4980

EXcipient biological safety evaluation
guidelines (1074), 7613

EXcipient performance (1059), 7528
Excipients

USP and NF, listed by category, 5584
Exemestane, 1798
Exenatide, 1800

injection, 1803
Expert committees (2015-2020), x

Food Chemicals Codex, xvi
National Formulary, xiv
United States Pharmacopeia, x
United, States Pharmacopeia and the Dietary

Supplements Compendium, xv

United States Pharmacopeia and USP on
Compounding, xvi

Expert Panels for the Council of Experts
Executive Committee, x

Extended release tablets
nevirapine, 3135

Extract
Andrographis, powdered, 4762
Ashwagandha root, powdered, 4768
Astragalus root, dry, 4787
Aztec Marigold Zeaxanthin Extract, 4789
Bacillus subtilis subsp. subtilis

menaquinone-7, 5152
Bacopa, powdered, 4800
Barraba leaf, dry, 4805
Beef,6141
Belladonna, 486
Belladonna tablets, 487
Bilberry, powdered, 4813
Black cohosh, powdered, 4820
Black pepper, powdered, 4829
Boswellia serrata, 4834
Cascara fluidextract, aromatic, 801
Cascara sagrada, 798
Cascara sagrada fluidextract, 801
Cat's claw, powdered, 4855
Centella asiatica, powdered, 4863
Chaste tree, powdered, 4872
Chinese skullcap root dry , 4887
Clover, red, powdered, 5210
coffee fruit dry, 4912
Echinacea angustifolia, powdered, 4941
Echinacea pallida, powdered, 4948
Echinacea purpurea, powdered, 4958
Eleuthero, powdered, 4970
European elder berry dry, 4978
Fenugreek seed, powdered, 4987
Garcinia hydroxycitrate, powdered, 5014
Garlic, powdered, 5022
Garlic fluidextract, 5023
Ginkgo, powdered, 5038
Ginseng, American, powdered, 4753
Ginseng, Asian, powdered, 4776
Goldenseal, powdered, 5064
Green tea, decaffeinated, powdered, 5067
Guggul, native, 5070
Guggul, purified, 5071
Gymnema, native, 5077
Gymnema, purified, 5078
Holy basil leaf powdered, 5089
Horse chestnut, powdered, 4876
Japanese honeysuckle flower, dry, 5094
Licorice, powdered, 5121
Licorice fluidextract, 5857
Malabar-nut-tree, leaf, powdered, 5138
Maritime pine, 5141
Milk thistle, powdered, 5160
Northern schisandra fruit, dry, 5263
Olive leaf dry, 5182
Powdered Rhodiola rosea, 5221
Pygeum, 5198
Pyrethrum, 3778
Red clover aerial parts isoflavone

aglycones, dry, 5206
Rhodiola crenulata root and rhizome dry,

5215
Salixspecies bark dry, 5247
Saw palmetto, 5256
Senna fluidextract, 4025
Soy isoflavones, powdered, 5274
Stinging nettle, powdered, 5290
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Extract (continued)
St. John's wort flowering top, dry, 5240
Tangerine peel, dry, 5294
Tienchi ginseng root and rhizome, dry,

5307
Tomato, containing Iycopene, 5133
Turmeric, powdered, 5317
Valerian, powdered, 5327
Valerian root dry, capsules, 5332
Yeast, 6219

Ezetimibe, 1804
tablets, 1806

F
F 18

injection, fludeoxyglucose, 1946
injection, sodium fluoride, 1950

Factor IX complex, 1808
Factor Xa (activated factor X) for anti-factor

Xa test, 6165
Famciclovir, 1808

tablets, 1812
Famciclovir compounded

oral suspension, 1812
Famotidine, 1815

injection, 1816
for oral suspension, 1818
tablets, 1819

Fast
blue B salt, 6165
blue BB salt, 6165
green FCF, 6165

Fat, hard, 5776
Fats and fixed oils (401), 6676
FD&C blue no. 1, 6165
Fehling's solution, 6229
Felbamate, 1821

oral suspension, 1822
tablets, 1824

Felodipine, 1826
extended-release tablets, 1827

Fenbendazole, 1831
Fennel oil, 5776
Fenofibrate, 1833

capsules, 1834
tablets, 1837

Fenoldopam mesylate, 1840
injection, 1842

Fenoprofen calcium, 1843
capsules, 1845
tablets, 1845

Fentanyl, 1846
Fentanyl citrate, 1848

injection, 1849
Fentanyl citrate

bupivacaine hydrochloride compounded
injection, 1850

Fentanyl citrate compounded
injection, 1848

Fenugreek seed, 4982
powdered extract, 4987
powder, 4984

Ferric
ammonium citrate, 289, 6165
ammonium citrate for oral solution, 290
ammonium sulfate, 6166

ammonium sulfate, tenth-normal (0.1 N),
6241

ammonium sulfate TS, 6229
chloride, 6166
chloride CS, 6225
chloride TS, 6229
nitrate, 6166
oxide, 5776
subsulfate solution, 1852
sulfate, 1852, 6166

Ferrocyphen, 6166
Ferroin TS, 6229
Ferrosoferric oxide, 5777
Ferrous

ammonium sulfate, 6166
ammonium sulfate, tenth-normal (0.1 N),

,6241
fumarate, 1853
fumarate and docusate sodium extended-

release tablets, 1856
fumarate tablets, 1855
gluconate, 1857
gluconate capsules, 1859
gluconate oral solution, 1860
gluconate tablets, 1861
sulfate, 1862, 6166
sulfate, dried, 1864
sulfate oral solution, 1863
sulfate syrup, 1863
sulfate tablets, 1864
sulfate TS, 6229
sulfate, acid, TS, 6225, 6229

0.07 N Ferrous ammonium sulfate, 6241
Ferulic acid, 6166
Ferumoxides injection, 1866
Ferumoxsil oral suspension, 1868
Fetal bovine serum-quality attributes and

functionality tests (90), 6533
Feverfew, 4989

powdered, 4990
Fexofenadine hydrochloride, 1869

capsules, 1870 .
and pseudoephedrine hydrochloride

extended-release tablets, 1876
tablets, 1872

Fibroblast growth factor-2, 6166
Fibroblasts

bilayer synthetic scaffold, construct human,
1153

polyglactin scaffold, construct human,
1157

Filgrastim, 1885
Finasteride, 1889

tablets, 1890
Fingolimod

hydrochloride, 1891
Fish oil containing omega-3 acids, 4992

capsules, 4994
delayed-release capsules, 4997

Flame photometry for reagents, 6129
Flavoxate hydrochloride, 1892

tablets, 1894
Flax seed oil, 4998

capsules, 4999
Flecainide acetate, 1895

oral suspension, 1897
tablets, 1898

Flow cytometric enumeration of CD34+ cells
(127), 6560

Flow cytometry (1027), 7281
Floxuridine, 1899

for injection, 1901
Fluconazole, 1901

in dextrose injection, 1907
for oral suspension, 1912

injection, 1903
in sodium chloride injection, 1909
tablets, 1914

Flucytosine, 1915
capsules, 1916
oral suspension, 1917

Fludarabine phosphate, 1917
injection, 1919
for injection, 1921

Fludeoxyglucose F18 injection, 1946
Fludrocortisone acetate, 1922

tablets, 1923
Flumazenil, 1925

injection, 1926
Flumethasone pivalate, 1927

cream, 1928
Flunisolide, 1929

nasal solution, 1929
Flunixin meglumine, 1930

granules, 1931
injection, 1932
paste, 1933

Fluocinolone acetonide, 1934
cream, 1935
and neomycin- sulfate cream, 3107
ointment, 1935
topical solution, 1936

Fluocinonide, 1937
cream, 1937
gel,1938
ointment, 1938
topical solution, 1939

Fluorene, 6166
(-)-1-(9-Fluorenyl) ethanol, 6166
(+)-1-(9-Fluorenyl) ethyl chloroformate

solution, 6166
9-Fluorenylmethyl chloroformate, 6167
Fluorescamine, 6167
Fluorescein, 1940

injection, 1940
sodium, 1942
sodium and benoxinate hydrochloride

ophthalmic solution, 1944
sodium ophthalmic strips, 1943
sodium and proparacaine hydrochloride

ophthalmic solution, 1945
Fluorescence spectroscopy (853), 7146
Fluorescence spectroscopy-theory and

practice (1853), 8641
Fluorine

F 18 injection, fludeoxyglucose, 1946
F 18 injection, sodium fluoride, 1950

4'-Fluoroacetophenone, 6167
Fluoroandrostadiene carboxylic acid, 6167
Fluorometholone, 1950

acetate, 1953
acetate and tobramycin ophthalmic

suspension, 4412
cream, 1952
and neomycin sulfate ointment, 3107
ophthalmic suspension, 1952

Fluorouracil, 1954
cream, 1956
injection, 1957
topical solution, 1957

Fluoxetine
capsules, 1958
delayed-release capsules, 1959
hydrochloride, 1964
and olanzapine capsules, 3237
oral solution, 1961
tablets, 1962

Fluoxymesterone, 1965
tablets, 1966
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Fluphenazine
decanoate, 1967
decanoate injection, 1968
enanthate, 1969
enanthate injection, 1970
hydrochloride, 1970
hydrochloride elixir, 1971
hydrochloride injection, 1972
hydrochloride oral solution, 1973
hydrochloride tablets, 1973

F1urandrenolide, 1974
cream, 1975
lotion, 1976
and neomycin sulfate cream, 3107
and neomycin sulfate lotion, 3108
and neomycin sulfate ointment, 3108
ointment, 1976
tape, 1976

Flurazeparn hydrochloride, 1977
capsules, 1978

Flurbiprofen, 1979
sodium, 1981
sodium ophthalmic solution, 1982
tablets, 1980

Flutamide, 1983
capsules, 1984

Fluticasone
propionate and salmeterol inhalation

aerosol, 2005
propionate and salmeterol inhalation

powder, 2010
Fluticasone propionate, 1985

cream, 1987
inhalation aerosol, 1988
inhalation powder, 1993
lotion, 1998
nasal spray, 2000
ointment, 2003

Fluvastatin
capsules, 2020
sodium, 2018

Fluvoxamine maleate, 2022
tablets, 2023

Folic acid, 2026
assay (411), 6689
compounded oral solution, 2027
injection, 2027
tablets, 2028

Folin-ciocalteu phenol TS, 6229
Fondaparinux sodium, 2029

injection, 2033
Formaldehyde

solution, 2035, 6167, 6229
TS,6229

Formamide, 6167
anhydrous, 6167

Formic acid, 6167
96 percent, 6167
anhydrous, 6168

Formoterol fumarate, 2036
Forskohlii, 5000

extract, powdered, 5003
powdered, 5002

Foscarnet sodium, 2037
Fosfomycin tromethamine, 2039
Fosinopril sodium, 2040

and hydrochlorothiazide tablets, 2043
tablets, 2042

Fosphenytoin sodium, 2045
injection, 2047

Fructose, 2048
injection, 2049
and sodium chloride injection, 2049

Fuchsin
basic, 2050, 6141, 6168

pyrogallol TS, 6229
sulfurous acid TS, 6229

Fuller's earth, chromatographic, 6152, 6168
Fulvestrant, 2050
Fumaric acid, 5780
Fuming

nitric acid, 6168
sulfuric acid, 6168

Furazolidone, 2052
oral suspension, 2052
tablets, 2053

Furfural, 6168
Furosemide, 2053

injection, 2054
oral solution, 2055
tablets, 2056

G
G designations, 6168
Ga 67 injection, gallium citrate, 2088
Gabapentin, 2057

capsules, 2058
tablets, 2060

Gadodiamide, 2061
injection, 2064

Gadolinium (Gd III) acetate hydrate, 6168
Gadolinium sulfate, 6168
Gadopentetate dimeglumine injection, 2065
Gadoteridol, 2067

injection, 2069
Gadoversetamide, 2070

injection, 2073
Galactose, 5781
Galageenan, 5782
Galantamine

extended-release capsules, 2074
hydro bromide, 2083
oral solution, 2079
tablets, 2081

Gallamine triethiodide, 2087
injection.: 2087

Gallium citrate Ga 67 injection, 2088
Gamma cyclodextrin, 5739
Ganciclovir, 2088

for injection, 2089
oral suspension, 2090

Ganoderma lucidum frultlnq body, 5004
Ganoderma lucidum fruiting body powder,

5008
Garcinia cambogia, 5011

powdered, 5012
Garcinia hydroxycitrate

extract, powdered, 5014
Garcinia indica, 5015

powdered, 5016
Garlic, 5018

delayed-release tablets, 5024
extract, powdered, 5022
fluidextract, 5023
powdered, 5020

Gaseous sterilization (1229.7), 8222
Gastric fluid, simulated, TS, 6234
Gauze

absorbent, 2091
petrolatum, 2092

Gel
Adapalene, 96
Aluminum hydroxide, 188
Aluminum hydroxide, dried, 189
Aluminum hydroxide capsules, dried, 190
Aluminum hydroxide tablets, dried, 190
Aluminum phosphate, 190
Aminobenzoic acid, 234
ascorbic acid chewable, 4765
Benzocaine, 506
Benzocaine, butamben, and tetracaine

hydrochloride, 514
Benzoyl peroxide, 526
Betamethasone benzoate, 545
cholecalciferol chewable, 4889
Chromatographic silica, 6152
Chromatographic silica mixture, 6152
Clindamycin phosphate, 1071
Cyanocobalamin chewable, 4931
Desoximetasone, 1275
Dimethyl sulfoxide, 1413
Dyclonine hydrochloride, 1570
Erythromycin and benzoyl peroxide,

topical, 1692
Erythromycin, topical, 1686
Fluocinonide, 1938
Gelatin, 5783
Gelatin film, absorbable, 2092
Gelatin sponge, absorbable, 2093
Gelatin TS, 6229
Hydrocortisone, 2230
Indomethacin, topical, 2330
Metronidazole, 2935
Naftifine hydrochloride, 3066
Phenol topical, camphorated, 3501
Phenytoin compounded topical, 3525
Salicylic acid, 3972
Selegiline compounded topical, 4021
Silica, 6199
Silica, binder-free, 6199
Silica, chromatographic, 6152, 6199
Silica, impregnated glass microfiber sheet,

6199
Silica mixture, chromatographic, 6152,

6199
Silica mixture, chromatographic, with

chemically bound amino groups, 6199
Silica mixture, dimethylsilanized,

chromatographic, 6199
Silica mixture, octadecylsilanized

chromatographic, 6199
Silica mixture, octylsilanized,

chromatographic, 6199
Silica, octadecylsilanized chromatographic,

6199
Silica, porous, 6199
Sodium fluoride and phosphoric acid,

4075
Sodium sulfide topical, 4096
Stannous fluoride, 4115
Tolnaftate, 4426
Tretinoin, 4479

Gelatin, 5783, 6168
film, absorbable, 2092
sponge, absorbable, 2093
TS,6229

Gellan gum, 5785
Gemcitabine

.for injection, 2094
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Gemcitabine (continued)
hydrochloride, 2093

Gemfibrozil, 2096
capsules, 2097
tablets, 2098

Gene therapy products (1047), 7426

General chapters
(1) Injections and implanted drug products

(parenterals)-product quality tests,
6405

(2) Oral drug products-product quality
tests, 6410

(3) Topical and transdermal drug
products-product quality tests, 6415

(4) Mucosal drug products-product
quality tests, 6423

(5) Inhalation and nasal drug products
general information and product quality
tests, 6427

(7) Labeling, 6435
(11) USP reference standards, 6442
(17) Prescription container labeling, 6445
(31) Volumetric apparatus, 6448
(41) Balances, 6449
(51) Antimicrobial effectiveness testing,

6449
(55) Biological indicators-resistance

performance tests, 6452
(60) Microbiological examination of

nonsterile products tests for Burkholderia
Cepacia complex, 6454

(61) Microbiological examination of
nonsterile products: microbial
enumeration tests, 6457

(62) Microbiological examination of
nonsterile products: tests for specified
organisms, 6463

(63) Mycoplasma tests, 6472
(71) Sterility tests, 6481
(81) Antibiotics-microbial assays, 6488
(85) Bacterial endotoxins test, 6508
(87) Biological reactivity tests, in vitro,

6514
(88) Biological reactivity tests, in vivo,

6516
(89.1) Collagenase I, 6524
(89.2) Collagenase II, 6529
(89) Enzymes used as ancillary materials in

pharmaceutical manufacturing, 6521
(90) Fetal bovine serum--quality attributes

and functionality tests, 6533
(91) Calcium pantothenate assay, 6536
(92) Growth factors and cytokines used in

cell therapy manufacturing, 6539
(111) Design and analysis of biological

assays, 6543
(115) Dexpanthenol assay, 6547
(121) Insulin assays, 6547
(121.1) Physicochemical analytical

procedures for insulins, 6550
(123) Glucagon bioidentity tests, 6552
(124) Erythropoietin bioassays, 6557
(126) Somatropin bioidentity tests, 6558
(127) Flow cytometric enumeration of

CD34+ cells, 6560
(129) Analytical procedures for

recombinant therapeutic monoclonal
antibodies, 6565 .

(130) Protein A quality attributes, 6570
(151) Pyrogen test, 6577

(161) Medical devices-bacterial endotoxin
and pyrogen tests, 6579

(162) Diphtheria antitoxin potency testing
for human immune globulins, 6582

(165) Prekallikrein activator, 6583
(171) Vitamin B12 activity assay, 6584
(181) Identification-organic nitrogenous

bases, 6587
(191) Identification tests-general, 6587
(193) Identification-tetracyclines, 6592
(197) Spectrophotometric identification

tests, 6593
(201) Thin-layer chromatographic

identification test, 6600
(202) Identification of fixed oils by thin­

layer chromatography, 6601
(203) High-performance thin-layer

chromatography procedure for
identification of articles of botanical
origin, 6602

(206) Aluminum, 6605
(207) Test for 1,6-anhydro derivative for

enoxaparin sodium, 6605
(208) Anti-factor Xa and anti-factor lIa

assays for unfractionated and low
molecular weight heparins, 6611

(209) Low molecular weight heparin
molecular weight determinations, 6614

(210) Monosaccharide analysis, 6616
(211) Arsenic, 6621
(212) Oligosaccharide analysis, 6623
(221) Chloride and sulfate, 6636
(223) Dimethylaniline, 6636
(226) 4-Epianhydrotetracycline, 6636
(227) 4-Aminophenol in acetaminophen-

containing drug products, 6637
(228) Ethylene oxide and dioxane, 6639
(232) Elemental impurities-limits, 6641
(233) Elemental impurities-procedures,

6645
(241) Iron, 6648
(251) Lead, 6649
.(261) Mercury, 6650
(267) Porosimetry by mercury intrusion,

6653
(268) Porosity by nitrogen

adsorption-desorption, 6655
(271) Readily carbonizable substances test,

6660
(281) Residue on ignition, 6660
(291) Selenium, 6661
(301) Acid-neutralizing capacity, 6661
(311) Alginates assay, 6662
(341) Antimicrobial agents-content, 6664
(345) Assay for citric acid/citrate and

phosphate, 6668
(351) Assay for steroids, 6669
(381) Elastomeric closures for injections,

6669
(391) Epinephrine assay, 6676
(401) Fats and fixed oils, 6676
(411) Folic acid assay, 6689
(413) Impurities testing in medical gases,

6692
(415) Medical gases assay, 6693
(425) lodometric assay-antibiotics, 6696
(429) Light diffraction· measurement of

particle size, 6697
(431) Methoxy determination, 6702
(441) Niacin or niacinamide assay, 6704
(451)· Nitrite titration, 6709
(461) Nitrogen determination, 6709
(466) Ordinary impurities, 6710
(467) Residual solvents, 6712

(469) Ethylene glycol, diethylene glycol,
and triethylene glycol in ethoxylated
substances, 6733

(471) Oxygen flask combustion, 6735
(481) Riboflavin assay, 6735
(501) Salts of organic nitrogenous bases,
.6741

(503) Acetic acid in peptides, 6741
(503.1) Trifluoroacetic acid (TFA) in

peptides, 6743
(507) Protein determination procedures,

6744
(509) Residual DNA testing, 6748
(511) Single-steroid assay, 6750
(525) Sulfur dioxide, 6751
(531) Thiamine assay, 6756
(541) Titrimetry, 6764
(551) Vitamin E assay, 6767
(561) Articles of botanical origin, 6774
(563) Identification of articles of botanical

origin, 6788
(565) Botanical extracts, 6798
(571) Vitamin A assay, 6801
(580) Vitamin C assay, 6805
(581) Vitamin D assay, 6808
(591) Zinc determination, 6817
(601) Inhalation and nasal drug products:

aerosols, sprays, and powders­
performance quality tests, 6819

(602) Propellants, 6844
(603) Topical aerosols, 6845
(604) Leak rate, 6846
(610) Alternative microbiological sampling

methods for nonsterile inhaled and nasal
products, 6846

(611) Alcohol determination, 6848
(616) Bulkdensity and tapped density of

powders, 6850
(621) Chromatography, 6853
(630) Visiual Comparison, 6865
(631) Color and achromicity, 6865
(641) Completeness of solution, 6866
(643) Total organic carbon, 6867
(644) Conductivity of solutions, 6868
(645) Water conductivity, 6871
(651) Congealing temperature, 6874
(659) Packaging and storage requirements,

6876
(660) Containers-glass, 6881
(661) Plastic packaging systems and their

materials of construction, 6887
(661.1) Plastic materials of construction,

6893
(661.2) Plastic packaging systems for

pharmaceutical use, 6912
(670) Auxiliary packaging components,

6916
(671) Containers-performance testing,

6922
(691) Cotton, 6929
(695) Crystallinity, 6931
(696) Characterization of crystalline solids

by microcalorimetry and solution
calorimetry, 6931

(697) Container content for injections,
6934

(698) Deliverable volume, 6935
(699) Density of solids, 6938
(701) Disintegration, 6940
(705) Quality attributes of tablets labeled

as having a functional score, 6944
(711) Dissolution, 6945
(721) Distilling range, 6955
(724) Drug release, 6957
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Ceneral chapters (continued)
(729) Globule size distribution in lipid

injectable emulsions, 6963
(730) Plasma spectrochemistry, 6967
(731) Loss on drying, 6970
(733) Loss on ignition, 6970
(735) X-ray fluorescence spectrometry,

6971
(736) Mass spectrometry, 6975
(741) Melting range or temperature, 6980
(755) Minimum fill, 6982
(761) Nuclear magnetic resonance

spectroscopy, 6984
(771) Ophthalmic products-quality tests,

6993
(776) Optical microscopy, 6998
(781) Optical rotation, 7001
(782) Vibrational circular dichroism

spectroscopy, 7002
(785) Osmolality and osmolarity, 7008
(786) Particle size distribution estimation

by analytical sieving, 7010
(787) Subvisible particulate matter in

therapeutic protein injections, 7014
(788) Particulate matter in injections, 7017
(789) Particulate matter in ophthalmic
. solutions, 7020

(790) Visible particulates in injections,
7021

(791) pH, 7022
(795) Pharmaceutical compounding­

nonsterile preparations, 7025
(797) Pharmaceutical compounding­

sterile preparations, 7037
(800) Hazardous drugs-handling in

healthcare settings, 7071
(801) Polarography, 7089
(811) Powder fineness, 7093
(821) Radioactivity, 7094
(823) Positron emission tomography drugs

for compounding, investigational, and
research uses, 7100

(825) Radiopharmaceuticals-preparation,
compounding, dispensing, and
repackaging, 7109

(831) Refractive index, 7137
(841) Specific gravity, 7137
(846) Specific surface area, 7139
(852) Atomic absorption spectroscopy,

7142
(853) Fluorescence spectroscopy, 7146
(854) Mid-infrared spectroscopy, 7151
(855) Nephelometry, turbidimetry, and

visual comparison, 7155
(856) Near-infrared spectroscopy, 7161
(857) Ultraviolet-visible spectroscopy, 7166
(861 ),Sutures-diameter, 7175
(871) Sutures-needle attachment, 7178
(881) Tensile strength, 7179
(891) Thermal analysis, 7180
(905) Uniformity of dosage units, 7183
(911) Viscosity-capillary methods, 7187
(912) Viscosity-rotational methods, 7189
(913) Viscosity-rolling ball method, 7193
(914) Viscosity-pressure driven methods,

7195
(921) Water determination, 7196
(941) Characterization of crystalline and

partially crystalline solids by X-ray
powder diffraction (XRPD), 7201

(1004) Mucosal drug products-
performance tests, 7227

(1005) Acoustic emission, 7230
(1010) Analytical data-interpretation and

treatment, 7233

(1024) Bovine serum, 7260
(1025) Pancreatin, 7272
(1027) Flow cytometry, 7281
(1030) Biological assay chapters-overview

and glossary, 7300
(1031) The biocompatibility of materials

used in drug containers, medical
devices, and implants, 7313

(1032) Design and development of
biological assays, 7320

(1033) Biological assay validation, 7337
(1034) Analysis of biological assays, 7351
(1039) Chemometrics, 7363
(1041) Biologics, 7379
(1043) Ancillary materials for cell, gene,

and tissue-engineered products, 7381
(1044) Cryopreservation of cells, 7389
(1046) Cellular and tissue-based products,

7400
(1047) Gene therapy products, 7426
(1048) Quality of biotechnological

products: analysis of the expression
construct in cells used for production of
r-DNA derived protein products, 7452

(1049) Quality of biotechnological
products: stability testing of
biotechnological/biological products,
7454 .

(1050) Viral safety evaluation of
biotechnology products derived from
cell lines of human or animal origin,
7459

(1050.1) Design, evaluation and
characterization of viral clearance
procedures, 7472

(1051) Cleaning glass apparatus, 7481
(1052) Biotechnology-derived articles­

amino acid analysis, 7481
(1053) Capillary electrophoresis, 7492
(1054) Biotechnology-derived articles­

isoelectric focusing, 7499
(1055) Biotechnology-derived articles­

peptide mapping, 7501
(1056) Biotechnology-derived articles­

polyacrylamide gel electrophoresis, 7508
(1057) Biotechnology-derived articles­

total protein assay, 7515
(1058) Analytical instrument qualification,

7522
(1059) Excipient performance, 7528
(1061) Color-instrumental measurement,

7553
(1062) Tablet compression

characterization, 7556
(1063) Shear cell methodology for powder

flow testing, 7566
(1064) Identification of articles of botanical

origin by high-performance thin-layer
chromatography procedure, 7578

(1065) Ion chromatography, 7588
(1066) Physical environments that promote

safe medication use, 7590
(1071) Rapid sterility testing of short life

products a risk based approach, 7602
(1072) Disinfectants and antiseptics, 7608
(1074) Excipient biological safety

evaluation guidelines, 7613
(1078) Good manufacturing practices for

bulk pharmaceutical excipients, 7617 .
(1079.1) Storage and transportation of

investigational drug products, 7644
(1079) Good storage and distribution

practices for drug products, 7635
(1080) Bulk pharmaceutical excipients­

certificate of analysis, 7647

(1084) Glycoprotein and glycan analysis-
general considerations, 7655

(1085) Guidelines on endotoxins test,
. 7665
(1086) Impurities in drug substances and

drug products, 7678
(1087) Apparent intrinsic dissolution­

dissolution testing procedures for
rotating disk and stationary disk, 7681

(1088) In vitro and in vivo evaluation of
dosage forms, 7684

(1090) Assessment of drug product
performance-bioavailability,
bioequivalence, and dissolution, 7695

(1091) Labeling of inactive ingredients,
7706

(1092) The dissolution procedure:
development and validation, 7707

(1094) Capsules-dissolution testing and
related quality attributes, 7725

(1097) Bulk powder sampling procedures,
7732

(1099) Limit on number of large deviations
when assessing content uniformity in
large samples, 7744

(1102) Immunological test methods­
general considerations, 7746

(1103) Immunological test methods­
enzyme-linked immunosorbent assay
(ELISA), 7753

(1104) Immunological test methods­
immunoblot analysis, 7763

(1105) Immunological test methods­
surface plasmon resonance, 7773

(1106) Immunogenicity assays-design
and validation of immunoassays to
detect anti-drug antibodies,7788

(1106.1) Immunogenicity assays-design
and validation of assays to detect anti­
drug neutralizing antibody, 7802

(1111) Microbiological examination of
nonsterile products: acceptance criteria
for pharmaceutical preparations and
substances for pharmaceutical use, 7819

(1112) Application of water activity
determination to nonsterile
pharmaceutical products, 7820

(1113) Microbial characterization,
identification, and strain typing, 7823

(1115) Bioburden control of nonsterile
drug substances and products, 7827

(1116) Microbiological control and
monitoring of aseptic processing
environments, 7833

(111 7) Microbiological best laboratory
practices, 7845

(1118) Monitoring devices-time,
temperature, and humidity, 7850

(1120) Raman spectroscopy, 7856
(1121) Nomenclature, 7862
(1125) Nucleic acid-based techniques­

general, 7865
(1126) Nucleic acid-based techniques­

extraction, detection, and sequencing,
7870

(1127) Nucleic acid-based techniques­
amplification, 7879

(1128) Nucleic acid-based techniques­
microarray, 7887

(1129) Nucleic acid-based techniques­
genotyping, 7893

(11 30) Nucleic acid-based techniques­
approaches for detecting trace nucleic
acids (residual DNA testing), 7897
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General chapters (continued)
(1132) Residual host cell protein

measurement in biopharmaceuticals,
7900

(1136) Packaging and repackaging-single
unit containers, 7919

(1151) Pharmaceutical dosage forms, 7929
(1152) Animal drugs for use in animal

feeds, 7952
(1160) Pharmaceutical calculations in

pharmacy practice, 7953
(1163) Quality assurance in pharmaceutical

compounding, 7979
(1168) Compounding for phase I

investigational studies, 7985
(1174) Powder flow, 7993
(1176) Prescription balances and

volumetric apparatus, 7997
(1177) Good packaging practices, 8003
(1178) Good repackaging practices, 8006
(1180) Human plasma, 8008
(1181) Scanning electron microscopy,

8025
(1184) Sensitization testing, 8035
(1191) Stability considerations in

dispensing practice, 8044
(1195) Significant change guide for bulk

pharmaceutical excipients, 8049
(1197) Gooddlstrlbution practices for bulk

pharmaceutical excipients, 8060
(1207.1) Package integrity and test

method selection, 8086
(1207.2) Package integrity leak test

technologies, 8097
(1207.3) Package seal quality test

technologies, 8111
(1207) Sterile product packaging-integrity

evaluation, 8079
(1208) Sterility testing-validation of

isolator systems, 8113
(1210) Statistical tools for procedure

validation, 8117
(1211) Sterility assurance, 8129
(1216) Tablet friability, 8137
(1217) Tablet breaking force, 8138
(1222) Terminally sterilized pharmaceutical

products-parametric release, 8142
(1223) Validation of alternative

rnlcrobloloqkal methods, 8144
(1223.1) Validation of alternative methods

to antibiotic microbial assays, 8157
(1224) Transfer of analytical procedures,

8164 '
(l225) Validation of compendial

procedures, 81,66
(1226) Verification of compendia I

procedures, 8171
(1227) Validation of microbial recovery

from pharmacopeial articles, 8172
(1228.4) Depyrogenation by Rinsing, 8187
(1228) Depyrogenation, 8176
(1228.1) Dry heat depyrogenation, 8181
(1228.3) Depyrogenation by filtration,

8184
(122~.5) Endotoxin indicators for

depyrogenation, 8190
(1229) Sterilization of compendial articles,

:8194 .
(1229.1) Steam sterilization by direct

contact, 8199
(1'229.2) Moist heat sterilization of

aqueous liquids, 8202
(1229.3) Monitoring of bioburden, 8206
(1,229.4) Sterilizing filtration of liquids,

8209

(1229.5) Biological indicators for
sterilization, 8216

(1229.6) Liquid-phase sterilization, 8219
(1229.7) Gaseous sterilization, 8222
(1229.8) Dry heat sterilization, 8225
(1229.9) Physicochemical integrators and

indicators for sterilization, 8227
(1229.1 0) Radiation sterilization, 8228
(1229.11) Vapor phase sterilization, 8231
(1229.12) New sterilization methods, 8233
(1229.13) Sterilization-in-place, 8233
(1229.14) Sterilization cycle development,

8235
(1229.15) Sterilization filtration of gases,

8238
(1229.16) Prion inactivation, 8239
(1230) Water for hemodialysis applications,

8240
(1231) Water for pharmaceutical purposes,

8242
(1234) Vaccines for human use­

polysaccharide and glycoconjugate
vaccines, 8276

(1235) Vaccines for human use-general
considerations, 8291

(1237) Virology test methods, 8319
(1238) Vaccines for human use-bacterial

vaccines, 8338
(1240) Virus testing of human plasma for

further manufacture, 8350
(1241) Water-solid interactions in

pharmaceutical systems, 8359
(1251) Weighing on an analytical balance,

8363
(1265) Written prescription drug

information-guidelines, 8368
(1285) Preparation of biological specimens

for histologic and immunohistochemical
analysis, 8370

(1285.1) Hematoxylin and eosin staining of
sectioned tissue for microscopic
examination, 8374

,(1430.1) Analytical methodologies based
on scattering phenomena-static light
scattering, 8379

(1430:2) Analytical methodologies based
on scattering phenomena- light
diffraction measurements of particle size,
8386

(1430.4) Analytical methodologies based
on scattering phenomena­
electrophoretic light scattering
(determination of zeta potential), 8389

(1430.5) Analytical methodologies based
on scattering phenomena-small angle
x-ray scattering and small angle neutron
scattering, 8392

(1430) Analytical methodologies based on
scattering phenomena-general, 8376

(1467) Residual Solvents-Verification of
Compendial Procedures and Validation
of Alternative Procedures, 8404

(1601) Products for nebulization­
characterization tests, 8407

(1602) Spacers and valved holding
chambers used with inhalation
aerosols-characterization tests, 8411

(1644) Theory and practice of electrical
conductivity measurements of solutions,
8423

(1660) Evaluation of the inner surface
durability of glass containers, 8429

(1661) Evaluation of plastic packaging
systems and their materials of
construction with respect to their user
safety impact, 8434

(1663) Assessmentof extractables
associated with pharmaceutical
packaging/deliverysystems, 8442

(1664) Assessmentof drug product
leachables associated with
pharmaceutical packaging/delivery
systems, 8455

(1664.1) Orally inhaled and nasal drug
products, 8467

(1724) Semisolid drug products­
performance tests, 8473

(1730) Plasma spectrochemistry-theory
and practice, 8484

(1735) X-ray fluorescence spectrometry­
theory and practice, 8490

(1736) Applications of mass spectrometry,
8508

(1761) Applications of nuclear magnetic
resonance spectroscopy, 8529

(1771) Ophthalmic products-performance
tests, 8549 ,

(1782) Vibrational circulardichroism
spectroscopytheory and practice, 8549

(1787) Measurement of subvisible
particulate matter in therapeutic protein
injections, 8562

(1788) Methods for the determination of
particulate matter in injections and
ophthalmic solutions, 8575

(1790) Visual inspection of injections, 8587
(1821) Radioactivity-theory and practice,

8604
(1823) Positron emission tomography

drugs-information, 8617
(1850) Evaluation of screening

technologies for assessing medicine
quality, 8626

(1852) Atomic absorption spectroscopy­
theory and practice, 8632

(1853) Fluorescence spectroscopy-theory
and practice, 8641

(1854) Mid-infrared spectroscopy-theory
and practice, 8650

(1857) Ultraviolet-visible spectroscopy­
theory and practice, 8670

(1911) Rheometry, 8679
(198) Nuclear magnetic resonance

spectroscopy identity testing of bacterial
polysaccharides used in vaccine
manufacture, 6596

(2021) Microbial enumeration tests­
nutritional and dietary supplements,
8687

(2022) Microbiological procedures for
absence of specified microorganisms­
nutritional and dietary supplements,
8692

(2023) Microbiological attributes of
nonsterile nutritional and dietary
supplements, 8698

(2030) Supplemental information for
articles of botanical origin, 8702

(2040) Disintegrationand dissolution of
dietary supplements, 8711

(2091) Weight variation of dietary
supplements, 8718

(2232) Elemental contaminants in dietary
supplements, 8719

(2250) Detection of irradiated dietary
supplements, 8722
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General chapters (continued)
(2251) Screening for undeclared drugs and

drug analogues, 8725
(2750) Manufacturing practices for dietary

supplements, 8742

General chapters
Applications of mass spectrometry (1736),

8508
Radiopharmaceuticals-preparation,

compounding, dispensing, and
repackaging (825), 7109

Acetic acid in peptides (503), 6741
Acid-neutralizing capacity (301), 6661
Acoustic emission (1005), 7230
Alcohol determination (611), 6848
Alginates assay (311), 6662
Alternative microbiological sampling

methods for nonsterile inhaled and nasal
products (610), 6846

Aluminum (206), 6605
4-Aminophenol in acetaminophen­

containing drug products (227), 6637
Analysis of biological assays (1034), 7351
Analytical data-interpretation and

treatment (1010), 7233
Analytical instrument qualification (1058),

7522
Analytical methodologies based on

scattering phenomena-electrophoretic
light scattering (determination of zeta
potential) (1430.4), 8389

Analytical methodologies based on
scattering phenomena-general (1430),
8376

Analytical methodologies based on
scattering phenomena-light diffraction
measurements of particle size (1430.2),
8386

Analytical methodologies based on
scattering phenomena-small angle x­
ray scattering and small angle neutron
scattering (1430.5), 8392

Analytical methodologies based on
scattering phenomena-static light
scattering (1430.1), 8379

Analytical procedures for recombinant
therapeutic monoclonal antibodies
(129), 6565

Ancillary materials for cell, gene, and
tissue-engineered products (1043), 7381

Animal drugs for use in animal feeds
(1152), 7952

Antibiotics-microbial assays (81), 6488
Anti-factor Xa and anti-factor lIa assays for

unfractionated and low molecular
weight heparins (208), 6611

Antimicrobial agents-content (341), 6664
Antimicrobial effectiveness testing (51),

6449
Apparent intrinsic dissolution-dissolution

testing procedures for rotating disk and
stationary disk (1087), 7681

Applications of nuclear magnetic .
resonance spectroscopy (1761), 8529

Application of water activity determination
to nonsterile pharmaceutical products
(1112), 7820

Arsenic (211), 6621
Articles of botanical origin (561), 6774
Assay for citric acid/citrate and phosphate

(345), 6668

Assay for steroids (351), 6669
Assessment of drug product

performance-bioavailability,
bioequivalence, and dissolution (1090),
7695

Assessment of drug product leachables
associated with pharmaceutical
packaging/delivery systems (1664), 8455

Assessment of extractables associated with
pharmaceutical packaging/delivery
systems (1663), 8442

Atomic absorption spectroscopy (852),
7142

Atomic absorption spectroscopy-theory
and practice (1852), 8632

AUXiliary packagin~ components (670),
6916

Bacterial endotoxins test (85), 6508
Balances (41), 6449 .
Bioburden control of nonsterile drug

substances and products (1115), 7827
The biocompatibility of materials used in

drug containers, medical devices, and
implants (1031), 7313

Biological assay chapters-overview and
glossary (1030), 7300

Biological assay validation (1033), 7337.
Biological indicators-resistance

performance tests (55), 6452
Biological indicators for sterilization (1229.

5), 8216
Biological reactivity tests, in vitro (87),

6514
Biological reactivity tests, in vivo (88),

6516
Biologics (1041), 7379
Biotechnology-derived articles-amino acid

analysis (1052), 7481
Biotechnology-derived articles-isoelectric

focusing (1054), 7499
Biotechnology-derived articles-peptide

mapping (1055), 7501
Biotechnology-derived articles­

polyacrylamide gel electrophoresis
(1056), 7508

Biotechnology-derived articles-total
protein assay (1057), 7515

Botanical extracts (565), 6798
Bovine serum (1024), 7260
Bulk density and tapped density of

powders (616), 6850
Bulk pharmaceutical excipients-certificate

of analysis (1080), 7647
Bulk powder sampling procedures (1097),

7732
Calcium pantothenate assay (91), 6536
Capillary electrophoresis (1053), 7492
Capsules-dissolution testing and related

quality attributes (1094), 7725
Cellular and tissue-based products (1046),

7400
Characterization of crystalline and partially

crystalline solids by X-ray powder
diffraction (XRPD) (941), 7201

Characterization of crystalline solids by
microcalorimetry and solution
calorimetry (696), 6931

Chemometrics (1039), 7363
Chloride and sulfate (221), 6636
Chromatography (621), 6853
Cleaning glass apparatus (1051),7481
Collagenase I (89.1), 6524
Collagenase II (89.2), 6529
Color and achromicity (631), 6865

Color-instrumental measurement (1061),
7553

Completeness of solution (641), 6866
Compounding for phase I investigational

studies (1168), 7985
Conductivity of solutions (644), 6868
Congealing temperature (651), 6874
Container content for injections (697),

6934
Containers-glass (660), 6881
Containers-performance testing (671),

6922
Cotton (691), 6929
Cryopreservation of cells (1044), 7389
Crystallinity (695), 6931
Deliverable volume (698), 6935
Density of solids (699), 6938
Depyrogenation (1228), 8176
Depyrogenation by filtration (1228.3),

8184
Depyrogenation by Rinsing (1228.4), 8187
Design, evaluation and characterization of

viral clearance procedures (1050.1),
7472

Design and analysis of biological assays
(111), 6543

Design and development of biological
assays (1032), 7320

Detection of irradiated dietary supplements
(2250), 8722

Dexpanthenol assay (115), 6547
Dirnethylaniline (223), 6636
Diphtheria antitoxin potency testing for

human immune globulins (162), 6582
Disinfectants and antiseptics (1072), 7608
Disintegration (701), 6940
Disintegration and dissolution of dietary

supplements (2040), 8711
Dissolution (711), 6945
The dissolution procedure: development

and validation (1092), 7707
Distilling range (721), 6955
Drug release (724), 6957
Dry heat depyrogenation (1228.1), 8181
Dry heat sterilization (1229.8), 8225
Elastomeric closures for injections (381),

6669
Elemental contaminants in dietary

supplements (2232), 8719
Elemental impurities-limits (232), 6641
Elemental impurities-procedures (233),

6645
Endotoxin indicators for depyrogenation

(1228.5), 8190
Enzymes used as ancillary materials in

pharmaceutical manufacturing (89),
6521

4-Epianhydrotetracycline (226), 6636
Epinephrine assay (391), 6676
Erythropoietin bioassays (124), 6557
Ethylene glycol, diethylene glycol, and

triethylene glycol in ethoxylated
substances (469), 6733

Ethylene oxide and dioxane (228), 6639
Evaluation of plastic packaging systems

and their materials of construction with
respect to their user safety impact
(1661), 8434

Evaluation of screening technologies for
assessing medicine quality (1850), 8626

Evaluation of the inner surface durability of
glass containers (1660), 8429

EXcipient biological safety evaluation
guidelines (1074), 7613

Excipient performance (1059), 7528
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General chapters (continued)
Fats and fixed oils (401), 6676
Fetal bovine serum-quality attributes and

functionality tests (90), 6533
Flow cytometric enumeration of CD34+

cells (127), 6560
Flow cytometry (1027), 7281
Fluorescence spectroscopy (853), 7146
Fluorescence spectroscopy-theory and

practice (1853), 8641
Folic acid assay (411), 6689
Gaseous sterilization (1229.7), 8222
Gene therapy products (1047), 7426
Globule size distribution in lipid injectable

emulsions (729), 6963
Glucagon bioidentity tests (123), 6552
Glycoprotein and glycan analysis-general

considerations (1084), 7655
Good distribution practices for bulk

pharmaceutical excipients (1197), 8060
Good manufacturing practices for bulk

pharmaceutical excipients (1078), 7617
Good packaging practices (1177), 8003
Good repackaging practices (11 78), 8006
Good storage and distribution practices for

drug products (1079), 7635
Growth factors and cytokines used in cell

therapy manufacturing (92), 6539
Guidelines on endotoxins test (1085),

7665
Hazardous drugs-handling in healthcare

settings (800), 7071
Hematoxylin and eosin staining of

sectioned tissue for microscopic
examination (1285.1), 8374

High-performance thin-layer
chromatography procedure for
identification of articles of botanical
origin (203), 6602

Human plasma (1180), 8008
Identification of articles of botanical origin

(563), 6788
Identification of articles of botanical origin

by high-performance thin-layer
chromatography procedure (1064),
7578

Identification of fixed oils by thin-layer
chromatography (202), 6601

Identification-organic nitrogenous bases
(181), 6587

Identification tests-general (191), 6587
Identification-tetracyclines (193), 6592
Immunogenicity assays-design and

validation of assays to detect anti-drug
neutralizing antibody (1106.1), 7802

Immunogenicity assays-design and
validation of immunoassays to detect
anti-drug antibodies (1106), 7788

Immunological test methods-surface
plasmon resonance (1105), 7773

Immunological test methods-enzyme­
linked immunosorbent assay (ELISA)
(1103), 7753

Immunological test methods-general
considerations (1102), 7746

Immunological test methods-immunoblot
analysis (1104), 7763

Impurities in drug substances and drug
products (1086), 7678

Impurities testing in medical gases (413),
6692

Inhalation and nasal drug products:
aerosols, sprays, and powders­
performance quality tests (601), 6819

Inhalation and nasal drug products­
general information and product quality
tests (5), 6427

Injections and implanted drug products
(parenterals)-product quality tests (1),
6405

Insulin assays (121), 6547
In vitro and in vivo evaluation of dosage

forms (1088), 7684
lodometric assay-antibiotics (425), 6696
Ion chromatography (1065), 7588
Iron (241), 6648
Labeling (7), 6435
Labeling of inactive ingredients (1091),

7706
Lead (251), 6649
Leak rate (604), 6846
Light diffraction measurement of particle

size (429), 6697
Limit on number of large deviations when

assessing content uniformity in large
samples (1099), 7744

Liquid-phase sterilization (1229.6), 8219
Loss on drying (731), 6970
Loss on ignition (733), 6970
Low molecular weight heparin molecular

weight determinations (209), 6614
Manufacturing practices for dietary

supplements (2750), 8742
Mass spectrometry (736), 6975
Measurement of subvisible particulate

matter in therapeutic protein injections
(1787), 8562

Medical devices-bacterial endotoxin and
pyrogen tests (161), 6579

Medical gases assay (415), 6693
Melting range or temperature (741), 6980
Mercury (261), 6650
Methods for the determination of

particulate matter in injections and
ophthalmic solutions (1788), 8575

Methoxy determination (431), 6702
Microbial characterization, identification,

and strain typing (1113), 7823
Microbial enumeration tests-nutritional

and dietary supplements (2021), 8687
Microbiological attributes of nonsterile

nutritional and dietary supplements
(2023), 8698

Microbiological best laboratory practices
(111 7), 7845

Microbiological control and monitoring of
aseptic processing environments (1116),
7833

Microbiological examination of nonsterile
products: acceptance criteria for
pharmaceutical preparations and
substances for pharmaceutical use
(1111), 7819

Microbiological examination of nonsterile
products: microbial enumeration tests
(61), 6457

Microbiological examination of nonsterile
products: tests for specified organisms
(62), 6463

Microbiological examination of nonsterile
products tests for Burkholderia Cepacia
complex (60), 6454

Microbiological procedures for absence of
specified microorganisms-nutritional
and dietary supplements (2022), 8692

Mid-infrared spectroscopy (854), 7151
Mid-infrared spectroscopy-theory and

practice (1854), 8650
Minimum fill (755), 6982

Moist heat sterilization of aqueous liquids
(1229.2), 8202

Monitoring devices-time, temperature,
and humidity (1118), 7850

Monitoring of bioburden (1229.3), 8206
Monosaccharide analysis (21O), 6616
Mucosal drug products-performance tests

(1004), 7227
Mucosal drug products-product quality

tests (4), 6423
Mycoplasma tests (63), 6472
Near-infrared spectroscopy (856), 7161
Nephelometry, turbidimetry, and visual

comparison (855), 7155
New sterilization methods (1229.12), 8233
Niacin or niacinamide assay (441), 6704
Nitrite titration (451), 6709
Nitrogen determination (461), 6709
Nomenclature (1121), 7862
Nuclear magnetic resonance spectroscopy

(761), 6984
Nuclear magnetic resonance spectroscopy

identity testing of bacterial
polysaccharides used in vaccine
manufacture (198), 6596

Nucleic acid-based techniques­
amplification (1127), 7879

Nucleic acid-based techniques­
approaches for detecting trace nucleic
acids (residual DNA testing) (1130),
7897

Nucleic acid-based techniques-extraction,
detection, and sequencing (1126), 7870

Nucleic acid-based techniques-general
(1125), 7865

Nucleic acid-based techniques­
genotyping (1129), 7893

Nucleic acid-based techniques-microarray
(1128), 7887

Oligosaccharide analysis (212), 6623
Ophthalmic products-performance tests

(1771), 8549
Ophthalmic products-quality tests (771),

6993
Optical microscopy (776), 6998
Optical rotation (781), 7001
Oral drug products-product quality tests

(2), 6410
Orally inhaled and nasal drug products

(1664.1), 8467
Ordinary impurities (466), 6710
Osmolality and osmolarity (785), 7008
Oxygen flask combustion (471), 6735
Package integrity and test method

selection (1207.1), 8086
Package integrity leak test technologies

(1207.2), 8097
Package seal quality test technologies

(1207.3), 8111
Packaging and repackaging-single unit

containers (1136), 7919
Packaging and storage requirements (659),

6876
Pancreatin (1025), 7272
Particle size distribution. estimation by

analytical sieving (786), 7010
Particulate matter in injections (788), 7017
Particulate matter in ophthalmic solutions

(789), 7020
pH (791), 7022
Pharmaceutical calculations in pharmacy

practice (1160), 7953
Pharmaceutical compounding-nonsterile

preparations (795), 7025
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General chapters (continued)
Pharmaceutical compounding-sterile

preparations (797), 7037
Pharmaceutical dosage forms (1151), 7929
Physical environments that promote safe

medication use (1066), 7590
Physicochemical analytical procedures for

insulins (121.1), 6550
Physicochemical integrators and indicators

for sterilization (1229.9), 8227
Plasma spectrochemistry (730), 6967
Plasma spectrochemistry-theory and

practice (1730), 8484
Plastic materials of construction (661.1),

6893
Plastic packaging systems and their

materials of construction (661), 6887
Plastic packaging systems for

pharmaceutical use (661.2), 6912
Polarography (801), 7089
Porosimetry by mercury intrusion (267),

6653
Porosity by nitrogen adsorption-desorption

(268), 6655
Positron emission tomography drugs for

compounding, investigational, and
research uses (823), 7100

Positron emission tomography drugs-
information (1823), 8617

Powder fineness (811), 7093
Powderflow (1174), 7993
Prekallikrein activator (165), 6583
Preparation of biological specimens for

histologic and immunohistochemical
analysis (1285), 8370

Prescription balances and volumetric
apparatus (1176), 7997

Prescription container labeling (17), 6445
Prion inactivation (1229.16), 8239
Products for nebulization-characterization

tests (1601), 8407
Propellants (602), 6844
Protein A quality attributes (130), 6570
Protein determination procedures (507),

6744
Pyrogen test (151), 6577
Quality assurance in pharmaceutical

compounding (1163), 7979
Quality attributes of tablets labeled as

having a functional score (705), 6944
Quality of biotechnological products:

analysis of the expression construct in
cells used for production of r-DNA
derived protein products (1048), 7452

Quality of biotechnological products:
stability testing of biotechnological!
biological products (1049), 7454

Radiation sterilization (1229.10), 8228
Radioactivity (821), 7094
Radioactivity-theory and practice (1821),

8604
Raman spectroscopy (1120), 7856
Rapid sterility testing of short life products

a risk based approach (1071), 7602
Readily carbonizable substances test (271),

6660
Refractive index (831),7137
Residual DNA testing (509), 6748
Residual host cell protein measurement in

biopharmaceuticals (11 32), 7900
Residual solvents (467), 6712
Residual Solvents-Verification of

Compendial Procedures and Validation
of Alternative Procedures (1467), 8404

Residue on ignition (281), 6660

Rheometry (1911), 8679
Riboflavin assay (481), 6735
Salts of organic nitrogenous bases (501),

6741
Scanning electron microscopy (1181),

8025
Screening for undeclared drugs and drug

analogues (2251), 8725
Selenium (291), 6661
Semisolid drug products-performance

tests (1724), 8473
Sensitization testing (1184), 8035
Shear cell methodology for powder flow

testing (1063), 7566
Significant change guide for bulk

pharmaceutical excipients (1195), 8049
Single-steroid assay (511), 6750
Somatropin bioidentity tests (126), 6558
Spacers and valved holding chambers used

with inhalation aerosols­
characterization tests (1602), 8411

Specific gravity (841), 713 7
Specific surface area (846), 7139
Spectrophotometric identification tests

(197), 6593
Stability considerations in dispensing

practice (1191), 8044
Statistical tools for procedure validation

(1210), 8117
Steam sterilization by direct contact (1229.

1), 8199
Sterile product packaging-integrity

evaluation (1207), 8079
Sterility Assurance (1211), 8129
Sterility testing-validation of isolator

systems (1208), 8113
Sterility tests (71), 6481
Sterilization cycle development (1229.14),

8235
Sterilization filtration of gases (1229.15),

8238
Sterilization-in-place (1229.13), 8233
Sterilization of compendial articles (1229),

8194
Sterilizing filtration of liquids (1229.4),

8209
Storage and transportation of

investigational drug products (1079.1),
7644

Subvisible particulate matter in therapeutic
protein injections (787), 7014

Sulfur dioxide (525), 6751
Supplemental information for articles of

botanical origin (2030), 8702
Sutures-diameter (861), 7175
Sutures-needle attachment (871), 7178
Tablet breaking force (1217), 8138
Tablet compression characterization

(1062), 7556
Tablet friability (1216), 8137
Tensile strength (881), 7179
Terminally sterilized pharmaceutical

products-parametric release (1222),
8142

Test for l,6-anhydro derivative for
enoxaparin sodium (207), 6605

Theory and practice of electrical
conductivity measurements of solutions
(1644), 8423

Thermal analysis (891), 7180
Thiamine assay (531), 6756
Thin-layer chromatographic identification

test (201), 6600
Titrimetry (541), 6764
Topical aerosols (603), 6845

Topical and transdermal drug products­
product quality tests (3), 6415

Total organic carbon (643), 6867
Transfer of analytical procedures (1224),

8164
Trifluoroacetic acid (TFA) in peptides (503.

1), 6743
Ultraviolet-visible spectroscopy (857), 7166
Ultraviolet-visible spectroscopy-theory

and practice (1857), 8670
Uniformity of dosage units (905), 7183
USP reference standards (11), 6442
Vaccines for human use-bacterial vaccines

(1238), 8338
Vaccines for human use-general

considerations (1235), 8291
Vaccines for human use-polysaccharide

and glycoconjugate vaccines (1234),
8276

Validation of alternative microbiological
methods (1223), 8144

Validation of compendial procedures
(1225), 8166

Validation of microbial recovery from
pharmacopeial articles (1227), 8172

Validation of alternative methods to
antibiotic microbial assays (1223.1),
8157

Vapor phase sterilization (1229.11), 8231
Verification of compendiaI procedures

(1226), 8171
Vibrational circular dichroism

spectroscopytheory and practice (1782),
8549

Vibrational circular dichroism spectroscopy
(782), 7002

Viral safety evaluation of biotechnology
products derived from cell lines of
human or animal origin (1050), 7459

Virology test methods (1237), 8319
Virus testing of human plasma for further

manufacture (1240), 8350
Viscosity-capillary methods (911), 7187
Viscosity-pressure driven methods (914),

7195
Viscosity-rolling ball method (913), 7193
Viscosity-rotational methods (912), 7189
Visible particulates in injections (790),

7021
Visual Comparison (630), 6865
Visual inspection of injections (1790), 8587
Vitamin A assay (571), 6801
Vitamin B12 activity assay (171), 6584
Vitamin C assay (580), 6805
Vitamin D assay (581), 6808
Vitamin E assay (551), 6767
Volumetric apparatus (31), 6448
Water conductivity (645), 6871
Water determination (921), 7196
Water for hemodialysis applications (1230),

8240
Water for pharmaceutical purposes (1231),

8242
Water-solid interactions in pharmaceutical

systems (1241), 8359
Weighing on an analytical balance (1251),

8363
Weight variation of dietary supplements

(2091), 8718
Written prescription drug information­

guidelines (1265), 8368
X-ray fluorescence spectrometry (735),

6971
X-ray fluorescence spectrometry-theory

and practice (1735)/ 8490
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General chapters (continued)
Zinc determination (591),·6817

General notices and requirements,. 1
Conformance to standards, 4
Monograph components, 6
Monographs and general chapters, 5
Official status and legal recognition, 3
Prescribing and dispensing, 12
Preservation, packaging, storage, and

labeling, 12
Terms and definitions, 9
Test results, 9
Testing practices and procedures, 8
Title and revision, 3

General tests for reagents, 6128
Geneticin, 6168
Gentamicin

injection, 2099
and prednisolone acetate ophthalmic

ointment, 2106
and prednisolone acetate ophthalmic

suspension, 2107
sulfate, 2100
sulfate and betam.ethasone acetate

ophthalmic solution, 2102
sulfate and betamethasone valerate

ointment, 2103
sulfate and betamethasone valerate otic

solution, 2104
sulfate and betamethasone valerate topical

solution, 2105
sulfate cream, 2101
sulfate ointment, 2101
sulfate ophthalmic ointment, 2102
sulfate ophthalmic solution, 2102
uterine infusion, 2099

Gentian violet, 2107
cream, 2108
topical solution, 2109

Ginger, 5026
capsules, 5032
powdered, 5028
tincture, 5030

Ginkgo, 5034
capsules, 5037
extract, powdered, 5038
tablets, 5041

Ginseng
American, 4750
Asian, 4774
capsules, American, 4754
extract, powdered American, 4753
extract, powdered Asian, 4776
powdered, American, 4752
powdered, Asian, 4775
tablets, American, 4757
tablets, Asian, 4778
Tienchi, root and rhizome, 5299
Tienchi, root and rhizome dry extract,

5307
Tienchi, root and rhizome powder, 5301

Girard reagent T, 6168
Gitoxin, 6168
Glacial acetic acid, 77, 6168

TS,6229
Glass wool, 6168
Glaze, pharmaceutical, 5786
Glimepiride, 2109

and pioglitazone tablets, 3554
tablets, 2111

Glipizide, 2113
and metformin hydrochloride tablets, 2116

tablets, 2115
Globule size distribution in lipid injectable

emulsions (729), 6963
Globulin

immune, 2119
reagent, anti-human, 6139
RHo (D) immune, 2120

Glucagon, 2120
for injection, 2122

Glucagon bioidentity tests (123), 6552
Glucoamylase, 6168
D-Gluconic acid, 50 percent in water, 6168
Gluconolactone, 2123
Glucosamine

and chondroitin sulfate sodium tablets,
5043

chondroitin sulfate sodium, and
methylsulfonylmethane tablets, 5051

hydrochloride, 5045
and methylsulfonylmethane tablets, 5049
sulfate potassium chloride, 5047
sulfate sodium chloride, 5048
tablets, 5046

Glucose, 6168
enzymatic test strip, 2123
liquid, 5788
oxidase-chromogen TS, 6229

Glucose oxidase, 6168 .
n-Glucuronolactone, 6168
Glutamic acid, 5053, 6168
L-Glutamic acid, 6168

hydrochloride, 5789
Glutamine, 2123
L-Glutamine, 6168
Glutaral

concentrate, 2124
disinfectant solution, 5789

Glutathione, 5054
Glyburide, 2125

and metformin hydrochloride tablets, 2128
tablets, 2126

Glycerin, 2132, 6168
base TS, 6229
ophthalmic solution, 2133
oral solution, 2134
suppositories, 2134

Glyceryl
behenate, 5790
dibehenate, 5791
distearate, 5792
monocaprylate, 5799
monocaprylocaprate, 5802
monolinoleate, 5804
monooleate, 5805
monostearate, 5807
tristearate, 5810

Glyceryl mono and dicaprylate, 5794
Glyceryl mono and dicaprylocaprate, 5796
Glyceryl monostearate, 6168
Glyceryl tricaprylate, 5808
Glycine, 2134

irrigation, 2136
Glycolic acid, 6168
Glycoprotein and glycan analysis-general

considerations (1084), 7655
Glycopyrrolate, 2136

injection, 2139
tablets, 2140

Glycyl-L-glutamine, 5058
Glycyl-L-tyrosine, 5059
Glyoxal solution, 6169
Gold

chloride, 6169
chloride TS, 6229
sodium thiomalate, 2142

sodium thiomalate injection, 2143
Goldenseal, 5061

extract, powdered, 5064
powdered, 5063

Gonadorelin
acetate, 2144
hydrochloride, 2146
for injection, 2143

Gonadotropin
chorionic, 2148
chorionic, for injection, 2149

Good distribution practices for bulk
pharmaceutical excipients (1197), 8060

Good manufacturing practices for bulk
pharmaceutical excipients (1078), 7617

Good packaging practices (1177), 8003
Good repackaging practices (1178), 8006
Good storage and distribution practices for

drug products (1079), 7635
Goserelin acetate, 2150
Goserelin Implants, 2152
Government liaisons to expert committees

and expert panels, xvi
Graftskin, 1162
Gramicidin, 2156

and neomycin and polymyxin B sulfates
cream, 3122

and neomycin and polymyxin B sulfates
and hydrocortisone acetate cream, 3123

and neomycin and polymyxin B sulfates
ophthalmic solution, 3123

and neomycin sulfate ointment, 3108
nystatin, neomycin sulfate, and

triamcinolone acetonide cream, 3222
nystatin, neomycin sulfate, and

triamcinolone acetonide ointment, 3222
Granisetron, 2156
Granisetron hydrochloride, 2158

injection, 2159
oral suspension, 2161
tablets, 2161

Granules
Flunixin meglumine, 1931
Montelukast sodium, oral, 3012

Grape seeds oligomeric proanthocyanidins,
5065

Gravity, specific (841), 7137
Green

brilliant, 6144, 6176, 6220
FCF, fast, 6165
soap, 2163
soap tincture, 2164

Green tea
extract, decaffeinated, powdered, 5067

Griseofulvin, 2164
capsules, 2165
oral suspension, 2166
tablets, 2166
tablets, ultramicrosize, 2168

Growth factors and cytokines used in cell
therapy manufacturing (92), 6539

Guaiacol, 6169
Guaifenesin, 2169, 6169

capsules, 2170
and codeine phosphate oral solution, 2172
compounded injection, veterinary, 2170
and dyphylline oral solution, 1575
and dyphylline tablets, 1575
and pseudoephedrine hydrochloride

capsules, 2174
pseudoephedrine hydrochloride, and

dextromethorphan hydrobromide
capsules, 2175

and theophylline capsules, 4331
and theophylline oral solution, 4332
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Guaifenesin (continued)
for injection, 2171
oral solution, 2171
tablets, 21 72

Guanabenz acetate, 2176
tablets, 2177

Guanethidine monosulfate, 2178
tablets, 2179

Guanfacine
hydrochloride, 2180
tablets, 2180

Guanidine hydrochloride, 6169
Guanidine isothiocyanate, 6169
Guanine hydrochloride, 6169
Guar gum, 5813
Guggul, 5069

extract, native, 5070
extract, purified, 5071
tablets, 5072

Guide to general chapters
charts, 6353
table of contents, 13

Guidelines on endotoxins test (1085), 7665
Gutta percha, 2182
Gymnema, 5074

extract, native, 5077
extract, purified, 5078
powdered, 5075

H
Halazone, 2182

tablets for solution, 2182
Halcinonide, 2183

cream, 2184
ointment, 2185
topical solution, 2186

Halobetasol propionate, 2187
Haloperidol, 2188

decanoate, 2191
injection, 2189
oral solution, 2189
tablets, 2190

Halothane, 2192
Hawthorn leaf

with flower, 5080
with flower, powdered, 5082

Hazardous drugs-handling in healthcare
settings (800), 7071

Heavy metals in reagents, 6130
Helium, 2193

oxygen certified standard, 6185
Hematein, 6169
Hematoxylin, 6169

TS, Delafield's, 6228
Hematoxylin and eosin staining of sectioned

tissue for microscopic examination (1285.
1), 8374

Hemoglobin, bovine, 6169
Heparin

lock flush solution, 2194
sodium, 2195
sodium injection, 2200

Hepatitis B
immune. globulin, 2201

l-Heptadecanol, 6169
Heptafluorobutyric acid, 6169
Heptakis-(2,6-di-O-methyl)-P-cyclodexttin,

6169
n-Heptane, 6169

chromatographic, 6152, 6169

Heptyl p-hydroxybenzoate, 6169
Hesperidin, 5084
Hexachlorophene, 2201

cleansing emulsion, 2202
liquid soap, 2202

Hexadecyl hexadecanoate, 6169
Hexadecyltrimethylammonium bromide,

6169
Hexadimethrine bromide, 6170
Hexamethyldisilazane, 6170
Hexamethyleneimine, 6170
Hexamethylenetetramine, 6170
n-Hexane, 61 70
Hexane, solvent, 6170, 6189, 6207

chromatographic, 6152, 6170
Hexanes, 61 70
Hexanitrodiphenylamine, 6162, 6170
Hexariophenone, 61 70
Hexylamine, 6170
Hexylene glycol, 5814
Hexylresorcinol, 2203

lozenges, 2204
High-performance thin-layer chromatography

procedure for identification of articles of
botanical origin (203), 6602

Histamine
dihydrochloride, 6170
phosphate, 2205
phosphate injection, 2205

Histidine, 2206
L-Histidine hydrochloride monohydrate, 6170
Holy basil leaf, 5085

extract, powdered, 5089
powdered, 5087

Homatropine
hydrobromide, 2207
hydrobromide ophthalmic solution, 2208
methylbromide, 2208
methyl bromide and hydrocodone

bitartrate tablets, 2225
methylbromide tablets, 2210

Homosalate, 2210
Honey, purified, 5816
Horse chestnut, 4873

extract, powdered, 4876
powdered,4875

Horseradish peroxidase conjugated to goat
anti-mouse IgG, 61 70

Human plasma (1180), 8008
Hyaluronidase

injection, 2211
for injection, 2211

Hydralazine hydrochloride,· 2213
injection, 2214
oral solution, 2215
tablets, 2215

Hydrazine
dihydrochloride, 6170
hydrate, 85% in water, 6170
sulfate, 6170

Hydrindantin, 6170
Hydriodic acid, 6170
Hydrobromic acid, 6170
Hydrochloric acid, 5816, 6170

alcoholic, tenth-molar (0.1 M), 6242
buffer, 6145
diluted, 5817, 6159, 6170
half-normal (0.5 N), 6242
half-normal (0.5 N) in methanol, 6242
injection, 2217
normal (1 N), 6242
0.001 N TS, 6229
0.01 M TS, 6229
0.025 N TS, 6229
0.36 N TS, 6229

0.05 N TS, 6229
2 N TS, 6229
3 N TS, 6229
5 N TS, 6229
6 N TS, 6230
0.01 N VS, 6241
0.1 N VS, 6242
0.02 N VS, 6241

Hydrochloric acid
25 percent, 6171

4 N Hydrochloric acid
TS,6229

0.08 N hydrochloric acid TS, 6230
0.125 N hydrochloric acid TS, 6230
Hydrochloride

fingolimod, 1891
nile blue, 6221

Hydrochlorothiazide, 2217
and amiloride hydrochloride tablets, 224
amlodipine, valsartan, tablets, 279
and bisoprolol fumarate tablets, 587
candesartan cilexetil, tablets, 719
capsules, 2219
and captopril tablets, 737
and enalapril maleate tablets, 1616
and fosinopril tablets, 2043
and irbesartan tablets, 2404
and Iisinopril tablets, 2646
and losartan potassium tablets, 2690
and methyldopa tablets, 2878
and metoprolol tartrate tablets, 2928
and moexipril hydrochloride and tablets,

2996
and propranolol hydrochloride tablets,

3751
and quinapril tablets, 3803
and spironolactone oral suspension, 4113
and spironolactone tablets, 411 3
tablets, 2222
and telmisartan tablets, 4246
and timolol maleate tablets, 4391
and triamterene capsules, 4496
and triamterene tablets, 4499
and valsartan tablets, 4580

Hydrocodone bitartrate, 2223
and acetaminophen tablets, 2224
and homatropine methyl bromide tablets,

2225
tablets, 2224

Hydrocodone diol, 6171
Hydrocortisone, 2228

acetate, 2236
acetate and chloramphenicol for

ophthalmic suspension, 932
acetate and colistin and neomycin sulfates

otic suspension, 1150
acetate cream, 2237
acetate lotion, 2237
acetate, neomycin and polymyxin B

sulfates,and bacitracin ointment, 3116
acetate, neomycin and polymyxin B

sulfates, and bacitracin ophthalmic
ointment, 3116

acetate, neomycin and polymyxin B
sulfates, and bacitracin zinc ophthalmic
ointment, 3120

acetate and neomycin and polymyxin B
sulfates cream, 3125

acetate, neomycin and polymyxin B
sulfates, and gramidicin cream, 3123

acetate and neomycin and polymyxin B
sulfates ophthalmic suspension, 3125

acetate and neomycin sulfate cream, 3110
acetate and neomycin sulfate lotion, 3110

www.webofpharma.com

https://nhathuocngocanh.com/



1-32 Hydro-Immuo Combined Index to U5P 43 and NF 38

Hydrocortisone (continued)
acetate and neomycin sulfate ointment,

3110
acetate and neomycin sulfate ophthalmic

suspension, 311 0
acetate ointment, 2238
acetate and oxytetracycline hydrochloride

ophthalmic suspension, 3363
acetate, penicillin G, neomycin, polymyxin

B, and hydrocortisone sodium succinate
topical suspension, 3430

acetate, penicillin G procaine, and
neomycin and polymyxin B sulfates
topical suspension, 3448

and acetic acid otic solution, 2235
and c1ioquinol cream, 1077
and c1ioquinol ointment, 1078
and neomycin and polymyxin B sulfates

ophthalmic suspension, 3123
and neomycin and polymyxin B sulfates

otic solution, 3124
and neomycin and polymyxin B sulfates

otic suspension, 3124
and neomycin sulfate cream, 3109
and neomycin sulfate ointment, 3109
and neomycin sulfate otic suspension,

3109
and oxytetracycline hydrochloride

ointment, 3364
and polymyxin B sulfate otic solution,

3592
butyrate, 2238 .
butyrate cream, 2239
cream, 2229
gel, 2230
hemisuccinate, 2240
lotion, 2232
neomycin and polymyxin B sulfates and

bacitracin zinc ointment, 3118
neomycin and polymyxin B sulfates and

bacitracin zinc ophthalmic ointment,
3119

ointment, 2232
rectal suspension, 2233
sodium phosphate, 2241
sodium phosphate injection; 2242
sodium succinate, 2243
sodium succinate for injection, 2243
sodium succinate, penicillin G, neomycin,

polymyxin B, and hydrocortisone acetate
topical suspension, 3430

tablets, 2234
valerate, 2245
valerate cream, 2245
valerate ointment, 2246

Hydroflumethiazide, 2247
tablets, 2247

Hydrofluoric acid, 6171
Hydrogen

peroxide, 10 percent, 61 71
peroxide, 30 percent, 6171
peroxide, 30 percent, unstabilized, 6171
peroxide, 50 percent in water, 6171
peroxide concentrate, 2248
peroxide solution, 6171
peroxide topical solution, 2249
peroxide TS, 6230
sulfide, 6171
sulfide detector tube, 6171
sulfide TS, 6230

Hydrogenated lanolin, 5850
Hydrogenated. polydextrose, 5936
Hydrogenated vegetable oil; 6099
Hydromorphone hydrochloride, 2249

injection, 2252

oral solution, 2252
tablets, 2254

Hydroquinone, 2255, 6171
cream, 2255
topical solution, 2255

Hydroxocobalamin, 2256
injection, 2257 .

Hydroxy naphthol blue, 6171
3' -Hydroxyacetophenone, 6171
4'-Hydroxyacetophenone, 6171
Hydroxyamphetamine hydrobromide, 2258

ophthalmic solution, 2258
Hydroxyanisole, butylated, 5651

/ p-Hydroxybenzoic acid, 6171
4-Hydroxybenzoic acid isopropyl ester, 6171
2-Hydroxybenzyl alcohol, 6171
4-Hydroxybutane-l-sulfonic acid, 6171
4-Hydroxy-2-butanone, 6171
Hydroxychloroquine sulfate, 2259

tablets, 2259
Hydroxyethyl cellulose, 5817
N-(2 -Hydroxyethyl)piperazine-N'-(2­

ethanesulfonic acid), 6171
Hydroxylamine hydrochloride, 6171

TS,6230
5-Hydroxymethylfurfural, 6172
10p-Hydroxynorandrostenedione, 6172
2'-(4-Hydroxyphenyl)-5~(4-methyl-l-

piperazinyl)-2,5'-bi-1 H-benzimidazole
trihydrochloride pentahydrate, 6172

4-(4-Hydroxyphenyl)-2-butanone, 6172
3-Hydroxyphenyldimethylethyl ammonium

chloride, 6172
o-a-4-Hydroxyphenylglycine, 6172
4-Hydroxy-4-phenylpiperidine, 6171
Hydroxyprogesterone caproate, 2260

injection, 2261
Hydroxypropyl

betadex, 5818
cellulose, 5821
cellulose, low-substituted, 5822
cellulose ocular system, 2262
corn starch, 6045
pea starch, 6054
potato starch, 6060

Hydroxypropyl-Bvcyclodextrln, 6172
Hydroxypropyl cellulose, 61 72
8-Hydroxyquinoline, 6172

TS,6230
Hydroxytoluene

butylated, 5652
butylated, reagent, 6146

Hydroxyurea, 2262
capsules, 2263

Hydroxyzine
hydrochloride, 2264
hydrochloride injection, 2265
hydrochloride oral solution, 2266
hydrochloride tablets, 2267
pamoate, 2269
pamoate capsules, 2271

Hymetellose, 5824
Hyoscyamine, 2273

hydrobromide, 2274
sulfate, 2275
sulfate elixir, 2276
sulfate injection, 2277
sulfate oral solution, 2277
sulfate tablets, 2278
tablets, 2273

Hypophosphorous acid, 5825
50 percent, 6172

Hypoxanthine, 6172
Hypromellose, 2279

acetate succinate, 5825

ophthalmic solution, 2281
phthalate, 5828

I
I 123

capsules, sodium iodide, 2365
injection, iobenguane, 2365
solution, sodium iodide, 2366

1125
albumin injection, iodinated, 2367
injection; iothalamate sodium, 2367

I 131
albumin injection, iodinated, 2368
capsules, sodium iodide, 2368
solution, sodium iodide, 2368

Ibuprofen, 2281
and diphenhydramine citrate tablets, 1421
diphenhydramine hydrochloride capsules,

1431
and pseudoephedrine hydrochloride

tablets, 2286
oral suspension, 2283
tablets, 2285

Ibutilide fumarate, 2287
Ichthammol, 2289

ointment, 2289
Idarubicin hydrochloride, 2290

injection, 2291
for injection, 2291

Identification
of articles of botanical origin (563), 6788
of articles of botanical origin by high­

performance thin-layer chromatography
procedure (1064), 7578

of fixed oils by thin-layer chromatography
(202), 6601

organic nitrogenous bases (181), 6587
test, thin-layer chromatographic (201),

6600
tests-general (191), 6587
tests, spectrophotometric (197), 6593
tetracyclines (193), 6592

Idoxuridine, 2292
ophthalmic ointment, 2293
ophthalmic solution, 2293

Ifosfamide, 2294
for injection, 2296

IgG-coated red cells, 6172
Imidazole, 6172
Imidurea, 5829
Iminodiacetic acid, 6172
Imipenem, 2296

and cilastatin for injectable suspension,
2298

and cilastatin for injection, 2297
Imipramine pamoate, 2303
Imipramine hydrochloride, 2300

injection, 2301
tablets, 2301

Imipramine pamoate
capsules, 2304

Imiquimod, 2307
cream, 2309

Immunogenicity assays-design and
validation of assays to detect anti-drug
neutralizing antibody (1106.1), 7802

Immunogenicity assays-design and
validation of immunoassays to detect anti­
drug antibodies (1106), 7788
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Immunological test methods-surface
plasmon resonance (1105), 7773

Immunological test methods
enzyme-linked immunosorbent assay

(ELISA) (11 03), 7753
general considerations (1102), 7746
immunoblot analysis (1104), 7763

Impurities
ordinary (466), 6710
testing in medical gases (413), 6692

Impurities in drug substances and drug
products (1086), 7678

Inamrinone,2310
injection, 2311

Indapamide, 2313
tablets, 2314

Indene, 61 72
Indicator and test papers, 6219
Indicators, 6220

indicator papers, 6219
reagents, and solutions, 6127
test papers, 6219

Indig'oc;armine, 6172
lS,.6230

Indigotindisulfonate sodium, 2315
injection, 2316

Indinavir sulfate, 2316
Indium In 111

caprornab pendetjde injection, 2318
chloride solution; 2318
oxyqulnollne solution, 2320
pentetate injection, 2320
pentetreotide injection, 2321

Indocyaninegreen, 2322
for injection, 2322

Indole, 6172
Indole,-3-carboxylic acid, 6172
Indomethacin, 2323

capsules, 2324
extended-release capsules, 2325
for injection, 2330
toplcal gel, 2330
oral suspension, 2332
sodium, 2334
suppositories, 2331

Indophenol-acetate IS, 6230
Inhalant

amyl nitrite, 332
pro~ylhexedrine, 3754

Inhalation
Acetykysteine and isoproterenol

hydrochloride solution, 84
Crornolyn sodium powder, 1182
Crornolyn sodium solution, 1182
Epinephrine solution, 1648
Fluticasone propionate aerosol, 1988
Plutkasone propionate powder, 1993
lsoetharlne solution, 2416
Isoproterenol solution, 2431
Isoproterenol sulfate aerosol, 2437
Isoproterenol sulfate solution, 2438
levalbuterol solution, 2576
Racepinephrine solution, 3825
Ribavirin for solution, 3865
Salmeterol powder, 3973
Sodtum chloride, solution, 4068
Sterile water for, 4652
lobramycin solution, 4406

Inhalation and nasal drug products: aerosols,
sprays, and powders-performance quality
tests (601), 6819

Inhalation and nasal drug products general
information and product quality tests (5),
6427

Injection
Acepromazine maleate, 37
Acetazolamide for, 74
Acyclovir for, 90
Adenosine, 99
Alcohol, dehydrated, 117
Alcohol in dextrose, 117
Alfentanil, 123
Alprostadil, 156
Alteplase for, 160
Amifostine for, 217
Amikacin sulfate, 221
Aminocaproic acid, 236
Aminohippurate sodium, 237
Aminopentamidesulfate, 240
Aminophylline, 243
Amiodarone hydrochloride, 254
Ammonium chloride, 288
Ammonium molybdate, 291
Amobarbital sodium for, 292
Amphotericin Bfor, 315
Ampicillin for, 323
Ampicillin and sulbactam for, 328
Anileridine, 339
Aprotinin, 367
Arginine hydrochloride, 373
Articaine hydrochlorideand epinephrine,

381
Ascorbic acid, 383
Atenolol, 406
Atracurium besylate, 426
Atropinesulfate, 430
Azaperone, 436

, Azathioprine sodium for, 442
Azithromycin for, 451
Aztreonam, 462
Aztreonam for, 463
Bacitracin for, 466
Bacteriostatic sodium chloride, 4067
Bacteriostatic water for, 4652
Bendamustine hydrochloride, 495
Benztropine mesylate, 532
Benzylpenkllloyl polylysine, 536
Betamethasone sodium phosphate, 551
Bethanechol chloride, 562
Bleomycin for, 588
Bretylium tosylate, 590
Bretylium tosylate in dextrose, 591
Brompheniramine maleate, 602
Bumetanide, 607
Bupivacaine hydrochloride, 611
Bupivacaine hydrochloride in dextrose, 612
Bupivacaine hydrochlorideand

epinephrine, 612
Butorphanol tartrate, 656
Caffeine citrate, 662
Caffeine and sodium benzoate, 664
Calcitonin salmon, 674
Calcitriol, 677
Calcium chloride, 693
Calcium gluceptate, 697
Calcium gluconate, 700
Calcium levulinate, 705

Capreomycin for, 726
Carbenicillin for, 748
Carboplatin for, 769
Carboprost tromethamine, 772
Carmustine for, 784
Cefamandole nafate for, 819
Cefazolin, 822
Cefazolin for, 823
Cefepime for, 832
Cefmenoxime for, 839
Cefmetazole, 841
Cefmetazole for, 841
Cefonicid for, 842
Cefoperazone, 844
Cefoperazonefor, 844
Ceforanide for, 846
Cefotaxime, 847
Cefotaxime for, 848
Cefotetan, 853
Cefotetan for, 854
Cefotiam for, 857
Cefoxitin, 859
Cefoxitin for, 860
Cefpiramide for, 862
Ceftazidime, 872
Ceftazidime for, 873
Ceftizoxime, 880
Ceftizoxime for, 881
Ceftriaxone, 881
Ceftriaxone for, 882
Cefuroxime, 886
Cefuroxime for, 886
Cephalothin, 901
Cephalothin for, 901
Cephapirin for, 903
Cephradine for, 908
Chloramphenicol, 928
Chloramphenicol sodium succinate for,

936
Chloroprocaine hydrochloride, 957
Chloroquine hydrochloride, 958
Chlorothiazide sodium for, 966
Chlorpheniramine maleate, 971
Chlorpromazine hydrochloride, 976
Chorionic gonadotropin for, 2149
Chromicchloride, 991
Cimetidine, 1006
Cimetidine in sodium chloride, 1007
Ciprofloxacin, 1012
Cisapride compounded, veterinary, 1024
Cisatracurium besylate, 1028
Cisplatin for, 1032
Cladribine, 1046
Clavulanic acid and ticarcillin, 4371
Clindamycin, 1062
Clindamycin for, 1063
Cloprostenol, 1113
Codeine phosphate, 1138
Colchicine, 1144
Colistimethate for, 1149
Corticotropin, 1170
Corticotropin for, 1172
Corticotropin, repository, 1174
Cr 51, sodium chromate, 992
Cupric chloride, 1188
Cupricsulfate, 1190
Cyanocobalamin, 1191
Cyclophosphamide for, 1204
Cyclosporine, 1214
Cysteine hydrochloride, 1222
Cytarabinefor, 1224
Dacarbazine for, 1226
Dactinomycin for, 1228
Dantrolenesodium for, 1238
Daunorubicin hydrochloridefor, 1242
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Injection (continued)
Deferoxamine mesylate for, 1245
Dehydrated alcohol, 117
Deslanoside, 1259
Desmopressin acetate, 1266
Dexamethasone, 1286
Dexamethasone sodium phosphate, 1294
Dexamethasone sodium phosphate

compounded, 1295
Dexmedetomidine, 1304
Dextran 40 in dextrose, 1311
Dextran 40 in sodium chloride, 1312
Dextran 70 in dextrose, 1315
Dextran 70 in sodium chloride, 1316
Dextrose, 1323
Dextrose and sodium chloride, 1323
Diatrizoate meglumine, 1325
Diatrizoate meglumine and diatrizoate

sodium, 1326
Diatrizoate sodium, 1328
Diazepam, 1331
Diazoxide, 1334
Dibucaine hydrochloride, 1338
Dicyclomine hydrochloride, 1361
Digitoxin, 1381
Digoxin, 1384
Dihydroergotamine mesylate, 1389
Dihydrostreptomycin, 1391
Dimenhydrinate, 1409
Dimercaprol, 1412
Dinoprost tromethamine, 1416
Diphenhydramine hydrochloride, 1426
Dipyridamole, 1445
Dobutamine, 1468
Dobutamine for, 1469
Dobutamine in dextrose, 1470
Docetaxel, 1474
Dopamine hydrochloride, 1495
Dopamine hydrochloride and dextrose,

1495
Doxapram hydrochloride, 1503
Doxorubicin hydrochloride, 1514
Doxorubicin hydrochloride for, 1516
Doxycycline for, 1523
Droperidol, 1553
Dyphylline, 1573
Edetate calcium disodium, 1583
Edetate disodium, 1584
Edrophonium chloride, 1585
Electrolytes and dextrose type 1, multiple,

1598
Electrolytes and dextrose type 2, multiple,

1601
Electrolytes and dextrose type 3, multiple,

1605
Electrolytes type 1, multiple, 1593
Electrolytes type 2, multiple, 1595
Elements, trace, 1608
Enalaprilat, 1619
Enoxaparin sodium, 1626
Ephedrine sulfate, 1643
Epinephrine, 1648
Epirubicin hydrochloride, 1654
Ergonovine maleate, 1673
Ergotamine tartrate, 1677
Erythromycin, 1687
Erythromycin ethylsuccinate, 1698
Erythromycin lactobionate for, 1703
Estradiol cypionate, 1738
Estradiol valerate, 1741
Ethacrynate sodium for, 1759
Ethiodized oil, 1770
Etomidate, 1790
Etoposide, 1795
Exenatide, 1803

Famotidine, 1816
Fenoldopam mesylate, 1842
Fentanyl citrate, 1849
Fentanyl citrate and bupivacaine

hydrochloride compounded injection,
1850

Fentanyl citrate compounded, 1848
Ferumoxides, 1866
Floxuridine for, 1901
Fluconazole, 1901
Fluconazole in dextrose, 1907
Fluconazole in sodium chloride, 1909
Fludarabine phosphate, 1919 .
Fludarabine phosphate for, 1921
Fludeoxyglucose F18, 1946
Flumazenil, 1926
Flunixin meglumine, 1932
Fluorescein, 1940
F 18, sodium fluoride, 1950
Fluorouracil, 1957
Fluphenazine decanoate, 1968
Fluphenazine enanthate, 1970
Fluphenazine hydrochloride, 1972
Folic acid, 2027
Fondaparinux sodium, 2033
Fosphenytoin sodium, 2047
Fructose, 2049
Fructose and sodium chloride, 2049
Furosemide, 2054 .
Gadodiamide, 2064
Gadopentetate dimeglumine, 2065
Gadoteridol, 2069
Gadoversetamide; 2073
Gallamine triethiodide, 2087
Gallium citrate Ga 67, 2088
Ganciclovir for, 2089
Gemcitabine for, 2094
Gentamicin, 2099
Glucagon for, 2122
Glycopyrrolate, 2139
Gold sodium thiomalate, 2143
Gonadorelin for, 2143
Gonadotropin, chorionic for, 2149

.Granisetron hydrochloride, 2159
Guaifenesin compounded, veterinary, 2170
Guaifenesin for, 2171 .
Haloperidol, 2189
Heparin sodium, 2200
Histamine phosphate, 2205
Hyaluronidase, 2211
Hyaluronidase for, 2211
Hydralazine hydrochloride, 2214
Hydrochloric acid, 2217
Hydrocortisone sodium phosphate, 2242
Hydrocortisone sodium succinate for, 2243
Hydromorphone hydrochloride, 2252
Hydroxocobalamin, 2257
Hydroxyprogesterone caproate, 2261
Hydroxyzine hydrochloride, 2265
Hyoscyamine sulfate, 2277
I 123, iobenguane,2365
I 125, iothalamate sodium, 2367
I 125, albumin, iodinated, 2367
I 131, albumin, iodinated, 2368
Idarubicin hydrochloride, 2291
Idarubicin hydrochloride for, 2291
Ifosfamide for, 2296
Imipenem and cilastatinfor, 2297
Imipramine hydrochloride, 2301
Inamrinone, 2311
Indigotindisulfonate sodium, 2316
Indium In 111 capromab pendetide, 2318
Indium In 111 pentetate, 2320
Indium In 111 pentetreotide, 2321
Indocyanine green for, 2322

Indomethacin for, 2330
injection, 1000 '
Insulin, 2338
Insulin aspart, 2341
Insulin glargine, 2344
Insulin human, 2348
Insulin, human, and human insulin

isophane suspension, 2349
Insulin Iispro, 2355
Inulin in sodium chloride, 2361
Invert sugar, 4133
lodipamide meglumine, 2370
lodixanol, 2373
lohexol, 2381
lopamidol, 2383
lopromide, 2386
lothalamate meglumine, 2387
lothalamate meglumine and iothalamate

sodium, 2388
loversol, 2390
loxaglate meglumine and ioxaglate

sodium, 2391
loxilan, 2394
Irinotecan hydrochloride, 2409
Iron dextran, 2411
Iron sorbitex, 2412
Iron sucrose, 2413
Isoniazid, 2425
Isoproterenol hydrochloride, 2433
Isoxsuprine hydrochloride, 2462
Ivermectin, 2472
Ivermectin and c1orsulon, 2477
Kanamycin, 2501
Ketamine hydrochloride, 2506
Ketorolac tromethamine, 2514
Labetalol hydrochloride, 2518
Leucovorin calcium, 2568
leucovorin calcium for, 2569
Levetiracetam, 2601
Levocarnitine, 2599
Levorphanol tartrate, 2614
Lidocaine hydrochloride, 2625
Lidocaine hydrochloride and dextrose,

2628
Lidocaine hydrochloride and epinephrine,

2629
Lincomycin, 2632
Lorazepam, 2682
Magnesium sulfate, 2727
Magnesium sulfate in dextrose, 2727
Manganese chloride; 2731
Mannitol, 2736
Mannitol in sodium chloride, 2737
Mechlorethamine hydrochloride for, 2749
Meperidine hydrochloride, 2783
Mepivacaine hydrochloride, 2788
Mepivacainehydrochloride and

levonordefrin, 2789
Meropenem for, 2798
Metaraminol bitartrate, 2817
Methadone hydrochloride, 2837
Methocarbamol, 2851
Methohexital sodium for, 2853
Methotrexate, 2857
Methotrexate for, 2858
Methotrimeprazine, 2861·
Methyldopate hydrochloride, 2880
Methylene blue, 2882
Methylene blue, veterinary, 2884 .:
Methylergonovine maleate, 2886
Methylprednisolone sodium succinate for,

2903
Metoclopramide, 2909
Metoprolol tartrate, 2923
Metronidazole, 2936

www.webofpharma.com

https://nhathuocngocanh.com/



Combined Index to USP 43 and NF 38 .lnjec-lnsuB 1-35

Injection (continued)
Midazolam, 2953
Milrinone lactate, 2959
Minocycline for, 2963
Mitomycin for, 2986
Mitoxantrone, 2988
Morphine sulfate, 3027
Morphine sulfate compounded, 3028
Mycophenolate mofetil for, 3046
N 13, ammonia, 3183
Nafcillin, 3063
Nafcillin for, 3063
Nalorphine hydrochloride, 3067
Naloxone hydrochloride, 3068
Nandrolone decanoate, 3073
Neomycin for, 3102
Neostigmine methylsulfate, 3130
Niacin, 3140
Niacinamide, 3147
Nicardipine hydrochloride, 3149
Nitroglycerin, 3187
Norepinephrine bitartrate, 3198
Ondansetron, 3265
Orphenadrine citrate, 3284
Oxacillin, 3296
Oxacillin for, 3297
Oxaliplatin, 3301
Oxaliplatin for, 3303
Oxymorphone hydrochloride, 3353
Oxytetracycline, 3360
Oxytetracycline for, 3362
Oxytocin, 3367
Paclitaxel, 3370
Pamidronate disodium for, 3379
Pancuronium bromide, 3386
Papaverine hydrochloride, 3398
Paricalcitol, 3406
Particulate matter in injections (788), 7017
Pemetrexed, 3422
Penicillin G potassium, 3437
Penicillin G potassium for, 3437
Penicillin G sodium for, 3450
Pentazocine, 3465
Pentobarbital sodium, 3469
Phenobarbital sodium, 3500
Phentolamine mesylate for, 3509
Phenylbutazone, 3511
Phenylephrine hydrochloride, 351 7
Phenytoin sodium, 3534
Physostigmine salicylate, 3535
Phytonadione injectable emulsion, 3538
Piperacillin for, 3565
Piperacillin and tazobactam for, 3567
Polymyxin B for, 3590
Potassium acetate, 3595
Potassium chloride concentrate for, 3604
Potassium chloride in dextrose, 3607
Potassium chloride in dextrose and sodium

chloride, 3608
Potassium chloride in lactated ringer's and

dextrose, 3610
Potassium chloride in sodium chloride,

3612
Potassium phosphates, 3629
Potassium phosphates compounded, 3629
Pralidoxime chloride for, 3637
Prednisolone sodium phosphate, 3667
Prednisolone sodium succinate for, 3668
Prilocaine and epinephrine, 3679
Prilocaine hydrochloride, 3678
Procainamide hydrochloride, 3690
Procaine hydrochloride, 3694
Procaine hydrochloride and epinephrine,

3694

Procaine and tetracaine hydrochlorides and
levonordefrin, 3695

Prochlorperazine edisylate, 3699
Progesterone, 3705
Promazine hydrochloride, 3712
Promethazine hydrochloride, 3716
Propofol injectable emulsion, 3742
Propoxycaine and procaine hydrochlorides

and levonordefrin, 3744
Propoxycaine and procaine hydrochlorides

and norepinephrine bitartrate, 3745
Propranolol hydrochloride, 3749
Protamine sulfate, 3758
Pyridostigmine bromide, 3780
Pyridoxine hydrochloride, 3783
Quinidine gluconate, 3809
Ranitidine, 3845
Ranitidine in sodium chloride, 3848
Repository corticotropin, 1174
Riboflavin, 3869
Rifampin for, 3877
Ringer's, 3887
Ringer's and dextrose, 3889
Ringer's and dextrose, half-strength

lactated, 3895
Ringer's and dextrose, lactated, 3893
Ringer's and dextrose, modified, lactated,

3898
Ringer's, lactated, 3891
Ritodrine hydrochloride, 3911
Ropivacaine hydrochloride, 3945
Rubidium chloride Rb 82, 3958
Sargramostim for, 3988
Scopolamine hydrobromide, 4012
Selenious acid, 4022
Sm 153 lexidronam, samarium, 3983
Sodium acetate, 4054
Sodium bicarbonate, 4060
Sodium bicarbonate compounded, 4061
Sodium bromide, veterinary, 4063
Sodium chloride, 4066
Sodium chloride, bacteriostatic, 4067
Sodium chromate Cr 51, 992
Sodium lactate, 4078
Sodium nitrite, 4082
Sodium nitroprusside for, 4084
Sodium phosphates, 4088
Sodium phosphates compounded, 4089
Sodium sulfate, 4096
Sodium thiosulfate, 4097
Somatropin for, 4099
Strontium chloride Sr 89, 4126
Streptomycin, 4125
Streptomycin for, 4125
Succinylcholine chloride, 4129
Sufentanil citrate, 4133
Sugar, invert, 4133
Sulfadiazine sodium, 4152
Sulfamethoxazole and trimethoprim, 4162
Sumatriptan, 4182 .
Technetium Tc 99m albumin aggregated,

4226
Technetium Tc 99m bicisate, 4227
Technetium Tc 99m disofenin, 4227
Technetium Tc 99m exametazime, 4228
Technetium Tc 99m mebrofenin, 4229
Technetium Tc 99m medronate, 4230
Technetium Tc 99m mertiatide, 4231
Technetium Tc 99m oxiseonate, 4232
Technetium Tc 99m pentetate, 4232
Technetium Tc 99m pertechnetate,

sodium, 4233
Technetium Tc 99m pyrophosphate, 4234
Technetium Tc 99m (pyro- and trimeta-) .

phosphates, 4235

Technetium Tc 99m red blood cells, 4235
Technetium Tc 99m sestamibi, 4236
Technetium Tc 99m succimer, 4237
Technetium Tc 99m sulfur colloid, 4238
Technetium Tc 99m tetrofosmin, 4238
Temozolomide for injection, 4256
Teniposide, 4259
Terbutaline sulfate, 4272
Teriparatide, 4280
Testosterone cypionate, 4289
Testosterone enanthate, 4290
Testosterone propionate, 4291
Tetracaine hydrochloride, 4297
Tetracaine hydrochloride for, 4298
Tetracalnehydrochlorlde in dextrose, 4300
Tetracycline hydrochloride for, 4307
Thallous chloride TI 201, 4318
Theophylline in dextrose, 4328
Thiamine hydrochloride, 4338
Thiopental sodium for, 4352
Thiotepa for, 4357
Thiothixene hydrochloride, 4360
Thiothixene hydrochloride for, 4361
Ticarcillin and c1avulanic acid, 4371
Ticarcillin and c1avulanic acid for, 4372
Ticarcillin for, 4370
Tigecycline for, 4381
Tiletamine and zolazepam for, 4383
Tilmicosin, 4385
Tobramycin, 4402
Tobramycin for, 4403
Tolazoline hydrochloride, 4418
Tolbutamide for, 4419
Tranexamic acid, 4463
Trifluoperazine hydrochloride, 4512
Triflupromazine hydrochloride, 4515
Trimethobenzamide hydrochloride, 4525
Tripelennamine hydrochloride, 4531
Tromethamine for, 4538
Tubocurarine chloride, 4548
Tylosin, 4550
Urea for, 4557
Valproate sodium, 4572
Vancomycin, 4585
Vancomycin hydrochloride for, 4588
Vasopressin, 4593
Verapamil hydrochloride, 4607
Verteporfin for, 4617
Vinblastine sulfate for, 4624
Vincristine sulfate, 4626
Vincristine sulfate for, 4628
Vinorelbine, 4631
Warlarin sodium for, 4648
Water for, bacteriostatic, 4652
Water for, sterile, 4653
Water for, 4651
Xylazine, 4659
Yohimbine, 4664
Yttrium Y 90 ibritumomab tiuxetan, 4665
Zidovudine, 4675
Zinc chloride, 4684
Zinc sulfate, 4692
Zolazepam and tiletamine for injection,

4383

Injections and implanted drug products
(parenterals)-product quality tests (1),
6405

Inosine, 6172
Inositol, 5829, 6172
Insoluble matter in reagents, 6130
Insulin, 2335

aspart, 2339
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Insulin (continued)
assays (121), 6547
glargine, 2342
glargine injection, 2344
human, 2346
human injection, 2348
human isophane suspension and human

insulin injection, 2349
human suspension, isophane, 2352
injection, 2338
Iispro, 2353
lispro injection, 2355
suspension, isophane, 2351
zinc suspension, 2356
zinc suspension, extended, 2357
zinc suspension, prompt, 2359

Insulin aspart
injection, 2341

Intestinal fluid, simulated, TS, 6230, 6234
Intramammary infusion

amoxicillin, 302
cloxacillin benzathine, 1126

Intrauterine contraceptive system
progesterone,· 3705

Intrinsic viscosity table, 6349
Inulin, 2360

in sodium chloride injection, 2361
Invert sugar, 5832
In vitro

and in vivo evaluation of dosage forms
(1088), 7684

biological reactivity tests (87), 6514
In vivo

biological reactivity tests (88), 6516
and in vitro evaluation of dosage forms

(1088), 7684
lobenguane

I 123 injection, 2365,
sulfate, 6173

lodic acid, 6173
Iodinated

I 125 albumin injection, 2367
I 131 albumin injection, 2368

Iodine, 2362, 6172
diluted TS, 6230
hundredth-normal (0.01 N), 6242
I 123 capsules, sodium iodide, 2365
I 123 injection, iobenguane, 2365
I 123 solution, sodium iodide, 2366
I 125 albumin injection, iodinated, 2367
I 125 injection, iothalamate sodium, 2367
I 131 albumin injection, iodinated, 2368
I 131 capsules, sodium iodide, 2368
I 131 solution, sodium iodide,2368
monobromide, 6173
monochloride, 61 73
monochloride TS, 6230
and potassium iodide TS 1, 6230
and potassium iodide TS 2, 6230
and potassium iodide TS 3,6230
solution, strong, 2363
topical solution, 2362
tenth-normal (0.1 N), 6230, 6243
tincture, 2363
tincture, strong, 2364
TS,6230
twentieth-normal (0.05 N), 6242

lodipamide, 2369
meglumine injection, 2370

lodixanol, 2370
injection, 2373

lodobromide TS, 6230
lodochloride TS, 6230
lodoethane, 6173
Iodoform, 2376

lodometric assay-antibiotics (425), 6696
p-Iodonitrotetrazolium violet, 6173
lodoplatinate TS, 6230
lodoquinol, 2377

tablets, 2378
lohexol, 2378

injection, 2381
Ion chromatography (1065), 7588
lon-exchange resin, 6173
lopamidol, 2382

injection, 2383
lopromide, 2384

injection, 2386
lothalamate

meglumine injection, 2387
meglumine and iothalamate sodium

injection, 2388
sodium I 125 injection, 2367
sodium and iothalamate meglumine

injection, 2388
lothalamic acid, 2389
loversol, 2390

injection, 2390
loxaglate

meglumine and ioxaglate sodium injection,
2391

sodium and ioxaglate meglumine injection,
2391

loxaglic acid, 2391
loxilan, 2392

injection, 2394
Ipecac, 2395

powdered, 2396
oral solution, 2397

Ipratropium bromide, 2398
Ipratropium bromide and albuterol sulfate

inhalation solution, 2399
Irbesartan, 2402

and hydrochlorothiazide tablets, 2404
tablets, 2403

Irinotecan hydrochloride, 2406
injection, 2409

Iron
carbonyl, 2410
dextran injection, 2411
phenol TS, 6230
powder, 6173
salicylate TS, 6230
sorbitex injection, 2412
sucrose injection, 2413
wire, 6173

Iron (241), 6648
Isoamyl

alcohol, 6173
Isobutane, 5833
Isobutyl

acetate, 6173
alcohol, 5833, 6134, 6173

4-lsobutylacetophenone, 6173
Isobutyl chloroformate, 6173
N-Isobutylpiperidone, 6173
Isoetharine

hydrochloride, 2415
inhalation solution, 2416
mesylate, 2416

Isoflupredone acetate, 2418, 61 73
injectable suspension, 2419
neomycin sulfate and tetracaine

hydrochloride ointment, 3111
neomycin sulfate and tetracaine

hydrochloride topical powder, 3112
Isoflurane, 2420
Isoleucine, 2422
L-Isoleucine, 6173
Isomalt, 5836

Isomaltotriose, 61 73
Isometheptene mucate, 2423

dichloralphenazone, and acetaminophen
capsules, 2423

2-lsoniazid, 2424, 6173
injection, 2425
and rifampin capsules, 3878
rifampin,pyrazinamide, and ethambutol

hydrochloride tablets,' 3881
rifampin and pyrazinamide tablets, 3879
oral solution, 2426
tablets, 2426

Isonicotinamide, 6173
Isonicotinic acid, 6173

hydrazide, 6173
Isooctane, 6174
Isopropamide iodide, 2427

tablets, 2428
Isopropyl

acetate, 61 74
alcohol, 2428, 6134, 6174, 6194
alcohol, azeotropic, 2430
alcohol, dehydrated, 6134, 6174
alcohol, rubbing, 2430
ether, 6174
iodide, 61 74
myristate, 5839, 6174
palmitate, 5840
salicylate, 6174

Isopropylamine, 6174
Isopropyl isostearate, 5838
Isopropyl stearate, 6174
Isoproterenol

hydrochloride, 2431
hydrochloride and acetylcysteine inhalation

solution, 84
hydrochloride injection, 2433
hydrochloride tablets, 2434
inhalation solution, 2431
sulfate, 2436
sulfate inhalation aerosol, 2437
sulfate inhalation solution, 2438

Isorhamnetin, 6174
Isosorbide

concentrate, 2438
dinitrate extended-release capsules, 2441
dinitrate chewable tablets, 2444
dinitrate, diluted, 2440
dinitrate sublingual tablets, 2447
dinitrate extended-release tablets, 2445
mononitrate, diluted, 2448
mononitrate tablets, 2449
mononitrate extended-release tablets,

2451
oral solution, 2440

Isostearic acid, 6174
Isostearylisostearate, 5840
Isotretinoin, 2457

capsules, 2458
Isovaleric acid, 61 74
Isoxsuprine hydrochloride, 2462

injection, 2462
tablets, 2463

Isradipine, 2464
capsules, 2465
oral suspension, 2465

Itraconazole, 2466
capsules, 2468

Ivermectin, 2470
and c1orsulon injection, 2477
injection, 2472
paste, 2473
and pyrantel pamoate tablets, 2478
topical solution, 2476
tablets, 2474
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Ivermectin compounded
oral solution, veterinary, 2473

Ixabepilone, 2479

J
Japanese honeysuckle flower, 5091

dry extract, 5094
powder, 5097

Juniper tar, 2501

K
Kaempferol, 6174
Kanamycin

injection, 2501
sulfate, 2502
sulfate capsules, 2503

Kaolin, 2504
Kerosene, 6174
Ketamine hydrochloride, 2505

injection, 2506
Ketoconazole, 2506

oral suspension, 2507
tablets, 2508

Ketoprofen, 2509
capsules, 2510
extended-release capsules, 2511

Ketorolac tromethamine, 2513
injection, 2514
tablets, 2515

Krill oil
capsules,5104
delayed-release capsules, 5107

L
Ldesignations, 6174
Labeling (7), 6435
Labeling of inactive ingredients (1091), 7706
Labetalol hydrochloride, 2517

injection, 2518
oral suspension, 2519
tablets, 2519

alpha-Lactalbumin, 5841
Lactase, 2520
Lactic acid, 2520, 6174
Lactitol, 5845
Lactobacillus acidophilus

La-14,5111
NCFM, 5113

Lactobacillus paracasei LPC-37, 5115
Lactobacillus rhamnosus HN001, 5117
Lactobionic acid, 5846
Lactose, 6174

anhydrous, 5847
beta, 6174
monohydrate, 5849
monohydrate, alpha, 6174

Lactulose
concentrate, 2521
solution, 2522

Lamivudine, 2523
oral solution, 2526
tablets, 2527
and abacavirtablets, 21
and zidovudine tablets, 2528

Lamotrigine, 2530
tablets, 2532

Lamotrigine
extended-release tablets, 2534
tablets for oral suspension, 2542

Lamotrigine compounded
oral suspension, 2545

Lanolin, 2545
alcohols, 5850
modified, 2548

Lansoprazole, 2551
delayed-release capsules, 2553

Lansoprazole compounded
oral suspension, 2556

Lanthanum
alizarin complexan mixture, 6175
chloride, 6175
nitrate hexahydrate, 6175
nitrate T5, 6230
oxide, 6175

Latanoprost, 2556
Lauric acid, 5852
Lauroyl polyoxylglycerides, 5852
Lauryl dimethyl amine oxide, 6175
Lead

acetate, 6175
acetate paper, 6175
acetate test paper, 6222
acetate T5, 6230
acetate T5, alcoholic, 6231
monoxide, 6175
nitrate, 6175
nitrate, hundredth-molar (0.01 M), 6243
nitrate stock solution T5, 6231
perchlorate, 6175
perchlorate, hundredth-molar (0.01 M),

6243
perchlorate, tenth-molar (0.1 M), 6243
solution, standard, 6236
subacetate T5, 6231
subacetate T5, diluted, 6228, 6231
tetraacetate, 6175

Lead (251), 6649
Leak rate (604), 6846
Lecithin, 5853, 6175
Leflunomide, 2558

tablets, 2560
Leflunomide compounded

oral suspension, 2560
Lemon

oil,5856
tincture, 5857

Letrozole, 2562
tablets, 2563

Leucine, 2565
Leucovorin calcium, 2566

compounded oral suspension, 2570
injection, 2568
tablets, 2571

Leucovorin calcium for injection, 2569
Leuprolide acetate, 2572
Levalbuterol

inhalation solution, 2576
Levalbuterol hydrochloride, 2574
Levamisole hydrochloride, 2578

tablets, 2579
Levetiracetam, 2580

extended-release tablets, 2587
injection, 2582
oral solution, 2583

tablets, 2584
Levmetamfetamine, 2593
Levobunolol hydrochloride, 2594

ophthalmic solution, 2595
Levocabastine hydrochloride, 2596
Levocarnitine, 2597

injection, 2599
oral solution, 2600
tablets, 2601

Levocetirizine dihydrochloride
tablets, 2603

Levodopa, 2604
Levodopa

and carbidopa extended-release tablets,
753

and carbidopa orallydisintegrating tablets,
759

and carbidopa tablets, 751
Levofloxacin, 2606

oral solution, 2608
tablets, 2609

Levonordefrin, 2611
and mepivacaine hydrochloride injection,

2789
and procaine and tetracaine hydrochlorides

injection, 3695
and propoxycaine and procaine

hydrochlorides injection, 3744
Levonorgestrel, 2612

and ethinyl estradiol tablets, 2612
Levorphanol tartrate, 2613

injection, 2614
tablets, 2614

Levothyroxine sodium, 2615
oral powder, 2618
tablets, 2618

L-alpha-glycerylphosphorylcholine, 5055
Licorice, 5119

extract, powdered, 5121
fluidextract, 5857
powdered, 5120

Lidocaine, 2620
topical aerosol, 2622
hydrochloride, 2623
hydrochloride and dextrose injection, 2628
hydrochloride and epinephrine injection,

2629
hydrochloride injection, 2625
hydrochloride jelly, 2625
hydrochloride oral topical solution, 2626
hydrochloride topical solution, 2627
neomycin and polymyxin B sulfates and

bacitracin ointment, 3117
neomycin and polymyxin B sulfates and

bacitracin zinc ointment, 3120
and neomycin and polymyxin B sulfates

cream, 3126
ointment, 2622
and prilocaine cream, 2630
oral topical solution, 2623

Lightdiffraction measurement of particle.size
(429), 6697

Lime, 2632
Limestone

ground, 5121
Limit on number of large deviations when

assessing content uniformity in large
samples, 7744

(R)-(+)-Limonene, 6175
Linalool, 6175
Lincomycin

hydrochloride, 2633
hydrochloride capsules, 2634
hydrochloride soluble powder, 2634
injection, 2632
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Lincomycin (continued)
oral solution, 2632

Lindane, 2634
cream, 2635
lotion, 2636
shampoo, 2636

Linezolid, 2637
Linoleic acid, 6175
Linoleic acids-free fatty acids

conjugated, 5123.
Linolenic acid, 6175
Linoleoyl polyoxylglycerides, 5857
Liothyronine sodium, 2638

tablets, 2640
Liotrix tablets, 2640
Lipid injectable emulsion, 2641
Lipoic acid

alpha, 5124
capsules, alpha, 5125
tablets, alpha, 5126

a-Lipoic acid, 6175
Liquid petrolatum, 6175
Liquid-phase sterilization (1229.6), 8219
Lisinopril, 2642

and hydrochlorothiazide tablets, 2646
oral suspension, 2644
tablets, 2644

Lithium, 6175
carbonate, 2649
carbonate capsules, 2650
carbonate tablets, 2650
carbonate extended-release tablets, 2651
chloride, 6175
citrate, 2653
hydroxide, 2654, 6175
metaborate, 6175
methoxide, fiftieth-normal (0.02 N) in

methanol, 6243
methoxide, tenth-normal (0.1 N) in

chlorobenzene, 6243
methoxide, tenth-normal (0.1 N) in

methanol, 6244
methoxide, tenth-normal (0.1 N) in

toluene, 6244
nitrate, 6176
perchlorate, 6176
oral solution, 2648
sulfate, 6176

Lithocholic acid, 6176
Litmus, 6176, 6221

paper, blue, 6222
paper, red, 6222
T5,6231

Litmus paper, neutral, 6222
Littorine hydrochloride (R)-(-)-, 6176
Locke-Ringer's

solution, 6231
T5,6231

Locust bean gum, 6176
Lomustine, 2655

capsules, 2656
Loperamide hydrochloride, 2658

capsules, 2660
oral solution, 2661
tablets, 2661

Lopinavir, 2663
Lopinavir

and ritonavir oral solution, 2666
and ritonavir tablets, 2670

Loratadine, 2672
chewable tablets, 2676
oral solution, 2674
tablets, 2675
orally disintegrating tablets, 2678

Lorazepam, 2680
injection, 2682
oral concentrate, 2683
tablets, 2684

Losartan potassium, 2686
and hydrochlorothiazide tablets, 2690
tablets, 2687

Loss on drying (731), 6970
Loss on drying for reagents, 6131
Loss on ignition (733), 6970

Lotion
Amphotericin B, 316
Benzoyl peroxide, 527
Benzyl benzoate, 535
Betamethasone dipropionate, 548
Betamethasone valerate, 554
Clotrimazole, 1119
Flurandrenolide, 1976
Fluticasone propionate, 1998
Hydrocortisone, 2232
Hydrocortisone acetate, 2237
Lindane, 2636
Malathion, 2730
Methylbenzethonium chloride, 2873
Neomycin sulfate and flurandrenolide,

3108
Neomycin sulfate and hydrocortisone

acetate, 3110
Nystatin, 3220
Padimate 0, 3372
Triamcinolone acetonide, 4485

Lovastatin, 2694
Low molecular weight heparin molecular

weight determinations (209), 6614
Loxapine

capsules, 2697
succinate, 2696

Lufenuron, 2697
Lumefantrine, 2699
Lutein, 5126

capsules, 5128
preparation, 5128

Lycopene, 51 30
preparation, 51 31
tomato extract containing, 5133

Lysine
acetate, 2700
hydrochloride, 2701
hydrochloride tablets, 5135

L-Lysine, 6176
Lysolecithin, 6176

M
Mafenide acetate, 2702

cream, 2703
for topical solution, 2704

Magaldrate, 2705
and simethicone chewable tablets, 2707
and simethicone oral suspension, 270'6

Magnesia
alumina and calcium carbonate chewable

tablets, 169

alumina, calcium carbonate, and
simethicone chewable tablets, 170

alumina and calcium carbonate oral
suspension, 168

alumina and simethicone chewable tablets,
174

alumina and simethicone oral suspension,
173

and alumina oral suspension, 166
and alumina tablets, 167
aspirin and alumina tablets, 397
aspirin, codeine phosphate, and alumina

tablets, 404
calcium carbonate and simethicone

chewable tablets, 689
and calcium carbonate chewable tablets,

688
milk of, 2708
mixture T5, 6231
tablets, 2709

Magnesium, 6176
acetate, 61 76
aluminometasilicate, 5858
aluminosilicate, 5859
aluminum silicate, 5861
and calcium carbonates oral suspension,

691
and calcium carbonates tablets, 691
carbonate, 2709
carbonate and citric acid for oral solution,

2710
carbonate, citric acid, and potassium

citrate for oral solution, 2711
carbonate and sodium bicarbonate for oral

suspension, 2712
carbonate, alumina,and magnesium oxide

tablets, 178
carbonate and alumina oral suspension,

176
carbonate and alumina tablets, 177
chloride, 2712, 6176
chloride,O.Ol M, 6244
citrate, 2713
citrate oral solution, 2714
citrate for oral solution, 2715
gluconate, 2716
gluconate tablets, 271 7
hydroxide, 2718
hydroxide paste, 2719
nitrate, 6176
oxide, 2719, 6176
oxide, alumina, and magnesium carbonate

tablets, 178
oxide, aspirin, and alumina tablets, 399
oxide capsules, 2721
oxide, chromatoqraphk, 6152, 6176
oxide, citric acid, and sodium carbonate

irrigation, 1044
oxide tablets, 2721
perchlorate, anhydrous, 6138, 6176
phosphate, 2722 .
salicylate, 2723
salicylate tablets, 2724
silicate, 5863
silicate, activated, 6133,6176
silicate, chromatographic, 6176
stearate, 5864
sulfate, 2726, 6176
sulfate, anhydrous, 6138, 6176
sulfate in dextrose injection, 2727
sulfate injection, 2727
sulfate T5, 6231
trisilicate, 2728
trisilicate and alumina oral suspension, 179
trisilicate and alumina tablets, 180
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Magnesium (continued)
trisilicate tablets, 2729

Magnesium carbonate, 6176
Malabar-nut-tree, leaf, 5136

powdered, 5137
extract, powdered, 5138

Malachite green
G,6176
oxalate, 6221
TS,6231

Malathion, 2729
lotion, 2730

Maleic acid, 5867, 6176
Malic acid, 5869
Mallory's stain, 6231
Malonic acid, 6176
Maltltol, 5869

solution, 5871
Maltodextrin, 5872
Maltol, 5875
Maltose, 5875
Maltotriose, 6176
Mandelic acid, 5876
Manganese, 6176

chloride, 2731
chloride injection, 2731
chloride for oral solution, 2732
dioxide, 6176
dioxide, activated, 6176, 6177
gluconate, 2732
sulfate, 2734

Manganese chloride tetra hydrate, 6177
Manganese sulfate, 6176
Mannitol, 2734

injection, 2736
in sodium chloride injection, 2737

D-Mannitol,6177
Manufacturing practices for dietary

supplements (2750), 8742
Maprotiline hydrochloride, 2737

tablets, 2739
Marbofloxacin compounded, veterinary

oral.suspension, 2741
Marfey's reagent, 6177
Maritime pine, 5139

extract, 5141
Mass spectrometry (736), 6975
Mayers reagent, 6231
Mazindol,2742
Measurement of subvisible particulate matter'

in therapeutic protein injections (1787),
8562

Mebendazole, 2742
oral suspension, 2744
tablets, 2744

Mebrofenin, ~746
Mecamylamine hydrochloride, 2747

tablets, 2748
Mechlorethamine hydrochloride, 2749

for injection, 2749
Meclizine hydrochloride, 2750

tablets, 2751
Meclofenarnate sodium, 27~3

capsules, 2754
Medical air, 100
Medical devices-bacterial endotoxin and

pyrogen tests (161), 6579
Medica! gases assay (415), 6693
Medium-chain trigylcerides, 6095, 6177
Medroxyprogesterone acetate, 2754

injectable suspension, 2755
tablets, 2756

Mefenamic acid, 2757
capsules, 2758

1 "

Mefloquine hydrochloride, 2760
tablets, 2791

Megestrol acetate, 2762
oral suspension, 2763
tablets, 2764

Meglumine, 2765
Melamine, 6177
Melatonin, 5143

tablets, 5144
Melengestrol acetate, 2766
Meloxicam,2767

oral suspension, 2770
tablets, 2771

Melphalan, 2773
tablets, 2774

Melting range or temperature (741), 6980
Memantine hydrochloride, 2774

tablets, 2776
Members of the United States Pharmacopeia I

Convention, xviii
Menadiol sodium diphosphate, 2779
Menadione, 2780
Menaquinone-4,5145
Menaquinone-7,5146

capsules, 5147
extract, Bacillus subtilis subsp. subtilis, 5152
preparation, 5149
tablets, 5151

Menthol, 2781
and benzocaine topical aerosol, 518
lozenges, 2782
and tetracaine ointment, 4294

Meperidine hydrochloride, 2782
injection, 2783
oral solution, 2784
tablets, 2784

Mephobarbital, 2785
tablets, 2785

Mepivacaine hydrochloride, 2786
injection, 2788
and levonordefrin injection, 2789

Meprobamate, 2790
tablets, 2791

Meradimate,2792
2-Mercaptoethanol, 6177
3-Mercaptoptopionic acid, 6177
Mercaptopurine, 2793

tablets, 2794
Mercuric

acetate, 6177
acetate TS, 6231
ammonium thiocyanate TS, 6231
bromide, 6177
bromide test paper, 6222
bromide TS, alcoholic, 6226, 6231
chloride, 6177
chloride TS, 6231
iodide, red, 6177
iodide, TS, 6231
nitrate, 6177
nitrate, tenth-molar (0.1 M), 6244
nitrate TS, 6231
oxide, yellow, 6177, 6219
potassium iodide TS, 6231 .
potassium iodide TS, alkaline, 6226, 6231,

6232
sulfate, 6177
sulfate TS, 6228, 6231
thiocyanate, 6177

Mercurous nitrate
dihydrate, 6177
TS,6231

Mercury, 6177
ammoniated, 2796

Mercury (261), 6650

Meropenem, 2796
for injection, 2798

Mesalamine, 2800
extended-release capsules, 2802
rectal suspension, 2803
delayed-release tablets, 2805

Mesityl oxide, 6177
Mesna, 2807

tablets, 2809
Mestranol, 2810

and ethynodiol diacetate tablets, 1781
and norethindrone tablets, 3203

Metacresol, 2811
Metanil

yellow, 6177
Metaphenylenediamine hydrochloride, 6177

TS, 6231
Metaphosphoric-acetic acid TS, 6231
Metaphosphoric acid, 6177
Metaproterenol sulfate, 2812

oral solution, 2813
tablets, 2814

Metaraminol bitartrate, 2815
injection, 2817

Metaxalone, 2817
tablets, 2819

Metformin hydrochloride, 2821
extended-release tablets, 2824
and glipizide tablets, 2116
and glyburide tablets, 2128
and pioglitazone tablets, 3558
tablets, 2822

Methacholine chloride, 2833
Methacrylic acid, 6177

and ethyl acrylate copolymer, 5878
and ethyl acrylate copolymer, partially­

neutralized, 5881
and methyl methacrylate copolymer, 5880

Methacycline hydrochloride, 2835
oral suspension, 2835

Methadone hydrochloride, 2836
injection, 2837
oral concentrate, 2836
oral solution, 2838
tablets, 2838
tablets for oral suspension, 2839

Methamphetamine hydrochloride, 2840
tablets, 2840

Methanesulfonic acid, 6177
Methanol, 6134, 6138, 6177

aldehyde-free, 6177
anhydrous, 6177
deuterated, 6155
spectrophotometric, 6177

Methazolamide, 2841
tablets, 2842

Methenamine, 2843, 6170, 6177
hippurate, 2844
hippurate tablets, 2845
mandelate, 2845
mandelate tablets, 2846
tablets, 2843

Methimazole, 2847
tablets, 2848

Methionine, 2848
L-Methionine sulfoxide, 6177
Methocarbamol, 2850

injection, 2851
tablets, 2851

Methods for the determination of particulate
matter in injections and ophthalmic
solutions (1788), 8575

Methohexital, 2853
sodium for injection, 2853
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Methotrexate, 2854
injection, 2857
for injection, 2858
tablets, 2860

Methotrimeprazine, 2860
injection, 2861

Methoxsalen, 2862
capsules, 2863
topical solution, 2865

5-Methoxy-1 H-benzimidazole-2-thiol, 6178
Methoxyacetophenone po, 6177
7-Methoxycoumarin, 6178
Methoxy determination (431), 6702
Methoxyethanol, 6178
2-Methoxyethanol, 6178
Methoxyflurane, 2866
5-Methoxy-2-methyl-3-indoleacetic acid,

6178
Methoxyphenylacetic acid, 6178
Methoxyphenylacetic TS, 6231
Methscopolamine bromide, 2866

tablets, 2868
Methsuximide, 2870

capsules, 2870
Methyclothiazide, 2871

tablets, 2872
Methyl

acetate, 61 78
alcohol, 5882
4-aminobenzoate, 6178
arachidate, 6178
behenate, 61 78
benzenesulfonate, 6178
caprate, 6178
caprylate, 6178
carbamate, 6178
chloroform, 6151, 6178, 6214
erucate, 6178
ethyl ketone, 61 78
green, 6178
green-iodomercurate paper, 6222
heptadecanoate, 6178
iodide, 6179
isobutyl ketone, 5883, 6179
laurate, 61 79
Iignocerate, 6179
linoleate, 6179
linolenate, 6179
methacrylate, 61 79
methacrylate and ethyl acrylate copolymer

dispersion, 5760
myristate, 6179
oleate, 61 79
orange, 6221
orange TS, 6231
palmitate, 6179
purple TS, 6231
red, 6179, 6221
red-methylene blue TS, 6231, 6232
red sodium, 6221
red TS, 6231
red TS 2, 6232
red TS, methanolic, 6232
salicylate, 5884
stearate, 6180
sulfoxide, 6180
violet TS, 6232
yellow, 6180, 6221
yellow-methylene blue TS, 6232
yellow paper, 6222
yellow TS, 6232

3-Methyl~2-benzothiazolinonehydrazone
hydrochloride TS, 6232

Methylamine, 40 percent in water, 6180
Methylamine hydrochloride, 6180

p-Methylaminophenol sulfate, 6180
Methylbenzethonium chloride, 2873

lotion, 2873
4-Methylbenzophenone, 6180
Methylbenzothiazolone hydrazone

hydrochloride, 6180
(R)-(+)-alpha-Methylbenzyl isocyanate, 6180
(5)-(-)-a-Methylbenzyl isocyanate; 6180
Methylcel/ulose, 2874

ophthalmic solution, 2876
oral solution, 2876
tablets, 2876

Methylcobalamin, 5153
tablets, 5154

Methyldopa, 2877
and hydrochlorothiazide tablets, 2878
tablets, 2878

Methyldopate hydrochloride, 2880
injection, 2880

Methyl cis-11-eicosenoate, 6178
Methylene

blue, 2881, 6180
blue injection, 2882
blue injection, veterinary, 2884
blue TS, 6232
chloride, 5885, 6157, 6180

5,5'-Methylenedisalicylic acid, 6180
Methylergonovine maleate, 2885

injection, 2886
tablets, 2887

3-0-Methylestrone, 6180
1-Methylimidazole, 6180
2-Methylimidazole, 6180
Methyl isobutyrate, 61 79
Methyl 12-Ketostearate, 6179
Methyl methacrylate

and methacrylic acid copolymer, 5880
Methylnaltrexone bromide, 2888
2-Methyl-5-nitroimidazole, 6180
N-Methyl-N-nitroso-p-toluenesulfonamide,

6180
Methylparaben, 5886

sodium, 5887
-4-Methylpentan-2-ol, 6180
2-Methylpentane, 6180
4-Methyl-2-pentanone, 6179, 6180
3-Methyl-2-pentanone, 6180
Methylphenidate hydrochloride, 2890

tablets, 2892
extended-release tablets, 2892

Methylprednisolone, 2898
acetate, 2899
acetate injectable suspension, 2901
acetate and neomycin sulfate cream, 311 3
hemisuccinate, 2901
sodium succinate, 2902
sodium succinate for injection, 2903
tablets, 2899

2-Methyl-2-propyl-1,3-propanediol, 6180
Methyl p-toluenesulfonate, 6180
N-Methylpyrrolidine, 6181
Methylpyrrolidone, 5888
Methylsulfonylmethane, 5049

and glucosamine tablets, 5049
glucosamine, and thondroitin sulfate

sodium tablets, 5051
tablets, 5156

Methyltestosterone, 2904
capsules, 2906
tablets, 2906

Methylthionine perchlorate TS, 6232
Methysergide maleate, 2907
Metoclopramide

hydrochloride, 2908
injection, 2909

oral solution, 2910
tablets, 2911

Metolazone, 2912
oral suspension, 291 3
tablets, 2914

Metoprolol
fumarate, 2915
succinate, 2917
succinate extended-release tablets, 2918
tartrate, 2922
tartrate and hydrochlorothiazide tablets,

2928
tartrate injection, 2923 .
tartrate oral solution, 2925
tartrate oral suspension, 2926
tartrate tablets, 2926

Metrifonate, 2930
Metronidazole, 2931

benzoate, 2932
capsules, 2934
gel,2935
injection, 2936
tablets, 2937
extended-release tablets, 2939

Metronidazole benzoate compounded
oral suspension, 2933

Metyrapone, 2941
Metyrosine, 2942

capsules, 2942
Mexiletine hydrochloride, 2943

capsules, 2944
Mibolerone, 2944

oral solution, 2945 '..
Miconazole, 2946

compounded ophthalmic solution, 2946
nitrate,2947 .
nitrate cream, 2949
nitrate topical powder,2949
nitrate vaginal suppositories, 2951

Microbial characterization, identification, and
strain typing (1113), 7823

Microbial enumeration tests-nutritional and
dietary supplements (2021 ),8687

Microbiological attributes of nonsterile
nutritional and dietary supplements
(2023), 8698

Microbiological best laboratory practices
(1117), 7845

Microbiological control and monitoring of
aseptic processing environments (1116),
7833

Microbiological examination of nonsterile
products: acceptance criteria for
pharmaceutical preparations and
substances for pharmaceutical use (1111),
7819

Microbiological examination of nonsterile
products: microbial enumeration tests (61),
6457

Microbiological examination of nonsterile
products: tests for specified
microorganisms (62), 6463

Microbiological examination of nonsterile
products tests for Burkholderia Cepacia
complex (60), 6454

Microbiological procedures for absence of
specified mkrcorqanlsms-s-nutrltlonal and
dietary supplements (2022),8692

Microscopy, optical (776), 6998
Midazolam, 2952

injection, 2953
Mid-infrared spectroscopy (854), 7151
Mid-infrared spectroscopy-theory and

practice (1854), 8650
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Midodrine hydrochloride, 2954
tablets, 2955

Milbemycin oxime, 2957
Milk thistle, 5157

capsules, 5162
extract, powdered, 5160
powdered, 5159
tablets, 5163

Millon's reagent, 6232
Milrinone, 2958
Milrinone lactate

injection, 2959
Mineral

acid, 6181
oil, 2961
oil emulsion, 2962
oil, light, 5889
oil, rectal, 2962
oil, topical light, 2962

Minerals
with calcium and vitamin D tablets, 4845
capsules, 51 64
oil- and water-soluble vitamins with,

capsules, 5435
oil- and water-soluble vitamins with, oral

solution, 5462
oil- and water-soluble vitamins with,

tablets, 5476
tablets, 5172'
water-soluble vitamins with, capsules, 5523
water-soluble vitamins with, oral solution,

5543
water-soluble vitamins with, tablets, 5552

Minimum fill (755), 6982
Minocycline

hydrochloride, 2964
hydrochloride capsules, 2965
periodontal system, 2970
hydrochloride oral suspension, 2966
hydrochloride tablets, 2966
hydrochloride extended-release tablets,

2967
for injection, 2963

Minoxidil, 2972
topical solution, 2975
tablets, 2974

Mirtazapine, 2976
tablets, 2978
orally disintegrating tablets, 2980

Mirtazapine compounded, veterinary
oral suspension, 2977

Misoprostol, 2981
dispersion, 2983

Mission
and preface, v
statement, v

Mitomycin, 2984
for injection, 2986

Mitotane, 2986
tablets, 2987

Mitoxantrone
hydrochloride, 2987
injection, 2988

Modafinil, 2990
tablets, 2991

Moexipril hydrochloride, 2992
Moexipril hydrochloride

and hydrochlorothiazide tablets, 2996
tablets, 2994

Moist heat sterilization of aqueous liquids
(1229.2), 8202

Molindone hydrochloride, 2999
tablets, 3000

Molybdenum, 6181
Molybdic acid, 6181

Molybdo-phosphotungstate TS, 6232
Mometasone furoate, 3001

cream, 3002
ointment, 3003
topical solution, 3005

Monensin, 3006
granulated, 3007
premix, 3008
sodium, 3009

Monitoring devices-time, temperature, and
humidity (1118), 7850

Monitoring of bioburden (1229.3), 8206
Monobasic

potassium phosphate, 5979, 6181
sodium phosphate, 4088, 6181

0.1 M Monobasic sodium phosphate
TS,6232

0.05 M Monobasic sodium phosphate
TS,6232

Monobenzone, 3009
Monochloroacetic acid, 6181
Mono- and di-glycerides, 5890
Monoethanolamine, 5891, 6181
Monoglyceride citrate, 5891
Monograph and reference material donors

2014 recognition, xxv
Monosaccharide Analysis, 6616
Monosodium glutamate, 5892, 6181
Monothioglycerol, 5892
Montelukast

sodium oral granules, 3012
sodium tablets, 3015
sodium chewable tablets, 3018

Montelukast sodium, 3010
Montelukast sodium hydrate, 6181
Morantel tartrate, 3021
Moricizine hydrochloride, 3021
Morin, 6181
Morphine sulfate, 3023

extended-release capsules, 3024
injection, 3027
suppositories, 3028

Morphine sulfate
compounded injection, 3028

Morpholine, 6181
4-Morpholine propane sulfonic acid, 6181
Moxidectin, 3029
Moxifloxacin

hydrochloride, 3032
ophthalmic solution, 3034
tablets, 3036

Mucosal drug products-performance tests
(1004), 7227

Mucosal drug products-product quality
tests (4), 6423

Mupirocin, 3038
calcium, 3038
cream, 3040
ointment, 3041
nasal ointment, 3042

Mycophenolate
sodium, 3052

Mycophenolate mofetil, 3043
capsules, 3044
for injection, 3046
for oral suspension, 3047
tablets, 3049

Mycophenolic acid
delayed-release tablets, 3054

Mycoplasma tests (63), 6472
Myristic acid, 5893
Myristyl alcohol, 5895
Myristyltrimethylammonium bromide, 6181
Myrrh,3056

topical solution, 3057

N
N 13 injection, ammonia, 3183
Nabumetone, 3058

tablets, 3059
Nadolol, 3059

and bendroflumethiazide tablets, 3062
tablets, 3061

Nafcillin
injection, 3063
for injection, 3063
sodium, 3064

Naftifine hydrochloride, 3064
cream, 3065
gel, 3066

Nalorphine hydrochloride, 3066
injection, 3067

Naloxone
hydrochloride, 3067
hydrochloride injection, 3068
and pentazocine tablets, 3463

Naltrexone hydrochloride, 3069
tablets, 3071

Nandrolone
decanoate, 3072
decanoate injection, 3073

Naphazoline hydrochloride, 3074
nasal solution, 3075
ophthalmic solution, 3076
and pheniramine maleate ophthalmic

solution, 3076
Naphthalene, 6181
l,3-Naphthalenediol, 6181
2,7-Naphthalenediol, 6159, 6181
2-Naphthalenesulfonic acid, 6181
Naphthol

dipotassium disulfonate, 6181
disodium disulfonate, 6181

1-Naphthol, 6134, 6181
reagent, 6232
TS,6232

2-Naphthol, 6142, 6181
T5, 6227, 6232

p-Naphtholbenzein, 6182, 6221
T5,6232

~-Naphthoquinone-4-sodiumsulfonate, 6182
Naphthoresorcinol, 6182
l-Naphthylamine, 6182
1-Naphthylamine hydrochloride, 6182
2-Naphthyl chloroformate, 6182
N-(l-Naphthyl)ethylenediamine

dihydrochloride, 6182
T5,6232

Naproxen, 3077
sodium, 3082
sodium tablets, 3082
oral suspension, 3079
tablets, 3079
delayed-release tablets, 3081

Naproxen compounded
oral suspension, 3078

Naproxen sodium and pseudoephedrine
hydrochloride extended-release
tablets, 3084

Narasin
granular, 3088
premix, 3090

Naratriptan
hydrochloride, 3093
hydrochloride oral suspension, 3094
tablets, 3091
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Nasal solution
Calcitonin salmon, 675
Cromolyn sodium, 1184
Ephedrine sulfate, 1644
Epinephrine, 1649
Flunisolide, 1929
Naphazoline hydrochloride, 3075
Oxymetazoline hydrochloride, 3349
Phenylephrine hydrochloride, 3518
Tetrahydrozoline hydrochloride, 4315
Xylometazoline hydrochloride,4661

Nasal spray
Butorphanol tartrate, 657
Desmopressin acetate, 1267
Fluticasone propionate, 2000

Natamycin, 3095
ophthalmic suspension, 3096

Nateglinide, 3096
tablets, 3098

Near-infrared spectroscopy (856, 7161
Nefazodone hydrochloride, 3099

tablets, 3100
Neohesperidin dihydrochalcone, 5896
Neomycin

boluses, 3102
and colistin sulfates and hydrocortisone

acetate otic suspension, 1150
for injection, 3102
penicillin G, polymyxin B, hydrocortisone

acetate, and hydrocortisone sodium
succinate topical suspension, 3430

and polymyxin B sulfates, bacitracin, and
hydrocortisone acetate ointment, 3116

and polymyxin B sulfates, bacitracin, and
hydrocortisone acetate ophthalmic
ointment, 3116

and polymyxin B sulfates, bacitracin, and
lidocaine ointment, 311 7

and polymyxin B sulfates and bacitracin
ointment, 3115

and polymyxin B sulfates and bacitracin
ophthalmic ointment, 3115

and polymyxin B sulfates, bacitracin zinc,
and hydrocortisone ointment, 3118

and polymyxin B sulfates, bacitracin zinc,
and hydrocortisone ophthalmic
ointment, 3119

and polymyxin B sulfates, bacitracin zinc,
and hydrocortisone acetate ophthalmic
ointment, 3120

and polymyxin B sulfates, bacitracin zinc,
and lidocaine ointment, 3120

and polymyxin B sulfates and bacitracin
zinc ointment, 3118

and polymyxin B sulfates and bacitracin
zinc ophthalmic ointment, 3118 .

and polymyxin B sulfates cream, 3114
and polymyxin B sulfates and

dexamethasone ophthalmic ointment,
3121

and polymyxin B sulfates and
dexamethasone ophthalmic suspension,
3122

and polymyxin B sulfates and gramicidin
cream, 3122

and polymyxin B sulfates, gramicidin, and
hydrocortisone acetate cream, 3123

and polymyxin B sulfates and gramicidin
ophthalmic solution, 3123

and polymyxin B sulfates and
hydrocortisone ophthalmic suspension,
3123

and polymyxin B sulfates and
hydrocortisone otic solution, 3124

and polymyxin B sulfates and
hydrocortisone otic suspension, 3124

and polymyxin B sulfates and
hydrocortisone acetate cream, 3125

and polymyxin B sulfates and
hydrocortisone acetate ophthalmic
suspension, 3125

and polymyxin B sulfates and lidocaine
cream, 3126

and polymyxin B sulfates ophthalmic
ointment, 3114

and polymyxin B sulfates ophthalmic
solution, 3115

and polymyxin B sulfates, penicillin G
procaine, and hydrocortisone acetate
topical suspension, 3448

and polymyxin B sulfates and pramoxine
hydrochloride cream, 3126

and polymyxin B sulfates and prednisolone
acetate ophthalmic suspension, 3127

and polymyxin B sulfates solution for
irrigation, 3114

sulfate, 3102
sulfate and bacitracin ointment, 3104
sulfate and bacitracin zinc ointment, 3104
sulfate cream, 3103
sulfate and dexamethasone sodium

phosphate cream, 3104
sulfate and dexamethasone sodium

phosphate ophthalmic ointment, 3105
sulfate and dexamethasone sodium

phosphate ophthalmic solution, 3106
sulfate and fluocinolone acetonide cream,

3107
sulfate and fluorometholone ointment,

3107
sulfate and flurandrenolide cream, 3107
sulfate and flurandrenolide lotion, 3108
sulfate and flurandrenolide ointment, 3108
sulfate and gramicidin ointment, 3108
sulfate and hydrocortisone cream, 3109
sulfate and hydrocortisone ointment, 3109
sulfate and hydrocortisone otic suspension,

3109
sulfate and hydrocortisone acetate cream,

3110
sulfate and hydrocortisone acetate lotion,

3110
sulfate and hydrocortisone acetate

ointment, 311 0
sulfate and hydrocortisone acetate

ophthalmic suspension, 3110
sulfate, isoflupredone acetate, and

tetracaine hydrochloride ointment, 3111
sulfate, lsoflupredone acetate, and

tetracaine hydrochloride topical powder,
3112

sulfate and methylprednisolone acetate
cream, 3113

sulfate, nystatin, gramicidin, and
triamcinolone acetonide cream, 3222

sulfate, nystatin, gramicidin, and
triamcinolone acetonide ointment, 3222

sulfate, nystatin, thiostrepton, and
triamcinolone acetonide cream, 3223

sulfate, nystatin, thiostrepton, and
triamcinolone acetonide ointment, 3223

sulfate ointment, 3103
sulfate ophthalmic ointment, 3103

sulfate and prednisolone acetate
ophthalmic suspension, 3128

sulfate oral solution, 3103
sulfate tablets, 3104
sulfate and triamcinolone acetonide cream,

3129
Neostigmine

bromide, .3129
bromide tablets, 3129
methylsulfate, 3130
methylsulfate injection, 3130

Neotame, 5898
Nephelometry, turbidimetry, and visual

comparison (855)~ 7155
Nessler's reagent, 6232
Neutralized

alcohol, 6182
phthalate buffer, 6145

Neutral red, 6221
TS,6232

Nevirapine, 3131
Nevirapine

extended release tablets, 3135
oral suspension, 3132
tablets, 3134

New sterilization methods (1229.12), 8233
Niacin, 3138

extended-release tablets, 3141
injection, 3140
or niacinamide assay (441), 6704
tablets, 3140

Niacinamide, 3146
injection, 3147
or niacin assay (441), 6704
tablets, 3147

Nicardipine hydrochloride, 3148
injection, 3149

Nickel-aluminum catalyst, 6182
Nickel, 6182

standard solution TS, 6232
sulfate, 6182
(II) sulfate heptahydrate, 6182

Nickel nitrate hexahydrate, 6182
~-Nicotinamideadenine dinucleotide, 6182
Nicotinamide adenine dinucleotide

phosphate-adenosine-5'-triphosphate
mixture, 6182

Nicotine, 3152
polacrilex, 3156
polacrilex gum, 3159
transdermal system, 3153

Nicotinic acid, 6182
Nifedipine, 3160

capsules, 3161
extended-release tablets, 3163

Nile blue hydrochloride, 6221
Nilutamide, 3170
Nimodipine, 31 71
Ninhydrin, 6182

TS,6232
Nitrate

mercurous, dihydrate, 6177
mercurous, TS, 6231
ophthalmic solution, silver, 4041
in reagents, 61 31
silver, 4041, 6200
silver, TS, 6234
tenth-normal (0.1 N), silver, 6234, 6247
toughened silver, 4042

Nitric
acid, 5900, 6182
acid, diluted, 6159, 6182
acid, fuming, 6168, 6182
acid, lead-free, 6182
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Nitric (continued)
oxide-nitrogen dioxide detector tube,

6182
Nitric acid

0.01 N T5, 6232
0.2 N T5, 6232
1 N T5, 6232
2 N T5, 6232
ultratrace, 6182

Nitrilotriacetic acid, 6182
Nitrite titration (451), 6709
4'-Nitroacetophenone, 6182
o-Nitroaniline, 6183
p-Nitroaniline, 6183

T5,6232
Nitrobenzene, 6183
p-Nitrobenzenediazonium tetrafluoroborate,

6183
4-Nitrobenzoic acid, 6183
p-Nitrobenzyl bromide, 6183
4-(p-Nitrobenzyl) pyridine, 6183
Nitrofurantoin, 3172

capsules, 3174
oral suspension, 3179
tablets, 3180

Nitrofurazone, 3181
ointment, 3182
topical solution, 3183

Nitrogen, 5900
97 percent, 5901
certified standard, 6183
compounds in reagents, 6131
determination (461), 6709
N 13 injection, ammonia, 3183

Nitroglycerin
diluted, 3186
injection, 3187
ointment, 3187
sublingual tablets, 3188

Nitromersol, 3189
topical solution, 3190

Nitromethane, 6183
5-Nitro-1,10-phenanthroline, 6182
Nitrophenanthroline T5, 6232
1-Nitroso-2-naphthol, 6183
Nitroso R salt, 6183
Nitrous

oxide, 3190
oxide certified standard, 6183

Nizatidine, 3191
capsules, 3192

Nomenclature (1121), 7862
Nonadecane, 6183
Nonanoic acid, 6183
Nonionic wetting agent, 6183, 6184
Nonoxynol 9, 3193, 6184
1-Nonyl alcohol, 6184
n-Nonylamine, 6184
Nonylphenol polyoxyethylene ether, 6184
Nonylphenoxypoly(ethyleneoxy)ethanol,

6184
Norelgestromin, 3196
Norepinephrine bitartrate, 3197

injection, 3198
and propoxycaine and procaine

hydrochlorides injection, 3745
Norethindrone, 3198

acetate, 3204
acetate' and estradiol tablets, 1733
acetate and ethinyl estradiol tablets, 3208
acetate tablets, 3205
and ethlnyl estradiol tablets, 3201
and mestranol tablets, 3203
tablets, 3199

Norgestimate, 3209
and ethinyl estradiol tablets, 3211

Norgestrel, 3212
and ethinyl estradiol tablets, 3214
tablets, 3213

Normal
butyl acetate, 6145
butyl alcohol, 6145
butylamine, 6184

Northern schisandra fruit, 5261
dry extract, 5263
powder, 5265

Nortriptyline hydrochloride, 3214
capsules, 3216
oral solution, 3216

Noscapine, 3217
Novobiocin

sodium, 3218
sodium intramammary infusion, 3218
sodium and penicillin G procaine

intramammary infusion,. 3448
sodium, tetracycline hydrochloride, and

prednisolone tablets, 4312
sodium and tetracycline hydrochloride

tablets, 4312
Nuclear magnetic resonance spectroscopy

(761), 6984
Nuclear magnetic resonance spectroscopy

identity testing of bacterial polysaccharides
used in vaccine manufacture (198), 6596

Nucleic acid-based techniques
amplification (1127), 7879
approaches for detecting trace nucleic

acids (residual DNA testing) (1130),
7897

extraction, detection, and sequencing
(1126), 7870

qeneral (1125), 7865
genotyping (1129), 7893
microarray (1128), 7887

Nystatin, 3218
cream, 3219
lotion, 3220
lozenges, 3220
neomycin sulfate, gramicidin, and

triamCinolone acetonide cream, 3222
neomycin sulfate, gramicidin, and

triamcinolone acetonide ointment, 3222
neomycin sulfate, thiostrepton, and

triamcinolone acetonide cream, 3223
neomycin sulfate, thiostrepton, and

triamcinolone acetonide ointment, 3223
ointment, 3220
topical powder, 3220
oral suspension, 3221
for oral suspension, 3221
tablets, 3221
and tetracycline hydrochloride capsules,

4313
and triamcinoloneacetonide cream, 3224
and triamcinolone acetonide ointment,

3225
vaginal inserts, 3222
vaginal suppositories, 3220

o
n-Octadecane, 6184
Octadecyl silane, 6184
Octane-n, 6184
·Octanesulfonic acid sodium salt, 6204

Nitri-Oil

Octanesulfonic acid sodium salt
monohydrate, 6184

1-0ctanol, 6184
Octanophenone, 6184
Octinoxate, 3225
Octisalate, 3226
Octocrylene, 3227
Octoxynol 9, 5901, 6184
Octreotide acetate, 3228
Octylamine, 6184
Octyldodecanol, 5904
(p-tert-Octylphenoxy)nonaethoxyethanol,

6163, 6184
(p-tert-Octylphenoxy)polyethoxyethanol,

6184
Octyl sulfate, sodium salt, 6184
Officers (2015-2020), ix
Ofloxacin, 3230 .

ophthalmic solution, 3231
tablets, 3232

Oil
Almond, 5609
Anise, 5624
Borage seed, 4830
Borage seed, capsules, 4831
Canola, 5664
Caraway, 5667
Cardamom, 5688

.Castor, 802
Castor, aromatic, 807
Castor, capsules, 805
Castor, emulsion, 806
Castor, hydrogenated, 5691
Cedar, 6149
Chia seed, 4877
Clove, 5718
Coconut, 5719
Coconut, hydrogenated, 5720
Cod liver, 1135
Cod liver, capsules, 4910
Coriander, 5723
Corn, 5723
Cottonseed, 5733
Cottonseed, hydrogenated, 5734
Crypthecodinium cohnii, 4922
Crypthecodinium cohnii, capsules, 4925
Ethiodized injection, 1770
Evening primrose, 4980'
Evening primrose, capsules, 4980
Fats and fixed oils (401), 6676
Fennel, 5776
Flax seed, 4998
Flax seed, capsules, 4999
Krill, capsules, 5104
Krill delayed-release capsules, 5107
Lemon, 5856
Mineral, 2961
Mineral emulsion, 2962
Mineral, light, 5889 .
Mineral, rectal, 2962
Mineral, topical light, 2962
Olive, 5910
Orange, 5914
Palm, 5916 .
Palm, hydrogenated, 5916
Palm kernel, 5917
Peanut, 5921
Peppermint, 5923
Polyoxyl 35 castor, 5956
Polyoxyl 40 hydrogenated castor, 5958
Fully hydrogenated rapeseed, 5998
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Oil (continued)
Superglycerinated fully hydrogenated

rapeseed, 5999
Rose, 6001
Safflower, 3968
Schizochytrium, 5266
Schizochytrium, capsules, 5269
Sesame, 6003
Soybean, 4105
Soybean, hydrogenated, 6040
Star anise, 6043
Sunflower, 6085
Vegetable, hydrogenated, 6099
Vitamins capsules, oil- and water-soluble,

5389
Vitamins capsules, oil-soluble, 5346
Vitamins with minerals capsules, oil- and

water-soluble, 5435
Vitamins with minerals oral solution, oil­

and water-soluble, 5462
Vitamins with minerals tablets, oil- and

water-soluble, 5476
Vitamins oral solution, oil- and water­

soluble, 5409
Vitamins tablets, oil- and water-soluble,

5419
Vitamins tablets, oil-soluble, 5356

Oil-soluble vitamins
capsules, 5346
tablets, 5356

Oil- and water-soluble vitamins
capsules, 5389
with minerals capsules, 5435
with minerals oral solution, 5462
with minerals tablets, 5476
oral solution, 5409
tablets, 5419

Ointment
Acyclovir, 91
Alclometasone dipropionate, 112
Amcinonide, 215
Amphotericin B, 316
Anthralin, 344
Atropine sulfate ophthalmic, 431
Bacitracin ophthalmic, 467
Bacitracin zinc, 470
Bacitracin zinc and polymyxin B sulfate,

471
Bacitracin zinc and polymyxin B sulfate

ophthalmic, 471
Benzocaine, 509
Benzocaine, butamben, and tetracaine

hydrochloride, 516
Benzoic and salicylic acids, 521
Betamethasone dipropionate, 548
Betamethasone valerate, 556
Bland lubricating ophthalmic, 3273
Calcipotriene, 668
Chloramphenicol and polymyxin B sulfate

ophthalmic, 933
Chloramphenicol ophthalmic, 929
Chlortetracycline hydrochloride,980
Chlortetracycline hydrochloride

ophthalmic, 987
Ciprofloxacin ophthalmic, 1014
Clioquinol, 1076
Clioquinol and hydrocortisone, 1078
Clobetasol propionate, 1081

Coal tar, 1133
Desoximetasone, 1275
Dibucaine, 1337
Diflorasone diacetate, 1375
Erythromycin, 1688
Erythromycin ophthalmic, 1689
Fluocinolone acetonide, 1935
Fluocinonide, 1938
Flurandrenolide, 1976
Fluticasone propionate, 2003
Gentamicin and prednisolone acetate

ophthalmic, 2106
Gentamicin sulfate, 2101
Gentamicin sulfate and betamethasone

valerate, 2103
Gentamicin sulfate ophthalmic, 2102
Halcinonide, 2185
Hydrocortisone, 2232
Hydrocortisone acetate, 2238
Hydrocortisone valerate, 2246
Hydrophilic, ·3233
Ichthammol, 2289
Idoxuridine ophthalmic, 2293
Lidocaine, 2622
Mometasone furoate, 3003
Mupirocin, 3041
Mupirocin nasal, 3042
Neomycin and polymyxin B sulfates and

bacitracin, 3115
Neomycin and polymyxin B sulfates,

bacitracin, and hydrocortisone acetate,
3116

Neomycin and polymyxin B sulfates,
bacitracin, and hydrocortisone acetate
ophthalmic, 3116

Neomycin and polymyxin B sulfates,
bacitracin, and lidocaine, 3117

Neomycin and polymyxin B sulfates and
bacitracin ophthalmic, 3115

Neomycin and polymyxin B sulfates and
bacitracin zinc, 3118

Neomycin and polymyxin B sulfates,
. bacitracin zinc, and hydrocortisone,
3118

Neomycin and polymyxin B sulfates,
bacitracin zinc, and hydrocortisone
acetate ophthalmic, 3120

Neomycin and polymyxin B sulfates,
bacitracin zinc, and hydrocortisone
ophthalmic, 3119

Neomycin and polymyxin B sulfates,
bacitracin zinc, and lidocaine, 3120

Neomycin and polymyxin B sulfates and
bacitracin zinc ophthalmic, 3118

Neomycin and polymyxin B sulfates and
dexamethasone ophthalmic, 3121

Neomycin and polymyxin B sulfates
ophthalmic, 3114

Neomycin sulfate, 3103
Neomycin sulfate and bacitracin, 3104
Neomycin sulfate and bacitracin zinc, 3104
Neomycin sulfate and dexamethasone

sodium phosphate ophthalmic, 3105
Neomycin sulfate and ftuorometholone,

3107 .
Neomycin sulfate and flurandrenolide,

3108
Neomycin sulfate and gramicidin, 3108
Neomycin sulfate and hydrocortisone,

3109
Neomycin sulfate and hydrocortisone

acetate, 3110
Neomycin sulfate, isoflupredone acetate,

and tetracaine hydrochloride, 3111
Neomycin sulfate ophthalmic, 3103

Nitrofurazone, 3182
Nitroglycerin, 3187
Nystatin, 3220
Nystatin, neomycin sulfate, gramicidin,

and triamcinolone acetonide, 3222
Nystatin, neomycin sulfate, thiostrepton,

and triamcinolone acetonide, 3223
Nystatin and triamcinolone acetonide,

3225
Oxytetracycline hydrochloride and

hydrocortisone, 3364
Oxytetracycline hydrochloride and

polymyxin B sulfate, 3364
Oxytetracycline hydrochloride and

polymyxin B sulfate ophthalmic, 3365
Polyethylene glycol, 5941
Povidone-iodine, 3635
Prednicarbate, 3658
Resorcinol ointment, compound, 3861
Rose water, 3946
Sodium chloride ophthalmic, 4068
Sulfacetamide sodium ophthalmic, 4142
Sulfacetamide sodium and prednisolone

acetate ophthalmic, 4144
Sulfur, 4176
Tetracaine, 4294
Tetracaine and menthol, 4294
Tetracycline hydrochloride, 4307
Tetracycline hydrochloride ophthalmic,

4308
Tobramycin and dexamethasone

ophthalmic, 4409
Tobramycin ophthalmic, 4405
Triamcinolone acetonide, 4485
Undecylenic acid, compound, 4554
White, 3233
Yellow, 3233
Zinc oxide, 4689

Olanzapine, 3234
and fluoxetine capsules, 3237
tablets, 3235

Olanzapine orally disintegrating
tablets, 3240

Olefin detector tube, 6184
Oleic acid, 5906
Oleoresin, capsicum, 730
Oleovitamin A and D, 3242

capsules, 3242
Oleoyl polyoxylglycerides, 5908
Oleyl

alcohol, 5909
oleate, 5910

Oligo-deoxythymidine, 6184
Oligosaccharide analysis (212), 6623
Olive leaf, 5181

dry extract, 5182
powder, 51 84

Olive oil, 5910
Olmesartan medoxomil, 3242

and amlodipine tablets, 272
tablets, 3244

Olopatadine hydrochloride
ophthalmic solution, 3249

Omega-3
acids triglycerides, 5185
ethyl esters capsules, 3253
ethyl esters, 3250

Omega-3 free fatty acids, 5188
Omeprazole, 3256

delayed-release capsules, 3258
magnesium, 3260
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Ondansetron, 3262
compounded topical gel, 3272
hydrochloride, 3263
hydrochloride oral suspension, 3268
injection, 3265
oral solution, 3266
tablets, 3268
orally disintegrating tablets, 3271

"

Ophthalmic ointment·
Atropine sulfate, 431
Bacitracin, 467
Bacitracin zinc and polymyxin B sulfate,

471
Blan~, lubrlcatlnq; 3273
Chloramphenicol; 929
Chloramphenicol and polymyxin B sulfate,

933 '
Chlortetracycline' hydrochloride, 987
Ciprofloxacin, 1014
Erythromycin, 1689
Gentamicin and prednisolone acetate,

2106 -
Gentamicin sulfate, 2102
ldoxuridlne, 2293
Neomycin and polymyxin B sulfates, 3114
Neomycin and polymyxin B sulfates and

bacitracin, 3115
Neomycin and polymyxin B sulfates,

bacitracin, and hydrocortisone acetate,
3116

Neornycln and polymyxin B sulfates and
bacitracin zinc, 3118

Neomycin and polymyxin B sulfates,
bacltradn zinc, and hydrocortisone,
3119

Neomycin and polymyxin B sulfates,
bacitracin zinc, and hydrocortisone
acetate, 3120

Neomycin and polymyxin B sulfates and
dexamethasone, 3121

Neomycin sulfate; 3103
Neomycin sulfate and dexamethasone

sodium phosphate, 3105
Oxytetracycline hydrochloride and

polymyxin B sulfate, 3365
Sodium chloride, 4068
Sulfacetamide sodium, 4142
Sulfacetamide sodium and prednisolone

acetate, 4144 .
Tetracycline hydrochloride, 4308
Tobramycin, 440$
Tobramycin and dexamethasone, 4409

Ophthalmic products-performance tests
(1771), 8549

Ophthalmic products-quality tests (771),
6993

Ophthalmic solution
Acetylcholine chloride for, 81
Apraclonidine, 359
Atropine sulfate, 432
Azelastine hydrochloride, 445
Benoxinate hydrochloride, 499
Betaxolol, 558
Carbachol, 739

Carteolol hydrochloride, 789
Chloramphenicol, 929
Chloramphenicol for, 930
Chymotrypsin for, 994
Ciprofloxacin, 1015
Cromolyn sodium, 1185
Cyclopentolate hydrochloride, 1201
Cyclosporine compounded, veterinary,

1217
Demecarium bromide, 1247
Dexamethasone sodium phosphate, 1296
Dipivefrin hydrochloride, 1442
Dorzolamide hydrochloride, 1497
Dorzolamide hydrochloride and timolol

maleate, 1499
Echothiophate iodide for, 1579
Emedastine, 1610
Epinephrine, 1649
Epinephrine bitartrate, 1651
Epinephrine bitartrate for, 1652
Epinephryl borate, 1652
Fluorescein sodium and benoxinate

hydrochloride, 1944
Fluorescein sodium and proparacaine

hydrochloride, 1945
Flurbiprofen sodium, 1982
Gentamicin sulfate, 2102
Gentamicin sulfate and betamethasone

acetate, 2102
Glycerin, 2133
Homatropine hydrobromide, 2208
Hydroxyamphetamine hydro bromide,

2258
Hypromellose, 2281
Idoxuridine, 2293
levobunolol hydrochloride, 2595
Methylcellulose,2876
Miconazole compounded, 2946
Moxifloxacin, 3034
Naphazoline hydrochloride, 3076
Naphazoline hydrochloride and

pheniramine maleate, 3076
Neomycin and polymyxin B sulfates, 3115
Neomycin and polymyxin B sulfates and

gramicidin, 3123
Neomycin 'sulfate and dexamethasone

sodium phosphate, 3106
Ofloxacin, 3231
Olopatadine hydrochloride, 3249
Oxymetazoline hydrochloride, 3350
Phenylephrine hydrochloride, 3519
Physostigmine salicylate, 3536
Pilocarpine hydrochloride, 3543
Pilocarpine nitrate, 3545
Polymyxin B sulfate and trimethoprim,

3592
Prednisolone sodium phosphate, 3668
Proparacaine hydrochloride, 3739
Scopolamine hydrobromide, 4013
Silver nitrate, 4041
Sodium chloride, 4068
Sulfacetamide sodium, 4143
Tetracaine hydrochloride, 4299
Tetrahydrozoline hydrochloride, 4315
Timolol maleate,' 4389
Tobramycin, 4408
Travoprost, 4471
Tropicamide, 4541
Voriconazole compounded, veterinary,

4645
Zinc sulfate, 4693

Ophthalmic
suspension

Brinzolamide, 594
Chloramphenicol and hydrocortisone

acetate for, 932
Dexamethasone, 1287
Fluorometholone, 1952
Gentamicin and prednisolone acetate,

2107
Natamycin, 3096
Neomycin and polymyxin B sulfates and

dexamethasone, 3122
Neomycin and polymyxin B sulfates and

hydrocortisone, 3123
Neomycin and polymyxin B sulfates and

hydrocortisone acetate, 3125
Neomycin and polymyxin B sulfates and

prednisolone acetate, 3127
Neomycin sulfate and hydrocortisone

acetate, 3110
Neomycin sulfate and prednisolone

.acetate, 3128
Oxytetracycline hydrochloride and

hydrocortisone acetate, 3363
Prednisolone acetate, 3663
Rimexolone, 3887
Sulfacetamide sodium and prednisolone

acetate, 4145
Tetracycline hydrochloride, 4310
Tobramycin and dexamethasone, 4411
Tobramycin and fluorometholone acetate,

4412

Opium, 3273
powdered, 3274
tincture, 3274

Optical
microscopy (776), 6998
rotation (781), 7001

Oral drug products-product quality tests
(2), 6410

Orally inhaled and nasal drug products
(1664.1), 8467

Oral powder
Containing at least three of the

following-acetaminophen and (salts of)
chlorpheniramine, dextromethorphan,
and pseudoephedrine, 54

Levothyroxine sodium, 2618
Sodium bicarbonate, 4061

Oral solution
Abacavir, 19
Acacia syrup, 5597
Acetaminophen, 41
Containing at least three of the

following-acetaminophen and (salts of)
chlorpheniramine, dextromethorphan,
and pseudoephedrine, 56

Acetaminophen and codeine phosphate,
54
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Oral solution (continued)
Acetaminophen, dextromethorphan

hydrobromide, doxylamine succinate,
and pseudoephedrine hydrochloride, 67

Acetaminophen for effervescent, 42
Amantadine hydrochloride, 212
Aminocaproic acid, 236
Aminophylline, 245
Amprolium, 331
Aromatic elixir, 5624
Ascorbic acid, 384
Ascorbic acid compounded, 385
Aspirin effervescent tablets for, 395
Atenolol, 407
Beclomethasone dipropionate

compounded, 484
Benzaldehydeelixir, compound, 5634
Betamethasone, 542
Bethanechol chloride, 563
Bromodiphenhydramine hydrochloride,

599
Bromodiphenhydramine hydrochloride and

codeine phosphate, 600
Brompheniramine maleate, 602
Brompheniramine maleate and

pseudoephedrine sulfate, 603
Butabarbital sodium, 642
Caffeine citrate, 663
Calcium glubionate syrup, 695
Captopril, 734
C 13 for, urea, 767
Cetirizine hydrochloride, 912
Cherry syrup, 5709
Chloral hydrate, 924
Chloramphenicol, 930
Chlorpheniramine maleate, 971
Chlorpheniramine maleate and

pseudoephedrine hydrochloride, 973
Chlorpromazine hydrochloride syrup, 976
Chocolate syrup, 5716
Citalopram, 1034
Clindamycin hydrochloride, 1066
c1indamycin hydrochloride compounded,

1066
Clindamycin palmitate hydrochloride for,

1068
Cloxacillin sodium for, 1130
Codeine phosphate, 1138
Codeine sulfate, 1141
Cyclosporine, 1216
Cyproheptadine hydrochloride, 1219
Dexamethasone, 1288
Dexamethasone elixir, 1286
Dexbrompheniramine maleate and

pseudoephedrine sulfate, 1298
Dexchlorpheniramine maleate, 1301
Dextromethorphan hydrobromide, 1321
Diclofenac potassium for, 1344
Dicyclomine hydrochloride, 1361
Didanosine for, 1366
Digoxin, 1385
Dihydrotachysterol, 1392
Diltiazem hydrochloride, 1405
Dimenhydrinate, 1410
Diphenhydramine hydrochloride, 1429
Diphenoxylate hydrochloride and atropine

sulfate, 1438
Docusate sodium syrup, 1481
Dolasetron mesylate, 1485
Doxepin hydrochloride, 1510
Doxylamine succinate, 1546
Dyphylline, 1573
Dyphylline and guaifenesin, 1575
Entecavir, 1636
Ephedrine sulfate, 1644

Ergocalciferol, 1667
Ergoloid mesylates, 1671.
Escitalopram, 1706
Ethosuximide, 1776
Ferric ammonium citrate for, 290
Ferrous gluconate, 1860
Ferrous sulfate, 1863
Ferrous sulfate syrup, 1863
Fluoxetine, 1961
Fluphenazine hydrochloride, 1973
Fluphenazine hydrochloride elixir, 1971
Folic acid, compounded, 2027
Furosemide, 2055
Galantamine, 2079
Glycerin, 2134
Guaifenesin, 2171
Guaifenesin and codeine phosphate, 2172
Haloperidol, 2189
Hydralazine hydrochloride, 2215
Hydromorphone hydrochloride, 2252
Hydroxyzine hydrochloride, 2266
Hyoscyamine sulfate, 2277
Hyoscyamine sulfate elixir, 2276
Ipecac, 2397
Isoniazid, 2426
Isosorbide, 2440
Ivermectin compounded, veterinary, 2473
Lamivudine, 2526 .
leucovorin calcium compounded, 2570
levetiracetam, 2583
levocarnitine, 2600
levofloxacin, 2608
lincomycin, 2632
lithium, 2648
loperamide hydrochloride, 2661
lopinavir and ritonavir, 2666
loratadine, 2674
Magnesium carbonate, citric acid, and

.potassium citrate for, 2711
Magnesium carbonate and citric acid for,

2710
Manganese chloride for, 2732 .
Maqneslurn citrate, 2714
Magnesium citrate for, 2715
Meperidine hydrochloride, 2784
Metaproterenol sulfate, 2813
Methadone hydrochloride, 2838
Methylcellulose, 2876
Metoclopramide, 2910
Metoprolol tartrate, 2925
Mibolerone, 2945
Neomycin sulfate, 3103
Nortriptyline hydrochloride, 3216
Ondansetrori, 3266
Orange syrup, 5915
Oxybutynin chloride, 3328
Oxycodone hydrochloride, 3337
Paromomycin, 3409
Penicillin G potassium for, 3439
Penicillin V potassium for, 3456
Phenobarbital, 3498
Piperazine citrate syrup, 3575
Polyethylene glycol 3350 and electrolytes

for, 3587
Potassium bicarbonate effervescent tablets

for, 3596
Potassium bicarbonate and potassium

chloride for effervescent, 3597
Potassium bicarbonate and potassium

chloride effervescent tablets for, 3597
Potassium bicarbonate, potassium chloride,

and potassium citrate effervescent
tablets for, 3609

Potassium bromide, veterinary, 3600
Potassium chloride, 3604

Potassium chloride for, 3605
Potassium citrate and citric acid, 3617
Potassium gluconate, 3619
Potassium gluconate and potassium

chloride, 3621
Potassium gluconate and potassium

chloride for, 3621
Potassium gluconate and potassium citrate,

3622
.,Potassium gluconate, potassium citrate,

and ammonium chloride, 3622
Potassium iodide, 3624
Potassium and sodium bicarbonates and'

citric acid effervescent tablets for, 3598
Prednisolone, 3661
Prednisolone sodium phosphate

compounded, 3667
Prednisone, 3671
Prochlorperazine, 3697
Promazine hydrochloride, 3713
Promazine hydrochloride syrup, 3713
Promethazine and phenylephrine

hydrochloride, 3721
Promethazine and phenylephrine

hydrochloride and codeine phosphate,
3724

Promethazine hydrochloride, 3717
Pseudoephedrine hydrochloride, 3762
Pseudoephedrine hydrochloride,

carbinoxamine maleate, and
dextromethorphan hydrobromide,3767

Pyridostigmine bromide, 3780
Ranitidine, 3846
Risperidone, 3905
Ritonavir, 3917
Saccharin sodium,3967
Senna, 4026
Sertraline hydrochloride, 4032
Sodium benzoate compounded, 4056
Sodium bromide, veterinary, 4063
Sodium citrate and citric acid, 4069
Sodium fluoride, 4072
Sodium phosphates, 4090
Stavudinefor, 4122
Sulfaquinoxaline, 4169
Syrup, 6087
Terpin hydrate, 4284
Terpin hydrate and codeine, 4284
Theophylline, 4325
Theophylline and guaifenesin, 4332
Theophylline sodium glycinate, 4334
Thiamine hydrochloride, 4338
Thiamine mononitrate, 4341
Thioridazine hydrochloride, 4354
Thiothixene hydrochloride, 4361
Tolu balsam syrup, 6090
Triamcinolone diacetate, 4491
Tricitrates, 4504
Trifluoperazine, 4511
Trihexyphenidyl hydrochloride, 4519
Trikates, 4521
Trimeprazine, 4522
Triprolidine hydrochloride, 4533
Triprolidine and pseudoephedrine

hydrochlorides,'4534
Valproic acid, 4574
Vancomycin .hydrochlorlde-fcr, 4590
Vancomycin hydrochloride compounded,

4589
Vehicle for, 5913
Vehicle for, sugar free, 5913
Verapamil hydrochloride, 4609
Vigabatrin for, 4619 .
Vitamins with minerals, oil-soluble, 5372'
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Oral solution (continued)
Vitamins with minerals, oil- and water­

soluble, 5462
Vitamins with minerals, water-soluble,

5543
Vitamins, oil-soluble, 5353
Vitamins, oil- and water-soluble, 5409
Zidovudine, 4676
Zinc acetate, 4682
Zinc sulfate, 4693

Oral suspension
Acetaminophen, 42
Acetaminophen and codeine phosphate,

56
Acetazolamide, 76
Acyclovir, 92
Albendazole, 102
Allopurinol, 133
Alprazolam, 145 .
Alumina and magnesia, 166
Alumina, magnesia, and calcium

carbonate, 168
Alumina, magnesia, and simethicone, 173
Alumina and magnesium carbonate, 176
Alumina and magnesium trisilicate,179
Amiodarone hydrochloride, 257
Amlodipine, 264
Amoxicillin, 303
Amoxicillin and c1avulanate potassium for,

308
Amoxicillin for, 303
Amoxicillin tablets for, 306
Ampicillin for, 324
Ampicillin and probenecid for, 326
Atenolol compounded, 408
Atenolol compounded, veterinary, 409
Atovaquone, 423
Azathioprine, 440
Azithromycin for, 454
Baclofen, 473
Benazepril hydrochloride compounded,

veterinary, 490
Bethanechol chloride, 564
Biotin compounded, 571
Bismuth subsalicylate, 582
Calcium carbonate, 686
Calcium and magnesium carbonates, 691
Captopril, 735
Carbamazepine, 742
Cefaclor for, 810
Cefadroxil for, 816
Cefdinir for, 830
Cefixime for, 837
Cefpodoxime proxetil for, 864
Cefprozil for, 869
Cefuroxime axetil for, 888
Cellulose sodium phosphate for, 896
Cephalexin for, 898
Cephalexin tablets for, 899
Cephradine for, 909
Chloramphenicol palmitate, 934
Chloroquine phosphate, 960
Chlorothiazide, 963
Chlorothiazide compounded, 963
Cholestyramine for, 990
Ciprofloxacin for, 1019
Cisapride compounded, veterinary, 1025
Clarithromycin for, 1049
Clavulanate potassium and amoxicillin for,

308

Clomipramine compounded, veterinary,
1091

Clonazepam, 1097
Clonidine hydrochloride compounded,

1103
Clopidogrel compounded, 1111
Colestipol hydrochloride for, 1147
Colistin sulfate for, 1150
Cyclophosphamide compounded, 1208
Dapsone, 1240
Diazoxide, 1335
Didanosine tablets for, 1367
Diltiazem hydrochloride, 1406
Dipyridamole, 1445
Dolasetron mesylate, 1485
Doxycycline for, 1525
Doxycycline calcium, 1529
Doxycycline compounded, veterinary,

1530
Enalapril maleate, 1613
Enalapril maleate compounded, veterinary,

1613
Enrofloxacin compounded, veterinary,

1630
Erythromycin estolate, 1693
Erythromycin estolate for, 1694
Erythromycin estolate and sulfisoxazole

acetyl, 1695
Erythromycin cthylsuccinate, 1698
Erythromycin ethylsuccinate for, 1699
Erythromycin ethylsuccinate and

sulfisoxazole acetyl for, 1701
Ethambutol hydrochloride compounded,

1763
Famciclovir compounded, 1812
Famotidine for, 1818
Felbamate, 1822
Ferumoxsll, 1868
Flecalnide acetate, 1897
Fluconazole for, 1912
Flucytosine, 1917
Furazolidone, 2052
Ganciclovir, 2090
Granisetron hydrochloride, 2161
Griseofulvin, 2166
Ibuprofen; 2283
Indomethacin, 2332
Isradipine, 2465
Ketoconazole, 2507
Labetalol hydrochloride, 2519
Lamotrigine compounded, 2545
Lamotrigine tablets, 2542
Lansoprazole compounded, 2556
Leflunomide compounded, 2560
Lisinopril, 2644
Magaldrate and simethicone, 2706
Magnesium carbonate and sodium

bicarbonate for, 2712
Marbofloxacin compounded, veterinary,

2741
Mebendazole, 2744
Megestrol acetate, 2763
Meloxicam, 2770
Methacycline hydrochloride, 2835.
Methadone hydrochloride tablets for, 2839
Metolazone, 2913
Metoprolol tartrate, 2926
Metronidazole benzoate compounded,

2933
Minocycline hydrochloride, 2966
Mirtazapine compounded, veterinary, 2977
Mycophenolate mofetil for, 3047
Naproxen, 3079
Naproxen compounded, 3078
Naratriptan hydrochloride, 3094

Nevirapine, 3132
Nitrofurantoin, 3179
Nystatin, 3221
Nystatin for, 3221
Ondansetron hydrochloride, 3268
Oxcarbazepine, 3317
Oxfendazole, 3322
Penicillin G benzathine, 3433
Penicillin V for, 3452
Penicillin V benzathine, 3454
Pentoxifylline, 3470
Pergolide, veterinary, 3478
Phenobarbital, 3498
Phenoxybenzamine hydrochloride

compounded, 3504
Phenytoin, 3526
Phytonadione compounded, 3538
Piroxicam compounded, 3579
Prazosin hydrochloride compounded, 3655
Prednisolone compounded, veterinary,

3664
Primidone, 3684
Propylthiouracil, 3755
Psyllium hydrophilic mucilloid for, 3771
Pyrantel pamoate, 3774
Pyrazinamide, 3776
Pyrimethamine, 3787
Pyrvinium pamoate, 3789
Quinidine sulfate, 3814
Rifabutin, 3874
Rifampin, 3877
Sildenafil citrate, 4040
Simethicone, 4045
Sodium phenyl butyrate, 4086
Sotalol hydrochloride, 4104
Spironolactone, 4111
Spironolactone and hydrochlorothiazide,

4113
Spironolactone compounded, 4111
Sulfadimethoxine, 4153
Sulfamethizole, 4158
Sulfamethoxazole, 4161
Sulfamethoxazole and trimethoprim, 4163
Sulfisoxazole acetyl, 41 75
Sumatriptan succinate, 4188
Tacrolimus, 4202
Tadalafil compounded, 4207
Temozolomide, 4257
Terbinafine, 4267
Terbutaline, 4273
Tetracycline, 4302
Tetracycline hydrochloride, 4310
Theophylline, 4327
Thiabendazole, 4335
Tiagabine hydrochloride, 4367
Topiramate compounded, 4436
Tramadol hydrochloride, 4443
Tramadol hydrochloride and

acetaminophen, 4452
Tramadol hydrochloride compounded,

veterinary, 4443
Triflupromazine, 4514
Trisulfapyrimidines, 4536
Ursodiol, 4559
Valacyclovir, 4561
Vehicle for, 5913
Verapamil hydrochloride, 4609
Zonisamide compounded, 4721

Orange
G, 6184
oil, 5914
peel tincture, sweet, 5915
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Orange (continued)
spirit, compound, 5914
syrup, 5915

Orbifloxacin, 3275
tablets, 3276

Orcinol, 6185
Ordinary impurities (466), 6710
Organic

nitrogenous bases-identification (181),
6587

nitrogenous bases, salts of (501), 6741
Orlistat, 3277

capsules, 3280
Orphenadrine citrate, 3281

aspirin and caffeine tablets, 3288
injection, 3284
extended-release tablets, 3285

Orthophenanthroline, 6185
TS,6232

Oseltamivir phosphate, 3291
capsules, 3293

Osmium tetroxide, 6185
Osmolality and osmolarity (785), 7008
Otic solution

acetic acid, 78
antipyrine and benzocaine, 352
antipyrine, benzocaine, and phenylephrine

hydrochloride, 354
benzocaine, 510
chloramphenicol, 931
gentamicin sulfate and betamethasone

valerate, 2104
hydrocortisone and acetic acid, 2235
neomycin and polymyxin B sulfates and

hydrocortisone, 3124
polymyxin B sulfate and hydrocortisone,

3592
Otic suspension

Ciprofloxacin and dexamethasone, 1021
Oxacillin

injection, 3296
for injection, 3297
sodium, 3294

Oxalic acid, 6185
tenth-normal (0.1 N), 6244
TS,6232

Oxaliplatin, 3297
injection, 3301
for injection, 3303

Oxandrolone, 3306
tablets, 3308

Oxaprozin, 3310
tablets, 3311

Oxazepam, 3312
capsules, 3314

Oxcarbazepine, 3315
oral suspension, 3317
tablets, 3319

Oxfendazole, 3322
oral suspension, 3322

Oxidized cellulose, 893
regenerated, 894

Oxprenolol hydrochloride, 3323
extended-release tablets, 3324

Oxtriphylline, 3324
extended-release tablets, 3325

Oxybenzone, 3326
and dioxybenzone cream, 1418

Oxybutynln chloride, 3326
oral solution, 3328
tablets, 3328
tablets, extended-release, 3329

Oxycodone
and acetaminophen capsules, 3341
and acetaminophen tablets, 3343

and aspirin tablets, 3344
terephthalate, 3345

Oxycodone hydrochloride, 3335
oral solution, 3337
tablets, 3338
extended-release tablets, 3339

3,3'-Oxydipropionitrile, 6185
Oxygen, 3347

21 percent certified standard, 6185
93 percent, 3347
93 percent certified standard, 6185
certified standard, 6185
flask combustion (471), 6735
helium certified standard, 6185

Oxymetazoline hydrochloride, 3348
nasal solution, 3349
ophthalmic solution, 3350

Oxymetholone, 3350
tablets, 3351

Oxymorphone hydrochloride, 3352
injection, 3353
tablets, 3354
extended-release tablets, 3356

Oxyquinoline sulfate, 5915
Oxytetracycline, 3359

for injection, 3362
hydrochloride, 3361
hydrochloride capsules, 3362
hydrochloride and hydrocortisone acetate

ophthalmic suspension, 3363
hydrochloride and hydrocortisone

ointment, 3364
hydrochloride and polymyxin B sulfate

ointment, 3364
hydrochloride and polymyxin B sulfate

ophthalmic ointment, 3365
hydrochloride and polymyxin B sulfate

topical powder, 3365
hydrochloride and polymyxin B sulfate

vaginal inserts, 3366
hydrochloride soluble powder, 3363
injection, 3360
tablets, 3361

Oxytocin, 3366
injection, 3367

p

Package integrity and test method selection
(1207.1), 8086

Package integrity leak test technologies
(1207.2), 8097

Package seal quality test technologies (1207.
3), 8111

Packaging and repackaging-single unit
containers (1136), 7919

Packaging and storage requirements (659),
6876

Paclitaxel, 3367
injection, 3370

Padimate 0, 3371
lotion, 3372

Paired ion chromatography reagent, 6185
Paliperidone, 3373
Palladium

catalyst, 6185
chloride, 6185
chloride TS, buffered, 6232

Palladous chloride, 6185
Pallida

echinacea, 4944

extract, powdered echinacea, 4948
powdered echinacea, 4946

Palm
oil, 5916
oil, hydrogenated, 5916
kernel oil, 5917

Palmitic acid, 5918
Palonosetron

hydrochloride, 3374
Pamabrom, 3376
Pamidronate disodium, 3377

for injection, 3379
Pancreatic digest of casein, 6185, 6216
Pancreatin, 3379, 6185

tablets, 3381
Pancreatin (1025), 7272
Pancrelipase, 3382

capsules, 3384
delayed-release capsules, 3384
tablets, 3385

Pancuronium bromide, 3385
injection, 3386

Panthenol, 3388
Pantoprazole sodium, 3388

delayed-release tablets, 3391
Papaic digest of soybean meal, 61~5
Papain, 3396

,tablets for topical solution, 3396
Papaverine hydrochloride, 3397

injection, 3398
tablets, 3398

Paper
lead acetate, 6175

Para-aminobenzoic acid, 6135, 6185
Parachlorophenol, 3399

camphorated, 3399
Paraffin, 5920

synthetic, 5921
Paraformaldehyde, 6186
Paraldehyde, 3400
Paregoric, 3401
Paricalcitol, 3402

capsules, 3404
injection, 3406

Paromomycin
oral solution, 3409
sulfate, 3408
sulfate capsules, 3408

Paroxetine
hydrochloride, 3409
tablets, 3412
extended-release tablets, 3413

Partially-neutralized methacrylic acid and
ethyl acrylate copolymer, 5881

Particle size distribution estimation by
analytical sieving (786), 7010

Particulate matter in injections (788), 7017
Particulate matter in ophthalmic solutions

(789), 7020
Peanut oil, 5921
Pea starch, 6053
Pectate lyase, 6186
Pectin, 3418
Pemetrexed

disodium, 3420
for injection, 3422

Penbutolol sulfate, 3424
tablets, 3425

Penicillamine, 3426
capsules, 3427
tablets, 3429

Penicillin
G benzathine, 3432
G benzathine injectable suspension, 3433
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Penicillin (continued)
G benzathine and penicillin G procaine

injectable suspension, 3434
G benzathine oral suspension, 3433
G benzathine tablets, 3434
G, neomycin, polymyxin B, hydrocortisone

acetate, and hydrocortisone sodium
succinate topical suspension, 3430

G potassium, 3436
G potassium injection, 3437
G potassium for injection, 3437
G potassium for oral solution, 3439
G potassium tablets, 3439
G procaine, 3441
G procaine, dihydrostreptomycin sulfate,

chlorpheniramine maleate, and
dexamethasone injectable suspension,
3445

G procaine and dihydrostreptomycin
sulfate injectable suspension, 3444

G procaine and dihydrostreptomycin
sulfate intramammary infusion, 3444

G procaine, dihydrostreptomycin sulfate,
and prednisolone injectable suspension,
3447

G procaine injectable suspension, 3443
G procaine for injectable suspension, 3443
G procaine intramammary infusion, 3442
G procaine, neomycin and polymyxin B

sulfates, and hydrocortisone acetate
topical suspension, 3448

G procaine and novobiocin sodium
intramammary infusion, 3448

G procaine and penicillin G benzathine
injectable suspension, 3434

G sodium, 3449
G sodium for injection, 3450
V, 3451
V benzathine, 3453
V benzathine oral suspension, 3454
V potassium, 3454
V potassium for oral solution, 3456
V potassium tablets, 3456
V for oral suspension, 3452
V tablets, 3453

Penicillinase, 6186
Pentadecane, 6186
l-Pentadecanol, 6186
Pentafluoropropionic acid, 6186
Pentamidine isethionate, 3457
Pentane, 6186
l-Pentanesulfonic acid sodium salt, 6186
2-Pentanone, 6186
Pentazocine, 3458

and acetaminophen tablets, 3460
and aspirin tablets, 3461
hydrochloride, 3459
injection, 3465
and naloxone tablets, 3463

Pentetic acid, 3466
Pentobarbital, 3467

sodium, 3468
sodium injection, 3469

Pentoxifylline, 3469
oral suspension, 3470
extended-release tablets, 3471

People, ix
Peppermint, 5922

oil,5923
spirit, 3474
water, 5923

Pepsin, 6186
purified, 6188

Peptic digest of animal tissue, 6188
Peptone, dried, 6163, 6188

Perchloric acid, 6189
tenth-normal (0.1 N) in dioxane, 6244
tenth-normal (0.1 N) in glacial acetic acid,

6244
TS, 6233

Perflubron, 3474
Perflutren protein-type A microspheres

injectable suspension, 347,5
Pergolide

mesylate, 3477
oral suspension veterinary, 3478
tablets, 3478

Perindopril
erbumine, 3480
erbumine tablets, 3483

Periodic acid, 6189
Periodontal system

minocycline, 2970
Peroxidase, 6189
Perphenazine, 3485

and amitriptyline hydrochloride tablets,
3487

tablets, 3486
Pertussis

immune globulin, 3488
Petrolatum, 3488

hydrophilic, 3489
white, 3489

Petroleum benzin, 6189
Petroleum ether, 6189
pH (791), 7022
Pharmaceutical calculations in pharmacy

practice (1160), 7953
Pharmaceutical compounding

nonsterile preparations (795), 7025
sterile preparations (797), 7037

Pharmaceutical dosage forms (1151), 7929
Phellandrene

(R)-(-)-alpha, 6189
Phenacetin, 6189
1,10-Phenanthroline, 6185, 6189
o-Phenanthroline monohydrochloride

monohydrate, 6189
Phenazopyridine hydrochloride, 3490

tablets, 3491
Phendlrnetrazlne tartrate, 3492

capsules, 3493
tablets, 3494

Phenelzine sulfate, 3495
tablets, 3496

Pheniramine maleate, 3497
and naphazoline hydrochloride ophthalmic

solution, 3076
Phenobarbital, 3497

sodium, 3499
sodium injection, 3500
sodium for injection, 3500
oral solution, 3498
oral suspension, 3498
tablets, 3499
theophylline and ephedrine hydrochloride

tablets, 4330
Phenol, 3501, 6189

alcohol TS, 6225
topical gel, camphorated, 3501
iron, TS, 6230
liquefied, 3502
red, 6189, 6221
red, sodium, 6189
red TS, 6233
red TS, pH 4.7, 6233
camphorated, topical solution, 3502
TS,6233

Phenolated
calamine topical suspension, 665

Phenoldisulfonic acid TS, 6233
Phenolphthalein, 6221

paper, 6222
Phenolphthalein TS, 6233
Phenolsulfonphthalein, 5924, 6189
Phenoxybenzamine hydrochloride, 3503,

6189
capsules, 3503

Phenoxybenzamine hydrochloride
compounded
oral suspension, 3504

3-Phenoxybenzoic acid, 6189
2-Phenoxyethanol, 6189
Phenoxyethanol, 5925
Phentermine hydrochloride, 3505

capsules, 3506
tablets, 3507

Phentolamine mesylate, 3508
for injection, 3509

Phenyl
ether, 6189
isocyanate, 6189

2-Phenylacetamide, 6189
Phenylacetic acid, 6189
Phenylalanine, 3509, 6189
dl-Phenylalanine, 6189
Phenylbutazone, 3510

boluses, 3511
injection, 3511
tablets, 3512

p-Phenylenediamine
dihydrochloride, 6189
hydrochloride, 6189

o-Phenylenediamine dihydrochloride, 6189
Phenylephrine

bitartrate, 351 3
diphenhydramine, hydrochloride tablets,

1433
hydrochloride, 3515
hydrochloride, antipyrine, and benzocaine

otic solution, 354
hydrochloride and promethazine and

codeine phosphate oral solution, 3724
hydrochloride and promethazine oral

solution, 3721
hydrochloride injection, 3517
hydrochloride nasal jelly, 3518
hydrochloride nasal solution, 3518
hydrochloride ophthalmic solution, 3519
hydrochloride tablets, 3520

Phenylethyl alcohol, 3522
Phenylglycine, 6190
Phenylhydrazine, 6190

acetate TS, 6233
hydrochloride, 6190
sulfuric acid TS, 6233

Phenylmercuric
acetate, 5926
nitrate, 5926

Phenylmethylsulfonyl fluoride, 6190
3-Phenylphenol, 6190
Phenylpropanolamine

hydrochloride, 3522
Phenyltoloxamine citrate, 3523
Phenytoin, 3524

chewable tablets, 3528
sodium, 3529
sodium capsules, extended, 3531
sodium injection, 3534
oral suspension, 3526

Phenytoin compounded topical
gel, 3525

pH indicator paper, short-range, 6222
Phloroglucinol, 6190

TS,6233

www.webofpharma.com

https://nhathuocngocanh.com/



I-50 Phlox-Polym Combined Index to USP 43 and NF 38

Phloxine 13, 6190
Phosphatase enzyme, alkaline, 6134, 6190
Phosphate

acidulated, and sodium fluoride topical
solution, 4074

buffer, 6145
diethylamine, 6158
in reagents, 6131

Phosphatic enzyme, 6190
TS,6233

Phosphomolybdic acid, 6190
TS,6233

Phosphoric acid, 5927, 6190
diluted, 5927
and sodium fluoride gel, 4075
0.01 % TS, 6233
0.05 M TS, 6233
0.06 M TS, 6233
10 TS, 6233
1 N TS, 6233
20% TS, 6233
0.01 M TS, 6233

18 N Phosphoric acid
TS,6233

1 M Phosphoric acid
TS,6233

0.75 M Phosphoric acid TS, 6233
0.02 M Phosphoric acid TS, 6233
1.5 M Phosphoric acid TS, 6233
Phosphorous acid, 6190
Phosphorus

pentoxide, 6190
red, 6190, 6197

Phosphotungstic acid, 6190
TS,6233

o-Phthalaldehyde, 6190
Phthalazine, 6191
Phthalic

acid, 6191
anhydride, 6191

Phthalimide, 6191
Phyllanthus amarus, 5191

powdered, 5193
Physical environments that promote safe

medication use (1066), 7590
Physicochemical analytical procedures for

insulins (121.1), 6550
Physicochemical integrators and indicators

for sterilization (1229.9), 8227
Physostigmine

salicylate, 3535
salicylate injection, 3535
salicylate ophthalmic solution, 3536.

Phytonadione, 3537
injectable emulsion, 3538
tablets, 3539

Phytonadione compounded
oral suspension, 3538

2-Picoline, 6191
Picrate TS, alkaline, 6226, 6233
Picric acid, 6191, 6215

TS,6233
Picrolonic acid, 6191
Pilocarpine, 3539

hydrochloride, 3542
hydrochloride ophthalmic solution, 3543
hydrochloride tablets, 3543
nitrate, 3545
nitrate ophthalmic solution, 3545
ocular system, 3541

Pimobendan, 3546
Pimozide, 3547

tablets, 3548
Pindolol, 3549

tablets, 3550

Pinene
(+)-alpha, 6191
beta, 6191

Pioglitazone
and glimepiride tablets, 3554
hydrochloride, 3551
and metformin hydrochloride tablets, 3558
tablets, 3553

Pipemidic acid, 6191
Piperacillin, 3562

for injection, 3565
sodium, 3564
and tazobactam for injection, 3567

Piperazine, 3573, 6191
adipate, 3573
citrate, 3574
citrate syrup, 3575
citrate tablets, 3575
dihydrochloride, 3575
phosphate, 3576

Piperidine, 6191
Piroxicam, 3577

capsules, 3578
cream, 3579

Piroxicam compounded
oral suspension, 3579

Plantago seed, 3580
Plant Stanol Esters, 5194
Plasma protein fraction, 3581
Plasma spectrochemistry (730), 6967
Plasma spectrochemistry-theory and

practice (1730), 8484
Plastic materials of construction (661.1),

6893
Plastic packaging systems and their materials

of construction (661), 6887
Plastic packaging systems for pharmaceutical

use (661.2), 6912
Platinic

chloride, 6191
chloride TS, 6233

Platinum
cobalt TS, 6233

Podophyllum, 3581
resin, 3582
resin topical solution, 3582

Polacrilin potassium, 5928
Polarography (801), 7089
Policies, USP, xxviii
Poloxalene, 3582
Poloxamer, 5929
Poly(dimethylsiloxane-co­

methylphenylsiloxane), 6191
Polycarbophil, 3583

calcium, 713
Polydecene

hydrogenated, 5932
Polydextrose, 5933

hydrogenated, 5936
Polydimethylsiloxane, viscosity 0.65

centistokes, 6191
Polyethylene

glycol, 5939
glycol 200, 6191
glycol 600, 6191
glycol 20,000, 6191
glycol 3350 and electrolytes for oral

solution, 3587
glycol monomethyl ether, 5942
glycol ointment, 5941
oxide, 5944

Polyethylene glycol 3350, 3584
Polyethylene glycol 400, 6191
Polyethylene glycol 4000, 6191

Polyethylene glycol standards with molecular
weights of 1000, 2000, 3000, 4000, and
6000 daltons (g/mol), 6192

Polyglyceryl
3 diisostearate, 5948
dioleate, 5946

Polyisobutylene, 5949
Polymyxin B

for injection, 3590
and neomycin sulfates, bacitracin, and

hydrocortisone acetate ointment, 3116
and neomycin sulfates, bacitracin, and

hydrocortisone acetate ophthalmic
ointment, 3116

and neomycin sulfates, bacitracin, and
lidocaine ointment, 311 7

and neomycin sulfates and bacitracin
ointment, 3115

and neomycin sulfates and bacitracin
ophthalmic ointment, 3115

and neomycin sulfates, bacitracin zinc, and
hydrocortisone acetate ophthalmic
ointment, 3120

and neomycin sulfates, bacitracin zinc, and
hydrocortisone ointment, 3118

and neomycin sulfates, bacitracin zinc, and
hydrocortisone ophthalmic ointment,
3119

and neomycin sulfates, bacitracin zinc, and
lidocaine ointment, 3120

and neomycin sulfates and bacitracin zinc
ointment, 3118

and neomycin sulfates and bacitracin zinc
ophthalmic ointment, 3118

and neomycin sulfates cream, 3114
and neomycin sulfates and dexamethasone

ophthalmic ointment, 3121
and neomycin sulfates and dexamethasone

ophthalmic suspension, 3122
and neomycin sulfates and gramidicin

cream, 3122
and neomycin sulfates, gramidicin, and

hydrocortisone acetate cream, 3123
and neomycin sulfates and gramidicin

ophthalmic solution, 3123
and neomycin sulfates and hydrocortisone

acetate cream, 3125
and neomycin sulfates and hydrocortisone

acetate ophthalmic suspension, 3125
and neomycin sulfates and hydrocortisone

ophthalmic suspension, 3123
and neomycin sulfates and hydrocortisone

otic solution, 3124
and neomycin sulfates and hydrocortisone

otic suspension, 3124
and neomycin sulfates and lidocaine

cream, 3126
and neomycin sulfates ophthalmic

ointment, 3114
and neomycin sulfates ophthalmic

solution, 3115 .
and neomycin sulfates, penicillin G

procaine, and hydrocortisone acetate
topical suspension, 3448

and neomycin sulfates and pramoxine
hydrochloride cream, ·3126

and neomycin sulfates and prednisolone
acetate ophthalmic suspension, 3127

and neomycin sulfates solution for
irrigation, 3114

penicillin G, neomycin, hydrocortisone
acetate, and hydrocortisone sodium
succinate topical suspension, 3430

sulfate, 3588
sulfate and bacitracin topical aerosol, 468
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Polymyxin B. (continued)
sulfate and bacitracin zinc topical aerosol,

3591
sulfate and bacitracin zinc ointment, 471
sulfate and bacitracin zinc ophthalmic

ointment, 471
sulfate and bacitracin zinc topical powder,

3591
sulfate and chloramphenicol ophthalmic

ointment, 933
sulfate and hydrocortisone otic solution,

3592 '
sulfate and oxytetracycline hydrochloride

ointment, 3364
sulfate and oxytetracycline hydrochloride

ophthalmic ointment, 3365
sulfate and oxytetracycline hydrochloride

topical powder, 3365
sulfate and oxytetracycline hydrochloride

va,ginal inserts, 3366
sulfate and trimethoprim ophthalmic

'solution, 3592
Polyoxyethylene 10 lauryl ether, 6192
Poly'o!<yethylene (20) sorbitan monolaurate,

6192
Polyoxyethylene (23) lauryl ether, 6192
Polyoxyl

10 oleyl ether, 5950
15 hydroxystearate, 5951
20,cetostearyl ether, 5955
35 castor oil, 59.56
40,hydrogenated castor oil, 5958
lauryl ether, 5960
oleate, 5961
stearate, 5961
stearyl ether, 5962

Polypeptone, 6192
Polypropylene glycol 11 stearyl ether, 5963
Polysaccharide molecular weight standards,

6192
Polysorbate

20,5965
40,5966
60,5966
80,5967

Polysqrbate 20, 6192
Polysorbate 80, 6192
Polystyrene

cation-exchange resin, 6192
Polytef, 6192
Polyvinyl

acetate, 5969
acetate dispersion, 59~2
acetate phthalate, 5974
alcohol, 3593, 6192
alcohol and ethylene glycol graft

.copolymer, 5769
Porostmetry by mercury intrusion (267),

6653
Porosity by nitrogen adsorption-desorption

(2i?8), 6655
Positron emission tomography drugs for

compounding, investigational, and
research uses (823), 7100

Positron emission tomography drugs­
information (1823) , 8617

Potash, sulfurated, 3594
Potassium

acetate, -3595, 6192
acetate injection, 3595
acetate TS, 6233
alginate, 59r5
alum, 166, 6192
arsenate monobasic, 6192
arsenite, tenth-normal (0.1 N), 6245

benzoate, 5976
bicarbonate, 3596, 6192
bicarbonate effervescent tablets for oral

solution, 3596
bicarbonate and potassium chloride for

effervescent oral solution, 3597
bicarbonate and potassium chloride

effervescent tablets for oral solution,
3597

bicarbonate, potassium chloride, and
potassium citrate effervescent tablets for
oral solution, 3609

biphosphate, 6192
biphthalate, 6192
bismuth iodide TS, 6233
bisulfate, 6192
bitartrate, 3599
bromate, 6192
bromate, tenth-normal (0.1 N), 6245
bromide, 3600, 6192
bromide-bromate, tenth-normal (0.1 N),

6245
bromide oral solution, veterinary, 3600
carbonate, 3601, 6193
carbonate, anhydrous, 6138, 6193
carbonate TS, 6233
chlorate, 6193
chloride, 3601,6193
chloride extended-release capsules, 3602
chloride in dextrose injection, 3607
chloride in dextrose and sodium chloride

injection, 3608
chloride for injection concentrate, 3604
chloride in lactated ringer's and dextrose

injection, 3610
chloride, potassium bicarbonate, and

potassium citrate effervescent tablets for
oral solution, 3609

chloride and potassium bicarbonate for
effervescent oral solution, 3597

chloride and potassium bicarbonate
effervescent tablets for oral solution,
3597

chloride and potassium gluconate oral
solution, 3621

chloride and potassium gluconate for oral
solution, 3621

chloride in sodium chloride injection, 3612
chloride oral solution, 3604
chloride for oral solution, 3605
chloride extended-release tablets, 3605
chloroplatinate, 6193
chromate, 6193
chromate TS, 6234
citrate, 3613
citrate and citric acid oral solution, 3617
citrate, magnesium carbonate, and citric

acid for oral solution, 2711
citrate, potassium chloride, and potassium

bicarbonate effervescent tablets for oral
solution, 3609

citrate, potassium gluconate, and
ammonium chloride oral solution, 3622

citrate and potassium gluconate oral
solution, 3622 .

citrate tablets, 5196
citrate extended-release tablets, 3614
cyanide, 6193
dichromate, 6193
dichromate, tenth-normal (0.1 N), 6245
dichromate TS, 6234
ferricyanide, 6193
ferricyanide TS, 6234
ferricyanide, twentieth-molar (0.05 M),

6245

ferrocyanide, 6193
ferrocyanide TS, 6234
gluconate, 3618
gluconate and potassium chloride oral

solution, 3621
gluconate and potassium chloride for oral

solution, 3621
gluconate, potassium citrate, and

ammonium chloride oral solution, 3622
gluconate and potassium citrate oral

solution, 3622
gluconate oral solution, 3619
gluconate tablets, 3620
guaiacolsulfonate, 3623
hyaluronate, 6193
hydrogen sulfate, 6193
hydroxide, 5977, 6193
hydroxide, alcoholic, half-normal (0.5 N),

6234, 6246
hydroxide, alcoholic, tenth-molar (0.1 M),

6246
hydroxide, methanolic, tenth-normal (0.1

N),6246
hydroxide, normal (1 N), 6246
hydroxide TS, 6234
hydroxide 2 N TS, 6234
hydroxide TS, alcoholic, 6234
hydroxide TS 2, alcoholic, 6234
iodate, 6193
iodate, twentieth-molar (0.05 M), 6246
iodide, 3624, 6193
iodide and iodine TS 1, 6230
iodide and iodine TS 2, 6230
iodide and iodine TS 3, 6230
iodide oral solution, 3624
iodide and starch TS, 6234
iodide tablets, 3624
iodide delayed-release tablets, 3625
iodide TS, 6234
iodide 20% TS, 6234
iodoplatinate TS, 6234
meta bisulfite, 5978, 6193
metaphosphate, 5978
nitrate, 3625, 6193
nitrate solution, 3626
nitrite, 6193
perchlorate, 3627, 6193
periodate, 6193
permanganate, 3627, 6193
permanganate, tenth-normal (0.1 N),

6234, 6246
permanganate TS, 6234
persulfate, 6193
phosphate, dibasic, 3628, 6156, 6193
phosphate, dibasic, trihydrate, 6193
phosphate, monobasic, 5979, 6181, 6192,

6193
phosphate, tribasic, 6194
phosphates injection, 3629
pyroantimonate, 6194 .
pyroantimonate TS, 6234
pyrophosphate, 6194
pyrosulfate, 6194
and sodium bicarbonates and citric acid

effervescent tablets for oral solution,
3598

sodium tartrate, 3630, 6194
sorbate, 5980
sulfate, 6194
sulfate TS, 6234
tellurite, 6194
thiocyanate, 6194
thiocyanate, tenth-normal (0.1 N), 6247
thiocyanate TS, 6234

0.025 N Potassium dichromate VS, 6245
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Potassium hydroxide
1.8 N TS, 6234
45% TS, 6234
10 M TS, 6234
0.1 N VS, 6246

Potassium phosphate
0.02 M TS, 6234
0.2 M TS, 6234

Potassium phosphates
compounded injection, 3629

Potato starch, 6058, 6194
Povidone, 3631
Povidone-iodine, 3634

topical aerosol, 3635
cleansing solution, 3635
ointment, 3635
topical solution, 3636

Powder
Absorbable dusting, 1569
Ampicillin soluble, 323
Amprolium soluble, 330
Astragalus root, 4785
Bacitracin methylene disalicylate soluble,

467
Bacitracin zinc soluble, 470
Banaba leaf, 4803 .
Chinese skullcap root, 4885
Chlortetracycline and sulfamethazine

bisulfates soluble, 980
Chlortetracycline hydrochloride soluble,

987
Cinnamomum cassia twig, 4904
Compound c1ioquinol topical, 1076
Coix seed, 491 7
Cromolyn sodium inhalation, 1182
Echinacea species, 4966
Eleuthero root and rhizome, capsules,

4976
Fenugreek seed, 4984
Fluticasone propionate and salmeterol,

inhalation, 2010
Fluticasone propionate inhalation, 1993
Ganoderma lucidum fruiting body, 5008
Iron, 6173
Japanese honeysuckle flower, 5097
Levothyroxine sodium oral, 2618
Lincomycin hydrochloride soluble, 2634
Miconazole nitrate topical, 2949
Neomycin sulfate, isoflupredone acetate,

and tetracaine hydrochloride topical,
3112

Northern schisandra fruit, 5265
Nystatin topical, 3220
Olive leaf, 5184
Oral, containing at least three of the

following-atetaminophen and (salts of)
chlorpheniramine, dextromethorphan,
and pseudoephedrine, 54

Oxytetracycline hydrochloride and
polymyxin B sulfate topical, 3365

Oxytetracycline hydrochloride soluble,
3363

Polymyxin B sulfate and bacitracin zinc
topical, 3591

Rhodiola crenulata root and rhizome, 5216
St. John's wort flowering top, 5238
Salix species bark, 5249
Salmeterol inhalation, 3973
Sodium bicarbonate oral, 4061
Soy isoflavones, powdered extract, 5274
Sulfadimethoxine soluble, 4153

Tangerine peel, 5296
Tetracycline hydrochloride soluble, 4309
Tienchi ginseng root and rhizome, 5301.
Tolnaftate topical, 4426
Valerian root, capsules, 5333
Vitamins with minerals oral, 5338
Zinc oxide, 4690

Powdered'
American ginseng, 4752
American ginseng extract, 4753
andrographis, 4760
andrographis extract, 4762
ashwagandha root, 4771
ashwagandha root extract, 4768
Asian ginseng, 4775
Asian ginseng extract, 4776
bilberry extract, 4813
black cohosh, 4817
black cohosh extract, 4820
black pepper, 4827
black pepper extract, 4829
cat's claw, 4854
eat's claw extract, 4855
cellulose, 5700
Chinese salvia, 4880
digitalis, 1379
Echinacea angustifolia, 4938
Echinacea angustifolia extract, 4941
Echinacea pallida, 4946
Echinacea pallida extract, 4948
Echinacea purpurea, 4955
Echinacea purpurea extract, 4958
eleuthero, 4975
eleuthero extract, 4970
fenugreek seed, extract, 4987
feverfew, 4990
garlic, 5020
garlic extract, 5022
ginger, 5028
ginkgo extract, 5038
goldenseal, 5063
goldenseal extract, 5064
green tea extract, decaffeinated, 5067
gymnema, 5075
hawthorn leaf with flower, 5082
holy basil leaf, 5087
holy basil leaf extract, 5089
horse chestnut, 4875
horse chestnut extract, 4876
ipecac, 2396
licorice, 5120
licorice extract, 5121
malabar-nut-tree, leaf, 5137
milk thistle, 5159
milk thistle extract, 5160
opium, 3274
Phyllanthus amarus, 5193
rauwolfia serpentina, 3850
Rhodiola rosea, 5220
Rhodiola rosea extract, 5221
rosemary, 5232
saw palmetto, 5254
stinging nettle, 5288
stinging nettle extract, 5290
turmeric, 5316
turmeric extract, 5317
valerian, 5326
valerian extract, 5327
zinc chloride, anhydrous, 6219

Powder fineness (811), 7093
Powderflow (1174), 7993
Pralidoxime

chloride, 3636
chloride for injection, 3637

Pramipexole dihydrochloride, 3639
Prarnoxine '

hydrochloride, 3640
hydrochloride cream,3641
hydrochloride jelly, 3642
hydrochloride and neomycin and

polymyxin B sulfates cream, 3126
Prasugrel hydrochloride, 3642
Pravastatin sodium, 3645

tablets, 3647
Praziquantel, 3649

tablets, 3650
Prazosin hydrochloride, 3651

capsules, 3653
Prazosin hydrochloride compounded

oral suspension, 3655
Prednicarbate, 3655

cream, 3656
ointment, 3658

Prednisolone, 3659
acetate, 3662
acetate and gentamicin ophthalmic

ointment, 2106
acetate and gentamicin ophthalmic

suspension, 21 07
acetate injectable suspension, 3663
acetate and neomycin and polymyxin B

sulfates ophthalmic suspension, 3127
acetate and neomycin sulfate ophthalmic

suspension, 3128
acetate ophthalmic suspension, 3663
acetate and sulfacetamide sodium

ophthalmic ointment, 4144
acetate and sulfacetamide sodium

ophthalmic suspension, 4145
cream, 3660
hemisuccinate, 3665
penicillin G procaine, and

dihydrostreptomycin sulfate injectable
suspension, 3447

sodium phosphate, 3665
sodium phosphate injection, 3667
sodium phosphate ophthalmic solution,

3668
sodium succinate for injection, 3668
oral solution, 3661
tablets, 3661
tebutate, 3669
tebutate injectable suspension, 3670
tetracycline hydrochloride and novobiocin

sodium tablets, 4312
Prednisolone compounded oral suspension,

veterinary, 3664
Prednisolone sodium phosphate

compounded
oral solution, 3667

Prednisone, 3670
injectable suspension, 3672
oral solution, 3671
tablets, 3672

Preface
and mission, v

Pregabalin, 3674
Pregnenolone acetate, 6194
Prekallikrein activator (165), 6583
Preparation of biological specimens for

histologic and immunohistochemical
analysis (1285), 8370
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Prescription balances and volumetric
apparatus (1176), 7997

Prescription container labeling (17), 6445
Prilocaine, 3675

and epinephrine injection, 3679
hydrochloride, 3676
hydrochloride injection, 3678
and lidocaine cream, 2630

Primaquine phosphate, 3680
tablets, 3681

Primidone, 3683
oral suspension, 3684
tablets, 3685

Prion inactivation (1229.16), 8239
Probenecid, 3686

and ampicillin for oral suspension, 326
and colchicine tablets, 3687
tablets, 3687

Procainamide hydrochloride, 3688
capsules, 3689
injection, 3690
tablets, 3690
extended-release tablets, 3691

Procaine
hydrochloride, 3693
hydrochloride and epinephrine injection,

3694
hydrochloride injection, 3694
and propoxycaine hydrochlorides and

levonordefrin injection, 3744
and propoxycaine hydrochlorides and

norepinephrine bitartrate injection, 3745
and tetracaine hydrochlorides and

levonordefrin injection, 3695
Procarbazine hydrochloride, 3696

capsules, 3696
Prochlorperazine, 3697

edisylate, 3699
edisylate injection, 3699
maleate, 3700
maleate tablets, 3701
oral solution, 3697
suppositories, 3698

Procyclidine hydrochloride, 3703
tablets, 3704

Products for nebulization-characterization
tests (1601), 8407

Progesterone, 3704
injectable suspension, 3706
injection, 3705
intrauterine contraceptive system, 3705
vaginal suppositories, 3707

Proguanil hydrochloride, 3708
Proline, 3711
Promazine hydrochloride, 3712

injection, 3712 .
oral solution, 3713
syrup, 3713
tablets, 3714

Promethazine
and phenylephrine hydrochloride and

codeine phosphate oral solution, 3724
and phenylephrine hydrochloride oral

solution, 3721
Promethazine hydrochloride, 3714

injection, 3716
oral solution, 3717
suppositories, 3718
tablets,' 3719

Propafenone hydrochloride, 3727
extended-release capsules, 3729
tablets, 3734

Propane, 5982
Propanediol, 5983

Propantheline bromide, 3736
tablets, 3737

Proparacaine hydrochloride, 3738
and fluorescein sodium ophthalmic

solution, 1945
ophthalmic solution, 3739

Propellants (602), 6844
Propionaldehyde, 6194
Propionic

acid, 5985
anhydride, 6194

Propionic acid, 6194
Propiophenone, 6194
Propofol, 3739

injectable emulsion, 3742
Propoxycaine

hydrochloride, 3743
and procaine hydrochlorides and

levonordefrin injection, 3744
and procaine hydrochlorides and

norepinephrine bitartrate injection, 3745
Propranolol hydrochloride, 3746

extended-release capsules, 3747
and hydrochlorothiazide tablets, 3751
injection, 3749
tablets, 3750

iso-Propyl alcohol, 6194
n-Propyl alcohol, 6134, 6194
Propyl gallate, 5985
Propylamine hydrochloride, 6194
Propylene

carbonate, 5986
glycol, 3753
glycol alginate, 5986
glycol dicaprylate/dicaprate, 5988
glycol dilaurate, 5989
glycol rnonocaprylate,·5990
glycol monolaurate, 5991
glycol monostearate, 5993

Propylene glycol, 6194
Propylene Glycol Diacetate, 5987
Propylhexedrine, 3754

inhalant, 3754
Propyliodone, 3754
Propylparaben, 5994, 6194

sodium,' 5995 ..
Propylthiouracil, 3755

oral suspension, 3755
tablets, 3756

Protamine sulfate, 3757
injection, 3758

Protein
molecular weight standard, 6194
standard solution (8 g/dL), 6194

Protein A quality attributes (130), 6570
Protein determination procedures (507),

6744
Protocatechuic acid, 6194
Protriptyline hydrochloride, 3759

tablets, 3760
Pseudoephedrine

chlorpheniramine, dextrornethorphan (salts
of), and acetaminophen, capsules
containing at least three ofthe

. following, 52
chlorphenlrarnlne,.dextromethorphan (salts

of), and acetaminophen, oral powder
containing at least three of the
following, 54

chlorphenirainine,dextromethorphan (salts
of), and acetaminophen, oral solution
containing at least three of the
following, 56

chlorpheniramine, dextromethorphan (salts
of) and acetaminophen, tablets
containing at least three of the
following, 58

and diphenhydramine capsules, 1435
hydrochloride, 3761
hydrochloride, acetaminophen,

dextromethorphan hydrobromide, and
doxylaminesuccinate oral solution, 67

hydrochloride, acetaminophen, and
diphenhydramine hydrochloride tablets,
70

hydrochloride and acetaminophen tablets,
72

hydrochlorideextended-release capsules,
3762

hydrochloride, carbinoxamine maleate,
and dextromethorphan hydrobromide
oral solution, 3767

hydrochloride and chlorpheniramine
maleate extended-release capsules, 972

hydrochloride and chlorphenlrarnlne
maleate oral solution, 973

hydrochloride and guaifenesin capsules,
2174

hydrochloride, guaifenesin, and
dextromethorphan hydrobromide
capsules, 2175

hydrochloride and ibuprofen tablets, 2286
hydrochloride oral solution, 3762
hydrochloride tablets, 3763
hydrochlorideextended-release tablets,

3764
hydrochlorideand cetrizine hydrochloride

extended-release tablets, 917
hydrochloride and fexofenadine

hydrochloride extended-release tablets,
1876

sulfate, 3768
sulfate and brompheniramine maleate oral

solution, 603
sulfate and dexbrompheniramine maleate

oral solution, 1298
and triprolidine hydrochlorides oral

solution, 4534
and triprolidine hydrochlorides tablets,

4535
Psyllium

hemicellulose, 3768
husk, 3770
hydrophilic mucilloid for oral suspension,

3771
Pullulan, 5996
Pullulanase, 6194
5,800, 23,700, and 100,000 molecular

weight (MW) pullulan standards, 6181
Pumice, 3772, 6195
Pure steam, 4654
Purine, 6196
Purpurea

extract, powdered Echinacea, 4958
powdered Echinacea, 4955
root, Echinacea, 4953

Putrescinedihydrochloride, 6196
Pygeum, 5198

capsules, 5200
extract, 5198

Pyrantel pamoate, 3172
and ivermectintablets, 2478
oral suspension, 3774

Pyrantel tartrate, 3775
Pyrazinamide, 3776

rifampin, isoniazid, and ethambutol
hydrochloride tablets, 3881

rifampin and isoniazid tablets, 3879
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Pyrazinamide (continued)
oral suspension, 3776
tablets, 3777

Pyrazole, 6196
Pyrene, 6196
Pyrethrum extract, 3778
4-(2-Pyridylazo)resorcinol, 6196
Pyridine, 6196

dried,6196
Pyridine, anhydrous, 6196
Pyridine-pyrazolone TS, 6234
Pyridostigmine bromide, 3778

injection, 3780
oral solution, 3780
tablets, 3781

Pyridoxal
hydrochloride, 6196
5-phosphate, 6196

Pyridoxamine dihydrochloride, 6196
Pyridoxine hydrochloride, 3782

injection, 3783
tablets, 3784

1-(2-Pyridylazo)-2-naphthol, 6196
3-(2-Pyridyl)-5,6-di(2-furyl)-1,2,4-triazine-5',

5"-disulfonic acid, disodium salt, 6196
Pyrilamine maleate, 3785

tablets, 3786
Pyrimethamine, 3786

and sulfadoxine tablets, 4155
oral suspension, 3787
tablets, 3787

Pyrogallol, 6196
TS, alkaline, 6234

Pyrogen test (151), 6577
Pyroxylin, 3788
Pyrrole, 6196
Pyruvic acid, 6196
Pyrvinium pamoate, 3789

oral suspension, 3789
tablets, 3790

Q
Quality assurance in pharmaceutical

compounding (1163), 7979
Quality attributes of tablets labeled as having

a functional score (705), 6944
Quality of biotechnological products

analysis of the expression construct in cells
used for production of r-DNA derived
protein products (1048), 7452

stability testing of biotechnological/
biological products (1049), 7454

Quazepam, 3790
tablets, 3791

Quercetin, 5202
Quetiapine

tablets, 3792
extended-release tablets, 3795

Quetiapine fumarate, 3800
Quinaldine red, 6221

TS,6234
Quinapril

hydrochloride, 3802
and hydrochlorothiazide tablets, 3803
tablets, 3806

Quinhydrone, 6197
Quinidine gluconate, 3807

injection, 3809
extended-release tablets, 3810

Quinidine sulfate, 3812
capsules, 3813
oral suspension, 3814
tablets, 3814
extended-release tablets, 3816

Quinine sulfate, 3818
capsules, 3819
tablets, 3821

Quinone, 6197
TS,6234

R
Rabeprazole

sodium, 3822
Rabies

immune globulin, 3824
Racemethionine, 5997
Racemic

calcium pantothenate, 708
Racepinephrine, 3824

hydrochloride, 3826
inhalation solution, 3825

Ractopamine hydrochloride
suspension, 3826 '

Radiation sterilization (1229.10), 8228
Radioactivity (821), 7094
Radioactivity-theory and practice (1821),

8604

Radiopharmaceutlcals
C 13, urea, 766
C 13, urea for oral solution, 767
C 14, urea capsules, 768
Cr 51, sodium chromate injection, 992
F 18, fludeoxyglucose injection, 1946
F 18, sodium fluoride injection, 1950
Ga 67 injection, gallium citrate, 2088
Indium In 111 capromab pendetide

injection, 2318
Indium In 111 chloride solution, 2318
Indium In 111 oxyquinoline solution, 2320
Indium In 111 pentetate injection, 2320
Indium In 111 pentetreotide injection,

2321
I 123, iobenguane injection, 2365
I 123, sodium iodide capsules, 2365
I 123, sodium iodide solution, 2366
I 125, iodinated albumin injection, 2367
I 125, iothalamate sodium injection, 2367
I 131, iodinated albumin injection, 2368
I 131, sodium iodide capsules, 2368
I 131, sodium iodide solution, 2368
N 13, ammonia injection, 3183
Rubidium chloride Rb 82 injection, 3958
Samarium Sm 153 lexidronam injection,

3983
Sr 89 injection, strontium chloride, 4126
Technetium Tc 99m albumin aggregated

injection, 4226
Technetium Tc 99m bicisate injection,

4227
Technetium Tc 99m disofenin injection,

4227
Technetium Tc 99m exametazime

injection, 4228
Technetium Tc 99m mebrofenin injection,

4229

Technetium Tc 99m medronate injection,
4230

Technetium Tc 99m mertiatide injection,
4231

Technetium Tc 99m oxidronate injection,
4232

Technetium Tc 99m pentetate injection,
4232

Technetium Tc 99m pertechnetate
injection, sodium, 4233

Technetium Tc 99m pyrophosphate
injection, 4234

Technetium Tc 99m (pyro- and trimeta-)
phosphates injection, 4235

Technetium Tc 99m red blood cells
injection, 4235

Technetium Tc 99m sestamibi injection,
4236

Technetium Tc 99m succimer injection,
4237

Technetium Tc 99m sulfur colloid injection,
4238

Technetium Tc 99m tetrofosmin injection,
4238

Thallous chloride TI 201 injection, 4318
Xenon Xe 133, 4656
Yttrium Y90 ibritumomab tiuxetan

injection, 4665

Radiopharmaceuticals-preparation,
compounding, dispensing, and
repackaging (825), 7109

Raloxifene hydrochloride, 3828
tablets, 3830

Raltegravir
chewable tablets, 3835
tablets, 3834

Raltegravir potassium, 3832
Raman spectroscopy (1120), 7856
Ramipril, 3837

capsules, 3839
tablets, 3841

Ranitidine
hydrochloride, 3843
injection, 3845
in sodium chloride injection, 3848
oral solution, 3846
tablets, 3847

Rapeseed oil
fully hydrogenated, 5998
superglycerinated fully hydrogenated,

5999
Rapid sterility testing of short life products a

risk based approach (1071), 7602
Rat tail collagen, 6153
Rauwolfia serpentina, 3849

powdered, 3850
tablets, 3851

Rayon, 6197
purified, 3851

Rb 82
injection, rubidium chloride, 3958 ,

Readilycarbonizable substances test (271),
6660

Reagents, 6128
arsenic in, 6128
boiling or distillin~ range for, 6128
chloride in, 6129
flame photometry for, 6129
general tests for, 6128
heavy metals in, 6130
indicators and solutions, 6127
insoluble matter in, 6130
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Reagents (continued)
loss on drying for, 61 31
nitrate in, 6131
nitrogen compounds in, 6131
phosphate in, 6131
residue on ignition in, 6131
sulfate in, 6131

Rectal solution
aminophylline, 246
sodium phosphates, 4090

Red
80, direct, 6197
phosphorus, 6197

Red-cell lysing agent, 6197
Red clover

aerial parts isoflavone aglycones dry
extract, 5206

Reference standards
USP (11), 6442

Reference tables, 6259
Alcoholometric, 6346
Atomic weights, 6344
Container specifications for capsules and

tablets, 6259
Description and relative solubility of USP

and NF articles, 6273
Intrinsic viscosity table, 6349
Relative atomic masses and half-Iives.of

selected radionuclides, 6345
Solubilities, 6334

Refractive index (831), 7137
Rehydration salts, oral, 3851
Relative atomic masses and half-lives of

selected radionuclides, 6345
Repaglinide, 3854

tablets, 3856
Resazurin (sodium), 6197
Reserpine, 3857

and chlorothiazide tablets, 3859
tablets, 3858

Residual DNA testing (509), 6748
Residual host cell protein measurement in

biopharmaceuticals (1132), 7900
Residual solvents (467), 6712
Residual Solvents-Verification of Compendial

Procedures and Validation of Alternative
Procedures, 8404

Residue on ignition (281), 6660
Residue on ignition in reagents, 6131

Resin
Anion-exchange, 50- to 100-mesh,

styrene-divinylbenzene, 6138, 6208
Anion-exchange, chloromethylated

polystyrene-divinylbenzene, 6138, 6151
Anion-exchange, strong, lightly cross­

linked, in the chloride form, 6138
Anion-exchange, styrene-divinylbenzene,

6138
Capsicum oleoresin, 730
Carboxylate (sodium form) cation­

exchange (50- to 100-mesh), 6148
Cation-exchange, 6149
Cation-exchange, carboxylate (sodium

form) 50- to 100-mesh, 6148, 6149
Cation-exchange, polystyrene, 6149, 6192
Cation-exchange, styrene-divinylbenzene,

6149
Cation-exchange, styrene-divinylbenzene,

strongly acidic, 6149, 6208
Cation-exchange, sulfonic acid, 6149,

6209

Chloromethylated polystyrene-
divinylbenzene anion-exchange, 6151

Cholestyramine, 989
lon-exchange, 6173
Podophyllum, 3582
Podophyllum topical solution, 3582
Polystyrene cation-exchange, 6192
Styrene-divinylbenzene anion-exchange,

50- to 100-mesh, 6208
Styrene-divinylbenzene cation-exchange,

strongly acidic, 6208
Sulfonic acid cation-exchange, 6209

Resorcinol, 3861, 6197
monoacetate, 3862
ointment, compound, 3861
and sulfur topical suspension, 3862
TS,6234

6Z-retinoic acid, 6197
Retinyl palmitate, 6197
Reverse transcriptase, 6197
Rheometry (1911), 8679
Rhodamine 6G, 6197
Rhodamine B, 6197
Rhodiola crenulata

root and rhizome dry extract, 5215
root and rhizome powder, 5216

Rhodiola crenuluta
root and rhizome, 5213

Rhodiola rosea, 5218
capsules, 5224
extract, 5221
powdered, 5220

. tablets, 5227
tincture, 5223

Ribavirin, 3863
capsules, 3863
for inhalation solution, 3865
tablets, 3866

Riboflavin, 3869
assay (481), 6735
injection, 3869
5'-phosphate sodium, 3870
tablets, 3870

Ribonuclease inhibitor, 6197
Ribose, 5229
Rifabutin, 3872

capsules, 3873
oral suspension, 3874

Rifampin, 3875
capsules, 3876
for injection, 3877
and isoniazid capsules, 3878
isoniazid, pyrazinamide, and ethambutol

hydrochloride tablets, 3881
isoniazid, and pyrazinamide tablets, 3879
oral suspension, 3877

Riluzole, 3882
tablets, 3883

Rimantadine hydrochloride, 3884
tablets, 3885

Rimexolone, 3886
ophthalmic suspension, 3887

Ringer's
and dextrose injection, 3889
and dextrose injection, half-strength

lactated, 3895
and dextrose injection, lactated, 3893
and dextrose injection, modified lactated,

3898
injection, 3887
injection, lactated, 3891
irriqation, 3900

lactated, and dextrose injection, potassium
chloride in, 3610

Risedronate sodium, 3900
tablets, 3902

Risperidone, 3904
oral solution, 3905
tablets, 3907
orally disintegrating tablets, 3908

Ritodrine hydrochloride, 3910
injection, 3911
tablets, 3911

Ritonavir, 3912
capsules, 3914
and lopinavir oral solution, 2666
and lopinavir tablets, 2670
oral solution, 3917
tablets, 3920

Rivastigmine, 3922
Rivastigmine tartrate, 3924

capsules, 3925
Rizatriptan benzoate, 3927

tablets, 3928
orally disintegrating tablets, 3930

Rocuronium bromide, 3932
Root and rhizome

dry extract capsules and eleuthero, 4972
dry extract and Rhodiola crenulata, 5215
dry extract tablets and eleuthero root,

4973
powder capsules and eleuthero, 4976
powder and Rhodiola crenulata, 5216
and Rhodiola crenulata, 521 3

Ropinirole
tablets, 3934
extended-release tablets, 3936

Ropinirole hydrochloride, 3940
Ropivacaine hydrochloride, 3943

injection, 3945
Rose

bengal sodium, 6197
oil,6001
water ointment, 3946
water, stronger, 6001

Rosiglitazone maleate, 3946
Rosuvastatin

tablets, 3950
Rosuvastatin calcium, 3948
Rotigotine, 3953
Rotigotine transdermal system, 3955
Roxarsone, 3957
Rubidium chloride Rb 82 injection, 3958
Rufinamide, 3959

tablets, 3960
Rules and procedures, xxviii
Ruthenium red, 6198

TS,6234
Rutin, 5235

s
Sabinene, 6198
Saccharin, 6001

calcium, 3963
sodium, 3965
sodium oral solution, 3967
sodium tablets, 3968

Saccharose, 6198
Safflower oil, 3968
Safranin 0, 6198
St. John's wort flowering top, 5237

dry extract capsules, 5242
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St. John's wort flowering top (continued)
extract, dry, 5240
powder, 5238
dry extract tablets, 5244

Salicylaldazine, 6198
Salicylaldehyde, 6198
Salicylamide, 3969
Salicylic acid, 3970, 6198

and benzoic acids ointment, 521
collodion, 3972
gel, 3972
plaster, 3973
topical foam, 3972
and zinc paste, 4690

Saline TS, 6202, 6234
pyrogen-free, 6234

Salixspecies bark, 5245
dry extract, 5247
powder, 5249

Salmeterol
fluticasone propionate, inhalation aerosol,

2005
fluticasone propionate, inhalation powder,

2010
inhalation powder, 3973

Salmeterol xinafoate, 3978
Salsalate, 3980

capsules, 3981
tablets, 3982

Salt
octanesulfonic acid sodium, 6204

Salts of organic nitrogenous bases (501),
6741

Samarium Sm 153 lexidronam injection,
3983

Sand
standard 20- to 30-mesh, 6198, 6207
washed, 6198, 6218

Saquinavir mesylate, 3983
capsules, 3984

Sargramostim, 3985
for injection, 3988

Sawdust, purified, 6198
Saw palmetto, 5251

capsules, 5259
extract, 5256
powdered, 5254

Scaffold
bovine dermis, 3990
human dermis, 3998
porcine bladder, 4001
silk fibroin, 4006

Scaffold human amniotic membrane
allograft, 3993

Scandium oxide, 6198
Scanning electron microscopy (1181), 8025
Schizochytrium oil, 5266

capsules, 5269
Schweitzer's reagent, 6234
Scopolamine hydrobromide, 4010

injection, 4012
ophthalmic solution, 4013
tablets, 4013

Screening for undeclared drugs and drug
analogues (2251), 8725

S deslqnatlons, 6198
Secobarbital, 4013

sodium, 4014
sodium' capsules, 4015

Secondary butyl alcohol, 6198
Selamectin, 4016
Selegiline hydrochloride, 4017

capsules, 4018
tablets, 4020

Selegiline hydrochloride compounded
topical gel, 4021

Selenious acid, 4022, 6198
injection, 4022

Selenium, 6199
sulfide, 4023
sulfide topical suspension, 4023

Selenium (291), 6661
Selenomethionine, 5272, 6199
Semisolid drug products-performance tests

(1724), 8473
Senna

fluidextract, 4025
leaf,4023
pods, 4025
oral solution, 4026

Sennosides, 4026
tablets, 4028

Sensitization testing (1184), 8035
Serine, 4029
Sertraline

hydrochloride, 4030
hydrochloride oral solution, 4032
hydrochloride tablets, 4033

Sesame oil, 6003
Sevoflurane, 4036
Shear cell methodology for powder flow

testing (1063), 7566 '
Shellac, 6005
Significant change guide for bulk

pharmaceutical excipients (1195), 8049
Sildenafil

tablets, 4038
Sildenafil citrate, 4039

oral suspension, 4040
Silica

calcined diatomaceous, 6199
chromatographic, silanized, flux-calcined,

acid-washed, 6199
colloidal, hydrophobic, 6007
dental-type, 6006
gel, 6199
gel, binder-free, 6152, 6199
gel, chromatographic, 6152, 6199
gel-impregnated glass microfiber sheet,

6199 .
gel mixture, chromatographic, 6152, 6199
gel mixture, chromatographic, with

chemically bound amino groups, 6199
gel mixture, dimethylsilanized,

chromatographic, 6199
gel mixture, octadecylsilanized

chromatographic, 6199
gel mixture, octylsilanized,

chromatographic, 6199
gel, octadecylsilanized chromatographic,

6199
gel, porous, 6199
microspheres, 6199

Silica gel, pre-coated. plates, with
fluorescence indicator F254, 6199

Siliceous earth
chromatographic, 6152, 6199
chromatographic, silanized, 6152, 6200
purified, 6008

Silicic
acid, 6200
acid-impregnated glass microfilament .

sheets with fluorescent indicator, 6200
Silicon

carbide, 6200
dioxide, 6009
dioxide colloidal, 6009

Silicone
75 percent phenyl, methyl, 6200

Silicotungstic acid, n-hydrate, 6200
Silicified

microcrystalline cellulose, 5699
Silver

diethyldithiocarbamate, 6200
diethyldithiocarbamate TS, 6234
nitrate, 4041, 6200
nitrate ophthalmic solution, 4041
nitrate, tenth-normal (0.1 N), 6234, 6247
nitrate, toughened, 4042
nitrate TS, 6234
oxide, 6200

Silver-ammonia-nitrate TS, 6234
Silver-ammonium nitrate TS, 6234
Silver nitrate

0.002 N VS, 6247
0.05 N VS, 6247

Silver sulfate, 6200
Simethicone, 4042

alumina, magnesia, and calcium carbonate
chewable tablets, 170

alumina and magnesia oral suspension,
173

alumina and magnesia chewable tablets,
174

calcium carbonate and magnesia chewable
tablets, 689

capsules, 4043
emulsion, 4044
and magaldrate chewable tablets, 2707
and magaldrate oral suspension, 2706
oral suspension, 4045
tablets, 4045

Simulated gastric fluid TS, 6234
Simulated intestinal fluid TS, 6234
Simvastatin, 4046

tablets, 4047
Single-steroid assay (511), 6750
Sipuleucel-T, 4049
Sitagliptin

phosphate, 4052
tablets, 4051

~-Sitosterol, 6200
Six-month implementation guideline, ii
Sm 153 lexidronam injection, samarium,

3983
Soda lime, 6010, 6201
Sodium phosphate

tribasic, anhydrous, 6205
Sodium, 6201

acetate, 4053, 6201
acetate, anhydrous, 6138, 6201
acetate injection, 4054
acetate solution, 4055
acetate TS, 6234
alendronate, tablets, 120
alginate, 6011
alizarinsulfonate, 6201
alizarinsu/fonate TS, 6235
aminoacetate TS, 6235
ammonium phosphate, 6201
arsenate, 6201
arsenite, 6201
arsenite, twentieth-molar (0.05 M), 6247
ascorbate, 4055
azide, 6201
benzoate, 6011
benzoate and caffeine injection, 664
bicarbonate, 4056, 6201
bicarbonate injection, 4060
bicarbonate and magnesium carbonate for

oral suspension, 2712
bicarbonate oral powder, 4061
bicarbonate tablets, 4062
biphenyl, 6201
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Sodium (continued)
biphosphate, 6202
bisulfite, 6202
bisulfite TS, 6235
bitartrate, 6202
bitartrate TS, 6235
borate, 6012, 6202
borohydride, 6202
bromide, 4062, 6202
bromide injection, veterinary, 4063
bromide oral solution, veterinary, 4063
butyrate, 4064
caprylate, 6013
carbonate, 6014, 6202
carbonate, anhydrous, 6138, 6202
carbonate, citric acid, and magnesium

oxide irrigation, 1044
carbonate, monohydrate, 6202
carbonate TS, 6235
carboxymethylcellulose, 773
carboxymethylcellulose, and

microcrystalline cellulose, 5698
carboxymethylcellulose, paste, 774
carboxymethylcellulose, tablets, 774
carboxymethylcellulose, 12, 5684
cefazolin, 824
cefmetazole, 842
cefoperazone, 845
cefotaxime, 850
cetostearyl sulfate, 6014
chloride, 4064, 6202
chloride and dextrose injection, 1323
chloride and fructose injection, 2049
chloride inhalation solution, 4068
chloride injection, 4066
chloride injection, bacteriostatic, 4067
chloride injection, dextran 40 in, 1312
chloride injection, dextran 70 in, 1316·
chloride injection, mannitol in, 2737
chloride injection, potassium chloride in,

3612
chloride injection, potassium chloride in

dextrose injection and, 3608
chloride injection, ranitidine in, 3848
chloride irrigation, 4067
chloride ophthalmic ointment, 4068
chloride ophthalmic solution, 4068
chloride solution, isotonic, 6202
chloride tablets, 4068
chloride tablets for solution, 4069
chloride TS, alkaline, 6235
cholate hydrate, 6202
chromate, 6202
chromate, Cr 51 injection, 992
chromotropate, 6202
cilastatin, 1001
citrate, 4069
citrate and citric acid oral solution, 4069
citrate dihydrate, 6203
citrate TS, 6235
citrate TS, alkaline, 6235
cobaltinitrite, 6203
cobaltinitrite TS, 6235
cyanide, 6203
dalteparin, 1230
l-decanesulfonate, 6203
dehydroacetate, 6016
desoxycholate, 6203
dichromate, 6203 .
diethyldithiocarbamate, 6203
2,2-dimethyl-2-silapentane-5-sulfonate,

6203 .
dithionite, 6203
dodecyl sulfate, 6203, 6204
ethylparaben, 5773

ferrocyanide, 6203
fluconazole, chloride injection, 1909
fluorescein, 6203
fluoride, 4071, 6203
fluoride and acidulated phosphate topical

solution, 4074
fluoride F18 injection, 1950
fluoride and phosphoric acid gel, 4075
fluoride oral solution, 4072
fluoride tablets, 4073
fluoride TS, 6235
formaldehyde sulfoxylate, 6017
gluconate, 4076
glycocholate, 6203
l-heptanesulfonate, 6203
l-heptanesulfonate, monohydrate, 6203
l-hexanesulfonate, 6203
l-hexanesulfonate, monohydrate, 6203
hydrogen sulfate, 6203
hydrosulfite, 6203
hydrosulfite TS, alkaline, 6226, 6235
hydroxide, 6018, 6204
hydroxide, alcoholic, tenth-normal (0.1 N),

6248
hydroxide, normal (1 N), 6248
hydroxide TS, 6235
hydroxide TS 2, 6235
hydroxide TS 3, 6235 .
hypobromite TS, 6235
hypochlorite solution, 4076, 6235
hypochlorite topical solution, 4077
hypochlorite TS, 6235
iodate, 6204
iodide, 4077
iodide I 123 capsules, 2365
iodide I 123 solution, 2366
iodide I 131 capsules, 2368
iodide I 131 solution, 2368
iodohydroxyquinolinesulfonate TS, 6235
lactate injection, 4078
lactate solution, 4078
lauryl sulfate, 6019, 6204
low-substituted carboxymethylcellulose,

5682
meta bisulfite, 6020, 6204
rnetaperiodate, 6204
methoxide, 6204
methoxide, half-normal (0.5 N) in

methanol, 6248
methoxide, tenth-normal (0.1 N) in

toluene, 6248
molybdate, 6204
monofluorophosphate, 4079
montelukast, oral granules, 3012
montelukast, tablets,' 3015
montelukast, chewable tablets, 3018
mycophenolate, 3052
nitrate, 6204
nitrite, 4080, 6204
nitrite injection, 4082
nitrite, tenth-molar (0.1 M), 6249
nitroferricyanide, 6204
nitroferricyanide TS, 6235
nitroprusside, 4083
nitroprusside for injection, 4084
l-octanesulfonate, 6204
oxalate, 6204
(tri) pentacyanoamino ferrate, 6204
l-pentanesulfonate, 6186, 6205
l-pentanesulfonate, anhydrous, 6205
perchlorate, 6205
peroxide, 6205
pertechnetate Tc 99m injection, 4233

.phenylbutyrate, 4085
phenylbutyrate oral suspension, 4086

phosphate, dibasic, 4087, 6205
phosphate, dibasic, anhydrous, 6138, 6205
phosphate, dibasic, dihydrate, 6205
phosphate, dibasic, dodecahydrate, 6205
phosphate, dibasic, heptahydrate, 6205
phosphate, dibasic, TS, 6235
phosphate, monobasic, 4088, 6181, 6205
phosphate, monobasic, anhydrous, 6205
phosphate, monobasic, dihydrate, 6205
phosphates injection, 4088
phosphates oral solution, 4090
phosphates rectal solution, 4090
phosphate, tribasic, 6021, 6205
phosphite pentahydrate, 6205
phosphotungstate TS, 6235
picosulfate, 4090
polystyrene sulfonate, 4092
polystyrene sulfonate suspension, 4092
and potassium bicarbonates and citric acid

effervescent tablets for oral solution,
3598

propionate, 6022
pyrophosphate, 6205
pyruvate, 6205
rabeprazole, 3822
salicylate, 4093, 6205
salicylate tablets, 4094
selenite, 6206
starch glycolate, 6022
stearate, 6024
stearyl fumarate, 6025
sulfate, 4095, 6206
sulfate, anhydrous, 6138, 6206
sulfate decahydrate, 6206
sulfate injection, 4096
sulfide, 4096, 6206
sulfide topical gel, 4096
sulfide TS,6235
sulfite, 6027, 6206
sulfite, anhydrous, 6138, 6206
p-sulfophenylazochromotropate, 6206
tartrate, 6028, 6206
tartrate TS, 6235
tetra phenylborate, 6206
tetra phenylboron, 6206
tetraphenylboron, fiftieth-molar (0.02 M),

6249
tetraphenylboron TS, 6236
thioglycolate, 6206
thioglycolate TS, 6236
thiosulfate, 4097, 6207
thiosulfate injection, 4097
thiosulfate, tenth-normal (0.1 N), 6236,

6249
thiosulfate TS, 6236
L-thyroxine, 6207
3-(trimethylsilyl)-1-propane sulfonate,

6203, 6207
tungstate, 6207

Sodium benzoate compounded
oral solution, 4056

Sodium bicarbonate
compounded injection, 4061

Sodium butyrate, 6202
Sodium chloride

TS,6235
0.5 M TS, 6235

0.1 N Sodium chloride
TS,6235

Sodium l-dodecanesulfonate, 6203
Sodium ferrous citrate, 5273
Sodium hydroxide

0.0025 N TS, 6235
0.2 N, TS, 6235
0.02 N TS, 6235

www.webofpharma.com

https://nhathuocngocanh.com/



I-58 Sodiu-Solut Combined Index to USP 43 and NF 38

Sodium hydroxide (continued)
10 N TS, 6235
2.5 N TS, 6235
2 N TS, 6235
5 N, TS, 6235
0.025 N VS, 6247
0.1 N VS, 6248
0.01 N VS, 6247
0.5 N VS, 6247

50 percent sodium hydroxide
TS,6235

Sodium oleate, 6204
Sodium phenylbutyrate, 4085
Sodium phosphate, 6205
Sodium phosphates

compounded injection, 4089
Sodium propionate, 6205
Sodium succinate, 6026
Sodium taurocholate, 6206
Sodium taurodeoxycholate, 6206
Sodium thiosulfate

0.002 N VS, 6249
0.01 M VS, 6249

Solubilities, 6334
Soluble starch, 6207

Solution
Acetaminophen and codeine phosphate

oral, 54
Acetaminophen, dextromethorphan

hydrobromide, doxylamine succinate,
and pseudoephedrine hydrochloride
oral, 67

Acetaminophen for effervescent oral, 42
Acetaminophen oral, 41
Aceticacid otic, 78
Acetylcholine chloride.for.ophthalrnlc, 81
Acetylcysteine, 82
Acidulated phosphate and sodium fluoride

topical, 4074
Aluminum acetate topical, 181
Aluminum chlorohydrate, 183
Aluminum dichlorohydrate, 186
Aluminum sesquichlorohydrate, 191
Aluminum subacetate topical, 193
Aluminum sulfate and calcium acetate for

topical, 194
Aluminum sulfate and calcium acetate

tablets for topical, 195
Aluminum zirconium octachlorohydrate,

196
Aluminum zirconium octachlorohydrex gly,

198
Aluminum zirconium pentachlorohydrate,

199
Aluminum zirconium pentachlorohydrex

gly, 201
Aluminum zirconium tetrachlorohydrate,

203
Aluminum zirconium tetrachlorohydrex

gly, 204
Aluminum zirconium trichlorohydrate, 206
Aluminum zirconium trichlorohydrex gly,

207
Amantadine hydrochloride oral, 212
Aminocaproic acid oral, 236
Aminophylline oral, 245
Aminophylline rectal, 246
Ammonia, diluted, 6136
Ammonia, strong, 5616
Amprolium oral, 331
Anticoagulant citrate dextrose, 345

Anticoagulant citrate phosphate dextrose,
347

Anticoagulant citrate phosphate dextrose
adenine, 348

Anticoagulant heparin, 2194
Anticoagulant sodium citrate, 350
Antipyrine and benzocaine otic, 352
Antipyrine, benzocaine, and phenylephrine

hydrochloride otic, 354
Apraclonidine ophthalmic, 359
Aromatic elixir, 5624
Ascorbic acid oral, 384
Aspirin effervescent tablets for oral, 395
Atenololoral,407
Atropine sulfate ophthalmic, 432
Benoxinate hydrochloride ophthalmic, 499
Benzaldehyde elixir, compound, 5634
Benzalkonium chloride, 5636
Benzethonium chloride topical, 501
Benzocaine, butamben, and tetracaine

hydrochloride topical, 517
Benzocaine otic, 510
Benzocainetopical, 511
Bet.amethasone oral, 542
Betaxolol ophthalmic, 558
Bethanechol chloride oral, 563
Bromodiphenhydramine hydrochloride and

codeine phosphate oral, 600
Bromodiphenhydramine hydrochloride

oral,599
Brompheniramine maleate and

pseudoephedrine sulfate oral, 603
Brompheniramine maleate oral, 602
Buprenorphine compounded buccal,

veterinary, 615
Butabarbital sodium oral, 642
Caffeinecitrate oral, 663
Calcitonin salmon nasal, 675
Calcium hydroxide topical, 702
Captopril oral, 734
Carbachol intraocular, 739
Carbachol ophthalmic, 739
Carbamide peroxide topical, 747
Carbol-fuchsin topical, 765
C 13 for oral, urea, 767
Carteolot hydrochloride ophthalmic, 789
Cetylpyridinium chloride topical, 923
Chloral hydrate oral, 924
Chloramphenicol for ophthalmic, 930
Chloramphenicol ophthalmic, 929
Chloramphenicol oral, 930
Chloramphenicol otic, 931
Chlorhexidine gluconate, 948
Chlorpheniramine maleate and

pseudoephedrine hydrochloride oral,
973

Chlorpheniramine maleate oral, 971
Cholecalciferol, 987
Chymotrypsin for ophthalmic, 994
Ciprofloxacin ophthalmic, 1015
Clindamycin hydrochloride oral, 1066
Clindamycin palmitate hydrochloride for

oral, 1068
Clindamycin phosphate topical, 1072
Clobetasol propionate topical, 1082
Clotrimazole topical, 1122
Cloxacillin sodium for oral, 1130
Coal tar topical, 1133
Cocaine hydrochloride tablets for topical,

1134
Codeine sulfate oral, 1141
Cromolyn sodium ophthalmic, 1185
Cupriethylenediamine hydroxide, 1.0 M,

6154

Cyclopentolate hydrochloride ophthalmic,
1201

Cyclosporine oral, 1216
Cyproheptadine hydrochloride oral, 1219
Demecarium bromide ophthalmic, 1247
Dexamethasone elixir, 1286
Dexamethasone oral, 1288
Dexamethasone sodium phosphate

ophthalmic, 1296
Dexbrompheniramine maleate and

pseudoephedrine sulfate oral, 1298
Dexchlorpheniramine maleate oral, 1301
Dextromethorphan hydrobromide oral,

1321
Diatrizoate meglumine and diatrizoate

sodium, 1327
Diatrizoatesodium, 1329
Dichlorophenol-indophenol, standard,

6240
Dicyclomine hydrochloride oral, 1361
Diethyltoluamide topical, 1373
Digoxin oral, 1385
Dihydrotachysterol oral, 1392
Diltiazem hydrochloride oral, 1405
Dimenhydrinate oral, 1410
Dimethyl sulfoxide topical, 1414
Diphenhydramine hydrochloride oral, 1429
Diphenoxylate hydrochloride and atropine

sulfate oral, 1438
Dipivefrin hydrochloride ophthalmic, 1442
Docusate sodium, 1480
Dolasetron mesylate oral, 1485
Dorzolamide hydrochloride and timolol

maleate ophthalmic, 1499
Doxepin hydrochloride oral, 1510
Doxylamine succinate oral, 1546
Dyclonine hydrochloride topical, 1571
Dyphylline and guaifenesin oral, 1575
Dyphylline oral, 1573
Ecamsule, 1576
Echothiophate iodide for ophthalmic, 1579
Emedastine ophthalmic, 1610
Ephedrine sulfate oral, 1644
Epinephrine bitartrate for ophthalmic,

1652
Epinephrine bitartrate ophthalmic, 1651
Epinephrine ophthalmic, 1649
Epinephryl borate ophthalmic, 1652
Ergocalciferol oral, 1667
Ergoloid mesylates oral, 1671
Erythromycin topical, 1690
Escitalopram oral, 1706
Ethosuximide oral, 1776
Fehling's, 6229
Ferric ammonium citrate for oral, 290
Ferric subsulfate, 1852
Ferrous gluconate oral, 1860
Ferrous sulfate oral, 1863
Fluocinolone acetonide topical, 1936
Fluocinonide topical, 1939
(+)-1-(9-Fluorenyl) ethyl chloroformate,

6166
Fluorescein sodium and benoxinate

hydrochloride ophthalmic, 1944
Fluorescein sodium and proparacaine

hydrochloride ophthalmic, 1945
Fluorouracil topical, 1957
Fluoxetine oral, 1961
Fluphenazine hydrochloride elixir, 1971
Fluphenazine hydrochloride oral, 1973
Flurbiprofen sodium ophthalmic, 1982
Formaldehyde, 2035, 6167, 6229
Furosemide oral, 2055
Gentamicin sulfate and betamethasone

acetate ophthalmic, 2102
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Solution (continued)
Gentamicin sulfate and betamethasone

valerate otic, 2104
Gentamicin topical, 2105 '
Gentamicin sulfate ophthalmic, 2102
Gentian violet topical, 2109
Glutaral disinfectant, 5789
Glycerin ophthalmic, 2133
Glycerin oral, 2134
Guaifenesin and codeine phosphate oral,

2172
Guaifenesin oral, 2171
Halazone tablets for, 2182
Halcinonide topical, 2186
Haloperidoioral,'Z189
Heparin lock flush, 2194
Homatropine hydrobrornlde ophthalmic,

2208
Hydralazine hydrochloride oral, 2215
Hydrocortisone and acetic acid otic" 2235
Hydrogen peroxide, 6171
Hydrogen peroxide topical, 2249
Hydroquinone topical, 2255
Hydroxyamphetamine hydrobromide

ophthalmic, 2258
Hydroxyzine hydrochloride oral, 2266
Hyoscyamine sulfate elixir, 2276
Hyoscyamine sulfate oral, 2277
Hypromellose ophthalmic, 2281
Idoxuridine ophthalmic, 2293
Indium In 111 chloride" 2318 '
Indium In 111 oxyquinoline, 2320
Iodine, strong, 2363
Sodium iodide I 123, 2366
Sodium iodide I 131, 2368
Iodine topical, 2362
Ipecac oral, 2397
Ipratropium bromide and albuterol sulfate

inhalation, 2399
Isoniazid oral, 2426
Isosorbide oral, 2440
Ivermectin topical, 2476
lactulose, 2522'
Lead, standard, 6236
levalbuterol inhalation, 2576
levobunolol hydrochloride ophthalmic,

2595
levocarnitine oral, 2600
levofloxacin oral, 2608
lidocaine hydrochloride topical, 2627
lincomycin oral, 2632
lithium oral, 2648
locke-Ringer's, 6231
loperamide hydrochloride oral, 2661
loratadine oral, 2674
Mafenide acetate for topical, 2704
Magnesium carbonate and citric acid for

oral, 2710
Magnesium carbonate, citric acid, and

potassium citrate for oral, 2711
Manganese chloride for oral, 2732
Magnesium citrate for oral, 2715
Magnesium citrate oral, 2714
Maltitol, 5871 '
Meperidine hydrochloride oral, 2784
Metaproterenol sulfate oral, 2813
Methadone hydrochloride oral, 2838
Methoxsalen topical, 2865
Methylcellulose ophthalmic, 2876
Methylcellulose oral, 2876
Metoclopramide oral" 2910
Metoprolol tartrate oral, 2925
Mibolerone oral, 2945
Minoxidil topical, 2975 '
Mometasone furoate topical, 3005

Moxifloxacin ophthalmic, 3034
Myrrh topical, 3057
Naphazoline hydrochloride ophthalmic,

3076
Naphazoline hydrochloride and

pheniramine maleate ophthalmic, 3076
Neomycin and polymyxin B sulfates and

gramicidin ophthalmic, 3123
Neomycin and polymyxin B sulfates and

hydrocortisone otic, 3124
Neomycin and polymyxin Bsulfates for

irrigation, 3114
Neomycin and polymyxin B sulfates

ophthalmic, 3115
Neomycin sulfate and dexamethasone

sodium phosphate ophthalmic,' 3106
Neomycin sulfate oral, 3103
Nickel standard TS, 6232
Nitrofurazone topical, 3183
Nitromersol topical, 3190
Nortriptyline hydrochloride oral, 3216
Ofloxacin ophthalmic, 3231
Olopatadine hydrochloride ophthalmic,

3249
Ondansetron, oral, 3266
Oral, containing at least three of the

following-acetaminophen and (salts of)
chlorpheniramine, dextromethorphan,
and pseudoephedrine, 56

Oxybutynin chloride oral, 3328
Oxycodone hydrochloride oral, 3337
Oxymetazoline hydrochloride ophthalmic,

3350
Papain tablets for topical, 3396
Paromomycin oral, 3409
Penicillin G potassium for oral, 3439
Penicillin V potassium for oral, 3456
Phenobarbital oral, 3498
Phenol, topical, camphorated, 3502
Phenylephrine hydrochloride ophthalmic,

3519
Physostigmine salicylate ophthalmic, -3536
Pilocarpine hydrochloride ophthalmic,

3543
Pilocarpine nitrate ophthalmic, 3545
Podophyllum resin topical, 3582
Polyethylene glycol 3350 and electrolytes

for oral, 3587
Polymyxin B sulfate and hydrocortisone

otic, 3592
Polymyxin B sulfate and trimethoprim

ophthalmic, 3592
Potassium bicarbonate effervescent tablets

for oral, 3596
Potassium bicarbonate and potassium

chloride for effervescent oral, 3597
Potassium bicarbonate and potassium.

chloride effervescent tablets for oral,
3597

Potassium bicarbonate, potassium chloride,
and potassium citrate effervescent
tablets for oral, 3609

Potassium bromide oral, veterinary, 3600
Potassium chloride for oral, 3605
Potassium chloride oral, 3604
Potassium citrate and citric acid oral, 3617
Potassium gluconate and potassium

chloride for oral, 3621
Potassium gluconate and potassium

chloride oral, 3621
Potassium gluconate, potassium citrate,

and ammonium chloride oral, 3622
Potassium gluconate and potassium citrate

oral, 3622
Potassium gluconate oral, 3619

Potassium iodide oral, 3624
Potassium nitrate, 3626
Potassium and sodium bicarbonates and

citric acid effervescent tablets for oral,
3598

Povidone-iodine cleansing, 3635
Povidone-iodine topical, 3636
Prednisolone oral, 3661
Prednisolone sodium phosphate

compounded oral, 3667
Prednisolone sodium phosphate

ophthalmic, 3668
Prednisone oral, 3671
Prochlorperazine oral, 3697
Promazine hydrochloride oral, 3713
Promethazine and phenylephrine

hydrochloride and codeine phosphate
oral, 3724

Promethazine and phenylephrine
hydrochloride oral, 3721

Promethazine hydrochloride oral, 3717
Proparacaine hydrochloride ophthalmic,

3739
Protein standard (8 g/dl), 6194
Pseudoephedrine hydrochloride,

carbinoxamine maleate, and
dextromethorphan hydrobromide oral,
3767

Pseudoephedrine hydrochloride oral, 3762
Pyridostigmine bromide oral, 3780
Ranitidine oral, 3846
Risperidone oral, 3905
Saccharin sodium oral, 3967,
Scopolamine hydrobromide ophthalmic,

4013
Senna oral, 4026
Silver nitrate ophthalmic, 4041
Sodium acetate, 4055
Sodium bromide oral, veterinary, 4063
Sodium chloride,' isotonic, 6202
Sodium chloride ophthalmic, 4068
Sodium chloride tablets for, 4069
Sodium citrate and citric acid oral, 4069
Sodium fluoride and acidulated phosphate

topical, 4074
Sodium fluoride oral, 4072
Sodium hypochlorite, 4076, 6235, 6235
Sodium hypochlorite topical, 4077
Sodium lactate, 4078
Sodium phosphates oral, 4090
Sodium phosphates rectal, 4090
Sorbitol, 4101
Sorbitol noncrystallizing, 6036
Sorbitol sorbitan, 6038
Stavudine for oral, 4122
Sulfacetamide sodium ophthalmic, 4143
Sulfaquinoxaline oral, 4169
Terpin hydrate and codeine oral, 4284
Terpin hydrate oral, 4284
Tetracaine hydrochloride ophthalmic, 4299
Tetracaine hydrochloride topical, 4299
Tetracycline hydrochloride for topical,

4309
Tetrahydrozoline hydrochloride

ophthalmic, 4315
Tetramethylammonium hydroxide, in

methanol, 6211
Theophylline and guaifenesin oral, 4332
Theophylline oral, 4325
Theophylline sodium glycinate oral, 4334
Thiamine hydrochloride oral, 4338
Thiamine mononitrate oral, 4341
Thimerosal topical, 4347
Thioridazine hydrochloride oral, 4354
Thiothixene hydrochloride oral, 4361
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Solution (continued)
Timolol maleate ophthalmic, 4389
Tobramycin ophthalmic, 4408
Tolnaftate topical, 4427
Travoprost ophthalmic, 4471
Tretinoin topical, 4479
Triamcinolone diacetate oral, 4491
Tricitrates oral, 4504
Trifluoperazine oral, 4511
Trihexyphenidyl hydrochloride oral, 4519
Trikates oral, 4521
Trimeprazine oral, 4522
Triprolidine hydrochloride oral, 4533
Triprolidine and pseudoephedrine

hydrochlorides oral, 4534
Tropicamide ophthalmic, 4541
Valproic acid oral, 4574
Valrubicin intravesical, 4577
Vancomycin hydrochloride for oral, 4590
Vehicle for oral, 5913
Vehicle for oral, sugar free, 5913
Verapamil hydrochloride oral, 4609
Vitamins with minerals, water-soluble oral,

5543
Vitamins with minerals, oil- and water-

soluble oral, 5462
Vitamins, oil- and water-soluble oral, 5409
Xanthan gum, 6104
Zidovudine oral, 4676
Zinc sulfate ophthalmic, 4693
Zinc sulfate oral, 4693

Solutions,
reagents, and indicators, 6127

Solvent hexane, 6207
Somatropin, 4098

for injection, 4099
Somatropin bioidentity tests (126), 6558
Sorbic acid, 6029
Sorbitan

monolaurate, 6030
monooleate, 6031
monopalmitate, 6032
monostearate, 6033
sesquioleate, 6033
sorbitol, solution, 6038
trioleate, 6034

Sorbitol, 6035, 6207
solution, 4101
solution noncrystallizing, 6036
sorbitan solution, 6038

Sotalol hydrochloride, 4102
oral suspension, 4104
tablets, 4105

Soybean oil, 4105
hydrogenated, 6040

Soy isoflavones
capsules, 5276
powdered extract, 5274
tablets, 5278

Spacers and valved holding chambers used
with inhalation aerosols-characterization
tests (1602) , 8411

Specific gravity (841), 7137
Specific surface area (846), 7139
Spectinomycin

hydrochloride, 4108
for injectable suspension, 4108

Spectrophotometric identification tests (197),
6593 .

Spironolactone, 4109
and hydrochlorothiazide oral suspension,

4113

and hydrochlorothiazide tablets, 411 3
tablets, 4112

Spironolactone compounded
oral suspension, 4111

Spironolactone compounded, veterinary
oral suspension, 4111

Spirulina, 5279
tablets, 5283

Squalane, 6041
Sr 89 injection, strontium chloride, 4126
Stability considerations in dispensing practice

(1191), 8044
Stachyose hydrate, 6207
Standard sand, 20- to 30-mesh, 6207
Stannous

chloride, 6041, 6207
chloride acid, stronger, TS, 6225, 6236
chloride acid TS, 6225, 6236
fluoride, 4114
fluoride gel, 4115

Stanozolol, 411 7
tablets, 4118

Star anise
oil,6043

Starch
corn, 6044
corn, pregelatinized hydroxypropyl, 6047
hydrolysate, hydrogenated, 6049
hydroxypropyl corn, 6045
iodate paper, 6222
iodide-free TS, 6236
iodide paper, 6222
iodide paste TS, 6236
modified, 6052
pea, 6053
pea, pregelatinized hydroxypropyl, 6056
potassium iodide TS, 6236
potassium iodide and, TS, 6234
potato, 6058, 6194, 6207
potato, pregelatinized hydroxypropyl,

6061
pregelatinized, 6063
preqelatlnlzed modified, 6064
sodium, glycolate, 6022
soluble, 6207
soluble, purified, 6207
tapioca, 6066
topical, 4119
TS, 6236
wheat, 6066

Stavudine, 4119
capsules, 4120
for oral solution, 4122

Steam, pure, 4654
Steam sterilization by direct contact

(1229.1),8199
Stearic acid, 6068, 6207

purified, 6070
Stearoyl polyoxylglycerides, 6071
Stearyl alcohol, 6072, 6207

Sterile
Erythromycin ethylsuccinate, 1698
Erythromycin gluceptate, 1702
Erythromycin lactobionate, 1703
Pharmaceutical compounding-sterile

preparations (797), 7037
Sterile product packaging-integrity

evaluation (1207), 8079
Sterility assurance (1211), 8129
Sterility testing-validation of isolator

systems (1208), 8113

Water, purified, 4654
Water for inhalation, 4652
Water for injection, 4653
Water for irrigation, 4653

Sterile product packaging-Integrity
evaluation (1207), 8079

Sterility
testing-validation of isolator systems

(1208), 8113
tests (71), 6481

Sterility assurance (1211), 8129
Sterilization cycle development, 8235
Sterilization filtration of gases, 8238
Sterilization-in-place (1229.13), 8233
Sterilization of compendial articles (1229),

8194
Sterilizing filtration of liquids (1229.4), 8209
Stinging nettle, 5286

extract, powdered, 5290
powdered, 5288

Storax, 4123
Streptomycin

injection, 4125
for injection, 4125
sulfate, 4124

Stronger
ammonia water, 6207
cupric acetate TS, 6236

Strontium
acetate, 6207
chloride Sr 89 injection, 4126
hydroxide, 6208

Strychnine sulfate, 6208
Styrene-divinylbenzene

anion-exchange resin, 50- to 100-mesh,
6208

cation-exchange resin, strongly acidic,
6208

copolymer beads, 6208
Subvisible particulate matter in therapeutic

protein injections (787), 7014
Succinic acid, 6074, 6208
Succinylcholine chloride, 4127

injection, 4129
Sucralfate, 4130

tablets, 41 31
Sucralose, 6074
Sucrose, 6076

octaacetate, 6077
palmitate, 6078
stearate, 6079

Sudan
111,6208
III TS, 6236
IV, 6208
IV TS, 6236

Sufentanil citrate, 4132
injection, 41 33

Sugar
compressible, 6081
confectioner's, 6082
free suspension structured vehicle, 6087
injection, invert, 4133
spheres, 6083

Sulbactam
and ampicillin for injection, 328
sodium, 4134

Sulconazole nitrate, 41 35
Sulfa

vaginal cream, triple, 4137
vaginal inserts, triple, 4137

Sulfabenzamide, 41 38
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Sulfacetamide, 4139
sodium, 4140
sodium ophthalmic ointment, 4142
sodium ophthalmic solution, 4143
sodium and prednisolone acetate

ophthalmic ointment, 4144
sodium and prednisolone acetate

ophthalmic suspension, 4145
sodium topical suspension, 4143

Sulfachlorpyridazine, 4146
Sulfadiazine, 4147

cream, silver, 4150
silver, 4149
sodium, 4151
sodium injection, 4152
tablets, 4148

Sulfadimethoxine, 4152
sodium, 4154
soluble powder, 4153
oral suspension, 4153
tablets, 4153

Sulfadoxine, 4154
and pyrimethamine tablets, 4155

Sulfaguanidine, ,6209
Sulfamerazine, 6209
Sulfamethazine, 4156

and chlortetracycline bisulfates soluble
powder, 980

granulated, 4156
Sulfamethizole, 4157

oral suspension, 4158
tablets, 4158

Sulfamethoxazole, 4159
oral suspension, 41 61
tablets, 4161
and trimethoprim injection, 4162
and trimethoprim oral suspension, 4163
and trimethoprim tablets, 4166

Sulfamic acid, 6209
Sulfan blue, 6209
Sulfanilamide, 6209
Sulfanilic

acid, 6209
acid, dlazotlzed TS, 6236
acid TS, 6236
l-naphthylamine TS, 6236
a-naphthylamine TS, 6236

Sulfapyridine, 4167
tablets, 4167

Sulfaquinoxaline, 4168
oral solution, 4169

Sulfasalazine, 4169
.. tablets, 4170'

delayed-release tablets, 41 70
Sulfatase enzyme preparation, 6209
Sulfate

acid, ferrous, TS, 6225, 6229
and chloride (221), 6636
ferrous, TS, 6229
magnesium, TS, 6231
mercuric, TS, 6228, 6231
potassium, 6194
potassium, TS, 6234
in reagents, 6131
strychnine, 6208

Sulfathiazole, 41 71
sodium, 6209

Sulfinpyrazone, 4172
capsules', 4172
tablets, 41 73

Sulfiram, 6209
Sulfisoxazole, 41 74

acetyl,'4175
acetyl and erythromycin estolate oral

suspension, 1695

acetyl and erythromycin ethylsuccinate for
oral suspension, 1701

acetyl oral suspension, 41 75
tablets, 41 75

Sulfomolybdic acid TS, 6236
Sulfonic acid cation-exchange resin, 6209
2-(4-Sulfophenylazo)-1,8-dihydroxy-3,6-

naphthalenedisulfonic acid, trisodium salt,
6220, 6221

Sulfosalicylic acid, 6209
Sulfur, 6209

dioxide, 6084
dioxide detector tube, 6209
ointment, 4176
precipitated, 4176
and resorcinol topical suspension, 3862
sublimed, 4176

Sulfur dioxide (525), 6751
Sulfuric acid, 6084, 6209

diluted, 6159, 6209
fluorometric, 6209
fuming, 6168, 6209
half-normal (0.5 N) in alcohol, 6250
nitrogen free, 6209
normal (1 N), 6250
phenylhydrazine, TS, 6233
TS, 6236
0.02 N TS, 6236
0.2 N TS, 6236
0.5 N TS, 6236
1 M TS, 6236
2 N TS, 6236
6 N TS, 6236
7 N TS, 6236
0.01 N VS, 6250

0.02 N Sulfuric acid
VS,6250

10 N Sulfuric acid
TS,6236

Sulfuric acid-formaldehyde TS, 6236
0.05 N Sulfuric acid VS, 6250
Sulfurous acid, 6209
Sulindac, 4177

tablets, 41 78
Sulisobenzone, 4180
Surnatriptan, 4180

nasal spray, 4183
injection, 4182
succinate, 4187
succinate oral suspension, 4188
tablets, 4185

Sunflower oil, 6085, 6209
Supplemental information for articles of

botanical origin (2030), 8702

Suppositories
Acetaminophen, 44
Aminophylline, 247
Aspirin, 391
Bisacodyl, 573
Chlorpromazine, 974
Ergotamine tartrate and caffeine, 1680
Glycerin, 2134
Indomethacin, 2331
Miconazole nitrate vaginal, 2951
Morphine sulfate, 3028
Nystatin vaginal, 3220
Prochlorperazine, 3698
Progesterone vaginal, 3707
Promethazine hydrochloride, 3718
Thiethylperazine maleate, 4342

Suspension
Acetaminophen and codeine phosphate

oral, 56
Acetaminophen oral, 42
Acetazolamide oral, 76
Acyclovir oral, 92
Albendazole oral, 102
Allopurinol oral, 133
Alprazolam oral, 145
Alumina, magnesia, and calcium carbonate

oral, 168
Alumina and magnesia oral, 166
Alumina, magnesia, and simethicone oral,

173
Alumina and magnesium carbonate oral,

176
Alumina and magnesium trisilicate oral,

179
Amoxicillin and c1avulanate potassium for

oral, 308
Amoxicillin for oral, 303
Amoxicillin for injectable, 302
Amoxicillin oral, 303
Amoxicillin tablets for oral, 306
Ampicillin for injectable, 324
Ampicillin for oral, 324
Ampicillin and probenecid for oral, 326
Atenolol compounded oral, 408
Atenolol compounded oral, veterinary, 409
Atovaquone oral, 423
Aurothioglucose injectable, 434
Azathioprine oral, 440
Azithromycin for oral, 454
Baclofen oral, 473
Barium sulfate, 481
Barium sulfate for, 482
Benazepril hydrochloride compounded

oral, veterinary, 490
Betamethasone sodium phosphate and

betamethasone acetate injectable, 551
Bethanechol chloride oral, 564
Bisacodyl rectal, 574
Bismuth subsalicylate oral, 582
Brinzolamide ophthalmic, 594
Calamine topical, 665
Calamine topical, phenolated, 665
Calcium carbonate oral, 686
Calcium and magnesium carbonates oral,

691
Captopril oral, 735
Carbamazepine oral, 742
Cefaclor for oral, 810
Cefadroxil for oral, 81 6
Cefdinir for oral, 830
Cefixime for oral, 837
Cefpodoxime proxetil for oral, 864
Cefprozil for oral, 869
Cefuroxime axetil for oral, 888
Cellulose sodium phosphate for oral, 896
Cephalexin for oral, 898
Cephradine for oral, 909
Chloramphenicol and hydrocortisone

acetate for ophthalmic, 932
Chloramphenicol palmitate oral, 934
Chlorothiazide oral, 963
Cholestyramine for oral, 990
Ciclopirox olamine topical, 998
Ciprofloxacin and dexamethasone otic,

1021
Clarithromycin for oral, 1049
Clavulanate potassium and amoxicillin for

oral, 308
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Suspension (continued)
Clindamycin phosphate topical, 1072
Clonazepam oral, 1097
Clopidogrel compounded oral, 1111
Colestipol hydrochloride for oral, 1147
Colistin and neomycin sulfates and

hydrocortisone acetate otic, 1150
Colistin sulfate for oral, 1150
Desoxycorticosterone pivalate injectable,

1279
Dexamethasone acetate injectable, 1291
Dexamethasone ophthalmic, 1287
Diazoxide oral, 1335
Didanosine tablets for oral, 1367
Diltiazem hydrochloride oral, 1406
Dipyridamole oral, 1445
Dolasetron mesylate oral, 1485
Doxycycline calcium oral, 1529
Doxycycline compounded oral, veterinary,

1530
Doxycycline for oral, 1525
Enalapril maleate compounded oral,

veterinary, 1613
Erythromycin estolate for oral, 1694
Erythromycin estolate oral, 1693
Erythromycin estolate and sulfisoxazole

acetyl oral, 1695
Erythromycin ethylsuccinate for oral, 1699
Erythromycin ethylsuccinate oral, 1698
Erythromycin ethylsuccinate and

sulfisoxazole acetyl for oral, 1701
Estrone injectable, 1752
Famotidine for oral, 1818
Ferumoxsil oral, 1868
Flucytosine oral, 1917
Fluorometholone ophthalmic, 1952
Furazolidone oral, 2052
Ganciclovir oral, 2090
Gentamicin and prednisolone acetate

ophthalmic, 2107
Griseofulvin oral, 2166
Hydrocortisone rectal, 2233
Ibuprofen oral, 2283
Imipenem and cilastatin for injectable,

2298
Indomethacin oral, 2332
Isophane insulin human, 2352
Human insulin isophane and human insulin

injection, 2349
Isophane insulin, 2351
Insulin zinc, 2356
Insulin zinc, extended, 2357
Insulin zinc, prompt, 2359
Isoflupredone acetate injectable, 2419
Ketoconazole oral, 2507
Labetalol hydrochloride oral, 2519
Lamotrigine compounded oral, 2545
Lansoprazole compounded oral, 2556
Magaldrate and simethicone oral, 2706
Magnesium carbonate and sodium

bicarbonate for oral, 2712
Mebendazole oral, 2744
Medroxyprogesterone acetate injectable,

2755
Megestrol acetate oral, 2763
Meloxicam oral, 2770
Mesalamine rectal, 2803
Methacycline hydrochloride oral, 2835
Methadone hydrochloride tablets for oral,

2839
Methylprednisolone acetate injectable,

2901
Metolazone oral, 2913
Metoprolol tartrate oral, 2926

Metronidazole benzoate compounded oral,
2933

Minocycline hydrochloride oral, 2966
Naproxen oral, 3079
Natamycin ophthalmic, 3096
Neomycin and polymyxin B sulfates and

dexamethasone ophthalmic, 3122
Neomycin and polymyxin B sulfates and

hydrocortisone otic, 3124
Neomycin and polymyxin B sulfates and

hydrocortisone acetate ophthalmic, 3125
Neomycin and polymyxin B sulfates and

hydrocortisone ophthalmic, 3123
Neomycin and polymyxin B sulfates and

prednisolone acetate ophthalmic, 3127
Neomycin sulfate and hydrocortisone otic,

3109
Neomycin sulfate and hydrocortisone

acetate ophthalmic, 3110
Neomycin sulfate and prednisolone acetate

ophthalmic, 3128
Nevirapine oral, 3132
Nitrofurantoin oral, 3179
Nystatin for oral, 3221
Nystatin oral, 3221
Ondansetron hydrochloride oral, 3268
Oxfendazole oral, 3322
Oxytetracycline hydrochloride and

hydrocortisone acetate ophthalmic, 3363
Penicillin G benzathine injectable, 3433
Penicillin G benzathine and penicillin G

procaine injectable, 3434
Penicillin G benzathine oral, 3433
Penicillin G, neomycin, polymyxin B,

hydrocortisone acetate, and
hydrocortisone sodium succinate topical,
3430

Penicillin G procaine, dihydrostreptomycin
sulfate, chlorpheniramine maleate, and
dexamethasone injectable, 3445

Penicillin G procaine and
dihydrostreptomycin sulfate injectable,
3444

Penicillin G procaine, dihydrostreptomycin
sulfate, and prednisolone injectable,
3447

Penicillin G procaine, neomycin and
polymyxin B sulfates, and hydrocortisone
acetate topical, 3448

Penicillin G procaine injectable, 3443
Penicillin G procaine for injectable, 3443
Penicillin V benzathine oral, 3454
Penicillin V for oral, 3452
Perflutren protein-type A microspheres

injectable, 3475
Pergolide, oral, veterinary, 3478
Phenoxybenzamine hydrochloride

compounded oral, 3504
Phenytoin oral, 3526
Piroxicam compounded oral, 3579
Prednisolone acetate injectable, 3663
Prednisolone acetate ophthalmic, 3663
Prednisolone compounded oral, veterinary,

3664
Prednisone injectable, 3672
Prednisolone tebutate injectable, 3670
Primidone oral, 3684
Progesterone injectable, 3706
Psyllium hydrophilic mucilloid for oral,

3771
Pyrantel pamoate oral, 3774
Pyrvinium pamoate oral, 3789
Quinidine sulfate oral, 3814
Ractopamine hydrochloride, 3826
Resorcinol and sulfur topical, 3862

Rifampin oral, 3877
Rimexolone ophthalmic, 3887
Selenium sulfide topical, 4023
Simethicone oral, 4045
Sodium polystyrene sulfonate, 4092
Spectinomycin for injectable, 4108
Spironolactone compounded oral, 4111
Structured vehicle, 6086
Structured vehicle, sugar-free, 6087
Sulfacetamide sodium and prednisolone

acetate ophthalmic, 4145
Sulfacetamide sodium topical, 4143
Sulfadimethoxine oral, 4153
Sulfamethizole oral, 4158
Sulfamethoxazole oral, 4161
Sulfamethoxazole and trimethoprim oral,

4163
Sulfisoxazole acetyl oral, 41 75
Sumatriptan succinate oral, 4188
Temozolomide oral, 4257
Testosterone injectable, 4287
Tetracycline hydrochloride ophthalmic,

4310
Tetracycline hydrochloride oral, 4310
Tetracycline oral, 4302
Thiabendazole oral, 4335
Tobramycin and dexamethasone

ophthalmic, 4411
Tobramycin and fluorometholone acetate

ophthalmic, 4412
Topiramate compounded oral, 4436
Triamcinolone acetonide injectable, 4490
Triamcinolone diacetate injectable, 4491
Triamcinolone hexacetonide injectable,

4493
.Triflupromazine oral, 4514
Trisulfapyrimidines oral, 4536
Vehicle for oral, 5913
Verapamil hydrochloride oral, 4609
Zinc sulfide topical, 4695

Suspension structured vehicle, 6086
sugar-free, 6087

Suture
absorbable surgical, 4189
nonabsorbable surgical, 4191

Sutures
diameter (861), 7175
needle attachment (871), 7178

Syrup
Acacia, 5597
Calcium glubionate, 695
Cherry, 5709
Chlorpromazine hydrochloride, 976
Chocolate, 5716
Corn, 5724
Corn, solids, 5731
High fructose corn, 5727
Docusate sodium, 1481
Ferrous sulfate, 1863
Orange, 5915
Piperazine citrate, 3575
Promazine hydrochloride, 3713
Syrup, 6087
Tolu balsam, 6090
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T
Tablet breaking force (1217), 8138
Tablet compression characterization, 7556
Tablet friability (1216), 8137

Tablets
Abacavir, 6066
Abiraterone acetate, 26
Acarbose, 31
Acepromazine maleate, 38
Acetaminophen, 45
Containing at least three of the

following-acetaminophen and (salts of)
chlorpheniramine, dextromethorphan,
and pseudoephedrine, 58

Acetaminophen and aspirin, 48
Acetaminophen, aspirin, and caffeine, 49
Acetaminophen and caffeine, 51
Acetaminophen, chlorpheniramine

maleate, and dextromethorphan
hydrobromide, 60

Acetaminophen and codeine phosphate,
66

Acetaminophen and diphenhydramine
citrate, 69

Acetaminophen, diphenhydramine
hydrochloride, and pseudoephedrine
hydrochloride, 70

Acetaminophen extended-release, 47
Acetaminophen and hydrocodone

bitartrate, 2224
Acetaminophen and pseudoephedrine

hydrochloride, 72
Acetazolamide, 76
Acetohydroxamic acid, 79
Acyclovir, 92
Albendazole, 103
Albuterol, 105
Albuterol extended-release, 106
Alendronate sodium, 120
Alfuzosin hydrochloride extended-release,

125
Allopurinol, 134
Almotriptan, 138
Alosetron, 142
Alprazolam, 146
Alprazolam extended-release, 148
Alprazolam orally disintegrating, 152
Alumina and magnesia, 167
Alumina, magnesia, and calcium carbonate

chewable, 169
Alumina, magnesia, calcium carbonate,

and simethicone chewable, 170
Alumina, magnesia, and simethicone

chewable, 174
Alumina and magnesium carbonate, 177
Alumina, magnesium carbonate, and

magnesium oxide, 178
Alumina and magnesium trisilh:ate, 180
Aluminum hydroxide gel, dried, 190
Aluminum sulfate and calcium acetate for

topical solution, 195
Amiloride hydrochloride, 223
Amiloride hydrochloride and

hydrochlorothiazide, 224
Aminocaproic acid, 237
Aminopentamide sulfate, 240
Aminophylline, 248
Aminophylline delayed-release, 250
Amiodarone hydrochloride, 257

Amitriptyline hydrochloride, 263
amlodipine and atorvastatin, 265
Amlodipine and olmesartan medoxomil,

272
Amlodipine and valsartan, 275
Amlodipine besylate, 286
Amlodipine, valsartan and

hydrochlorothiazide, 279
Ammonium chloride delayed-release, 288
Amodiaquine hydrochloride, 294
Amoxapine, 297
Amoxicillin, 304
Amoxicillin and c1avulanic acid extended-

release, 310
Amoxicillin and c1avulanate potassium, 308
Amphetamine sulfate, 313
Ampicillin, 325
Anastrozole, 337
Anileridine hydrochloride, 341
Apomorphine hydrochloride, 358
Arginine, 4764
Aripiprazole, 375
Aripiprazole orally disintegrating, 377
Ascorbic acid, 385
Aspirin, 392
Aspirin, alumina, and magnesia, 397
Aspirin, alumina, and magnesium oxide,

399
Aspirin, buffered, 393
Aspirin and codeine phosphate, 403
Aspirin, codeine phosphate, alumina, and

magnesia, 404
Aspirin delayed-release, 394
Aspirin effervescent, for oral solution, 395
Aspirin extended-release, 396
Atenolol,407
Atenolol and chlorthalidone, 409
Atorvastatin calcium, 418
Azatadine maleate, 438
Azathioprine, 441
Azithromycin, 457
Baclofen, 473
Barium sulfate, 483
Belladonna extract, 487
Benazepril hydrochloride, 491
Bendroflurnethlazlde, 497
benzphetamine hydrochloride, 530
Benztropine mesylate, 533
Betaxolol, 559
Bethanechol chloride, 564
Bicalutamide, 567
Biotin, 571
Bisacodyl delayed-release, 574
Bismuth subsalicylate, 583
Bisoprolol fumarate, 586
Bisoprolol fumarate and

hydrochlorothiazide, 587
Black cohosh, 4823
Bromocriptine mesylate, 597
Brompheniramine maleate, 603
Bumetanide, 608
Buprenorphine and naloxone sublingual,

616 .
Bupropion hydrochloride, 620
Bupropion hydrochloride extended-release,

621
Buspirone hydrochloride, 637
Busulfan, 640
Butabarbital sodium, 643
Butalbital, acetaminophen, and caffeine,

646
Butalbital and aspirin, 646
Butalbital, aspirin, and caffeine, 649
Cabergoline, 659
Calcium acetate, 682

Calcium carbonate, 687
Calcium carbonate, magnesia, and

simethicone chewable, 689
Calcium citrate, 4835
Calcium gluconate, 701
Calcium L-5-methyltetrahydrofolate, 4842
Calcium lactate, 703
Calcium and magnesium carbonates, 691
Calcium pantothenate, 707
Calcium phosphate, dibasic, 712
Calcium with vitamin 0, 4843
Calcium and vitamin 0 with minerals,

4845
Candesartan cilexetil, 71 7
Candesartan cilexetil and

hydrochlorothiazide, 719
Capecitabine, 723
Captopril, 735
Captopril and hydrochlorothiazide, 737
Carbamazepine, 743
Carbamazepine extended-release, 746
Carbenicillin indanyl sodium, 749
Carbidopa and levodopa, 751
Levodopa and carbidopa extended-release,

753
Carbidopa and levodopa orally

disintegrating, 759
Carbinoxamine maleate, 763
Calcium carbonate and magnesia

chewable, 688
Carboxymethylcellulose sodium, 774
Carisoprodol, 777
Carisoprodol, aspirin, and codeine

phosphate, 780
Carisoprodol and aspirin,778
Carprofen, 786
Carteolol hydrochloride, 790
Carvedilol, 793
Cascara, 800
Cat's claw, 4858
Cefaclor extended-release, 811
Cefadroxil, 817
Cefixime, 838
Cefpodoxime proxetil, 864
Cefprozil, 870
Cefuroxime axetil, 889
Cephalexin, 899
Cephalexin, for oral suspension, 899
Cephradine, 909
Cetirizine hydrochloride, 91 3
Cetirizine hydrochloride orally

disintegrating, 915
Cetrizine hydrochloride and

pseudoephedrine hydrochloride
extended-release, 91 7

Chlorambucil, 926
Chloramphenicol, 932
Chlordiazepoxide, 937
Chlordiazepoxide and amitriptyline

hydrochloride, 938
Chloroquine phosphate, 961
Chlorothiazide, 964
Chlorpheniramine maleate, 971
Chlorpromazine hydrochloride, 977
Chlorpropamide, 978
Chlortetracycline hydrochloride, 987
Chlorthalidone, 983
Chlorzoxazone, 984
Cholecalciferol, 988
Chondroitin sulfate sodium, 4897 .
Chromium picolinate, 4902
Cilostazol, 1004
Cimetidine, 1007
Ciprofloxacin, 1015
Ciprofloxacin extended-release, 1017
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Citalopram, 1035
Clarithromycin, 1049
Clarithromycin extended-release, 1051
Clemastine fumarate, 1059
Clomiphene citrate, 1090
Clonazepam, 1098
Clonazepam orally disintegrating, 1099
Clonidine hydrochloride, 1103
Clonidine hydrochloride and

chlorthalidone, 1104
Clopidogrel, 1111
Clorazepate dipotassium, 1115
Clover, red, 5212
Clozapine, 11 32
Cocaine hydrochloride, for topical solution,

1134
Codeine phosphate, 1139
Codeine sulfate, 1142
Colchicine, 1145
Colestipol hydrochloride, 1147
Cortisone acetate, 1176
Curcuminoids, 4930
Cyanocobalamin, 1192
Cyclizine hydrochloride, 1195
Cyclobenzaprine hydrochloride, 1199
Cyclophosphamide, 1209
Cyproheptadine hydrochloride, 1220
Dapsone, 1241
Demeclocycline hydrochloride, 1249
Desipramine hydrochloride, 1256
Desloratadine, 1261
Desloratadine orally disintegrating, 1263
Desogestrel and ethinyl estradiol, 1270
Dexamethasone, 1289
Dexchlorpheniramine maleate, 1301
Dextroamphetamine sulfate, 1318
Diazepam, 1332
Dichlorphenamide, 1340
Diclofenac potassium, 1345
Diclofenac sodium and misoprostol

delayed-release, 1353
Diclofenac sodium delayed-release, 1348
Diclofenac sodium extended-release, 1350
Dicyclomine hydrochloride, 1362
Didanosine, for oral suspension, 1367
Diethylcarbamazine citrate, 1369
Diethylpropion hydrochloride, 1371
Diflunisal, 1376
Digitalis, 1380
Digitoxin, 1382
Digoxin, 1385
Dihydrotachysterol, 1393
Dihydroxyaluminum sodium carbonate

chewable, 1396
Diltiazem hydrochloride, 1406
Dimenhydrinate, 1410
Diphenhydramine citrate and ibuprofen,

1421
Diphenhydramine and phenylephrine

hydrochloride, 1433
Diphenoxylate hydrochloride and atropine

sulfate, 1439
Dipyridamole, 1446
Dirithromycin delayed-release, 1448
Disulfiram, 1452
Divalproex sodium delayed-release, 1457
Divalproex sodium extended-release, 1458
Docusate sodium, 1481
Donepezil hydrochloride, 1488
Donepezil hydrochloride orally

disintegrating, 1492
Doxazosin, 1506
Doxycycline, 1527
Doxycycline hyclate, 1537

Doxycycline hyclate delayed-release, 1539
Doxylamine succinate, 1546
Dronedarone, 1551
Drospirenone and ethinyl estradiol, 1556
Dydrogesterone, 1572
Dyphylline, 1574
Dyphylline and guaifenesin, 1575
Echinacea Species dry extract tablets, 4963
Efavirenz, 1591
Eleuthero root and rhizome dry extract,

4973
Enalapril maleate, 1614
Enalapril maleate and hydrochlorothiazide,

1616
Entacapone, 1632
Entecavir, 1637
Ergocalciferol, 1668
Ergoloid mesylates, 1671
Ergonovine maleate, 1674
Ergotamine tartrate, 1678
Ergotamine tartrate and caffeine, 1681
Ergotamine tartrate sublingual, 1679
Erythromycin, 1691
Erythromycin delayed-release, 1691
Erythromycin estolate, 1694
Erythromycin ethylsuccinate, 1699
Erythromycin stearate, 1706
Escitalopram, 1708
Estazolam, 1723
Estradiol, 1732
Estradiol and norethindrone acetate, 1733
Estrogens, conjugated, 1746
Estrogens, esterified, 1750
Estropipate, 1754
Eszopiclone, 1757
Ethacrynic acid, 1761
Ethambutol hydrochloride, 1764
Ethinyl estradiol, 1768
Ethionamide, 1771
Ethotoin, 1778
Ethynodiol diacetate and ethinyl estradiol,

1781
Ethynodiol diacetate and mestranol, 1781
Etidronate disodium, 1784
Etodolac, 1787
Etodolac extended-release, 1788
Ezetimibe, 1806
famciclovir, 1812
Famotidine, 1819
Felbamate, 1824
Felodipine extended-release, 1827
Fenofibrate, 1837
Fenoprofen calcium, 1845
Ferrous fumarate, 1855
Ferrous fumarate and docusate sodium

extended-release, 1856
Ferrous gluconate, 1861
Ferrous sulfate, 1864
Fexofenadine hydrochloride, 1872
Fexofenadine hydrochloride and

pseudoephedrine hydrochloride
extended-release, 1876

Finasteride, 1890
Flavoxate hydrochloride, 1894
Flecainide acetate, 1898
Fluconazole, 1914
Fludrocortisone acetate, 1923
Fluoxetine, 1962
Fluoxymesterone, 1966
Flurbiprofen, 1980
Fluvoxamine maleate, 2023
Folic acid, 2028
Fosinopril sodium, 2042
Fosinopril sodium and hydrochlorothiazide,

2043

Furazolidone, 2053
Furosemide, 2056
Gabapentin, 2060
Galantamine, 2081
Garlic delayed-release, 5024
Gemfibrozil, 2098
Ginkgo, 5041
Ginseng, American, 4757
Ginseng, Asian, 4778
Glimepiride, 2111
Glipizide, 2115
Glipizide and metformin hydrochloride,

2116
Glucosamine, 5046
Glucosamine and chondroitin sodium

sulfate, 5043
Glucosamine, chondroitin sulfate sodium,

and methylsulfonylmethane, 5051
Glucosamine and methylsulfonylmethane,

5049
Glyburide, 2126
Glyburide and metformin hydrochloride,

2128
Glycopyrrolate, 2140
Granisetron hydrochloride, 2161
Griseofulvin, 2166
Griseofulvin, ultramicrosize, 2168
Guaifenesin, 2172
Guanabenz acetate, 2177
Guanethidine monosulfate, 2179
Guanfacine, 2180
Guggul, 5072
Halazone for solution, 2182
Haloperidol, 2190
Homatropine. methyl bromide, 2210
Hydralazine hydrochloride, 2215
Hydrochlorothiazide, 2222
Hydrochlorothiazide and amiloride

hydrochloride, 224'
Hydrocodone bitartrate, 2224
Hydrocodone bitartrate and

acetaminophen, 2224
Hydrocodone bitartrate and homatropine

methylbromide, 2225
Hydrocortisone, 2234
Hydroflumethiazide, 2247
Hydromorphone hydrochloride, 2254
Hydroxychloroquine sulfate, 2259
Hydroxyzine hydrochloride, 2267
Hyoscyamine, 2273
Hyoscyamine sulfate, 2278
Ibuprofen, 2285
Ibuprofen and pseudoephedrine

hydrochloride, 2286
Imipramine hydrochloride, 2301
Indapamide, 2314
lodoquinol, 2378
Irbesartan, 2403
Irbesartan and hydrochlorothiazide, 2404
Isoniazid, 2426
Isopropamide iodide, 2428
Isoproterenol hydrochloride, 2434
Isosorbide dinitrate chewable, 2444
Isosorbide dinitrate extended-release, 2445
Isosorbide dinitrate sublingual, 2447
Isosorbide mononitrate, 2449 .
Isosorbide mononitrate extended-release,

2451
Isoxsuprine hydrochloride, 2463
Ivermectin, 2474
Ivermectin and pyrantel pamoate, 2478
Ketoconazole, 2508
Ketorolac tromethamine, 2515
Labetalol hydrochloride, 2519
Lamivudine, 2527
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Lamivudine and zidovudine, 2528
Lamotrigine, 2532
Lamotrigine extended-release, 2534
Lamotrigine, for oral suspension, 2542
Leflunomide, 2560
Letrozole, 2563
Leucovorin calcium, 2571
Levamisole hydrochloride; 2579
Levetiracetam, 2584
Levetiracetam extended-release, 2587
Levocarnitine, 2601
Levocetirizine dihydrochloride, 2603
Levofloxacin, 2609
Levonorgestrel and ethlnyl estradiol, 2612
Levorphanol tartrate, 2614 ­
l.evothyroxine sodium, 2618
Liothyronine sodium, 2640
Liotrix, 2640
Lipoic acid, alpha, 5126
Lisinopril, 2644
Lisinopril and hydrochlorothiazide, 2646
Lithium carbonate, 2650 .
Lithium carbonate extended-release, 2651
Loperamidehydrochloride, 2661
Lopinavir and ritonavir, 2670
Loratadine, 2675
Loratadine chewable, 2676
Loratadine orally disintegrating, 2678
Lorazepam, 2684
Losartan potassium, 2687
Losartan potassium and

hydrochlorothiazide, 2690
Lysine hydrochloride, 5135
Magaldrate and simethicone chewable,

2707
Magnesia, 2709
Magnesium gluconate, 2717
Magnesium oxide, 2721
Magnesium salicylate, 2724
Magnesium trisilicate, 2729
Maprotiline hydrochloride, 2739
Mebendazole, 2744
Mecamylamine hydrochloride, 2748
Meclizine hydrochloride, 2751
Medroxyprogesterone acetate, 2756
Mefloquine hydrochloride, 2761
Megestrol acetate, 2764
Melatonin, 5144
Meloxicam, 2771
Melphalan, 2774
Memantine hydrochloride, 2776
Menaquinone-7, 5151
Meperidine hydrochloride, 2784
Mephobarbital, 2785
Meprobamate, 2791
Mercaptopurine, 2794
Mesalamine delayed-release, 2805
Mesna, 2809
Metaproterenol sulfate, 2814
Metaxalone, 2819
Metformin hydrochloride, 2822
Metformin hydrochloride extended-release,

2824
Methadone hydrochloride, 2838
Methamphetamine. hydrochloride, 2840 ­
Methazolamide, 2842
Methenamine, 2843
Methenamine hippurate, 2845
Methenamine mandelate, 2846
Methimazole, 2848
Methocarbamol, 2851
Methotrexate, 2860
Methscopolamine bromide, 2868
Methyclothiazide, 2872

Methylcellulose, 2876
Methylcobalamin, 5154
Methyldopa, 2878
Methyldopa and hydrochlorothiazide,

2878
Methylergonovine maleate, 2887
Methylphenidate hydrochloride, 2892
Methylphenidate hydrochloride extended-

release, 2892
Methylprednisolone, 2899
Methylsulfonylmethane, 5156
Methyltestosterone, 2906
Metoclopramide, 2911
Metolazone, 2914
Metoprolol succinate extended-release,

2918
Metoprolol tartrate, 2926
Metoprolol tartrate and

hydrochlorothiazide, 2928
Metronidazole, 2937
Metronidazole extended-release, 2939
Midodrine hydrochloride, 2955
Milk thistle, 5163
Minerals, 5172
Minocycline hydrochloride, 2966
Minocycline hydrochloride extended-

release, 2967
Minoxidil,2974
Mirtazapine, 2978
Mirtazapine orally disintegrating, 2980
Mitotane, 2987
Modafinil, 2991
Memantine hydrochloride, 2994
Moexipril hydrochloride and

hydrochlorothiazide, 2996
Molindone hydrochloride, 3000
Montelukast sodium, 3015
Montelukast sodium chewable, 3018
Moxifloxacin, 3036
Mycophenolate mofetil, 3049
Mycophenolic acid delayed-release, 3054
Nabumetone, 3059
Nadolol, 3061
Nadolol and bendroflumethiazide, 3062
Naltrexone hydrochloride, 3071
Naproxen, 3079
Naproxen delayed-release, 3081
Naproxen sodium, 3082
Naproxen sodium and pseudoephedrine

hydrochloride extended-release, 3084
Naratriptan, 3091
Nateglinide, 3098
Nefazodone hydrochloride, 3100
Neomycin sulfate, 3104
Neostigmine bromide, 3129
Nevirapine, 3134
Niacin, 3140
Niacinamide, 3147
Niacin extended-release, 3141
Nifedipine extended-release, 3163
Nitrofurantoin, 3180
Nitroglycerin sublingual, 3188
Norethindrone, 3199
Norethindrone acetate, 3205
Norethindrone acetate and ethinyl

estradiol, 3208
Norethindrone and ethinyl estradiol, 3201
Norethindrone and mestranol, 3203
Norgestimate and ethinyl estradiol, 3211
Norgestrel, 3213
Norgestrel and ethinyl.estradiol, 3214
Nystatin, 3221
Ofloxacin, 3232
Olanzapine, 3235
Olanzapine orally disintegrating, 3240

Olmesartan medoxomil, 3244
Ondansetron, 3268
Ondansetron orally disintegrating, 3271
Orbifloxacin, 3276
Orphenadrine citrate, aspirin, and caffeine,

3288
Orphenadrine citrate extended-release,

3285
Oxandrolone, 3308
Oxaprozin, 3311
Oxcarbazepine, 3319
Oxprenolol hydrochloride extended-

release, 3324
Oxtrlphylllne extended-release, 3325
Oxybutynin chloride, 3328
Oxybutynin chloride extended-release,

3329
Oxycodone and acetaminophen, 3343
Oxycodone and aspirin, 3344
Oxycodone hydrochloride, 3338
Oxycodone hydrochloride extended-

release, 3339
Oxymetholone, 3351
Oxymorphone hydrochloride, 3354
Oxymorphone hydrochloride extended-

release, 3356
Oxytetracycline, 3361
Pancreatin, 3381
Pancrelipase, 3385
Pantoprazole sodium delayed-release, 3391
Papain, for topical solution, 3396
Papaverine hydrochloride, 3398
Paroxetine, 3412
Paroxetine extended-release, 341 3
Penbutolol sulfate, 3425
Penicillamine, 3429
Penicillin G benzathine, 3434
Penicillin G potassium, 3439
Penicillin V, 3453
Penicillin V potassium, 3456
Pentazocine and acetaminophen, 3460
Pentazocine and aspirin, 3461
Pentazocine and naloxone, 3463
Pentoxifylline extended-release, 3471
Pergolide, 3478
Perindopril erbumine, 3483
Perphenazine, 3486
Perphenazine and amitriptyline

hydrochloride, 3487
Phenazopyridine hydrochloride,3491
Phendimetrazine tartrate, 3494
Phenelzine sulfate, 3496
Phenobarbital, 3499
Phentermine hydrochloride, 3507
Phenylbutazone, 3512
Phenylephrine hydrochloride, 3520
Phenytoin chewable, 3528
Phytonadione, 3539
Pilocarpine hydrochloride, 3543
Pimozide, 3548
Pindolol, 3550
Pioglitazone, 3553
Pioglitazone and glimepiride, 3554
Pioglitazone and metformin hydrochloride,

3558
Piperazine citrate, 3575
Potassium and sodium bicarbonates and

citric acid effervescent, for oral solution,
3598

Potassium bicarbonate. effervescent, for
oral solution, 3596

Potassium bicarbonate and potassium
chloride effervescent, for oral solution,
3597

Potassium chloride extended-release, 3605
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Potassium chloride, potassium bicarbonate,

and potassium citrate effervescent, for
oral solution, 3609

Potassium citrate, 5196
Potassium citrate extended-release, 3614
Potassium gluconate, 3620
Potassium iodide, 3624
Potassium. iodide delayed-release, 3625
Pravastatin sodium, 3647
Praziquantel, 3650
Prednisolone, 3661
Prednisone, 3672
Primaquine phosphate, 3681
Primidone, 3685
Probenecid, 3687
Probenecid and colchicine, 3687
Procainamide hydrochloride, 3690
Procainamide hydrochloride extended-

release, 3691
Prochlorperazine maleate, 3701
Procyclidine hydrochloride, 3704
Promazine hydrochloride, 3714
Promethazine hydrochloride, 3719
Propafenone hydrochloride, 3734
Propantheline bromide, 3737
Propranolol hydrochloride, 3750
Propranolol hydrochloride and

hydrochlorothiazide, 3751
Propylthiouracil, 3756
Protriptyline hydrochloride, 3760
Pseudoephedrine hydrochloride, 3763
Pseudoephedrine hydrochloride extended-

release, 3764
Pyrazinamide, 3777
Pyridostigmine bromide, 3781
Pyridoxine hydrochloride, 3784
Pyrilamine maleate, 3786
Pyrimethamine, 3787
Pyrvinium pamoate, 3790
Quazepam, 3791
Quetiapine, 3792
Quetiapine, extended-release, 3795
Quinapril, 3806
Quinapril and hydrochlorothiazide, 3803
Quinidine gluconate extended-release,

3810
Quinidine sulfate, 3814
Quinidine sulfate extended-release, 3816
Quinine sulfate, 3821
Raloxifene hydrochloride, 3830
Raltegravir, 3834
Raltegravir chewable, 3835
Ramipril, 3841
Ranitidine, 3847
Rauwolfia serpentina, 3851
Repaglinide, 3856
Reserpine, 3858
Reserpine and chlorothiazide, 3859
Rhodiola rosea, 5227
Ribavirin, 3866
Riboflavin, 3870
Rifampin, isoniazid, and pyrazinamide,

3879
Rifampin, isoniazid, pyrazinamide, and

ethambutol hydrochloride, 3881
Riluzole, 3883
Rimantadine hydrochloride, 3885
Risedronate sodium, 3902
Risperidone, 3907
Risperidone orally disintegrating, 3908
Ritodrine hydrochloride, 3911
Ritonavir, 3920
Rizatriptan benzoate, 3928

Rizatriptan benzoate orally disintegrating,
3930

Ropinirole, 3934
Ropinirole extended-release, 3936
Rosuvastatin, 3950
Rufinamide, 3960
Saccharin sodium, 3968
St. John's wort flowering top dry extract,

5244
Salsalate, 3982
Scopolamine hydrobromide, 4013
Selegiline hydrochloride, 4020
Sennosides, 4028
Sertraline hydrochloride, 4033
Sildenafil, 4038
Simethicone, 4045
Simvastatin, 4047
Sitagliptin, 4051
Sodium bicarbonate, 4062
Sodium chloride, 4068
Sodium chloride, for solution, 4069
Sodium fluoride, 4073
Sodium salicylate, 4094
Sotalol hydrochloride, 4105
Soy isoflavones, 5278
Spironolactone, 4112
Spironolactone and hydrochlorothiazide,

4113
Spirulina, 5283
Stanozolol, 4118
Sucralfate, 41 31
Sulfadiazine, 4148
Sulfadimethoxine, 4153
Sulfadoxine and pyrimethamine, 4155
Sulfamethizole, 4158
Sulfamethoxazole, 4161
Sulfamethoxazole and trimethoprim, 4166
Sulfapyridine, 4167
Sulfasalazine, 41 70
Sulfasalazine delayed-release, 4170
Sulfinpyrazone, 4173
Sulfisoxazole, 4175
Sulindac, 41 78
Sumatriptan, 4185
Tadalafil, 4205
Tamoxifen citrate, 4210
Telmisartan, 4240
Telmisartan and amlodipine, 4242
Telmisartan and hydrochlorothiazide, 4246
Terazosin, 4263
Terbinafine, 4268
Terbutaline sulfate, 4273
Testolactone, 4286
Tetracycline hydrochloride, 4311
Tetracycline hydrochloride and novobiocin

sodium, 4312
Tetracycline hydrochloride, novobiocin

sodium, and prednisolone, 4312
Theophylline, 4328
Theophylline, ephedrine hydrochloride,

and phenobarbital, 4330
Theophylline sodium glycinate, 4334
Thiabendazole chewable, 4336
Thiamine hydrochloride, 4339
Thiethylperazine maleate, 4343
Thioguanine, 4350
Thioridazine hydrochloride, 4355
Thyroid,4364
TIclopidine hydrochloride, 4378
Tlenchl ginseng root and rhizome dry .

extract, 5311
TIenchi ginseng root and rhizome powder,

5306
Tlrnolol maleate, 4389

Tlrnolol maleate and hydrochlorothiazide,
, 4391
TIzanidine, 4399
Tolazamide, 4417
Tolbutamide, 4419
Tolcapone, 4421
Tolmetin sodium, 4424
Topiramate, 4434
Torsemide, 4439
Tramadol hydrochloride, 4444
Tramadol hydrochloride and

acetaminophen, 4450
Tramadol hydrochloride extended-release,

4446
Trandolapril, 4454 .
Trandolapril and verapamil hydrochloride

extended-release, 4456
Tranexamic acid, 4464
Tranylcypromine, 4466
Trazodone hydrochloride, 4474
Triamcinolone, 4482
Triamterene and hydrochlorothiazide, 4499
Triazolam, 4502
Trifluoperazine hydrochloride, 4512
Triflupromazine hydrochloride, 4515
Trihexyphenidyl hydrochloride, 4519
Trimeprazine tartrate, 4523
Trimethoprim, 4526
Trioxsalen, 4529
Tripelennamine hydrochloride, 4531
Triprolidine hydrochloride, 4534
Triprolidine and pseudoephedrine

hydrochlorides, 4535
Trisulfapyrimidines, 4537
Trospium chloride, 4543
Ubidecarenone, 5321
Ursodiol, 4559
Valacyclovir, 4562
Valerian, 5329
Valganciclovir, 4566
Valsartan, 4579
Valsartan and hydrochlorothiazide, 4580
Venlafaxine, 4595
Verapamil hydrochloride, 4610
Verapamil hydrochloride extended-release,

4611
Vigabatrin, 4621
Vinpocetine, 5337
Vitamin A, 4635
Vitamins with minerals, oil-soluble, 5378
Vitamins with minerals, oil- and water-

soluble, 5476
Vitamins with minerals, water-soluble,

5552
Vitamins, oil-soluble, 5356
Vitamins, oil- and water-soluble, 5419
Vitamins, water-soluble, 5512
Warfarin sodium, 4650
Zalcitabine, 4667
Zidovudine, 4678
Zinc citrate, 5575
Zinc gluconate, 4686
Zinc sulfate, 4694
Zolmitriptan, 4706
Zolmitriptan orally disintegrating, 4709
Zolpidem tartrate, 4712
Zolpidem tartrate extended-release, 4714

Tacrolimus, 4193
capsules, 4196
oral suspension, 4202

Tadalafil, 4203
tablets, 4205
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Tadalafil compounded
oral suspension, 4207

Tagatose, 6087
Talc,4207
Tamoxifen citrate, 4209

tablets, 4210
Tamsulosin hydrochloride, 4211

capsules, 4213
Tangerine peel, 5292

dry extract, 5294
powder, 5296

Tannic acid, 4223,.6209
TS,6236

Tape, adhesive, 4223
Tapioca starch, 6066
Tartaric acid, 6088, 6209

TS,6237
Taurine, 4223
Tazobactam, 4224

and piperacillin for injection, 3567
Tc 99m

albumin aggregated injection, technetium,
4226

bicisate injection, technetium, 4227,
disofenin injection, technetium, 4227
exametazime injection, technetium, 4228
mebrofenin injection, technetium, 4229
medronate injection, technetium, 4230
mertiatide injection, technetium, 4231
oxidronate injection, technetium, 4232
pentetate injection, technetium, 4232
pertechnetate injection, sodium, 4233
(pyro- and trimeta-) phosphates injection,

technetium, 4235
pyrophosphate injection, technetium, 4234
red blood cells injection, technetium, 4235
sestamibi injection, technetium, 4236
succimer injection, technetium, 4237
sulfur colloid injection,' technetium, 4238
tetrofosmin injection, technetium, 4238

T-dodecyl mercaptan ethoxylate, 6163
Technetium

Tc 99m albumin aggregated injection,
4226

Tc 99m bicisate injection, 4227
Tc 99m disofenin injection, 4227
Tc 99m exametazime injection, 4228
Tc 99m mebrofenin injection, 4229
Tc 99m medronate injection, 4230
Tc 99m mertiatide injection, 4231
Tc 99m oxidronate injection, 4232
Tc 99m pentetate injection, 4232
Tc 99m pertechnetate injection, sodium,

4233
Tc 99m pyrophosphate injection, 4234
Tc 99m (pyro- and trimeta-) phosphates

injection, 4235
Tc 99m red blood cells injection, 4235
Tc 99m sestamibi injection, 4236
Tc 99m succimer injection, 4237
Tc 99m sulfur colloid injection, 4238
Tc 99m tetrofosmin injection, 4238

Telmisartan, 4239
and hydrochlorothiazide tablets, 4246
tablets, 4240

Telmisartan and amlodipine
tablets, 4242

Temazepam, 4250
capsules, 4251

Temozolomide, 4252
capsules, 4253
for injection, 4256
oral suspension, 4257

Temperature
congealing (651), 6874

Teniposide, 4258
injection, 4259

Tensile strength (881), 7179
Terazosin

capsules, 4261
hydrochloride, 4264
tablets, 4263

Terbinafine
hydrochloride, 4269
oral suspension, 4267
tablets, 4268

Terbutaline
sulfate, 4271
sulfate injection, 4272
sulfate tablets, 4273
oral suspension, 4273

Terconazole, 4274
Teriparatide, 4275

injection, 4280
Terminally sterilized pharmaceutical

products-parametric release (1222), 8142
Terpin hydrate, 4283

and codeine oral solution, 4284
oral solution, 4284

tert-Butyl hydroperoxide solution, 6209
Tertiary butyl alcohol, 6134, 6209
Test for l,6-anhydro derivative for

enoxaparin sodium (207), 6605
Testolactone, 4285

tablets, 4286
Testosterone, 4287

benzoate, 6209
cypionate, 4288
cypionate injection, 4289
enanthate, 4289
enanthate injection, 4290
injectable suspension, 4287
propionate, 4290
propionate injection, 4291
topical solution, 4291

Test papers
and indicator, 6219
lndicators and indicator, 6220

Test solutions, 6225
Tetanus

immune' globulin, 4292
2',4',5',7'-Tetrabromofluorescein, 6209
Tetrabromophenolphthalein ethyl ester, 6209

TS, 6237
Tetrabutylammonium

bromide, 6209
hydrogen sulfate, 6209
hydrogen sulfate ion pairing reagent, 6209
hydroxide, 1.0 M in methanol, 6210
hydroxide, 0.4 M aqueous, 6210
hydroxide 30-hydrate, 6210 ,
hydroxide in methanol/isopropyl alcohol

(0.1 N), 6251
hydroxide, tenth-normal (0.1 N), 6250
iodide, 6210
phosphate, 6210

Tetrabutylammonium hydrogen sulfate
0.02 M TS, 6237

Tetrabutylammonium hydroxide
25% TS, 6237

Tetrabutylammonium hydroxide, 40 percent
in water, 6210

Tetracaine, 4292
hydrochloride, 4295
hydrochloride, benzocaine, and butamben

topical aerosol, 513
hydrochloride, benzocaine, and butamben

gel, 514
hydrochloride, benzocaine, and butamben

ointment, 516

hydrochloride, benzocaine, and butamben
topical solution, 51 7

hydrochloride cream, 4296
hydrochloride in dextrose injection, 4300
hydrochloride injection, 4297
hydrochloride for injection, 4298
hydrochloride, neomycin sulfate, and

isoflupredone acetate ointment, 3111
hydrochloride, neomycin sulfate, and

isoflupredone acetate topical powder,
3112

hydrochloride ophthalmic solution, 4299
hydrochloride topical solution, 4299
and menthol ointment, 4294
ointment, 4294
and procaine hydrochlorides and

levonordefrin injection, 3695
2,3,7,8-Tetrachlorodibenzo-p-dioxin, BC­

labeled, 6210
2,3,7,8-Tetrachlorodibenzofuran, l3C-labeled,

6210
l,l,2,2-Tetrachloroethane, 6210
Tetracosane, 6210
Tetracycline, 4301

boluses, 4302
hydrochloride, 4303
hydrochloride capsules, 4305
hydrochloride for injection, 4307
hydrochloride, novobiocin sodium, and

prednisolone tablets, 4312
hydrochloride and novobiocin sodium

tablets, 4312
hydrochloride and nystatin capsules, 4313
hydrochloride ointment, 4307
hydrochloride ophthalmic ointment, 4308
hydrochloride ophthalmic suspension,

4310
hydrochloride soluble powder, 4309
hydrochloride for topical solution, 4309
hydrochloride oral suspension, 4310
hydrochloride tablets, 4311
oral suspension, 4302

Tetradecane, 6210
Tetradecylammonium bromide, 6210
Tetraethylammonium chloride, 6210
Tetraethylammonium perchlorate, 6210
Tetraethylene glycol, 6210
Tetraethylenepentamine, 6210
Tetraheptylammonium bromide, 6210
Tetrahexylammonium hydrogen sulfate, 6210
Tetrahydrofuran, 6211

peroxide-free, 6211
stabilizer-free, 6211

Tetrahydro-2-furancarboxylic acid, 6211
N-(2-Tetrahydrofuroyl)piperazine, 6211
l,2,3,4-Tetrahydronaphthalene, 6211
Tetrahydrozoline hydrochloride, 4314

nasal solution, 4315
ophthalmic solution, 4315

Tetramethylammonium
bromide, 6211
bromide, tenth-molar (0.1 M), 6251
chloride, 6211
chloride, tenth-molar (0.1 M), 6251
hydroxide, 6211
hydroxide, pentahydrate, 6211
hydroxide solution in methanol, 6211
hydroxide TS, 6237
nitrate, 6211

Tetramethylbenzidine, 6211
l,l,3,3-Tetramethylbutylamine, 6211
4,4'-Tetramethyldiaminodiphenylmethane,

6211
Tetramethylethylenediamine, 6211
Tetramethylsilane, 6211
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Tetrapropylammonium
chloride, 6211

Tetrasodium ethylenediaminetetraacetate,
6212

Thalidomide, 4316
capsules, 4318

Thallous chloride, 6212
TI 201 injection, 4318

Theobromine, 6212
Theophylline, 4319

capsules, 4321
extended-release capsules, 4322
in dextrose injection, 4328
ephedrine hydrochloride, and

phenobarbital tablets, 4330
and guaifenesin capsules, 4331
and guaifenesin oral solution, 4332
sodium glycinate, 4333
sodium glycinate oral solution, 4334
sodium glycinate tablets, 4334
oral solution, 4325
oral suspension, 4327
tablets, 4328

Theory and practice of electrical conductivity
measurements of solutions (1644), 8423

Thermal analysis (891), 7180
Thiabendazole, 4335

chewable tablets, 4336
oral suspension, 4335

Thiamine
hydrochloride, 4337
hydrochloride injection, 4338
hydrochloride oral solution, 4338
hydrochloride tablets, 4339
mononitrate, 4340
mononitrate oral solution, 4341

Thiamine assay (531), 6756
Thiazole yellow, 6212

paper, 6222
Thiethylperazine maleate, 4342

suppositories, 4342
tablets, 4343

Thimerosal, 4344
topical aerosol, 4346
topical solution, 4347
tincture, 4348

Thin-layer chromatographic identification test
(201), 6600

Thioacetamide, 6212
TS, 6237

Thioacetamide-glycerin base TS, 6237
2-Thiobarbituric acid, 6212
2,2'-Thiodiethanol, 6212
Thioglycolic acid, 6212
Thioguanine, 4349

tablets, 4350
Thionine acetate, 6212
Thiopental sodium, 4351

for injection, 4352
Thioridazine, 4353

hydrochloride, 4353
hydrochloride oral solution, 4354
hydrochloride tablets, 4355

Thiostrepton, 4355
nystatin, neomycin sulfate, and

triamcinolone acetonide cream, 3223
nystatin, neomycin sulfate, and

triamcinolone acetonlde ointment, 3223
Thiotepa, 4356

for injection, 4357
Thiothixene, 4358

capsules, 4359
hydrochloride, 4360
hydrochloride injection, 4360
hydrochloride for injection, 4361

hydrochloride oral solution, 4361
Thiourea, 6212
Thorium nitrate, 6212

TS,6237
Threonine, 4362
Thrombin human, 6212
Thromboplastin, 6212
Thymidine, 6212
Thymol, 6088, 6212

blue, 6221
blue TS, 6237

Thymolphthalein, 6221
TS, 6237

Thyroglobulin, 621 3
Thyroid, 4362

tablets, 4364
Tiagabine hydrochloride, 4365

oral suspension, 4367
Tiamulin, 4368

fumarate, 4369
Ticarcillin

and c1avulanicacid injection, 4371
and c1avulanic acid for injection, 4372
disodium, 4373
for injection, 4370
monosodium, 4375

Ticlopidine hydrochloride, 4376
tablets, 4378

Tienchi ginseng root and rhizome, 5299
dry extract capsules, 5309
powder capsules, 5304
dry extract, 5307
powder, 5301
dry extract tablets, 5311
powder tablets, 5306

Tigecycline, 4379
for injection, 4381

Tiletamine
hydrochloride, 4382
and zolazepam for injection, 4383

Tilmicosin, 4384
injection, 4385

Timolol
maleate, 4387
maleate and hydrochlorothiazide tablets,

4391·
maleate ophthalmic solution, 4389
maleate tablets, 4389

Timolol maleate
and dorzolamide hydrochloride ophthalmic

solution, 1499
Tin, 6213

Tincture
Belladonna, 488
Benzethonium chloride, 501
Benzoin, compound, 522
Capsicum, 732
Cardamom, compound, 5689
Ginger, 5030
Green soap, 2164
Iodine, 2363
Iodine, strong, 2364
Lemon, 5857
Opium, 3274
Orange peel, sweet, 5915
Rhodiola rosea, 5223
Thimerosal, 4348
Tolu balsam, 6090
Valerian, 5330

Vanilla, 6098

Tinidazole, 4392
Tioconazole, 4393
Tissue human amnion chorion membrane

dehydrated, 4395
Titanium

dioxide, 4396
tetrachloride, 6213
trichloride, 6213
trichloride-sulfuric acid IS, 6237
trichloride, tenth-normal (0.1 N), 6251
trichloride TS, 6237

Titration, nitrite (451), 6709
Titrimetry (541), 6764
Tizanidine

hydrochloride, 4397
tablets, 4399

TI 201
injection, thallous chloride, 4318

Tobramycin, 4401
and dexamethasone ophthalmic ointment,

4409
and dexamethasone ophthalmic

suspension, 4411
and fluorometholone acetate ophthalmic

suspension, 4412
inhalation solution, 4406
injection, 4402
for injection, 4403
ophthalmic ointment, 4405
ophthalmic solution, 4408
sulfate, 4414

Tocopherols excipient, 6089
Tolazamide, 4415

tablets, 441 7
Tolazoline hydrochloride, 4417

injection, 4418
Tolbutamide, 4418

for injection, 4419
tablets, 4419

Tolcapone, 4420
tablets, 4421

o-Tolidine, 6213
Tolmetin sodium, 4422

capsules, 4423
tablets, 4424

Tolnaftate, 4425
topical aerosol, 4425
cream, 4426
gel,4426
topical powder, 4426
topical solution, 4427

Tolterodine tartrate, 4427
Tolualdehyde, 621 3
p-Tolualdehyde, 6213
Tolu balsam, 4429

syrup, 6090
tincture, 6090

Toluene, 6213
p-Toluenesulfonic acid, 6213

TS, 6237
p-Toluenesulfonyl-L-arginine methyl ester

hydrochloride, 6213
p-Toluic acid, 6213
Toluidine

blue, 6213
blue 0, 6213

o-Toluidine, 6213
p-Toluidine, 6213
Tomato extract containing Iycopene, 5133
Topical aerosols (603), 6845
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Topical and transdermal drug products­
product quality tests (3), 6415

Topical solution
Aluminum acetate, 181
Aluminum subacetate, 193
Aluminum sulfate and calcium acetate for,

194
Aluminum sulfate and calcium acetate

tablets for, 195
Benzethonium chloride, 501
Benzocaine, 511
Benzocaine, butamben, and tetracaine

hydrochloride, 51 7
Calcium hydroxide, 702
Carbamide peroxide, 747
Carbol-fuchsin, 765
Cetylpyridinium chloride, 923
Chlorhexidine acetate, 947
Chlorhexidine gluconate, 951
Ciclopirox, 996
Clindamycin phosphate, 1072
C1obetasol propionate, 1082
Clotrimazole, 1122
Coal tar, 1133
Cocaine hydrochloride tablets for, 11 34
Diclofenac sodium, 1352
Diethyltoluamide, 1373
Dimethyl sulfoxide, 1414
Dyclonine hydrochloride, 1571
Erythromycin, 1690
Fluocinolone acetonide, 1936
Fluocinonide, 1939
Fluorouracil, 1957
Gentamicin sulfate and betamethasone

valerate, 2105
Gentian violet, 2109
Halcinonide, 2186
Hydrogen peroxide, 2249
Hydroquinone, 2255
Iodine, 2362
Ivermectin, 2476
lidocaine hydrochloride, 2627
Mafenide acetate for, 2704
Methoxsalen, 2865
Minoxidil,2975
Mometasone furoate, 3005
Myrrh, 3057
Nitrofurazone, 3183
Nitromersol, 3190
Papain tablets for, 3396
Phenol, camphorated, 3502
Podophyllum resin, 3582
Povidone-Iodlne, 3636
Sodium fluoride and acidulated phosphate,

4074
Sodium hypochlorite, 4077
Testosterone, 4291
Tetracaine hydrochloride, 4299
Tetracycline hydrochloride for, 4309
Thimerosal, 4347
Tolnaftate, 4427
Tretinoin, 4479

Topical suspension
Calamine, 665
Calamine, phenolated, 665
Ciclopirox olamine, 998
Clindamycin phosphate, 1072

Penicillin G, neomycin, polymyxin B,
hydrocortisone acetate, and
hydrocortisone sodium succinate, 3430

Penicillin G procaine, neomycin and
polymyxin B sulfates, and hydrocortisone
acetate, 3448

Resorcinol and sulfur, 3862
Selenium sulfide, 4023
Sulfacetamide sodium, 4143
Zinc sulfide, 4695

Topiramate, 4429
capsules, 4432
tablets, 4434

Topiramate compounded
oral suspension, 4436

Torsemide, 4437
tablets, 4439

Tosylchloramide sodium, 6213
Total organic carbon (643), 6867
Tragacanth, 6091
Tramadol hydrochloride, 4441

and acetaminophen oral suspension, 4452
and acetaminophen tablets, 4450
oral suspension, 4443
tablets, 4444
extended-release tablets, 4446

Tramadol hydrochloride compounded,
veterinary
oral suspension, 4443

Trandolapril, 4453
tablets, 4454

Trandolapril and verapamil hydrochloride
extended-release tablets, 4456

Tranexamic acid, 4462
injection, 4463

Transdermal system
c1onidine, 1105
nicotine, 3153

Transfer of analytical procedures (1224),
8164

Tranylcypromine
sulfate, 4468
tablets, 4466

Travoprost, 4469
ophthalmic solution, 4471

Trazodone hydrochloride, 4472
tablets, 4474

Trehalose, 6091
Trenbolone acetate, 4476
Tretinoin, 4478

cream, 4478
gel,4479
topical solution, 4479

Triacetin, 4480, 6213
n-Triacontane, 6213
Triamcinolone, 4481

acetonide, 4482
acetonide cream, 4484
acetonide dental paste, 4485
acetonide injectable suspension, 4490
acetonide topical aerosol, 4483
acetonide lotion, 4485
acetonide and neomycin sulfate cream,

3129
acetonide and nystatin cream, 3224
acetonide, nystatin, neomycin sulfate, and

gramicidin cream, 3222
acetonide, nystatin, neomycin sulfate, and

gramicidin ointment, 3222
acetonide, nystatin, neomycin sulfate and

thiostrepton cream, 3223

acetonide, nystatin, neomycin sulfate, and
thiostrepton ointment, 3223

acetonide and nystatin ointment, 3225
acetonide ointment, 4485
acetonide nasal spray, 4485
diacetate, 4490
diacetate injectable suspension, 4491
diacetate oral solution, 4491
hexacetonide, 4492
hexacetonide injectable suspension, 4493
tablets, 4482

2,4,6-Triamino-5-nitrosopyrimidine, 6213
Triamterene, 4494

capsules, 4495
and hydrochlorothiazide capsules, 4496
and hydrochlorothiazide tablets, 4499

Triazolam, 4501, 6213
tablets, 4502

Tribasic calcium phosphate, 5657
Tribasic sodium phosphate, 6021
Tributyl

citrate, 6093
phosphate, 6213

Tributylethylammonium hydroxide, 6214
Tributyrin, 6214
Trichlormethiazide, 4502
Trichloroacetic acid, 6214
Trichloroethane, 6214
TrichloroethanoI2,2,2-, 6214
Trichlorofluoromethane, 6214
Trichloromonofluoromethane, 6093
Trichlorotrifluoroethane, 6214
Tricitrates oral solution, 4504
Triclocarban, 4505
Triclosan, 4507
Trientine hydrochloride, 4509

capsules, 4510
Triethanolamine, 6214
Triethylamine, 6214

hydrochloride, 6214
phosphate, 6214

Triethylammonium Acetate
1M, 6214

Triethyl citrate, 6094
Triethylenediamine, 6214
Triethylene glycol, 6214
Trifluoperazine

hydrochloride, 4511
hydrochloride injection, 4512
hydrochloride tablets, 4512
oral solution, 4511

Trifluoroacetic
acid, 6214
anhydride, 6214

Trifluoroacetic acid ethyl ester, 6214
Trifluoroacetic acid (TFA) in peptides (503.1),

6743
0.1 % Trifluoroacetic acid TS, 6237
2,2,2-Trifluoroethanol, 6215
2,2,2-Trifluoroethyldifluoromethyl ether,

6215
(m-Trifluoromethylphenyl)

trimethylammonium hydroxide in
methanol, 6215

5-(Trifluoromethyl)uracil, 6215
Ct,Ct,Ct-Trifluoro-p-cresol, 6215
Trifluorovinyl chloride polymer, 6215
Triflupromazine, 4513

hydrochloride, 4514
hydrochloride injection, 4515
hydrochloride tablets, 4515
oral suspension, 4514

Trifluridine, 4516
Triglycerides medium-chain, 6095
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Trihexyphenidyl hydrochloride, 4517
extended-release capsules, 4518
oral solution, 4519
tablets, 4519

Trikates oral solution, 4521
Triketohydrindene hydrate

TS, 6232, 6237
Trimeprazine

oral solution, 4522
tartrate, 4521
tartrate tablets, 4523

Trimethobenzamide hydrochloride, 4524
capsules, 4524
injection, 4525

Trimethoprim, 4525
and polymyxin B sulfate ophthalmic

solution, 3592
and sulfamethoxazole injection, 4162
and sulfamethoxazole oral suspension

4163 '
and sulfamethoxazole tablets, 4166
sulfate, 4527
tablets, 4526 '

Trimethylacethydrazide ammonium chloride
6168, 6215 '

Trimethylamine hydrochloride, 6215
Trimethylchlorosilane, 6215
2,2,4-Trimethylpentane, 6174, 6215
2,4,6-Trimethylpyridine, 6215
N-(Trimethylsilyl)-imidazole, 6215
Trimethyltin bromide, 6215
Trimipramine maleate, 4527

. 2,4,6-Trinitrobenzenesulfonic acid 6215
Trinitrophenol, 6215 '

TS, 6233, 6237
Trioctylphosphine oxide, 6215
Trioxsalen, 4529

tablets, 4529
Tripelennamine hydrochloride, 4530

injection, 4531
tablets, 4531

1,3,5-Triphenylbenzene, 6215
Triphenylene, 6215
Triphenylmethane, 6215
Tripheny/methanol, 6216
Triphenylphosphine oxide, 6216
Tripheny/tetrazolium

chloride, 6216
chloride TS, 6237

Triprolidine
hydrochloride, 4532
hydrochloride oral solution, 4533
hydrochloride tablets, 4534
and pseudoephedrine hydrochlorides oral

solution, 4534
and pseudoephedrine hydrochlorides

tablets, 4535
Tr~s(2-aminoethyl)amine,6216
Trlsthydroxyrnethyljaminomethane, 6216

acetate, 6216
hydrochloride, 6216

N-Tris(hydroxymethyl)methylglycine, 6216
Trisulfapyrimidines

oral suspension, 4536
tablets, 4537

Tritirachium album proteinase K, 6216
Trolamine, 6097

salicylate, 4537
Tromethamine, 4538, 6216

carboprost, 771
carboprost, injection, 772
for injection, 4538

Tropaeolin 00, 6216
Tropic acid, 6216

Tropicamide, 4539
ophthalmic solution, 4541

Tropine, 6216
Trospium chloride, 4541

tablets, 4543
Trypan blue, 6216
Trypsin, crystallized, 4545
Tryptamine hydrochloride, 6216
Tryptone, 6216
Tryptophan, 4546

5-Hydroxy-L-, 5313
L-Tryptophane, 6216
Tuberculin purified protein derivative

(Tuberculin PPD), 6216
Tubocurarine chloride, 4547 6217

injection, 4548 '
Tungstic acid, 6217
Turmeric, 5314

powdered, 531 6
extract, powdered, 5317

Turmeric paper, 6222
Tylosin, 4548

granulated, 4549
injection, 4550
tartrate, 4550

Tyloxapol, 4551
Tyrosine, 4553
L-Tyrosine disodium, 621,7
Tyrosol, 6217
Tyrothricin, 4554

u
Ubidecarenone, 5319

capsules, 5320
tablets, 5321

Ubiquinol, 5322
capsules, 5323

Ultraviolet-visible spectroscopy (857) 7166
Ultraviolet-visible spectroscopy-the~ry and

practice (1857), 8670
Undecylenic acid, 4554

ointment, compound, 4554
Uniformity of dosage units (905) 7183
Uracil, 6217 '
Uranyl acetate, 6217

cobalt, TS, 6227
zinc, TS, 6237

Urea, 4555, 6217'
C 13,766
C 13 for oral solution, 767
C 14 capsules, 768
for injection, 4557

Urea compounded irrigation, 4556
Urethane, 6217
Uridine, 621 7
Ursodiol, 4557

capsules, 4558
oral suspension, 4559
tablets, 4559

USP and NF excipients listed by category
5584 '

USP policies, xxviii
USP reference standards (11), 6442

v
Vaccines for human use

bacterial vaccines (1238), 8338
general considerations (1235), 8291
polysaccharide and glycoconjugate

vaccines (1234), 8276
Vaccinia immune globulin, 4561
Valacyclovir

oral suspension, 4561
tablets, 4562

Valacyclovir hydrochloride, 4563
Valerian, 5324

extract, powdered, 5327
powdered, 5326
tablets, 5329
tincture, 5330

Valerian root
powder capsules, 5333

Valerian root dry
extract capsules, 5332

Valeric acid, 621 7
Valerophenone, 6217
Valganciclovir

hydrochloride, 4568
tablets, 4566

Validation
of alternative microbiological methods

(1223), 8144
of compendial procedures (1225) 8166
of microbial recovery from pharm'acopeial

articles (1227), 8172
Validation of alternative methods to

antibiotic microbial assays (1223.1),8157
Valine, 4571
Valproate sodium

injection, 4572
Valproic acid, 4572

capsules, 4573
oral solution, 4574

Valrubicin, 4575
intravesical solution, 4577

Valsartan, 4577
tablets, 4579
amlodipine, and hydrochlorothiazide

tablets, 279
and amlodipine tablets, 275
and hydrochlorothiazide tablets, 4580

Vanadium pentoxide, 6217
Vanadyl sulfate, 621 7
Vancomycin, 4583

hydrochloride, 4586
hydrochloride capsules, 4588
hydrochloride for injection, 4588
hydrochloride for oral solution, 4590
injection, 4585

Vancomycin hydrochloride compounded
oral solution, 4589

Vanilla, 6097
tincture, 6098

Vanillin, 6098
Vapor phase sterilization (1229.11), 8231
Varicella-zoster immune globulin, 4592
Vasopressin, 4592

injection, 4593
Vecuronium bromide, 4593
Vegetable oil, hydrogenated, 6099
Vehicle

for oral solution, 5913
for oral solution, sugar free, 5913
for oral suspension, 5913
suspension structured, 6086
suspension structured, sugar-free, 6087
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Venlafaxine
hydrochloride, 4597
hydrochloride extended-release capsules,

4598
tablets, 4595

Verapamil hydrochloride, 4604
extended-release capsules, 4605
injection, 4607
oral solution, 4609
oral suspension, 4609
tablets, 4610
extended-release tablets, 4611

Vardenafil
hydrochloride, 4590

Verification of compendial procedures
(1226), 8171

Verteporfin, 4615
for injection, 4617

Veterinary
Atenolol compounded oral suspension,

409
Benazepril hydrochloride compounded oral

suspension, 490
Buprenorphine compounded buccal

solution, 615
Doxycycline compounded oral suspension,

veterinary, 1530
Enalapril maleate compounded oral

suspension, 161 3
Methylene blue injection, 2884
Pergolide oral suspension, 3478
Potassium bromide oral solution, 3600
Prednisolone compounded oral suspension,

3664
Sodium bromide injection, 4063
Sodium bromide oral solution, 4063
Spironolactone compounded oral

suspension, 4111
Tramadol hydrochloride compounded oral

suspension, 4443
Voriconazole compounded ophthalmic

solution, 4645

Vibrational circular dichroism spectroscopy
(782), 7002

Vibrational circular dichroism
spectroscopytheory and practice (1782),
8549

Vigabatrin, 4618
for oral solution, 4619
tablets, 4621

Vinblastine sulfate, 4623
for injection, 4624

Vincristine sulfate, 4625
injection, 4626
for injection, 4628

Vinorelbine
injection, 4631
tartrate, 4630

Vinpocetine, 5335
capsules, 5336
tablets, 5337

Vinyl acetate, 6217
2-Vinylpyridine, 6218
Vinylpyrrolidinone, 6218
Viral safety evaluation of biotechnology

products derived from cell lines of human
or animal origin (1050), 7459

Virology test methods (1237), 8319

Virus testing of human plasma for further
manufacture (1240), 8350

Viscosity-capillary methods (911), 7187
Viscosity-pressure driven methods (914),

7195
Viscosity-rolling ball method (913), 7193
Viscosity-rotational methods (912), 7189
Visible particulates in injections (790), 7021
Visual Comparison (630), 6865
Visual inspection of injections, 8587
Vitamin

A, 4632
A assay (571),6801
A capsules, 4633
A oral liquid preparation, 4634
A tablets, 4635
B12 activity assay (171), 6584
C assay (580), 6805
C and zinc lozenges, 5576
D assay (581), 6808
D and calcium with minerals tablets, 4845
D with calcium tablets, 4843
E,4637
E assay (551), 6767
E capsules, 4639
E polyethylene glycol succinate, 6099
E preparation, 4641

Vitamins
capsules, oil-soluble, 5346
capsules, oil- and water-soluble, 5389
capsules, water-soluble, 5499
with minerals capsules, oil- and water­

soluble, 5435
with minerals capsules, water-soluble,

5523
with minerals oral solution, oil- and water­

soluble, 5462
with minerals oral solution, water-soluble,

5543
with minerals tablets, oil- and water-

soluble, 5476
with minerals tablets, water-soluble, 5552
with minerals capsules, oil-soluble, 5361
with minerals oral solution, oil-soluble,

5372
with minerals tablets, oil-soluble, 5378
oral solution, oil-soluble, 5353
oral solution, oil- and water-soluble, 5409
tablets, oil-soluble, 5356
tablets, oil- and water-soluble, 5419
tablets, water-soluble, 5512

Vitamins with minerals oral
powder, 5338

Volumetric
apparatus (31), 6448
solutions, 6237

Voriconazole, 4643
Voriconazole compounded, veterinary

ophthalmic solution, 4645

w
Warfarin sodium, 4646

for injection, 4648
tablets, 4650

Washed sand, 6218

Water
ammonia, stronger, 6207, 6207, 6226,

6226
ammonia, 25 percent, 6136
ammonia-free, 6218
carbon dioxide-free, 6218
cetyltrimethylammonium chloride, 25

percent in, 6150
conductivity (645), 6871
deaerated, 6218
determination (921), 7196
deuterated, 6155
D-Gluconic acid, 50 percent in, 6168
for hemodialysis, 4651
for hemodialysis applications (1230), 8240
hydrazine hydrate, 85% in, 6170
for inhalation, sterile, 4652
for injection, 4651
for injection, bacteriostatic, 4652
for injection, sterile, 4653
for irrigation, sterile, 4653
methylamine, 40 percent in, 6180
organic-free, 6218
particle-free, 6218
peppermint, 5923
for pharmaceutical purposes (1231), 8242
pure steam, 4654
purified, 4653
purified, sterile, 4654
rose, ointment, 3946
rose, stronger, 6001
solid interactions in pharmaceutical

systems (1241), 8359
soluble vitamins capsules, 5499
soluble vitamins with minerals capsules,

5523
soluble vitamins with minerals oral

solution, 5543
soluble vitamins with minerals tablets,

5552
soluble vitamins tablets, 5512
Stronger ammonia, 6207
vapor detector tube, 6218
vitamins capsules, and oil-soluble, 5389
vitamins with minerals capsules, and oil-

soluble, 5435
vitamins with minerals oral solution, and

oil-soluble, 5462
vitamins with minerals tablets, and oil­

soluble, 5476
vitamins oral solution, and oil-soluble,

5409
vitamins tablets, and oil-soluble, 5419

Wax
carnauba, 6101
emulsifying, 6101
microcrystalline, 6101
white, 6102
yellow, 6103

Weighing on ananalytical balance (1251),
8363

Weight variation of dietary supplements
(2091), 8718

Wheat
bran, 4654
starch, 6066

Witch hazel, 4656
Wound matrix small intestinal submucosa,

4002
Wright's stain, 6218
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Written prescription drug tntormatlon-,
guidelines (1265), 8368

x
Xanthan gum, 6103

solution, 6104
Xanthine, 6218
Xanthydrol, 6218
Xenon Xe 133, 4656
X-rayfluorescence spectrometry (735), 6971
X-rayfluorescence spectrometry-theory and

practice (1735), 8490
Xylazine, 4656

hydrochloride, 4658
injection, 4659

Xylene, 6218
m-Xylene, 6218
o-Xylene, 6218
p-Xylene, 6218
Xylene cyanole FF, 6219
Xylenol orange, 6221

TS, 6237
Xylitol, 6105
Xylometazoline hydrochloride, 4659, 6219

nasal solution, 4661
Xylose, 4662, 6219

y

Yeast extract, 6219
Yellow mercuric oxide, 6219
Yohimbine

hydrochloride, 4663
injection, 4664

Yttrium Y90 ibritumomab tiuxetan
injection, 4665

z
Zalcitabine, 4666

tablets, 4667
Zaleplon, 4668

capsules, 4669
Zanamivir, 4671
meso-Zeaxanthin, 5570

preparation, 5572
Zein, 6106
Zidovudine, 4673

capsules, 4674
injection, 4675
and lamivudine tablets, 2528
oral solution, 4676
tablets, 4678

Zileuton, 4679
Zinc, 6219

acetate, 4681, 6219
acetate oral solution, 4682
activated, 6219
amalgam, 6219
carbonate, 4682
chloride, 4683
chloride, anhydrous, powdered, 6219

chloride injection, 4684
citrate, 5574
citrate tablets, 5575
determination (591), 6817
gluconate, 4684
gluconate tablets, 4686
oxide, 4687
oxide neutral, 4688
oxide ointment, 4689
oxide paste, 4690
oxide and salicylic acid paste, 4690
stearate, 4691
sulfate, 4692
sulfate heptahydrate, 6219
sulfate injection, 4692
sulfate ophthalmic solution, 4693
sulfate oral solution, 4693
sulfate tablets, 4694
sulfate, twentieth-molar (0.05 M), 6252
sulfide topical suspension, 4695
undecylenate, 4695
uranyl acetate TS, 6237
and vitamin C lozenges, 5576

Zinc oxide
powder, 4690

Zinc sulfate
0.02 M VS, 6252
0.1 M VS, 6252

Ziprasidone
capsules, 4695

Ziprasidone hydrochloride, 4699
Zirconyl

nitrate, 6219
Zolazepam

hydrochloride, 4701
and tiletamine for injection, 4383

Zolmitriptan, 4702
nasal spray, 4704
tablets, 4706
orally disintegrating tablets, 4709

Zolpidem tartrate, 4711
tablets, 4712
extended-release tablets, 4714

Zonisamide, 4718
capsules, 4719

Zonisamide compounded
oral suspension, 4721
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